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2-1. EH
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RTC %t I

RTC % Hi

ZE RTC IE% TAE, AUGHCE RTC Tt (R B4 R BE RTC SN & #AE ChIngE Rt H ) o 40K
BIrheR 32.768 kHz Ah Bk &% HIAF IR B

ENBIRG5, Wi CLKCTRL.XOSC32KCTRLA 27 fE8e 1) ENABLE f7i5 %, DAAE IR 5%,
A& 3-1. CLKCTRL.XOSC32KCTRLA——&Z ENABLE £z

The SEL and CSUT bits cannot be changed as long as the ENABLE bit is set or the XOSC32K Stable bit
(XOSC32KS) in CLKCTRL.MCLKSTATUS is high.

To change settings safely: Write a '0' to the ENABLE bit and wait until XOSC32KS is '0' before re-enabling the
XOSC32K with new settings.

Bit 7 6 5 4 3 2 1 0

| | | CSUT[1:0]

SEL RUNSTDBY _
Access R/W R/W

R/W R/W R/W
Reset 0 0 0 0 0

Bit 0 — ENABLE Enable

When this bit is written to '1', the configuration of the respective input pins is overridden to TOSC1 and TOSC2. Also,
the Source Select bit (SEL) and Crystal Start-Up Time (CSUT) become read-only.
This bit is 1/0 protected to prevent any unintentional enabling of the oscillator.

uint8_t temp;

temp = CLKCTRL.XOSC32KCTRLA;

temp &= ~CLKCTRL ENABLE bm;

ccp_write io((void*) &CLKCTRL.XOSC32KCTRLA, temp) ;

B, LIRS R AL AR AL AR O
3-2. CLKCTRL.MCLKSTATUS——1EX XOSC32KS

Bit 7 6 5 4 3 2 1

OSC32KS | OSC20MS | [ sosCc |
Access R R R R R
Reset 0 0 0 0

Bit 6 — XOSC32KS XOSC32K Status
The Status bit will only be available if the source is requested as the main clock or by another module.
If the oscillator RUNSTDBY bit is set, but the oscillator is unused/not requested, this bit will be 0.

Value Description

0 XOSC32K is not stable
1 XOSC32K is stable

while (CLKCTRL.MCLKSTATUS & CLKCTRL_XOSC32KS_bm)
{

’

}

WZiE K CLKCTRL.XOSC32KCTRLA #1785 ) SEL i & Rk F /M IR 2% -
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RTC it 7
[/ 3-3. CLKCTRL.XOSC32KCTRLA——¥ SEL fri&%
Bit 7 6 5 4 3 2 1 0
| | [ CSUT[1:0] | [SEDNN RUNSTDBY | ENABLE
Access RIW RIW RIW RIW RIW
Reset 0 0 0 0 0

Bit 2 — SEL Source Select
This bit selects the type of external source. It is write protected when the oscillator is enabled (ENABLE=1).
Value Description

1 External clock on TOSC1 pin

temp = CLKCTRL.XOSC32KCTRLA;
temp &= ~CLKCTRL SEL bm;
ccp _write io((void*) &CLKCTRL.XOSC32KCTRLA, temp) ;

R K CLKCTRL.XOSC32KCTRLA %if728 41 () ENABLE 7.5 1 SKAT AR % .

temp = CLKCTRL.XOSC32KCTRLA;
temp |= CLKCTRL ENABLE bm;
ccp_write io((void*) &CLKCTRL.XOSC32KCTRLA, temp) ;

ZJa, R IER TR SR
& 3-4. RTC.STATUS

Bit 7 6 5 4 3 2 1 0
Access R R R R
Reset 0 0 0 0

Bit 3 - CMPBUSY: Compare Synchronization Busy bit
This bit is indicating whether the RTC is busy synchronizing the Compare register (RTC.CMP) in the
RTC clock domain.

Bit 2 - PERBUSY: Period Synchronization Busy bit
This bit is indicating whether the RTC is busy synchronizing the Period register (RTC.PER) in the RTC
clock domain.

Bit 1 - CNTBUSY: Counter Synchronization Busy bit
This bit is indicating whether the RTC is busy synchronizing the Count register (RTC.CNT) in the RTC
clock domain.

Bit 0 —- CTRLABUSY: Control A Synchronization Busy bit
This bit is indicating whether the RTC is busy synchronizing the Control A register (RTC.CTRLA) in the
RTC clock domain.

while (RTC.STATUS > 0)
{

}

7 RTC.PER & 745 % & RTC J&Y:
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RTC % I

& 3-5. RTC.PER—i& & A

The RTC.PERL and RTC.PERH register pair represents the 16-bit value, PER. The low byte [7:0] (suffix L) is
accessible at the original offset. The high byte [15:8] (suffix H) can be accessed at offset + 0x01. For more details
on reading and writing 16-bit registers, refer to Accessing 16-bit Registers in the CPU section.

Due to synchronization between the RTC clock and system clock domains, there is a latency of two RTC clock cycles
from updating the register until this has an effect. The application software needs to check that the PERBUSY flag in
RTC.STATUS is cleared before writing to this register.

Bit 15 14 13 12 1" 10 9 8
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 1 1 1 1 1 1 1 1

Bit 7 6 5 4 3 2 1 0
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 1 1 1 1 1 1

Bits 15:8 — PER[15:8] Period High Byte
These bits hold the MSB of the 16-bit Period register.

Bits 7:0 — PER[7:0] Period Low Byte
These bits hold the LSB of the 16-bit Period register.

1E RTC.CLKSEL 75775 ik % 32.768 kHz M5 4k i -
& 3-6. RTC.CLKSEL——B4h 3k

- -
o -

Bit 7 6 5 4 3 2
Access R/W R/W
Reset 0 0

Bits 1:0 — CLKSEL[1:0] Clock Select bits

Writing these bits select the source for the RTC clock (CLK_RTC).

When configuring the RTC to use either XOSC32K or the external clock on TOSC1, XOSC32K needs to be enabled,
and the Source Select (SEL) bit and Run Standby (RUNSTDBY) bit in the XOSC32K Control A register of the Clock
Controller (CLKCTRL.XOSC32KCTRLA) must be configured accordingly.

Value Name Description

0x0 INT32K 32.768 kHz from OSCULP32K

0x1 INT1K 1.024 kHz from OSCULP32K

0x3 EXTCLK External clock from the EXTCLK pin

RTC.CLKSEL = RTC_CLKSEL_TOSC32K_gc;

Pl RTC Wit E MR T84T, MK RTC.DBGCTRL Zif7#s /) DBGRUN £/ & 1:

© 2021 Microchip Technology Inc. HARMEN DS90003213B_CN-#; 8 1
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RTC % I
& 3-7. RTC.CLKSEL——¥% DBGRUN i, & 1
Bit 7 6 5 4 3 2 1 0
| | I | [ DBGRUN |
Access R/W
Reset 0

Bit 0 - DBGRUN: Debug Run bit

0 The peripheral is halted in Break Debug mode and ignores events \

RTC.DBGCTRL |= RTC_DBGRUN bm;

7 RTC.CTRLA ZFfE88 h i E RTC Fi/r#ill . il RTC AN R Ti847, ¥ RTC.CTRLA A8
RUNSTDBY fii# 1. Zfiigk RTC, Mo¥ RTC.CTRLA Zf7-as+ ) RTCEN 1 & 1.

A 3-8. RTC.CTRLA— % & Hii4r#ilk. RUNSTDBY 4R RTCEN Hrf

Bit 7 6 5 4 3 2 1 0
RONSToEYA N PRESCALER 0T  CORREN | [ RTCEN |
Access R/W R/W R/W R/W R/W R/W R/W

Reset 0 0 0 0 0 0 0

Bit 7 — RUNSTDBY Run in Standby

Value Description

0 RTC disabled in Standby sleep mode

Bits 6:3 — PRESCALER[3:0] Prescaler bits

These bits define the prescaling of the CLK_RTC clock signal. Due to synchronization between the RTC clock and

system clock domains, there is a latency of two RTC clock cycles from updating the register until this has an effect.
The application software needs to check that the CTRLABUSY flag in RTC.STATUS is cleared before writing to this

register.
Value Name Description
0x0 DIV1 RTC clock/1 (no prescaling)
0x1 DIV2 RTC clock/2
0x2 DIV4 RTC clock/4
0x3 DIV8 RTC clock/8
0x4 DIV16 RTC clock/16
0x5 DV RCdockd2
0x6 DIV64 RTC clock/64
0x7 DIV128 RTC clock/128
0x8 DIV256 RTC clock/256
0x9 DIV512 RTC clock/512
0xA DIV1024 RTC clock/1024
0xB DIV2048 RTC clock/2048
0xC DIV4096 RTC clock/4096
0xD DIV8192 RTC clock/8192
0xE DIV16384 RTC clock/16384
O0xF DIV32768 RTC clock/32768

Bit 0 —- RTCEN RTC Peripheral Enable

Value Description

0 RTC peripheral disabled

RTC.CTRLA = RTC_PRESCALER DIV32 gc | RTC_RTCEN bm | RTC_RUNSTDBY bm;

© 2021 Microchip Technology Inc. B DS90003213B_CN-4; 9 1T
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RTC %i i+ I
] LLE S RTCNTCTRL /748 HT OVF AL E 1 K 7o A -
& 3-9. RTC.INTCTRL—% OVF {iz& 1
Bit 7 6 5 4 3 2 1 0
| [ [ [ cvp  [INOVERT
Access R/W R/W
Reset 0 0

Bit 0 —- OVF Overflow Interrupt Enable
Enable interrupt-on-counter overflow (i.e., when the Counter value (CNT) matches the Period value (PER) and wraps
around to zero).

RTC.INTCTRL |= RTC_OVF bm;

ST, AR VR R T

sei();

LU R, RTC @ H Wi iR 45F2F (Interrupt Service Routine, ISR) ###%% LED:

ISR (RTC_CNT_ vect)

{
RTC.INTFLAGS = RTC_OVF bm;
LEDO_toggle() ;

}

. B RTC.NTFLAGS 1) OVF fijE %, WZIfE ISR BB AXTI%ZALE 1.

View Code Example on GitHub

Click 1o browse repository

"’ ARTEEFIRE, HS WM.

© 2021 Microchip Technology Inc. HARMEN DS90003213B_CN-4; 10 T
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TB3213
RTC & #t4H i

RTC & #i14 H iy

R R BRI E 5 RTC Wi W B AR R . 7T CLd@ s RTC.PITINTCTRL ZRf7as s i Pl A E 1 SR v &
PEAT
4-1. RTC.PITINTCTRL—% PI 28 1

Bit 7 6 5 4 3 2 1 0
| | | [ » ]
Access R/W
Reset 0

Bit 0 — PI: Periodic Interrupt bit

0 The periodic interrupt is disabled

RTC.PITINTCTRL = RTC_PI bm;

1E RTC.PITCTRLA #5723 h % B PIT A, AT LLEID K RTC.PITCTRLA 27234 ) PITEN A28 1 SRfERE PIT.
& 4-2. RTC.PITCTRLA——¥ PITEN f.E 1

Bit 7 6 5 4 3 2 1 0
Access R/W R/W R/W R/W R/W
Reset 0 0 0 0 0

Bits 6:3 — PERIOD[3:0]: Period bits
Writing this bit field selects the number of RTC clock cycles between each interrupt.

Value —Name " Description

0x0 OFF No interrupt
0x1 CYCc4 4 cycles
0x2 CYC8 8 cycles
0x3 CYC16 16 cycles
O0x4 CYC32 32 cycles
0x5 CYCo64 64 cycles
0x6 CYC128 128 cycles
0x7 CYC256 256 cycles
0x8 CYC512 512 cycles
0x9 CYC1024 1024 cycles
OxA CYC2048 2048 cycles
0xB CYC4096 4096 cycles
0xC CYC8192 8192 cycles
0xD CYC16384 16384 cycles
Oxe  Cvcaes  32768cydles
OxF - Reserved

Bit 0 — PITEN: Periodic Interrupt Timer Enable bit
Writing a ‘1’ to this bit enables the Periodic Interrupt Timer.

RTC.PITCTRLA = RTC_PERIOD_CYC32768_gc | RTC_PITEN bm;

© 2021 Microchip Technology Inc. HARMEN DS90003213B_CN-# 11 I
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RTC & #t4H i

AT, AR VR R T

sei();

ELLTFREIF, RTCPIT I EIRSFEF (ISR) ¥ #i% LED:

ISR (RTC_PIT vect)

{
RTC.PITINTFLAGS = RTC_PI bm;

LEDO_toggle() ;
}

: Z¥ RTC.NTFLAGS ) OVF £ 2, WAIfE ISR BEINIHZAS 1.

O View Code Example on GitHub
Click 10 browse repositony

Bn: ARTEEKIRE, HS WM.

© 2021 Microchip Technology Inc. HARMEN
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TB3213
RTC PIT MARARAR 2 e g

RTC PIT M ARHRAE A fiE

PIT HR a3 CPU M ARHR A = Mg
1E SLPCTRL.CTRLA Zif7 st BARIRA . 7] LLEE K SLPCTRL.CTRLA FA7 2% SEN £7E 1 JAF REKIRTH

o
He o

5-1. SLPCTRL.CTRLA——#: BARIRE AT SEN £if

Bit 7 6 5 4 3 2 1 0
| | | | [ [ swobeto] [ SEN ]
Access R R R R R R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 2:1 — SMODE[1:0] Sleep Mode
Writing these bits selects the sleep mode entered when the Sleep Enable (SEN) bit is written to '1', and the SLEEP
instruction is executed.

Value Name Description

0x0 IDLE Idle sleep mode enabled
0x1 STANDBY Standby sleep mode enabled
other - Reserved

Bit 0 — SEN Sleep Enable
This bit must be written to '1' before the SLEEP instruction is executed to make the MCU enter the selected sleep
mode.

SLPCTRL.CTRLA |= SLPCTRL_ SMODE_PDOWN_gc;
SLPCTRL.CTRLA |= SLPCTRL_SEN bm;

A LAH I LT B CPU A PRIRAR 2K

sleep_cpu() ;

PIT Flli &8 CPU MARHRBE MR . B = dhily, DA ¥4 R e -

sei();

FELL R, RTC PIT (il 55127 (ISR) K #ll#% LED:

ISR(RTC_PIT vect)
RTC.PITINTFLAGS = RTC_PI bm;

LEDO_toggle() ;
}

E: Ef RTC.NTFLAGS H[) OVF hiifZ, WWIifE ISR RN ZALE 1.

View Code Example on GitHub

Click to browse repository

Bon: ARTEEKIRE, HS MR .

© 2021 Microchip Technology Inc. HARMEN DS90003213B_CN-4; 13 T
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SEBH

R MY
6. SEBR
AKX RTC M PIT LAEEAMEZ(EE, 16 U5in DL R
ATmega4809 /=M JiTH:  www.microchip.com/wwwproducts/en/ATMEGA4809
megaAVR 0-Family Data Sheet
ATmega809/1609/3209/4809——48 5|l megaAVR 0 #7%|

ATmegad809 Xplained Pro M Ti: https://www.microchip.com/developmenttools/ProductDetails/atmega4809-
Xpro

LN~
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7. WR

B 7-1. RTC #3 H WS w5

/* RTC A */
#define RTC EXAMPLE PERIOD (511)

#include <avr/io.h>
#include <avr/interrupt.h>
#include <avr/cpufunc.h>

void RTC init (void);
void LEDO init (void);
inline void LEDO_ toggle (void);

void RTC_init (void)

{

}

uint8 t temp;

/* WtEk 32.768 kHz L */
/* EEIIRG A +/

temp = CLKCTRL.XOSC32KCTRLA;
temp &= ~CLKCTRL ENABLE bm;

/* BANZRIPEFGE ~/
ccp write io((void*) &CLKCTRL.XOSC32KCTRLA, temp) ;

while (CLKCTRL.MCLKSTATUS & CLKCTRL7XOSC32K87bm)
{

i /* 4% X0SC32KS AN 0 */
}

/* SEL = 0 (fFAIMB&EIE) « */

temp = CLKCTRL.XOSC32KCTRLA;

temp &= ~CLKCTRL SEL bm;

/* BNZRIP I EER ~/

ccp write io((void*) &CLKCTRL.XOSC32KCTRLA, temp) ;

/> AEREIR G A */
temp = CLKCTRL.XOSC32KCTRLA;
temp |= CLKCTRL ENABLE bm;

/* BANZRIPEESE ~/
ccp_write io((void*)&CLKCTRL.XOSC32KCTRLA, temp);

/* WUtk RTC: */
while (RTC.STATUS > 0)

{
;o /x ERPTEFARED +
}

/* WEAH x/
RTC.PER = RTC EXAMPLE PERIOD;

/* 32.768 kHz ANk (XOSC32K) */
RTC.CLKSEL = RTC7CLKSEL7TOSC32K7gC;

/* R TET: o ~/
RTC.DBGCTRL |= RTC DBGRUN bm;

RTC.CTRLA = RTC PRESCALER DIV32 gc /* 32 */

| RTC_RTCEN bm /* fHRE. CERE */

| RTC_RUNSTDBY bm; /* AU IZAT: OfERE +/
/* RVFEH T </

RTC.INTCTRL |= RTC OVF bm;

void LEDO_init (void)

{

/% BAEHESE CRHD */
PORTB.OUT |= PIN5 bm;

© 2021 Microchip Technology Inc. HARMEN
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}

/* WEEN </
PORTB.DIR |= PIN5 bm;

inline void LEDO toggle (void)

{
}

PORTB.OUTTGL |= PIN5 bm;

ISR (RTC_CNT vect)

{

}

/* BEEN L HREFE: </
RTC.INTFLAGS = RTC OVF bm;

LEDO_toggle () ;

int main (void)

{

LEDO_init();
RTC_init();

/* RHEF P </

sei();

while (1)
{
}

B 7-2. RTC JA#AM: MRS RG]

#include <avr/io.h>
#include <avr/interrupt.h>
#include <avr/cpufunc.h>

void RTC_init (void);
void LEDO init (void);
inline void LEDO toggle (void);

void RTC_init (void)

{

uint8 t temp;

/* MM 32.768 kHz fR¥G 8. */

/* BEIERG A </

temp = CLKCTRL.XOSC32KCTRLA;

temp &= ~CLKCTRL ENABLE bm;

/* BANZRIPH AL */

ccp_write io((void*) &CLKCTRL.XOSC32KCTRLA,

temp) ;

while (CLKCTRL.MCLKSTATUS & CLKCTRL XOSC32KS bm)

{
; /* % X0SC32KS RN 0 */
}

/* SEL = 0 (fFRAMBMEIRD : */

temp = CLKCTRL.XOSC32KCTRLA;

temp &= ~CLKCTRL SEL bm;

/* BNZRIP I EER ~/

ccp _write io((void*) &CLKCTRL.XOSC32KCTRLA,

/* AHRENRG A */

temp = CLKCTRL.XOSC32KCTRLA;

temp |= CLKCTRL ENABLE bm;

/* BANZRIPEEE */

ccp_write io((void*)&CLKCTRL.XOSC32KCTRLA,

/* WUtk RTC: */
while (RTC.STATUS > 0)
{

temp) ;

temp) ;

© 2021 Microchip Technology Inc.
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;o/r SERTE AL~/
}

/* 32.768 kHz FMfm#k (XOSC32K) */
RTC.CLKSEL = RTC7CLKSEL7TOSC32K79C;

/* ERRERTET: o ~/
RTC.DBGCTRL = RTC DBGRUN bm;

RTC.PITINTCTRL = RTC_PI bm; /* FMAMEHN: Sl ~/
RTC.PITCTRLA = RTC PERIOD CYC32768 gc /* RTC HI4fiJEH] 32768 */

| RTC_PITEN bm; /* fHifg: CUliag */
}

void LEDO_init (void)

{
/* BONERSE GRED */

PORTB.OUT |= PIN5 bm;
/* BB */
PORTB.DIR |= PIN5 bm;

}

inline void LEDO_ toggle (void)

{
PORTB.OUTTGL |= PIN5 bm;

}

ISR(RTC_PIT vect)

{
/* BEEN 1 KIFEBE: +/
RTC.PITINTFLAGS = RTC_PT bm;

LEDO_toggle();

int main (void)

LEDO_init();
RTC init();

/* RULRH */

sei();

while (1)
{
}

%] 7-3. RTC PIT MARBRAE R it (4R = 1)

#include <avr/io.h>
#include <avr/interrupt.h>
#include <avr/sleep.h>
#include <avr/cpufunc.h>

void RTC_init (void);

void LEDO init (void);

inline void LEDO toggle (void);
void SLPCTRL init (void);

void RTC_init (void)
{
uint8 t temp;

/* WIUEK 32.768 kHz R % */

/* BRIIRG AR */

temp = CLKCTRL.XOSC32KCTRLA;

temp &= ~CLKCTRL ENABLE bm;

/* BNZRIP I EER ~/

ccp _write io((void*) &CLKCTRL.XOSC32KCTRLA, temp);

© 2021 Microchip Technology Inc. HARMEN DS90003213B_CN-4; 17 T
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while (CLKCTRL.MCLKSTATUS & CLKCTRL7XOSC32K57bm)
{

; /% SEf% XOSC32KS A0 */
}

/* SEL = 0 CEERSMERAIRD = */

temp = CLKCTRL.XOSC32KCTRLA;

temp &= ~CLKCTRL_SEL_bm;

/* BNZRIMAS */

ccp write io((void*) &CLKCTRL.XOSC32KCTRLA, temp) ;

/* EREIRG e */
temp = CLKCTRL.XOSC32KCTRLA;
temp |= CLKCTRL ENABLE bm;

/* BNZRP I EER */
ccp _write io((void*) &CLKCTRL.XOSC32KCTRLA, temp) ;

/* IR RTC: */
while (RTC.STATUS > 0)

{
i /x SERPTA AL~/
}

/* 32.768 kHz AMimIE (XO0SC32K) */
RTC.CLKSEL = RTC_CLKSEL_TOSC32K_gC;

/* EREREATIET: Cfifg </
RTC.DBGCTRL = RTC_DBGRUN bm;

RTC.PITINTCTRL = RTC_PI bm; /* JAMitkdli. offige ~/
RTC.PITCTRLA = RTC_PERIOD CYC32768 gc /* RTC FH4fEMH 32768 */

| RTC_PITEN bm; /* f#ifk: CffifE */
}

void LEDO init (void)

{
/* BRI GRHD */

PORTB.OUT |= PIN5 bm;
/* BRI/
PORTB.DIR |= PIN5 bm;

}

inline void LEDO toggle (void)

{
PORTB.OUTTGL |= PIN5 bm;

}

ISR(RTC_PIT vect)

{
/* BEBAN 1R EEE: +/
RTC.PITINTFLAGS = RTC PI bm;

LEDO_ toggle();
}

void SLPCTRL init (void)

{
SLPCTRL.CTRLA |= SLPCTRL SMODE PDOWN gc;
SLPCTRL.CTRLA |= SLPCTRL_SEN_bm;

}

int main (void)

{
LEDO_init ()
RTC init();
SLPCTRL_init () ;

/* AR */

sei();

while (1)
{

© 2021 Microchip Technology Inc. HARMEN
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/* A% cPU B ANRIRAE */

sleep cpu();

/* PIT FWIEHefE cpu */
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