Vhodno izhodne naprave
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" JEE
VIN projekt - VP5: STM32-CubelDE projekt,
breadboard vezave

[ 2 Osvezitev: STM32 sistema }

m Priprava na povezovanje

m STM32 CubelDE + Breadboard

0 LED, tipka, potenciometer, uporovna tipala
» STM32F4
x STM32H7

1 PWM brencac z melodijami
x STM32F4
x STM32H7
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STM32F4DISCOVERY

Electrical characteristics STM32F405xx, STM32F407xx

Table 11. Voltage characteristics

Symbol Ratings Min Max Unit
Vpp—Vss | External main supply voltage (including Vppa, Vpp)!"! | 0.3 40
Input voltage on five-volt tolerant pin(?) Vgs—0.3 | Vpptd Vv
Vi Input voltage on any other pin Vgg—0.3 4.0
|AVppyl Variations between different Vpp power pins - 50
Vssx - Vss| _Variati_ons between all the different ground pins ) 50 mV
including VRgr_

see Section 5.3.14:
Absolute maximum

Vespmewm) | Electrostatic discharge voltage (human body model) ratings (electrical

sensitivity)
Table 12. Current characteristics

Symbol Ratings Max. Unit
oD Total current into Vpp power lines (source)") 240
lyss Total current out of Vgg ground lines (sink)(") 240
Output current sunk by any I/O and control pin 25

o Qutput current source by any I/Os and control pin 25 mA

I @) Injected current on five-volt tolerant 1/0(3) —5/+0
INPIN) Injected current on any other pin(®) 5
g™ | Total injected current (sum of all /O and control pins)®) +25
VIN - LV 5 © Rozman,Skraba, FRI



Delo na STM32F4 razvojnem sistemu
PrikljuCitev :
* Mini USB priklop na kra

Poseben zacetni projekt za STM32F4 (e-udilnica) :
« dodajanje vsebine (main.c):

m CubelDEWorkspace - STM32_USB_Key_LED/Core/Src/main.c - STM32CubelDE
File Edit Source Refactor Navigate Search Project Run Window Help
DrvHdulge~& @S¢ @vSrydv@vinvovravimsv{dRErlvilveosreys e

[& Project Explorer X BRY =0 @manc x
> O CubelDE_Workspace ~ 8
5 & Delo . /* Infinite loop */
. /* USER CODE BEGIN WHILE */
> [M Node_V4 (in node_v4) while (1)
v & Sluzba

{
> [ CAN_IEX Module

> = CAN_IEX_Meodule_bak
» [E H7-BSP-LCD-0S
» 12 ORLab-STM32
» 1= ORLab-STM32H7
> = ORLab-STM32H7_bak
> & RALab-STM32H7
» [ STM32_USB_Key AdvDebug
» [ STM32_USB_Key_FreeRTOS_AdvDebug
» & STM32CubelDE_Adv_Debug
~ 2 STM32F4_Discovery_VIN_Projects
> & Audio_playback_and_record
> [ Buzzer PWM_Demo
> [ CAN_IEX_Module_Base
> [ CAN_IEX_ Sniffer
> [ Initial_Breadboard_VIN

Lastni viri :

HAL_GPIO_TogglePin(GPIOD, GPIO_PIN_12);
HAL_GPIO_TogglePin(GPIOD, GPIO_PIN_13);
HAL_GPIO_TogglePin(GPIOD, GPIO_PIN_14);

KeyState = HAL_GPIO_ReadPin(GPIOA, GPIO_PIN_®);
HAL_GPIO_WritePin(GPIOD, GPIO_PIN_15, KeyState);
snprintf(SendBuffer,BUFSIZE, "Hello World [%d]: Key:%d\r\n",Counter++,KeyState);
CDC_Transmit_FS(SendBuffer,strlen(SendBuffer));

/* USER CODE END WHILE */

/* USER CODE BEGIN 3 */
HAL_Delay(10€9);

}
/* USER CODE END 3 */

https://github.com/LAPSYLAB/STM32F4 Discovery VIN Projects

Si stranici, svetita rdeci LED diodi

& Mini USB

Mikro USB
VCom-port

@ | STM32F4DISCOVERY Discovery kit with STM32F407VG MCU ¢
@ | VINLab-STM32 - GitHub repozitorij

@ | ORLab-STM32 - GitHub repozitorij #*

https://github.com/LAPSYLAB/STM32F4 Docs and Examples

https://github.com/LAPSYLAB/ORLab-STM32

= .
[l STM32F4 - Dokumentacija #

VIN - LV 6
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https://github.com/LAPSyLAB/STM32F4_Discovery_VIN_Projects
https://github.com/LAPSyLAB/STM32F4_Docs_and_Examples
https://github.com/LAPSyLAB/ORLab-STM32

" A 3.3V I
STM32H750B — DISCOVERY StMod+ konektor

Pravilna prikljucitev
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https://www.st.com/en/evaluation-tools/stm32h750b-dk.html
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" A 3.3V I
STM32H750B — DISCOVERY StMod+ konektor

Mikrobus connectors
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3.3V I

STM32H750B — DISCOVERY StMod+ konektor
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"
STM32H750B — DISCOVERY

STM32H750VB STM32H750ZB STM32H7501B STM32H750XB

StMod+ konektor

Electrical characteristics (rev Y)

3. This formula has to be applied on power supplies related to the 10 structure described by the pin definition

table.

4. To sustain a voltage higher than 4V the internal pull-up/pull-down resistors must be disabled.

Table 20. Current characteristics

Symbols Ratings Max Unit
ZIVpp Total current into sum of all Vp power lines (source)(") 620
$IVgs | Total current out of sum of all Vg ground lines (sink)(") 620
Vpp Maximum current into each Vpp power pin (source)!) 100
Vsg Maximum current out of each Vgg ground pin (sink)(") 100
lio Output current sunk by any 1/0 and control pin 20
Total output current sunk by sum of all I/Os and control pins‘® 140 mA
e Total output current sourced by sum of all I/Os and control pins? 140
Injected current on FT_xxx, TT_xx, RST and B pins except PA4, —5/+0
Iingping 3@ | PAS
Injected current on PA4, PAS -0/0
Zlingpiny | Total injected current (sum of all I/Os and control pins)® 25

Output driving current

The GPIOs (general purpose input/outputs) can sink or source up to +8 mA, and sink or
source up to +20 mA (with a relaxed Vo /Vop).

In the user application, the number of I/O pins which can drive current must be limited to
respect the absolute maximum rating specified in Section 6.2. In particular:

VIN - LV
10
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'.D_ Mikro USB prikiop na daljsi stranici

elo na STM32H7 razvojnem sistemu (srednji )
Prikljucitev : |
« Mikro USB priklop na daljsi stranici (srednji !!!)

Poseben zacetni projekt (github) in info za STM32H7 (e-udikai
« dodajanje vsebine (main.c):

E CubelDEWorkspace - Sluzba/ORLab-STM32H7/5TM32H750B-DK_C_Bgsic/Core/Src/main.c - STM32CubelDE
File Edit Source Refactor Mavigate Search Project Run Window [Help

o - B~ vEin|Sidigv@vEv@rivPDrQvidyvidBE T H~Frodo~
% Project Explorer % BEY £ 70 Bmanc  Emainc X

0 CubelDE_Workspace ~ 131

& Delo 132 /* Infinite loop */

133 /* USER CODE BEGIN WHILE */

[ Node V4 (in node v4) 134 while (1)

v 12 Sluzba 135 {
[T CAN_IEX_Module 136 HAL_GPIO_TogglePin(GPIOI, GPIO_PIN 13);
&= CAN_IEX_Module_bak 137 HAL_GPIO_TogglePin(GPIOJ, GPIO_PIN_2);
138
[ H7-85P-LCD-05 139 /* USER CODE END WHILE */
= ORLab-5TM32 94e . - Razvojni sistem STM32H750-DK -----------
v = ORLab-STM32H7 141 /* USER CODE BEGIN 3 */
& Docs 142 snprintf (SendBuffer,BUFSIZE,"USART3:%d secs\r\n",Cnt); ) o .
¢ DWT Cycles Measurements 1:‘31 HAL_UART_Transmit(&huart3,SendBuffer,strlen(SendBuffer),1); @ | STM32H750B-DK Discovery kit with STM32H750XB MCU &
& GPIO_LEDs _ 145 HAL_Delay(1000); @ | VINLab-STM32H7 - GitHub repozitorij #
v & STM32H750B-DK_C_Basic 146 Cnte+;
v & Core 147 @ | STM32H7-online training (tutorials from ST) ¢
& Inc 148  /* USER CODE END 3 */
149 . N
M BS:C 150 r @ | ORLab-STM32H7 - GitHub repozitorij ¢
=== ..
... ] STM32H7 - Dokumentacija ¢*
Lastni viri :

https://github.com/LAPSYLAB/STM32H7 Discovery VIN Projects

https://github.com/LAPSYLAB/ORLab-STM32H7
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https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects
https://github.com/LAPSyLAB/ORLab-STM32H7

Delo v CubelDE

Vzpostavitev zaCetneqga projekta :

« Uvoz obstojecega
* Open projects from File System
« Select project(s)

* Nov projekt Cube MX

Kopiranje obstojecega

Prevajanje, zagon :

« Project -> Build Project
* Run -> Debug

Step (Into,Over), Breakpoint

m CubelDEWorkspace - LED_Blink_Demo/Core/Src/main.c - STM32CubelDE
File Edit Source Ref-wrﬂhﬂah Saar gam roject Run Window Help

m CubelDEWorkspace - STM32CubelDE
File Edit Source Refactor Navigate Search Project Run Window Help

=g

m CubelDEWorkspace - STM32CubelDE

File Edit Source Refactor Navigate Search Project Run \
New Alt+shift+N > | %
Open File... 5
. Open Projects from File System...
I} Recent Files >
i [I import Projects from File System or Archive ] X
i Import Projects from File System or Archive B
! This wizard analyzes the content of your folder or archive file to find projects and import them in the IDE.
)
!
! Import source: ‘ D:\OneDrive - Univerza v Ljubljani\Delovni\Workspaces\CubelDE\STM32F4_Discovery VIN ~ ‘ Directory... Archive...
)
[ type filter text | Select Al
~
Folder Import as Deselect All

STM32F4_Discovery VIN_Projects Eclipse project
STM32F4_Discovery VIN_Projects\Audio_playback_and_r Eclipse project
|

" [ Close newly imported projects upon completion

: Use installed project configurators to:

Search for nested projects

E Detect and-tons

2 of 8 selected

<

[] Hide already open projects

2 project natures

Navodila :

U B R vEminidigy &y Open Project
& Project Explorer & Close Project . QHQQ!%)EE%.%{H ErOJEkt
n it > Co L
=== Build All Ctrl+B 2) Edit > Pa:)tz
> ®OR i 8 ; -
Build Configurati >
o RA B“fld e 3) Delete the DebugJaungh file.
v BVIN L 1) Project > {lgap.
« © STM32F4 Discovery Projects (in 5Tn  Puild Working Set ’ 5) Project > Build Project.
> & Audio_playback_and_record e 6) Rebug As Stm32 Application.
+ [ Buzzer PWM_Demo Eilgopatcly 7) And debug the anplisation
» [ Initial_Breadboard VIN Build Targets > 8) Add hreakpeint on first instruction if necessary
» [ LED_Blink_Demo
PR Dl P AFRALL C/C++ Index ’
* CubelDE projekt z CubelMX

m CubelDEWorkspact

32CubelDE 1) Edit > Copy.

N>R BS i %o e M= idiey O vi®™S L i Source Refactor Novh Search Project Run Window Help 2) Edit > Paste
¥ Debug ® 5 Project M’EF!-_ZJ = Berime.txt L8 main.c Bstm3~ LB ®~v&~vEisvidigy (Y & & Run 3) Bename the igg files
~ [E LED Blink_Demo Debug [STM32 Cortex-M C/C ;i :/@m int & Project Explorer % # Debug 4) Delete the Debyg.Jaunch file.
~ i LED_Blink_Demo.elf [cores: 0] 75-int main(void) v 2RI Run History 5) Project > (leap.
~ o Thread #1 [main] 1 [core: 0] (Suspende 76 { 7 BOR O Run As 6) Genetate the CubelX.
= main() at main.c:84 0x800057¢ 77 /* USER CODE BEGIN =RA Run Configurations... 7) Project > Build Project.
& arm-none-eabi-gdb (8.3.1.20191211) 78 v EVIN ; 8) Debug As Stm32 Application
8 ST-LINK (ST LINK GDB server} 79  /* USER CODE END 1 ¥ 1 STM32F4 Discovery Projects (in STM3274 D/ DQE"Q History 9) el
80 » & Audio_playback_and_record B2argis § . ) the :
81 /* MCU Configuratio + [ Buzzer PWM_Demo Debug Configurations...
:2 — w211 per > [ Initial_Breadboard_VIN Breakpoint Types
8 HAL_Init() ;' > [ZLED Blink Demo Toggle Erezl et
e e e LR nEn e AT

/* USER CODE BEGIN

/* USER CODE END In

/* Configure the sy
- —— -'_:.- -7

Toggle Breakpoint
- e s mm o)

Skopiram, preimenujem, generiram jgg, ¢lean in build

12 © Rozman,Skraba, FRI



" JEE
VIN projekt - VP5: STM32-CubelDE projekt,
breadboard vezave

m Osvezitev: STM32 sistema

[ m Priprava na povezovanje 1

m STM32 CubelDE + Breadboard

0 LED, tipka, potenciometer, uporovna tipala
» STM32F4
x STM32H7

1 PWM brencac z melodijami
x STM32F4
x STM32H7

VIN - LV 13 © Rozman ,Skraba, FRI



Breadboard vezava

Uporovna tipala

LDR — Light Dependent Resistor PGM5337
FOTO UPOR PGM5537 100mW 16-50kR 540nm

D> Electronics Characteristics

& TOKEN

Vim Proax Ambient Spectral Photo Dark ResponseTime
Model X . Temp Peak Resistance Resistance T (ms)
(VDC) | (mW) o . min =
(°C) (nm) (10Lx) (KQ) (MQ)min Rise Decay

PGM35506 100 90 =30~ +70 540 2~6 0.15 0.6 30 40

PGM5516 100 90 -30 ~ +70 540 5~10 0.2 0.6 30 40
'. -Iw‘w - -]ﬂ - -]‘m _— -_m _H—m - ﬂo_ - &mﬂ- - “]- - -% - JL . — -3L .y
| PGM5537 150 100 -30 ~ +70 540 16 ~ 50 2.0 0.7 20 30 1
L 3 F _F B N N _F __§ ---.--—-—-----—-.-----------------------J

PGM CDS Photoresistors

VIN projekt - VP5: STV32-Cub...

’ Terminology

e Light Resistance :
Measured at 10 lux with standard light A
(2854K-color temperature) and 2hr.
preillumination at 400-600 lux prior testing.

® Dark Resistance :
Measured at 10th seconds after closing 10 lux.

e Gamma characteristic :

Sensitive surface

Ceramic substrate

Resin Encapsulation

Lead wires

Electrodes

Conducting resin

Under 10 lux and 100 lux and given by y = log(R10/R100) / log(100/10) = log(R10/R100)

R10, R100: resistance at 10 lux and 100 lux.
The tolerance of vy is +0.1.

® Pmax:
Max. power dissipation at ambient
temperature of 25°C.At higher ambient
temperature,the maximum power permissible
may be lowered.

® Vmax :
Max. voltage in darkness that may be
applied to the device continuously.

® Spectral peak :

\

in accordance with figure ‘Spectral Response’.
The tolerance of spectral peak is £50nm.

Relative sensitivity(%o)

100 Cds
0 VA
CdSe
60 /\ \‘r
40 / \ Cd(§.Se)
-
20
0 I~
400 500 600 700 800 900 1000
Wavelength(nm)

Spectral sensitivity of photoresistors depends on the wavelength of light they are exposed to and

Sensitive surface Electrodes

Ceramic substrate

Resin Encapsulation Conducting resin

Lead wires

© Rozman,Skraba, FRI



Breadboard vezava

UPOR NTC 2K2 5%

Uporovna tipala NTCC-2K2 SR PASSIVES
NTC — Termistor NTCC-2K2  NTC thermistor; 2.2kQ; THT; 3900K; -55+125° C; 500mW;
R25 = 2.2k0 B25/50 = 3950K @6.5mm
™ | Rk | T°C | Rka | TC | mRka | T™C | BRQD | TC Rk | T°C | REQ — == i B (xRi‘O.2
30 40.128 -4 8871 22 2511 48 0.857 74 0.241 100 0.15 ﬂ!ﬁﬁmﬂ — T !
29 | 37694 | -3 | 8415 | 23 | 2402 | 49 | 0824 | 75 | 033 | 101 | 0154 SN
28 | 35418 | -2 | 7986 | 24 | 2298 | 50 | 0794 | 76 | 0318 | 102 | 0415 h N E
27 | 33289 | -1 | 7581 | 25 | 22 | s1 | o7 | 77 | 0309 | 103 | 0.46  "~»,\ | | ! | | | | | | | | | | Yo°1
=26 | 31.298 0 238 26 2105 52 0.736 78 0.3 104 | 0.142 ‘ﬁ-\\ { ¥ 1 } 1 ! ! ! !
25 | 29436 | 1 | 6839 | 27 | 2006 | 53 | o708 | 79 | 029 | 105 | 0139 =
24 | 27693 | 2 | 6499 | 28 | 1931 | s4 | 0683 | 80 | 0281 | 106 | 0.135 - =
23 | 26064 | 3 | 6179 | 29 | 185 | 55 | 0659 | &1 | 0273 | 107 | 0132 i
22 [ 24539 | 4 | 5876 | 30 | 1773 | 56 | 0635 | 82 | 0265 | 108 [ 0.129 = == ; : ; ‘ ; ; ; 10%0
21 [ 2312 | s | sse | 31 | 168 | 57 | o612 | 83 | 02s7 | 109 | oazs e —t— i
20 | 21776 | 6 532 | 32 | 1629 | 58 | o0se | s4 | 0249 | 110 | 022 s =
18 | 20526 | 7 | so64 | 33 | 1562 | se | 057 | 8 | 0242 | 111 | a2 s " TT-
18 | 193ss | & | 4823 | 34 | 1498 | 60 | 055 | 8 | 0234 | 112 | 0117 K & e ;
=17 18.258 9 4.594 35 1.437 61 0.53 87 0.228 113 0.114 ‘—_k i
6 | 17231 | 10 | 4378 | 36 | 1379 | 62 | 0512 | 88 | 0221 | 114 | panm
-15 16.267 11 4.173 a7 1.324 63 0.494 a9 0.215 115 0.109
4 | 15364 | 12 | 3979 | 38 | 1271 | 64 | 0477 | 90 | o208 | 116 | 0.106
a3 | 14817 | 13 | 3795 | 39 | 1221 | 65 | 0461 | o1 | 0202 | 117 | 0104 _?:;’1 ot —r———h— i —Ar—r——tr—tr— i — 1%
42 | 13722 | 14 | 362 | 40 | 1172 | 66 | 0445 | 92 | 0197 | 118 | D102
-11 12.976 15 3.455 41 1.126 &7 0.43 93 0.191 119 0.099
A0 | 12275 | 16 | 3298 | 42 | 1082 | 68 | 0416 | 94 | 0186 | 120 | 0.097 )
-9 11.617 17 3.15 43 1.04 69 0.402 95 0.181 121 0.095
& | 10999 | 18 | 3008 | 44 1 70 | 0389 | 96 [ 0a7e | 122 | o0.093
-7 10.417 18 2874 45 0.962 71 0.376 97 0171 123 0.091
6 | 987 | 20 | 2747 | 46 | 0s3s | 72 | 0364 | 98 | 0167 | 124 | 0.089
5 | 9386 | 21 | 2626 | 47 | o&s | 73 | 0a3s2 | 99 | o162 | 125 | 0088
VIN - LV 15 © Rozman,Skraba, FRI
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Breadboard vezava

Uporovna tipala

Features
m Multiturn / Cermet / Industrial / Sealed m Mounting hardware available
m 5 terminal styles (H-117P)

B RoHS compliant* version available
W For trimmer applications/processing
guidelines, click here

W Tape and reel packaging available

W Chevron seal design

m Listed on the QPL for style RJ24 per
MIL-R-22097 and RJR24 per High-Rel
Mil-R-39035

3296 - 3/8 ” Square Trimpot® Trimming Potentiometer

TrimPot — Trimer Potenciometer TSR-32967-104

Proizvajalec

Suntan

Stevilka proizvajalca

TSR-32967-104

Standard Resistance Table

Proizvajalec

Suntan

Stevilka proizvajalca

TSR-32967-104

Upornost 100KOhm
Mo& 0.5w
Toleranca +10%
Tip THT

https://www.ic-elect.si/trimpot-cer-64z-100k-tsr-3296z.html

Resistance Resistance

(Ohms) Code
10 100
20 200
50 500
100 101
200 201
500 501
1,000 102
2,000 202
5,000 502
10,000 103
20,000 203
25,000 253
50,000 503
100,000 104

VIN - LV
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https://www.ic-elect.si/trimpot-cer-64z-100k-tsr-3296z.html

Breadboard vezava Uporniki

www.resistorguide.com

Signficant figures Multiphy Tolerance Temp. Coeff. Fail Rate
Elektronske komponente (%) {ppmK) (%)
black 0 0 0 x 1 250 (U)
brown 1 1 1 x 10 1(F) 100 (S) 1
2 2 2 x 100 2(G) 50 (R) 0.1
3 3 3 X 1K 15 (P) 0.01
: | yellow [ 4 4 4 X 10K 25 (Q) 0.001
Dioda LED 5 5 5 x 100K | 0.5(D) | 20(2)
6 6 6 x 1M 0.25(C)| 10 (Z)
Flat edge 7 1 7 | 7 X 10M 0.1(B) | 5(M)
8 8 8 X 100M | 0.05 (A)| 1(K)
E 9 9 x 1G
_|_ - Sthagt]  x 0.1 500)
ony for ™ % 0.01 10 (K)
bands 20 (M)

CATHODE 6 band 3.21kQ 1% 50ppm/K
5 band 5210 1%
4 band 82k 5%
— 3 band :)—330!2 20%

-
gap between band 3 and 4
indicates reading direction

Resistor Color Code Calculator and Chart (4-band, 5-band or 6-band)

Shorter lead
/ Z naslova <https://www.allaboutcircuits.com/tools/resistor-color-code-calculator/>

Longer lead
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Flat edge

" BN e
Breadboard vezava 3 +| a [ -+ —
I 2
Dioda LED (mA) 1 -1 K CATHODE
|zraCun upora za omejitev toka skozi tokom
o voltage
L5 16 L7
YV (volts) —
Out ]]lgh +3 3V
R %ll A MCU R lllll}; / Shorter lead
nis
LED Longer lead
MCU
| T7 LED | SZ
\ Out el
Vou -V 24-16 33-Vi-—V 33-16—04
R=-H_'¢ _ = 8000 R= ¢ OL _=Z = 13k0
I 0.001 Is 0.001

Z naslova <http://users.ece.utexas.edu/~valvano/Volumel/E-Book/C8 SwitchLED.htm>
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Breadboard vezava

Orodja

Multimeter EMOS MD-420

BwNn =

FUNC.' [RANGE! "MAXEY DATAR

AUTO POWER OFF

(') Temp 1000pF i 1F .
Preverjanje povezav = ;.H R S T Merjenje el. toka
. . W . ' i
Merjenje upornosti P O zaporedna vezava !!!

O nizka upornost

Merjenje el. napetosti

O enosmerna DC

O vzporedna vezava !!!
O visoka upornost

Prakti¢ni nasveti :

O Vecinoma merimo napetost, upornost

O upornost samo izven tokokroga

O pazimo, da ne sklenemo kratkega stika z
merilno sondo

O pazimo predvsem na majhne upornosti:
[ Med +V in GND
[ Na izhodih, vhodih mikrokrmilnikov

https://www.emos-si.si/multimeter-md-420
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"
VIN projekt : TinkerCad

Ponovitev

Breadboard vezave

LB R AR A - s s
L B B - s
L A " e EE>s
LR R R R L B B IA:
L R B AR L A N
+ - abcde fghij 4+ - L -
ki E.xnn;;;.: simimimim s [ R ——— BB 2238 SSRRE R
i‘l 2 clelele] 11 slalninin > wp — - _77 S ( - 0 -w LU L
S| s Smmwy s | R | s S ¥ SRiREARE § REEER B3-S
s | 4 srEIEIEIE ) elsiwmiwie s | 0 I ol SRR meREER (BRS
e | 5 SINIMIEING  s1EIEININs | Gfe | = e~ il L3 REARE X
} i 6 §'1’.'"}'{“ slalaluine '3 4 —— =
7 SONNK | :laisieinz | O i
:;;: o SLEINININ | Slalwinins | She = o
Wi | o SLEIEIEIEI)  simrenwino | GRS = , A ToET L
A | 1o SLRIEIEIE | cis=isleimio | 00 ¢ S e )
G| nELEEEE ] sranenann | s === =
yul 2 SiuiNiNie | zisislais e . ) J e G
v | BElEIEIEIE L slelwieiee | 6O = |y
.:;| 14 cluIeleiel | sialalalae i'f? ) = | RRRERE
| SEOKAE ] sl | O o] =
RO 0. 00 L RS TETETURCH B
o | RN sianaas e |5 e
g | eEINNTL CSanniEe | gy [ e —————
oy | e RIMIKIXIE  siWNiNdRie | RS e
-i}i 20 g;:]l;:}: s:n-l-h:zo s e, et
Pe | 21 TN ININl Y| siafagugn | S0 2
v | 2R snananagaz | G = : =
PO SR T8 E 8 (IR PR TR TR T kO s o
3 sy | gy s e
s sisisnaiaas | 5 ==
.‘.‘.. CEETRTRTE RO e | Soaeans
i saaisnz | = e
b sieisiages | Ao o =]
: slaininin® e | acsses
ol i aferetatwd L e e v
+ - abcde tghi | + — | | FIETS PIIIE SPETIE TIORE CeEE
Viri
. : . un. utori W-to-use-a-
https://learn.sparkfun.com/tutorials/how-to-use-a-breadboard/
. https://www.sciencebuddies.org/science-fair-projects/references/how-to-use-a-breadboard
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"
VIN projekt : TinkerCad — LAB 2

Breadboard vezave — VP2 primeri vezav
\ee \lee Vee *

/gl ga LL'V\M q\,

e
B?%! 1‘-

Ponovitev

Napetost - tipka Napetost - Potenciometer Napetost - tipalo Izhodni tok (C-E)

9} e e e &
Q. 3.30V 1.65mV (o

e
et
]
o
<

000

N
©
o
3
>
@00

@006

-------------------------

@ee

https://www.tinkercad.com/things/909pEg418de
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Breadboard vezave — izhodiS¢i za delo :

a ,VIN LAB Breadboard Demo* : demo breadboard ,merilna“ (napajana) vezava (za meritve, poskuse, ...)

@ Napetost - LED

@ Tok - LDR ' -
- — e |3.30v
S ‘A Napetost-LDR = | 181V O
o . [i2ma] ©
B 1
@ Bamitk@E) A i IO it WA e A AR :::I—_J

------ Tok-LED ©

e e ©
https://www.tinkercad.com/things/1UDaxVO5DSY

a LVIN LAB Breadboard STM32 IO Demb\dem@{dboard vezava za povezavo s STM32 sistemoma

@ STM32 Board

e Tranzistorska stopnja

ol e, Lo 1O
L =Tipka On @ ADC Input @ ADC Input O
3.30V |ﬂ 3.00V EI 313V Iﬂ -
[ U A
R L ——_—J
r—. ~A : 3avsTvaz O
GPIO Output | |« i
L=LEDOn | &

H =LED Off

o LED @ Tipka @ Analogno tipalo - LDR

https://www.tinkercad.com/things/cZld7zNU6Yd
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"

Breadboard vezava

o LVIN LAB Breadboard STM32 10 Demo*® : demo breadboard vezava za povezavo s STM32 sistemoma

@ STM32 Board

GPIO Input 330V O
H = Tipka Off M

L =Tipka On O ADC Input @ ADC Input 793 A O

330V 300V 313V e "

S =
s s e e . s gojes
.

AAaa Ao Seees

10K |2 33vsTvaz O

SL C
nmnnn nmmnno |~

4 8 8888880880888 0888808

GPIOOUUt | [aassssnafesananasn
L O

& H=LEDOf

© Rozman,Skraba, FRI



https://www.tinkercad.com/things/cZld7zNU6Yd

Breadboard vezava - pripomocKi

Fiat edge
A
NODE CATHODE
A
shorter lead
Longer jead
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Breadboard vezava

Osnovna priporocCila za potek prakticnega dela vaje :
Prip P P J ) Napajanje 3V !!!

Y | mhpuapde -
O z multimetri najprej preverite Prikljucite nazadnje !

Q ,napajano” vezavo - ,VIN LAB Breadboard Demo” (po zelji)
o vezavo - ,VIN LAB Breadboard STM32 IO Demo*

0 1. Vezava na breadboardu:

0O Vv dvoje izvedite lastno vezavo (GPIO: tipka, led, ADC: uporovno tipalo)
a previdno prikljuCujte zice, konektorje

Q 2. Preveritev vezave:

O z multimetri Se brez povezave s STM32 sistemom
Q preverite posamezne komponente pred vezavo (upornosti, ...)
O po vezavi: posamezne veje, stike, povezave, upornosti med Vcc in GND

QO preverite logiko in pravilnost povezav
a preverite tudi slike povezanih sistemov

0 3. Povezava s STM32 in programiranje:
0 povezite s STM32 sistemom (naj bo izkopljen)
O STM32: vklop in delo na STM32 programu
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" JEE
VIN projekt - VP5: STM32-CubelDE projekt,
breadboard vezave

m Osvezitev: STM32 sistema
m Priprava na povezovanje

m STM32 CubelDE + Breadboard

LED, tipka, potenciometer, uporovna tipala
s STM32F4

m STM32H7

1 PWM brencac z melodijami
x STM32F4
x STM32H7
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" M

Breadboard vezava — STM32F4

IzhodiS¢e : VIN LAB Breadboard STM32 I0 Demo

@ STM32 Board
GPIO Input
© H-= Tilpkg Off O
L =Tipka On @ ADC Input @ ADC Input O
@ 09

® ® ®
3.30V |0 3.00V (e 3.13V|o
® ® ®
u =
S S —
A LA G DA
10K = 10K = 3.3V STM32 @
........... P\ (e R D (A
fammannnnnllannaArcnaanAnaarAanarAnnArAAAAAAAAn ":::::::::::':::::::j
cessssssessseteacsccccecccccccenrccc]oceccecccatoccensy S
Ranan annan allada ancoa Jaane @4

@ Analogno tipalo - LDR
Prikljucitev na STM32 : 1x analogni, 1x digitalni vhod, 1x digitalni izhod, 4x vgrajene LED diode

Testno vezje (primer) :

GPIO Vrsta Povezava
PAOQ User tiika
’ N N N i N | N N |
1 PA1 Analogni vhod Rumena Zicka !
1| PB4 Dig. Vhod Zelena zitka i
l\ PB5 Dig. Izhod - LED | Oranina zicka |
PD12-PD15 |Dig. Izhodi vgr. LED diode
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Breadboard vezava

PrikljuCitev na STM32 : 1x analogni, 1x digitalni vhod, 1x digitalni izhod, 4x vgrajene LED diode

Testno vezje (primer) :

GPIO Vrsta
PAO User tipka

,--------------

Povezava

LB ]
PA1 Analogni vhod Rumena Zicka )
PB4 Dig. Vhod Zelena Zicka : D 3
\_PBS Dig. Izhod - LED  OranZna %icka ‘ y ) - 5@
PD12-PD15 Dig. Izhodi vgr. LED diode )

(@) (Ei) (UARTZ RXTA L A0
——— mtmb m
ing:u m'

@) Gﬁmi
-
g ul v

L,l [ Ceal
E50 1iis0)(23) [{s51[ew) m—
PO, [ QEE G EzE ] v
losbell= )
" ': -PD3 [)3 (ml';" 10
ﬂg w PRI G
o) (S5 iosi

[USARTL RX]

v A (W [EARTL T
h b)) o I
E
VIN - LV s (e 6 En) ((SARTE °Y)




Breadboard vezava

PrikljuCitev na STM32 : 1x analogni, 1x digitalni vhod, 1x digitalni izhod, 4x vgrajene LED diode

Testno vezje (primer) :

GPIO Vrsta Povezava
PAO User tipka
’----------------
PA1 Analogni vhod Rumena zicka )}
1 PB4 Dig. Vhod Zelena zicka :
\ PB5 Dig. Izhod - LED Oranzna zicka J
. 8 B B B B § §B § N & &N B §B B B |

PD12-PD15 Dig. Izhodi vgr. LED diode

VIN - LV
30

o Dr2s oo
- .Hcenanw:
» m.ﬂ“

1 &‘:“ MB9978

e @3 Py

uuuuuu @

i @ o
.st.com/stm32f4~discovery
= (e B

,nfq C
e mm'(ls

m

= mmmpmmtqmu éo @ i dmu—~
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m
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Breadboard vezava

1x analogni, 1x digitalni vhod, 1x digitalni izhod, 4x vgrajene LED diode

PrikljuCitev na STM32 :

Testno vezje (primer) :

Povezava

Vrsta

GPIO

User tipka

PAO

Rumena zicka

Analogni vhod
Dig. Vhod

PA1

’
1
1

Zicka

Zelena

PB4
PB5

vev

Oranzna Zicka

Dig. Izhod - LED

\

vgr. LED diode

PD12-PD15 Dig. Izhodi
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VIN projekt - P5.2 : CubelDE in STM32 _ &
] - E
Konfiguracija 2: (PB5 DIG_OUT, PB4 DIG_INP, PALADC1_IN1) & _ ¢a
o B ¥ =
[ *Initial_Bresdboard VIN.ioc 32 [§ mainc  [8] startup_stm32f407ugbe.s B 5 = 2 E,
g22 g g
Pinout & Configuration < o o o o
= . : —‘ E E
Q G ADC1 Mode and Configuration : Reset State - E B
SR E - 255 ot spfl EE o B
—_ — 1 o
SystemCore > sPi_miso | & 3 E 2
2 N1 SPI3_MISO : :
Analog - m SYS_JTRST
i TIM3_CH1 Reset_State
ADC? CAN2 RX
ADC3 GPIO_Output DCMI_DA0
2 onc GPIO_Analogl' | E7yy Bps_ouT
EVENTOUT IEC‘I_SMET&.
Timers > 1 inig GP'D_EKTM- |253_SD
Comectiity v SRR SPH_MOSI
R SPI3_MOS
CAN1 TIM3_CHZ
> E?SQ g PG14-0S0T_IN USB OTG HS ULPI D
. . PCISOSCE OUT GP|D_|r|put
121 Search Signals
o e Froose_w REF GPIO_Analog
2 5010 oo @ £ RX_CLK EVENTOUT
Vv SPH PA1 ADCT_INT n/a Analog mode Mo pull-up o1 5 Pouesareios 1T TIM2_CH2 GRIO EXTIS
—- - TIMS_CH2 =
UART4_RX
POM_DUT MPISOTOZ_DOUT] USARTZ_RTS
GPIO_Input
GPIO_Qutput
GPIO_Analog
EVENTOUT
B1 [Blve PashBation GP|O_E}(‘|’|1
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§E
£ 8

H . § i3
8 < Qe
g H g' 558
. . Sgy H :
VIN projekt - VP 5 STM32-CubelDE projekt, breadboard vezave i it Resel_Stae \I
g o9 I
: 3 e 50| I BoLSWER I
Spremembe v projektu = e =2 |
SYS_JTRST | SPI3_MOSI I
TIM3_CH1 TIM3_CH2
USB_OTG_HS_ULPI_D |

O GPIO_Input

GPIO_Analog

EVENTOUT GPIO_Analog I
EVENTOUT

GPIO_EXTIS ’

Vv Software Packs v Pinout

3 Pinout view

Pinout & Configuration

Q ADC1 Mode and

Categories
B INo
Syste... ”» fENT =" ] STM32F407VGTx
o — : LQFP100
7 IN2
Analog ™
] IN3

U w MresoT cuy (1 ]

A\ ADC1 M IN4 r
ADC2 M IN5 |
ADC3 \

& DAC M ING

UART4_RX

sou_ouTmrisoT ooy [pg]  USART2_RTS
GPIO_Input

GPIO_Output
GPIO_Analog
EVENTOUT
sipneruinemy [ GPIO EXTH
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VIN projekt - VP 5 STM32-CubelDE projekt, breadboard vezave

Program : za branje tipal in poSiljanje po USB Virtual COM Port
/* Infinite loop */
/* USER CODE BEGIN WHILE */
while (1)
{

HAL_ADC_Start(&hadcl);
HAL_ADC_PollForConversion(&hadcl, HAL_MAX_DELAY);
AnalogValue = HAL_ADC_GetValue(&hadcl);

HAL GPIO TogglePin(GPIOD, GPIO PIN 12); // On-board LED

HAL_GPIO_TogglePin(GPIOB, GPIO_PIN_5); //External LED on PB5
KeyState = HAL_GPIO_ReadPin(GPIOB, GPIO _PIN_4); //External Key on PB4

snprintf (SendBuffer,BUFSIZE,"Hello [%d]: Key:%d Analog:%d\r\n",Counter++, 1-KeyState, AnalogValue);
CDC_Transmit_FS(SendBuffer,strlen(SendBuffer));

/* USER CODE END WHILE */

/* USER CODE BEGIN 3 */
HAL Delay(1000);

}
/* USER CODE END 3 */
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Osnovni projekt CubelDE — USB Virtual COM Port

Program : sprejem na PC strani (povezava z dodatnim Micro-USB kablom)

A PuTTY Configuration ? X
Datoteka Dejanje Pogled Pomoc G
T — - - —I Session Basic options for your PuTTY session
a 5 =| ﬂ 7 EBX e . Logging . .
Specify the destination you want to connect to

ﬂj“ Omrezne kartice
@ prenosne naprave
(| Procesorji

B Racunalnik

£ Sistemske naprave

— Terminal

- Appearance

-~ Behaviour

I/come

Connection txﬂa:
(@ sorial |
()SSH ‘© Serial | () Other: | Telnet

sl )

!t Software components
— Tipkovnice
’ USB Connector Managers
B7 Varnostne naprave
i Vdelana programska oprema
¥l Vnosne naprave (HID)
v @ Vrata (COM in LPT)
¥ Standard Serial over Bluetooth link (COM5)
i Standard Serial over Bluetooth link (COME)
iSTMicroeledmnics STLink Virtual COM Port (COMS8)
I # USB Serial Device (COM9) I
Iy Zvocni vhodi in izhodi

&P COM9 - PuTTY
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" JEE
VIN projekt - VP5: STM32-CubelDE projekt,
breadboard vezave

m Osvezitev: STM32 sistema
m Priprava na povezovanje

m STM32 CubelDE + Breadboard

0 LED, tipka, potenciometer, uporovna tipala
» STM32F4

| = STM32H7

1 PWM brencac z melodijami
x STM32F4
x STM32H7
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Breadboard vezava

PrikljuCitev na STM32 : 1x analogni, 1x digitalni vhod, 1x digitalni izhod, 4x vgrajene LED diode

" Testno vezje (primer) - STM32H7 :

GPIO Vrsta Povezava
PC13  User tiﬁka Modra ti&ka
L8 B N N | L n B N N N | L B N _J
PA4  Analogni vhod Rumena Zicka
PH10 Dig. Vhod Zelena zicka
PA3 Dig. Izhod - LED Oranzna zicka

PJ2,Pi13 Dig. Izhodi vgr. LED diode

’ | N | \
12C4 - PD12
12C4 - PD13

LYV 94049 _
w12 (e HOJ
ynoyep Ag'e tdl

b 4 o™

K

POOOOO Qo=
(XX XXX

3
» 1

AN _RST, CS ,SCKMISQMOSI3yIGN
I LA L

L]

i8s

7
{ |
b
E

1!
[ J

B9 G

o | o A : g 2
B+ < 3 L

of o 4y Q> 8
% % = ll’(."

97 9A0I)
WNDJOP AC'C
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Breadboard vezava

Priklju€itev na STM32 : 1x analogni,
1x digitalni vhod, 1x digitalni izhod

" Testno vezje (primer) - STM32H7 :

GPIO Vrsta Povezava
PC13  User tipka Modra tipka
,-----------------
I PA4  Analognivhod Rumena zicka )
1 PH10 Dig. Vhod Zelena Zicka :
\ PA3  Dig. Izhod - LED Oranzna zicka J
L. a B B N N N B _§B B B _§B N B §B B § |

PJ2,Pi13 Dig. Izhodi vgr. LED diode

12C4 - PD12
12C4 - PD13
ldl S

INDJOPp AC'C

N
S

—
——
-
s
-
-

04

[Brez naslova]

{»

AN RST, CS SCKMSQMOSI3V3GN S 2
—gn L S

- - - —

GPIO - PH10

WNDJOP ACS

VIN - LV

38
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VIN projekt - P5.2 : CubelDE in STM32

Reset_State

] . ADC1_INP15
Konfiguracija 2: (PB5 DIG_OUT, PB4 DIG_INP, PA1 ADC1 _IN1) ADC2_INP15
ETH_COL
Pinout & Configuration Clock Configura LPTIM5_OUT
» Software Packs Reset_State LTDC_B2
Q ADC1 Mode and Configuration 4 LTDC—B5
[ b
e ADC2_INP18 TIM15_CH2
Categories - DAC1_OUT1 TIM2_CH4
Syst. > _ DCMI_HSYNC TIM5_CH4
IN10 ‘Dlsable V‘ IZS'I _WS USARTz_RX
Analog ™ I[N(&l Disable e IZSS_WS USB_OTG_HS_ULPI_D
N IR Disable v LTDC_VSYNC GPIO_Input
SPI1_NSS o
ADC2 -
SPI3_NSS e
g ggm (] IN15 Single-ended SP16_NSS EVENTOUT
DACH N8| Disable ~| TIM5_ETR GPIO_EXTI3
2o USART2_CK =
VREEI IN18/IN18 Single-ended ] USB_OTG_HS_SO
- GPIO_Input
Timers » Configuration GPIO_Output Reset_State
GPIO_Analog DCMI D1
Conn...™~ EVENTOUT FMC_D18
. ® GPIO Settings GPIO EXTl4 12C4 SMBA
e ® User Constais = Ey
: Eggi Search Signals " Testno vezje (primer) - STM32H7 : T|M5__CH1
@ ::zl\::? Search (Ctrl+F)
& 1202 p—— s - GPIO Vrsta Povezava GPIO_Output
[ PinName | _____Signal on Pin | Pin Cont..|GPIO ou. | . . —
@ 12C3 PA1_C ADC1_INP;AD02_INP1 na na Analog PC13  User tipka Modra tipka GPIO_Analog
& "2;;1; PA4 ADC1_INP18 n/a n/a Analog . PA4  Analognivhod Rumena Zicka EVENTOUT
PH10 Dig. Vhod Zelena zicka GPIO_EXTI10
PA3  Dig. Izhod - LED OranZna Zicka
PJ2,Pi13 Dig. Izhodi vgr. LED diode
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VIN projekt - VP 5 STM32-CubelDE projekt, breadboard vezave

Program : za branje tipal in poSiljanje po USB Virtual COM Port /* USER CODE BEGIN PV */
#tdefine BUFSIZE 256
char SendBuffer[BUFSIZE];
int Counter;

/* Infinite loop */ int KeyState=0;

/* USER CODE BEGIN WHILE */ int AnalogValue;
while (1)
{ /* USER CODE END PV */

HAL_GPIO TogglePin(GPIOI, GPIO PIN_13);
HAL_ADC_Start(&hadcl);

HAL_ADC_PollForConversion(&hadcl, HAL_MAX_DELAY);
AnalogValue = HAL_ADC_GetValue(&hadcl); // Read ADC value on analog input

KeyState = HAL_GPIO_ReadPin(GPIOH, GPIO_PIN_10); // Read state of PH10
HAL_GPIO WritePin(GPIOA, GPIO_PIN_3, KeyState); // Write to PA3 accordingly

snprintf(SendBuffer,BUFSIZE, "Hello World [%d]: Key:%d | ADC:%d\n\r",Counter++,KeyState,AnalogValue);
HAL_UART_Transmit(&huart3,SendBuffer,strlen(SendBuffer),100);

HAL Delay(1000);

/* USER CODE END WHILE */ " Testno vezje (primer) - STM32H7 :
/* USER CODE BEGIN 3 */ GPIO Vrsta Povezava
} PC13  User tipka Modra tipka
/* USER CODE END 3 */ PA4  Analogni vhod Rumena zZicka
PH10 Dig. Vhod Zelena zicka
PA3  Dig. Izhod - LED OranZna Zicka
PJ2,Pi13 Dig. Izhodi vgr. LED diode
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Osnovni projekt CubelDE — USB Virtual COM Port (USART3 na STM strani)

Program : sprejem na PC strani (povezava Ze vzpostavljena z Micro-USB kablom)

O

https://the.earth.li/~sgtatham/putty/latest/w64/putty.exe

Datoteka Dejanje Pogled Pomod

& I BHm B £ PuTTY Configuration ? X

' E? Druge naprave Category:

| & Grafi¢ne kartice —-S=BSSIDH Basic options for your PuTTY session
- H L i
® Kamere —-Terrgfgr 9 Specify the destination you want to connect to
@ Krmilniki IDE ATA/ATAPI ' Keyboard Senaline T kel A
S Krmilniki shrambe - Bell I [coms | 115200 [
- o --Features
¥ Krmilniki USB ~ \Window Connection type: |
iy Krmilniki za zvok, video in igre . Appearance ‘OﬁSH @ Serial ()Other [Telnet o I
@ Miske in druge kazalne naprave -~ Behaviour 7

B Napraves programsko opremo

i Naprave z univerzalnim serijskim vodilom
@ Omrezne kartice

B prenosne naprave

|| Procesorji

E Racunalnik

£3 Sistemske naprave

!* Software components

4 Il Il Il I N N N N .

&2 COM4 - PuTTY

= Tipkovnice
§ USB Connector Managers
B Varnostne naprave
* Vdelana programska oprema
@ Vnosne naprave (HID)
v §§ Vrata (COM in LPT)
ﬁ Standard Serial over Bluetooth link (COMS5)
P S FIE RS RN e N TALN (€ o R—
l W STMicroelectronics STLink Virtual COM Port (COM4) I

w2 N L N 4

e e e el el el e
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https://the.earth.li/~sgtatham/putty/latest/w64/putty.exe

" JEE
VIN projekt - VP5: STM32-CubelDE projekt,
breadboard vezave

m Osvezitev: STM32 sistema
m Priprava na povezovanje

m STM32 CubelDE + Breadboard

0 LED, tipka, potenciometer, uporovna tipala
» STM32F4
x STM32H7

1 PWM brencac z melodijami

| = STM32F4

m STM32H7
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Vezava brenc¢aca

PrikljuCitev na STM32 :

Testno vezje (primer) :

1x PWM izhod, 1x GND, 4x vgrajene LED diode

GPIO Vrsta Povezava

PA15 Brencac +

GND Brencac -

PD12-PD15 Dig. Izhodi vgr. LED diode
VIN - LV
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STM32F4 — PWM signali/melodija za brencaca (Buzzer)

HAL - C
Brencac se prikljuci na PA15 (TIM2->CH1) in GND

g

Reset_State

ADC1_EXTI15]
CubeMX : ADC2_EXTI15
1. New project -> STM32 Project -> Board -> 407DISC1 e
2. CubeMX: Spremeniti USB Host v USB Device : g;:;-:gg

Connectivity -> USB_OTG_FS -> Mode v Device Only
Middleware -> DEVICE_USB in Class Virtual Com Port

SYS_JTDI

|22

TIM2_ETR
GPIO_Input
GPIO_Output
GPIO_Analog
EVENTOUT
GPIO_EXTI15

3. Spremeniti pin PA15 v TIM2->CH1
tim2 kanal 1 spremeniti na PWM Generation CH1

4. Clock :
Ura Stevca =1 MHz
Prescaler (PSC - 16 bits value) = 84-1 = 83 (clock 1Mhz)
Perioda Stetja se bo dolocala glede™a noto (duty cycle je vedng 50%)
Counter Period (AutoReload Register -6 bits value )
ARR = 1000000 (ura $tevca) / Frekv.ndte[Hz]
CCR1 bo vedno ARR/2 (50% duty cycle)

Vec informacij ABeriMe.txt

g net PTP clock (MHz)

HCLK to AMRbus, core,
memarv and QIMHz7)

e HEAN

To Cortex System timer
FCLK Cortex clock (MHz)
SYSCLK (MHz) | AHB Prescaler HCLK (MHz)

168 11~ 168 14~

APB1 Prescaler

Nota:

ARR_period = (int)(leeeeee/NoteFreq);

168 MHz max
el el rel ]

//Already prescaled to 1 MHz
setPWM(htim2, TIM_CHANNEL_1, ARR_period, ARR_period/2);

==

APB1 Timer clocks (MHz)

snprintf (SendBuffer,BUFSIZE,"Melody[%d],Note #%d F=%d Hz Duration:%d ms| ARR=%d CCR
1

1 1
I Delaymsecs = noteDurations[melodyIndex][noteIndex] * melodySlowfactor[melodyIndex]; 1
1 1
1 1
I ¢DC_Transmit_FS(SendBuffer,strlen(SendBuffer));

1

/

N HAL Delay(Delaymsecs) i, o o o o o o o o o o o o o o e o e e e o e o e e

PO
SN 42 | apet peripheral clocks (MHz)
2 Ninz ma

e

melody.h

[ ##H Y "Crazy Frog" song of Crazy frog album™*g#i###istat//
const uint32_t CrazyFrog notes[] = {

NOTE_D4, @, NOTE_F4, NOTE_D4, 8, NOTE_D4, NOTE_G4, NOTE_D4, NOTE_C4,
NOTE_D4, 8, NOTE_A4, NOTE_D4, @, NOTE_D4, NOTE_AS4, NOTE_A4, NOTE_F4,
NOTE_D4, NOTE_A4, NOTE_D5, NOTE_D4, NOTE_C4, @, NOTE_C4, NOTE_A3, NOTE_E4
8,NOTE_D4,NOTE_D4

1s

const uint32_t  CrazyFrog_durations[] = {
8, 8, 6, 16, 16, 16, 8, 8, 8,
8, 8, 6, 16, 16, 16, 8, 8, 8,
8, 8, 8, 16, 16, 16, 16, 8, 8, 2,
8,4,4

B
[ /#iHEHEREEEND of Crazy Frog##tsHititht//

Buzzer_PWM_Demo.ioc - Pinout & Configuration

Pinout & Configuration Clock Configurat

w Software Packs

Q TIM2 Mode and Configuration :
Mo |
Categories 5
AR Slave Mode |D|sable ~ |
System... * Trigger Source |Disable A |
N Clock Source ‘Internal Clock ~ |

-
Channel1 |PWM Generation CH1 1 ~
- - o
Channel2 |Disable ~

Timers ™

- Channel3 [Disable ~|

?J\; Channel4 Disable ~|
Combined Channels |Disable |

Tims [ Use ETR as Clearing Source

TIM4

TIM5 [0 XOR activation

I:m: [J One Pulse Mode

TIM8

TiMe

TIM10

TIM12

TIM13 ® NVIC Settings @ GPIO Settings

® Parameter Settings @ User Constants

TIM14

ure the below parameters :
afsearch ctivF) | @ @ o
~ Counter Settinﬁ
i
Prescaler (PSC - 16 bits... 83 1
— TR T P —— g ——
Counter Period (AutoRel... 0

Connect... »

Multime... #

Qaruritu 3
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https://github.com/LAPSyLAB/STM32F4_Discovery_VIN_Projects/tree/main/Buzzer_PWM_Demo

STM32F4 — PWM signali/melodija za bren¢aca (Buzzer)

HAL - C

/* Infinite loop */

/* USER CODE BEGIN WHILE */
while (1)

{

melodyCount = sizeof(melodySizes)/ sizeof(uint32_t);

for(melodyIndex = @; melodyIndex < melodyCount; melodyIndex++)

Melody.h:

[/ A "Crazy Frog" song of Crazy frog album**#t######E/ /
const uint32_t CrazyFrog_notes[] = {
NOTE_D4, @, NOTE_F4, NOTE_D4, ©, NOTE_D4, NOTE_G4, NOTE_D4, NOTE_C4,
NOTE_D4, ©, NOTE_A4, NOTE_D4, ©, NOTE_D4, NOTE_AS4, NOTE_A4, NOTE_F4,
NOTE_D4, NOTE_A4, NOTE_D5, NOTE_D4, NOTE_C4, @, NOTE_C4, NOTE_A3, NOTE_E4,
NOTE_D4,
0,NOTE_D4,NOTE_D4
s

const uint32_t CrazyFrog_durations[] = {

( 8, 8, 6, 16, 16, 16, 8, 8, 8,
i 8, 8, 6, 16, 16, 16, 8, 8, 8,
for(noteIndex = @; noteIndex < melodySizes[melodyIndex]; noteIndex++) 8, 8, 8, 16, 16, 16, 16, 8, 8, 2,
{ 8,4,4
// buzzerSetNewFrequency(melody[melodyIndex][noteIndex]); }s
NoteFreq = melody[melodyIndex][noteIndex]; [ [HHEHEHHEHEHEND Of Crazy FrogitHHHHHHHE/ /
if (NoteFreq == @) NoteFreq = 1;
ARR_period = (int)(1000000/NoteFreq); //Already prescaled to 1 MHz
setPWM(htim2, TIM CHANNEL_1, ARR_period, ARR_period/2);
Delaymsecs = noteDurations[melodyIndex][noteIndex] * melodySlowfactor[melodyIndex];
HAL_Delay(Delaymsecs);
} Melody.h:
snprintf (SendBuffer,BUFSIZE,"\r\n\r\nEnd of Melody[%d]\r\n\r\n",melodyIndex); const uint32_t* melody[] ={marioMelody, secondMelody,

CDC_Transmit_FS(SendBuffer,strlen(SendBuffer));

Titanic_Melody,Pirates_notes,CrazyFrog notes};

const uint32_t* noteDurations[] = {marioDuration, secondDuration,
Titanic_duration,Pirates_durations,CrazyFrog_durations};

const uint16_t melodySlowfactor[] ={15, 30, 20, 20, 20};

const uint32_t melodySizes[] ={sizeof(marioMelody)/sizeof(uint32_t),
sizeof(secondDuration)/sizeof(uint32_t),
sizeof(Titanic_duration)/sizeof(uint32_t),
sizeof(Pirates_durations)/sizeof(uint32_t),
sizeof(CrazyFrog_durations)/sizeof(uint32_t)};

https://github.com/LAPSYLAB/STM32F4 Discovery VIN Projects/tree/main/Buzzer PWM _ Demo
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https://github.com/LAPSyLAB/STM32F4_Discovery_VIN_Projects/tree/main/Buzzer_PWM_Demo

STM32F4, H7 — PWM signali/melodija za bren¢aca (Buzzer)

/* Infinite loop */ HAL - C
/* USER CODE BEGIN WHILE */

while (1)

{

melodyCount = sizeof(melodySizes)/ sizeof(uint32_t);

for(melodyIndex = @; melodyIndex < melodyCount; melodyIndex++)
{
for(noteIndex = @; noteIndex < melodySizes[melodyIndex]; noteIndex++)
{
// buzzerSetNewFrequency(melody[melodyIndex][noteIndex]);
NoteFreq = melody[melodyIndex][noteIndex];
if (NoteFreq == @) NoteFreq = 1;

ARR_period = (int)(1000000/NoteFreq); //Already prescaled to 1 MHz
setPWM(htim2, TIM_CHANNEL_1, ARR_period, ARR_period/2);

Delaymsecs = noteDurations[melodyIndex][noteIndex] * melodySlowfactor[melodyIndex];

HAL_Delay(Delaymsecs);

}

snprintf (SendBuffer,BUFSIZE,"\r\n\r\ntEnd of Melody[%d]\r\n\r\n",melodyIndex);

CDC_Transmit_FS(SendBuffer,strlen(SendBuffer));

} Melody.h:
const uint32_t* melody[] ={marioMelody, secondMelody,
Titanic_Melody,Pirates_notes,CrazyFrog_notes};
const uint32_t* noteDurations[] = {marioDuration, secondDuration,
Titanic_duration,Pirates_durations,CrazyFrog durations};
const uint16_t melodySlowfactor[] ={15, 30, 20, 20, 20};

const uint32_t melodySizes[] ={sizeof(marioMelody)/sizeof(uint32_t),
sizeof(secondDuration)/sizeof(uint32_t),
sizeof(Titanic_duration)/sizeof(uint32_t),
sizeof(Pirates_durations)/sizeof(uint32_t),
sizeof(CrazyFrog_durations)/sizeof(uint32_t)};

Melody.h:
// Zapisi not v [Hz]
#define NOTE_C4 262
#define NOTE_CS4 277
#define NOTE_D4 294
#define NOTE_DS4 311
#define NOTE_E4 330
#define NOTE_F4 349
#define NOTE_FS4 370
#define NOTE_G4 392
#define NOTE_GS4 415
#define NOTE_A4 449

// Zapisi melodij v notah [Hz] in trajanju
[ /AR Y "Crazy Frog" song of Crazy frog
album* * st/
const uint32_t CrazyFrog_notes[] = {
NOTE_D4, @, NOTE_F4, NOTE_D4, ©, NOTE_D4, NOTE_G4,
NOTE_D4, NOTE_C4,
NOTE_D4, ©, NOTE_A4, NOTE_D4, ©, NOTE_D4, NOTE_AS4,
NOTE_A4, NOTE_F4,
NOTE_D4, NOTE_A4, NOTE_D5, NOTE_D4, NOTE_C4, @,
NOTE_C4, NOTE_A3, NOTE_E4, NOTE_D4,
0,NOTE_D4,NOTE_D4
¥

const uint32_t CrazyFrog_durations[] = {
8, 8, 6, 16, 16, 16, 8, 8, 8,

, 8, 6, 16, 16, 16, 8, 8, 8,

, 8, 8, 16, 16, 16, 16, 8, 8, 2,

4,4

00 00 0O

3
[/ ##HHHHHHEEND of Crazy Frog#it#Hii#iitt//
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" JEE
VIN projekt - VP5: STM32-CubelDE projekt,
breadboard vezave

m Osvezitev: STM32 sistema
m Priprava na povezovanje

m STM32 CubelDE + Breadboard

0 LED, tipka, potenciometer, uporovna tipala
» STM32F4
x STM32H7

1 PWM brencac z melodijami
= STM32F4

| = STM32H7
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Breadboard vezava

1x analogni, 1x digitalni vhod, 1x digitalni izhod, 4x vgrajene LED diode

STM32H7:

PrikljuCitev na STM32 :

Povezava bren

¢aca-
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STM32H7 — PWM signali/melodija za bren¢aca (Buzzer)

Pravilna prikljucitev

GPIO - PH12
|2C4 - PD13
Idl

W
(&
<
Q
]
g

o)
(]

EFa Baw
LEBS

a’

4"}

GPIO - PH10

https://www.st.com/en/evaluation-tools/stm32h750b-dk.html

921 9A019
UNDJOP ACE
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https://www.st.com/en/evaluation-tools/stm32h750b-dk.html

melody.h

[/ ###EHH Y "Crazy Frog" song of Crazy frog album**##f#########H//
const uint32_t CrazyFrog notes[] = {

NOTE_D4, @, NOTE_F4, NOTE_D4, 8, NOTE_D4, NOTE_G4, NOTE_D4, NOTE_C4,
NOTE_D4, 8, NOTE_A4, NOTE_D4, @, NOTE_D4, NOTE_AS4, NOTE_A4, NOTE_F4,
NOTE_D4, NOTE_A4, NOTE_D5, NOTE_D4, NOTE_C4, @, NOTE_C4, NOTE_A3, NOTE_E4
8,NOTE_D4,NOTE_D4

1s

STM32H7 — PWM signali/melodija za bren¢aca (Buzzer)

HAL -C

Reset_State

const uint32_t  CrazyFrog_durations[] = {

ADC1_INP15
Brencac se prikljuci na PA3-PWM na STMod+ Clickboard (TIM2->CH4) in GND ADC2_INP15 308 0 18 T8 10 8 5 5
riklju¢itev lahko naredimo skupaj na nasledniji vaji — VP5 ETH_COL 8, 8, 8, 16, 16, 16, 16, 8, 8, 2,
(priklj paj ji vaj ) LPTilfs.ouT
LTDC_B2 s
LTDC_B5 [/ #HEEEHEEHENd of Crazy Frog###sitinasast//

CubeMX:
1. Osnovna nastavitev plosée

TIM15_CH2

STM32H750B-DK_Buzzer_PWM_Demo.ioc - Pinout & Configuration

TIM5_CH4

USART2_RX g . ]
e . - Pinout & Configuration Clock Co
2. Spremeniti pin PA3 v TIM2->CH4 USB_OTG_HS_ULPI_DQ .
. e . GPIO_Input v Softwar
tim2 kanal 4 spremeniti na PWM Generation CH4 GPIO_Output ol @ 12 Mode and Confauration
ke i e
EVENTOUT Categories | A->Z
3. Clock & TIM2: GPIO_EXTI3 < Slave Mode Disable ]
v ystem Core >
Ura stevca = 1 MHZ Trigger SourcelDisabIe V‘
Prescaler (PSC -16 bits Value) =6 Analog ; Clock Source ‘Intemal Clock V‘
Timers v Channel1 |Disable ~]
Perioda Stetja se bo dolocala glede na no Ghafnei2 Disable ~]
Counter Period (AutoReload Register - 16 bl 2“2"‘_9'3.2‘5_5%.__.__‘_—V‘
N Chi 14 PWM G tion CH4 4
ARR = 1000000 (ura 3tevca) / Frekv.note[H ez l_c_a;e_da_ TenT:a '::‘ 1 V:
ombine: annels Isable
CCR1 bo vednoJARR/2 (50% duty cycle) LPTIM4 _ :
LPTIMS Use ETR as Clearing Scurce
v . .. H RTC [J XOR activation
Vec informacij | BeriMe.txt L& o cpo clocks tarn TIM 1 ] One Pulse Mode
TIM3
e Tia4
— TIM5
—_ 4-7.; APB3 Peripheral C MHz) TIMT
. TIMg
.TU AHB1.2 Peripheral Clocks (M T|M12 s User Constants
SYSCLK(MHz)  D1CPRE Prescalsr HPRE Prescaler o Configure the below parameters
> 64 > 1 v . e M~ [ 64 o apez periphera Ciocks i) Ql:l © @ (i ]
SPH.23 € ook Mux e X1 (= 64 Ta APB2 Timar clocks (MHz) \I ‘i’-ﬁww STt T oL ————— £y

Prescaler (PSC ... 63 1
—— | —— — - —-—
Counter Period (... 4294967295

Nota: '

o e e e

Connectivity >

-

ARR_period = (int)(1000000/NoteFreq); //Already prescaled to 1 MHz 1
setPWM(htim2, TIM_CHANNEL_4, ARR_period, ARR_period/2); :

1

Delaymsecs = noteDurations[melodyIndex][noteIndex] * melodySlowfactor[melodyIndex]; 1

= ———

A S S N R S RN N SN SN RN NN SN SN NN SN SN NN NN SN SN SN SN SN NN NN SN RN N SN SN NN SN SN SN N S S S
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https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/tree/main/STM32H750B-DK_Buzzer_PWM_Demo

STM32H7 — PWM signali/melodija za bren¢aca (Buzzer)

HAL - C

/* Infinite loop */

/* USER CODE BEGIN WHILE */
while (1)

{

melodyCount = sizeof(melodySizes)/ sizeof(uint32_t);

for(melodyIndex = @; melodyIndex < melodyCount; melodyIndex++)

Melody.h:

[ [ Y * "Crazy Frog" song of Crazy frog album**#tHt##i#t/ /
const uint32_t CrazyFrog_notes[] = {
NOTE_D4, @, NOTE_F4, NOTE_D4, @, NOTE_D4, NOTE_G4, NOTE_D4, NOTE_C4,
NOTE_D4, ©, NOTE_A4, NOTE_D4, @, NOTE_D4, NOTE_AS4, NOTE_A4, NOTE_F4,
NOTE_D4, NOTE_A4, NOTE_D5, NOTE_D4, NOTE_C4, @, NOTE_C4, NOTE_A3, NOTE_E4,
NOTE_D4,
0,NOTE_D4,NOTE_D4
¥

const uint32_t CrazyFrog_durations[] = {

( 8, 8, 6, 16, 16, 16, 8, 8, 8,
for(noteIndex = @; noteIndex < melodySizes[melodyIndex]; noteIndex++) S Bl e ey e R B S
8, 8, 8, 16, 16, 16, 16, 8, 8, 2,
{ 8,4,4
// buzzerSetNewFrequency(melody[melodyIndex][noteIndex]); }s
NoteFreq = melody[melodyIndex][noteIndex]; [ [HHEHHEHEHAHEND Of Crazy FrogHHHHEHHHAHI/ /
if (NoteFreq == @) NoteFreq = 1; & COM4 - PuTTY
ARR_period = (int)(1000000/NoteFreq); //Already prescaled to 1 MHz
setPWM(htim2, TIM_CHANNEL_4, ARR_period, ARR_period/2);
Delaymsecs = noteDurations[melodyIndex][noteIndex] *
melodySlowfactor[melodyIndex];
HAL_Delay(Delaymsecs); Melody. h:
snprintf (SendBuffer,BUFSIZE,"Melody[%d],Note #%d F=%d Hz Duration:%d ms| const uint32_t* melody[] ={marioMelody, secondMelody,
CCR1=%d\r\n",melodyIndex,noteIndex,melody[melodyIndex][noteIndex],Delay titanic Melody,Pirates notes,CrazyFrog notes}:
m2.Instance->ARR,htim2.Instance->CCR1); const uint32_t* noteDurations[] = {marioDuration, secondDuration,
HAL_UART_Transmit(&huart3,SendBuffer,strlen(SendBuffer),100); Titanic_duration,Pirates_durations,CrazyFrog_durations};
} const uint16_t melodySlowfactor[] ={15, 30, 20, 20, 20};

const uint32_t melodySizes[] ={sizeof(marioMelody)/sizeof(uint32_t),
sizeof(secondDuration)/sizeof(uint32_t),
sizeof(Titanic_duration)/sizeof(uint32_t),
sizeof(Pirates_durations)/sizeof(uint32_t),
sizeof(CrazyFrog_durations)/sizeof(uint32_t)};

https://github.com/LAPSYLAB/STM32H7 Discovery VIN Projects/tree/main/STM32H750B-DK Buzzer PWM Demo
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https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/tree/main/STM32H750B-DK_Buzzer_PWM_Demo

STM32F4, H7 — PWM signali/melodija za bren¢aca (Buzzer)

/* Infinite loop */ HAL - C
/* USER CODE BEGIN WHILE */

while (1)

{

melodyCount = sizeof(melodySizes)/ sizeof(uint32_t);

for(melodyIndex = @; melodyIndex < melodyCount; melodyIndex++)
{
for(noteIndex = @; noteIndex < melodySizes[melodyIndex]; noteIndex++)
{
// buzzerSetNewFrequency(melody[melodyIndex][noteIndex]);
NoteFreq = melody[melodyIndex][noteIndex];
if (NoteFreq == @) NoteFreq = 1;

ARR_period = (int)(1000000/NoteFreq); //Already prescaled to 1 MHz
setPWM(htim2, TIM_CHANNEL_1, ARR_period, ARR_period/2);

Delaymsecs = noteDurations[melodyIndex][noteIndex] * melodySlowfactor[melodyIndex];

HAL_Delay(Delaymsecs);

}

snprintf (SendBuffer,BUFSIZE,"\r\n\r\ntEnd of Melody[%d]\r\n\r\n",melodyIndex);

CDC_Transmit_FS(SendBuffer,strlen(SendBuffer));

} Melody.h:
const uint32_t* melody[] ={marioMelody, secondMelody,
Titanic_Melody,Pirates_notes,CrazyFrog_notes};
const uint32_t* noteDurations[] = {marioDuration, secondDuration,
Titanic_duration,Pirates_durations,CrazyFrog durations};
const uint16_t melodySlowfactor[] ={15, 30, 20, 20, 20};

const uint32_t melodySizes[] ={sizeof(marioMelody)/sizeof(uint32_t),
sizeof(secondDuration)/sizeof(uint32_t),
sizeof(Titanic_duration)/sizeof(uint32_t),
sizeof(Pirates_durations)/sizeof(uint32_t),
sizeof(CrazyFrog_durations)/sizeof(uint32_t)};

Melody.h:
// Zapisi not v [Hz]
#define NOTE_C4 262
#define NOTE_CS4 277
#define NOTE_D4 294
#define NOTE_DS4 311
#define NOTE_E4 330
#define NOTE_F4 349
#define NOTE_FS4 370
#define NOTE_G4 392
#define NOTE_GS4 415
#define NOTE_A4 449

// Zapisi melodij v notah [Hz] in trajanju
[ /AR Y "Crazy Frog" song of Crazy frog
album* * st/
const uint32_t CrazyFrog_notes[] = {
NOTE_D4, @, NOTE_F4, NOTE_D4, ©, NOTE_D4, NOTE_G4,
NOTE_D4, NOTE_C4,
NOTE_D4, ©, NOTE_A4, NOTE_D4, ©, NOTE_D4, NOTE_AS4,
NOTE_A4, NOTE_F4,
NOTE_D4, NOTE_A4, NOTE_D5, NOTE_D4, NOTE_C4, @,
NOTE_C4, NOTE_A3, NOTE_E4, NOTE_D4,
0,NOTE_D4,NOTE_D4
¥

const uint32_t CrazyFrog_durations[] = {
8, 8, 6, 16, 16, 16, 8, 8, 8,

, 8, 6, 16, 16, 16, 8, 8, 8,

, 8, 8, 16, 16, 16, 16, 8, 8, 2,

4,4

00 00 0O

3
[/ ##HHHHHHEEND of Crazy Frog#it#Hii#iitt//
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