In The Name of God

Faculty of Electrical Engineering
Microprocessor Laboratory

U'{.L:/':‘U("o {j/.;,

V1 (@2025)

Microprocessor LAB

Lecture 7:

Internal RTC in STM32
By: M.Razeghizadeh




Slide 2

216 (¢,iSLISLCD

1 31 RTC jl eslasiwl (go920

p)\’T b 6|).A.D STM32

LCD (s9) umled g




Slide

(Real-Time Clock) Scuwuiz RTC

9 ploj (5Ha lp olais! (g)ldliiw bu=e S5 STM32 (s))yiS9ySae j> RTC aslg >
VBAT ¢l 43385 guie SaS b oy ¢l g ghd lol 43385 45 Silej (o ! gyl
S Bas (S5Vgb Biw (gl |y ¢loj wileMbl Llg5 50

RCC_OSC32_IN

RCC_0SC32_0UT

LD3 [Green Led]

LD4 [Blue Led]

STM32F051R8Tx

B1 [Blue PushButton]

LCD_D5

LCD_D6




Slide 4
STM32 (s))yiiS9,Suo yd 1513 RTC a=lg 3929 Cuje

9 )l ol Jajle L 5)liley amshdlS @ Lo e GBS cacl dgdize Eacl Shg o
ilay 8L Slaicl Jl6

Rk ghw ARM log,Sue (55 9 PIC AAVR sile Jglaio gl ))iiSg,Sun 5l (5)lums J2lio >
(G285 (52Blg (yloj (yidls (glys 3ylg0 (43l )3 .35)la5 IS Hluiby 43385 guie by Jiiuwe RTC aslg
E9:590 (x3l 45 £3)S sslisiwl DS3231 Ly DS1307 aisle ;25 (sl Jg5le 9 Waidlys 51 33 Vgano
39850 (12C) b5l bohas Jladl g (2hb (Saaza dizjo inliél cazge

@
@ |1D0A g




Slide 5

STM32 ,> RTC aslg

plul pa8ayead w)gods |y 55 Johe HAL gilgi ¢ STM32CubeMX <SS b o ybjgel ol j> >
M50
21 RTC gaisySas o gjlaslely

(LSI LLSE ) Gawlio SYS guie sl

RTC slopyVT (g5loleb g (554)40L)2
olej Ld= (gly plutiiy (530 1 031l

LCD (s9) &)U 9 el yinles




Slide 6

STM32 ,> RTC as=lg
o3¢ p ) &G 9 ploj (IS danby o5 Cawl YyiiSg)San )3 ohag (G)lileuu s2lg S RTC >
S JWs 1y 5 3)lg0 Llgise azlg (pal L)l
caclw g 4didy @il v

Jw g olo g, v

:RTC Lol sloSig »
A0 Jiiuo g diwgay 904 «5)li8leys (sloyml By v
3 k)l plgd Bpae v
Alos0 (580 Jled bl hgels 835515y a5 (Hiloj (im v
5 G @RS L ) jl pw b &)U 9 el Slgie (VBAT) (glaSus Szg5 (550 Sa b v
3 1) (sloygs polyla 9 @1 aulgs cabls v/

Job ;1) ploj 1L &5 Cuwl (plolKiwd g BpaseS (goaiumwuw (gl Jlonl S SO RTC a5 »




Slide

(LSI L LSE) RTC SV guie wlxil

LSE ;I Llgie RTC .auS bl SW guin S 1L STM32 U5 RTC 5l eslatiwl (gl
Cawolio guio il 0gd il (CueywaS RC LIS joiVuwl) LSI b (tacywas o) Jluwy)S)

D)1 4o 9 (6] Buas i8> 4 gy ;L A diun

CacpupS 52yl JUiwg)S LSE >
VU Ly €83 9 3500kS FINFA Guils)s b )15
313 Vb s 4 jLs &5 5=Blg ()loj (53,5 (5l AinjS (y2yie2
I3 STM32 3p 4 Juaio (52)> Jliwn)S 43 L5
WS (50 sl |) ©3o3Yeb (5)l0h 9 83 Lol 4IVL (55 3y (LS g dinyo

CacywaS (1515 5933wl LSI
ALl )8l 43 55 (h9 0 (51513 RC)9idwl
(3L adly Blysol ¢lej H3S b cawl (;Xae) LSE @ Caun yiaS €8>
4i2joeS (Sloojgy b eskw (slogrplej (sl camwlic
Cawl 3o 3930 (gLad L (oo (glp 9 Cuwl 39290 STM32 5 diveo

7



13515 K 0593 (slojlis 4 LSl g LSE ¢y ool

:LSE wlail
(Ol 4 s (slodlagy Cud (§a8 caclw Wis) .Cusl (Sl (528lg (loj i8> 51 v/
ADLHINL 9 WaeHVgb 3,55 Bas S| v
A5 (505 sl Lo 52> Jliw)S (sl LI digjo g 3y (LA By Vv

LS| waaisl
Caanl JoiB B drift b Uas oS g camnss ago Vb (olus cubs )51 v/

gl diges b dijopeS (oo sl v
S Lol So)ls ekl Ludlg> 105 9 Cawl d9a=0 3y (gLad (;i8g vV

LSl (29248,0 9 (53w (5lys LSE (g3 (56593 9 YL B (gly 100k (b5 @




Input frequency

R
KHz

LSIRC

RTC Clock Mux

HSE HSE_RTC e
— 12— s

-

Slide

To RTC (KHz)

To IWDHG (KHz)

(CaepmpS L1 595wl )LS|

(CaepmpS (521> Jlwn)S)LSE

5R9

(513RC) 35,0908 Fo L)

3165kl Jliwy)S) j5,09LS WY/ YFA
(eaclw

owil5)8

5We g Lod b sl ()San 3yl
S Wzl )l

ol Jsb )3 )10k 9 Vb ) Luw

AR

FHo9lsS VY/VFA 52yl Jliw)S

oS

oS

Pl Sypas

BLS digjo 93

(L8] Jliwn)S Js> ) ,3L (505

ajoeS (5loejgyy w3l (slop)VT

(W8] 1) L.A.\.} (849 <ac
20 yiil 0oy el (a8 (glocuclw

SR cwlio




Slide 10

RTC A_>|9 A)S.Lo.c a).w

Vlo 50 Jld jo8) MCU 039 URgels (hloj ) (Sim g S (505 WYSWIFAY SWS

LSl RC

LSE OSC/EXT CLOCK

RTC ALARM @y
RTC PRESCALER
RTC CLK
RTC COUNTER RTC DIVIDER

¥ ¥ | BACKUP REGISTERS |

RTC CONTROL REGISTER

L J L ¥
Alarm Owerflow Second

IT IT IT




Slide

RTC A_>|9 A)S.Lo.c a).w

(RTC SEL) SYS guin wlaiil )
1S oslaiiwl ) SWS guio 93 51 (S0 ;1 Wlgie RTC
kHz Y'Y/ YFA 5oyl Jliwo,S (LSE v
KHZ Fo 3ga5 (1515 j93Wuwl (LS| v/

g0 Pre Scaler Ginzo 3)lg SYS (guio il 1 Gu

LSl RC

LSE OSC/EXT CLOCK

RTC ALARM @y
RTC PRESCALER
RTC CLK
RTC COUNTER RTC DIVIDER

¥ ¥ | BACKUP REGISTERS |

RTC CONTROL REGISTER

L J L ¥
Alarm Owerflow Second

IT IT IT

11




Slide 12

RTC A._>|9 J)S.Lo.c a).w

Prescaler & Divider .Y

Coled )3 U g 50 pundi RTC Divider bwgs Guuw 9 RTC Prescaler lbuwgsi 13l (639)9 SWS
39 adgi RTC sabylads (gly HzZ 1 VS

15 a5 4l e Ly (5=8lg Loy Wlgib RTC dgi50 Caclb )15 (ol

LSl RC

LSE OSC/EXT CLOCK

RTC ALARM @y
RTC PRESCALER
RTC CLK
RTC COUNTER RTC DIVIDER

¥ ¥ | BACKUP REGISTERS |

RTC CONTROL REGISTER

L J L ¥
Alarm Owerflow Second

IT IT IT




Slide 13

RTC a=lg 3)Sloc &y
RTC (RTC Counter) s5,lasb .V
0] 4aubg 31350 455 1) (yloj 9 wawl RTC (Lol w8 iaso ¢l

Wb o Ginljsl v
4l g aiids wuclw (6)13655 v

Second Interrupt slas) adgs v

LSl RC

LSE OSC/EXT CLOCK

RTC ALARM @y
RTC PRESCALER
RTC CLK
RTC COUNTER RTC DIVIDER

¥ ¥ | BACKUP REGISTERS |

RTC CONTROL REGISTER

L J L ¥
Alarm Owerflow Second

IT IT IT




Slide 14

RTC A_>|9 A)S.Lo.c a).w

RTC (RTC Alarm) o,V1.¥
9 d9ibs0 Jled Alarm Interrupt 4adg (3 ylp plGio 3950 dunlie RTC 635)laid b @)VT loj

A e BpaseS edls L MCU  slgsse

LSl RC

LSE OSC/EXT CLOCK

RTC ALARM @y
RTC PRESCALER
RTC CLK
RTC COUNTER RTC DIVIDER

¥ ¥ | BACKUP REGISTERS |

RTC CONTROL REGISTER

L J L ¥
Alarm Owerflow Second

IT IT IT




Slide 15

RTC a=lg 5)Slac S
RTC (RTC Control Register) JiiS yiwaz) .0

1S (50 Caapdo |y ) 4889 dw g 31> 83gcp |) RTC walizeo (o> Slac S Giadw ¢l
Alarm Interrupt v

Overflow Interrupt v

Second Interrupt v

LSl RC

LSE OSC/EXT CLOCK

RTC ALARM @y
RTC PRESCALER
RTC CLK
RTC COUNTER RTC DIVIDER

¥ ¥ | BACKUP REGISTERS |

RTC CONTROL REGISTER

L J L ¥
Alarm Owerflow Second

IT IT IT




Slide 16

RTC A_>|9 A)S.Lo.c a).w

(Backup Registers) oI (gl yimas,) ¢

o) jl o i VBAT a3 3929 b g 33gi 0 03laiwl )5 (gesld 6,053 (gl Wy ¢l
Aiilog0 (5L @i )i

LSl RC

LSE OSC/EXT CLOCK

RTC ALARM @y
RTC PRESCALER
RTC CLK
RTC COUNTER RTC DIVIDER

¥ ¥ | BACKUP REGISTERS |

RTC CONTROL REGISTER

L J L ¥
Alarm Owerflow Second

IT IT IT




'-'g z

I

c' 1{\.
f

aawgd 3 I molgdue (Jle  opl )
;S oslaiwl STM32F0ODiscovery

P 4l g d4ddy wuclw Ginld Vi Jgl dl>ye )5 -1
Ao 1653 2 (S h Sdales 59

2> SSiled ol sl )3 1) &)U pgd =y )5 -2
Ao i caclw )

)3 9 03985 Caw |y )l S o pgw dl>ye )
MB) ') C w8 °)l~1’ > ¢l ‘5‘*'9) )90

g 631> nglm

lub,d
Awles eslaiwl RTC aolg 5l (loj Gialas glp v




Slide 18

RTC A>lg Lg.)).))LY JUo

v [ LCD_FO
> 3 Binaries S a8lal 659y o 1) (6,55 LCD aslolis laul
> & Includes
w 2 Core
v = Inc
[_; [ Icd4bith
> [B mainh "
> [0 stm32f0xx_hal_conf.h
> [0 stm32fhocith
Src
> |l lcd4bit.c
> A€ main.c
5 g stm32f0xx_hal_msp.c
> g stm32fhocit.c
> [g syscalls.c
> [ sysmem.c
> [€ system_stm32facc
> [= Startup
> 2 Drivers
> = Debug
I LCD_FO.ioc
= LCD_FO Debug.launch
STM32FO51R8TX_FLASH.Id
LI LED_BLINK (in Class_projects)




Slide 19
RTC A>lg Lg.)).g)LY JUo

22 slp ) dbgie o cumzy 9 03,5 (G3i)Sn ) 6y BB LCD (51l o) gz Output lo 4l

iE Pinout view = Systemn view

STM32F051R8T
B1 [Blue PushButton] LQFP64

LCD_D5

LCD_D6

LCD_RS [z
LCD_RW [z
LCD_D4 |z

}

}

v




Slide 20
RTC A>lg Lg.)).))LY JUo

05,18 High 59y 0 1) LCD L bdye (sl 4L 631> JoLI cucyuw

GPIO Mode and Configuration : iE Pinout view [ = System view ]
T Comguranon N \
»

|Group By Peripherals A ‘

& GPIO

Search %%]nals |
b (Cir|+F) | ] Show only Modified Pins

n'‘a ]

PA1 Low  Output.. LHi LCD_...
PA2 nla Low  Oulput.. LHi LCD_...
PA3  nfa Low  Output.. LHi LCD_...
PA4 nla Low  Output.. LHi LCD_...
PA5 nfa  Low Output. 1Hi LCD_..
PA6 nla Low  Output.. LHi LCD_E
PA7 nla Low  Output... A Hi LCD._...

GPIO mode ull

| Sl

System Core

(Rl

{

<]

GPIO Pull-up/Pull-down |N0 pull-up and no pull-down

Maximum output speed |High

User Label lLcD_Rw




Slide 21

RTC A>lg L55)-.’)'5 JUo

S v

@ COMP2
CRC

@ DACAH
DMA
FATFS

] Show only Modified Pins

Questi X
[ useston
n_| M

Do you want to generate Code?

System Core

FREERTOS [JRemember my decision _

HDMI_CEC

(<< H<H<HP<

<

'IPA? na  Low
GPIO mode |Output Push Pull

GPIO Pull-up/Pull-down |No pull-up and no pull-down

<]
)




Slide 22

RTC A>lg Lg.)).))LY JUo

/* Private includes

/* USER CODE BEGIN Includes */
#include "stdio.h"

#include "lcd4bit.h"

/* USER CODE END Includes */
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/* USER CODE BEGIN WHILE */
lcd init();

lcd gotoxy(6,0);

lcd hide cursor();

lcd puts("IUST");

lcd gotoxy(1,1);

lcd puts("uProcessor LAB");
HAL Delay(2000);

lcd clear();

while (1)

{

/* USER CODE END WHILE */

/* USER CODE BEGIN 3 */

}
/* USER CODE END 3 */
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Input frequency

Input frequency

RTC Clock Mux

HSE_RTC 8

To RTC (KHz)

To IWDG (KHz)

ﬁj 8 To FLITF (MHz)

System Clock Mux
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To 12C1 (MHz)

HCLK to AHB bus,
memorv and DMA|

» To 1251 (MHz)
T s |

8 To Cortex System

=|] 3 | FCLK (MHz)
AHB Prescaler HCLK (MH=z} APB1 Prescaler
12 W 8 i.'l 71 Vl» PCLK “ APB1 peripheral cl
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PLL Source Mux

WCOInput
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X1 “ APB1 Timer clocks

USART1 Clock Mux
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Clock Configuration Project Manager
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Do you want to generate Code?

[ ] Remember my decision

Yes|y | ] No

SYSCLK (MHz) AHB Prescaler

16 12
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3
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Enable CSS
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/* USER CODE BEGIN PV
char buffer _1[20];

RTC TimeTypeDef gTime =
RTC DateTypeDef gDate =
RTC_AlarmTypeDef gAlarm
/* USER CODE END PV */
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{0};
{0};
= {0};
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while (1) Anlad edlaiwl ) loas jl cuclw Gioles cag
{
HAL RTC GetTime(&hrtc, &gTime, RTC FORMAT_BIN);
HAL RTC GetDate(&hrtc, &gDate, RTC FORMAT BIN);
HAL RTC GetAlarm(&hrtc, &gAlarm, RTC_ALARM_ A, RTC_FORMAT BIN);
sprintf(buffer_1,"Time:%02u:%02u:%02u",gTime.Hours,gTime.Minut
es,gTime.Seconds);
lcd gotoxy(0,0);

lcd _puts(buffer_1);
HAL Delay(200);

/* USER CODE END WHILE */

/* USER CODE BEGIN 3 */
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while (1) Awled eslasiwl 3 (535 51 )b Giulad g
{
HAL RTC GetTime(&hrtc, &gTime, RTC FORMAT_BIN);
HAL RTC GetDate(&hrtc, &gDate, RTC FORMAT BIN);
HAL RTC GetAlarm(&hrtc, &gAlarm, RTC_ALARM_ A, RTC_FORMAT BIN);
sprintf(buffer_1,"Time:%02u:%02u:%02u",gTime.Hours,gTime.Minut
es,gTime.Seconds);
lcd gotoxy(0,0);

lcd puts(buffer_1);

sprintf(buffer_1, "Date:%02u/%02u/%02u %2u",gDate.Year,
gDate.Month, gDate.Date,gDate.WeekDay);

lcd gotoxy(0,1);

lcd puts(buffer _1);

HAL Delay(200);

/* USER CODE END WHILE */

/* USER CODE BEGIN 3 */
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while (1) Alad edlatiwl pj gloas lo)X)T o los Cago>
{
HAL RTC GetTime(&hrtc, &gTime, RTC FORMAT_BIN);
HAL RTC GetDate(&hrtc, &gDate, RTC FORMAT BIN);
HAL RTC GetAlarm(&hrtc, &gAlarm, RTC_ALARM_ A, RTC_FORMAT BIN);
sprintf(buffer_1,"Time:%02u:%02u:%02u",gTime.Hours,gTime.Minut
es,gTime.Seconds);
lcd gotoxy(0,0);

lcd puts(buffer_1);

sprintf(buffer_1,"Alarm:%02u:%02u:%02u" ,gAlarm.AlarmTime.Hours,gAl
arm.AlarmTime.Minutes,gAlarm.AlarmTime.Seconds);

lcd gotoxy(0,1);

lcd puts(buffer _1);

HAL Delay(200);

/* USER CODE END WHILE */

/* USER CODE BEGIN 3 */
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Alad edlatiwl o gloas RTC a=lg p)X)T 4889 (43S Jled (gl

/* USER CODE BEGIN 4 */

void HAL_RTC_AlarmAEventCallback(RTC HandleTypeDef *hrtc)
{

/* Prevent unused argument(s) compilation warning */
UNUSED(hrtc);

/* NOTE : This function should not be modified, when the
callback is

heeded,

the HAL RTC AlarmAEventCallback could be implemented in
the user file

*/

HAL GPIO WritePin(GPIOC, GPIO PIN 8, GPIO PIN SET);

}
/* USER CODE END 4 */
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