Vhodno izhodne naprave

Laboratorijska vaja 5 - VP 5
STM32-CubelDE projekt, breadboard
vezave

VIN - LV 1 © Rozman,Skraba, FRI



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

{ m Osvezitev: STM32 sistema }

m STM32H7
s STM32F4

m Priprava na povezovanje

m STM32 CubelDE + Breadboard

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

m DN2-VP3: Breadboard + STM32
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STM32H750B — DISCOVERY StMod+ konektor
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STM32H750B — DISCOVERY StMod+ konektor
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- 3.3V !
STM32H750B — DISCOVERY StMod+ konektor
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STM32H750B - DISCOVERY
StMod+ konektor 3.3V Il

STM32H750VB STM32H750ZB STM32H7501B STM32H750XB 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
IVpp Total current into sum of all Vg 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)V) 100
Vss Maximum current out of each Vgg ground pin (sink)(") 100
lio Output current sunk by any I/0 and control pin 20
Total output current sunk by sum of all I/Os and control pins®® 140 mA
Hemy 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
ingcping 2@ | PAS
Injected current on PA4, PAS -0/0
Zlinypiny | Total injected current (sum of all I/Os and control pins)(5) +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 Vg /Vgop)-

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
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|
.D_ Mikro USB priklop na dalj$i stranici

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

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

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

milh g (B ~vRin|SidigryB vy fv@vitryPrAr@ygvidaEn Hvilvoray
i Project Explorer * BEY {78 @manc  Emainc X
O CubelDE_Workspace ~ 131

132 /* Infinite loop */

= Delo 133 /* USER CODE BEGIN WHILE */
[@E 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
I H7-8SP-LCD-05 139 /* USER CODE END WHILE */
=2 ORLab-STM32 48 - Razvojni sistem STM32H750-DK -----------
¥ = 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(1060); @ | VINLab-STM32H7 - GitHub repozitorij #*
~ & STM32H7508-DK_C Basic 146 Cntes;
v & Core 147} @ | STM32H7-online training (tutorials from ST) ¢
& Inc 148  /* USER CODE END 3 */
149 . -
v E'SHTC 150 ! @ | 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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STM32F4DISCOVERY 3.3V !
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Electrical characteristics

STM32F4DISCOVERY

STM32F405xx, STM32F407xx

Table 11. Voltage characteristics

Symbeol Ratings Min Max Unit
Vpp—Vss | External main supply voltage (including Vppa, VDD)m -0.3 4.0
Input voltage on five-volt tolerant pin(?) Vgs—0.3 | Vpp+4 | V
Vin Input voltage on any other pin Vgg—0.3 4.0
|AVpp«l Variations between different Vpp power pins - 50
Vesx - Vgl _Variaii_ons between all the different ground pins R 50 mV
including Vreg_
see Section 5.3.14:
Vesp(mem) | Electrostatic discharge voltage (human body model) g?;ﬁ?;gﬁ;g:m
sensitivity)
Table 12. Current characteristics
Symbol Ratings Max. Unit
oD Total current into Vpp power lines (source)(") 240
lvss Total current out of Vg ground lines (sink)(") 240
Output current sunk by any 1/O and control pin 25
o Output current source by any I/Os and control pin 25 mA
| @) Injected current on five-volt tolerant 1/0%3) -5/+0
INKPIN) Injected current on any other pin(‘” +5
Ihyeny™® | Total injected current (sum of all 1/O and control pins)(®) +25
VIN - LV 10 © Rozman,Skraba, FRI
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Delo na STM32F4 razvojnem sistemu

& Mini USB

Prikljuditev :

«  Mini USB priklop na krajsi stranici, svetita rdeCi LED diodi

Poseben zacetni projekt za STM32F4 (e-udilnica) :

« dodajanje vsebine (main.c):

E CubelDEWarkspace - STM32_USB_Key_LED/Core/Src/main.c - STM32CubelDE
File Edit Source Refactor Navigate Search Project Run Window Help

D@l ~&-Bin|didigvavdvr@vitvOovrQAvidgdvi{dRErT: Y vilvoroyo @
&5 Project Explorer % B%T 8 =0 @manc x
» O CubelDE_Workspace A 103 o
© = Debo 105 7+ USER CODE BEGIN WHILE */
> [ Node_V4 (in node_v4) 106 while (1)
v 12 Sluzba 107
» [ CAN_IEX Module 108
5 & CAN_IEX Module bak 109 HAL_GPIO_TogglePin(GPIOD, GPIO_PIN_12); M H k U S B
I H7-85P-1CD-0S 110 HAL_GPIO_TogglePin(GPIOD, GPIO_PIN 13); IKIo
111 HAL_GPIO_TogglePin(GPIOD, GPIO_PIN_14);
> i ORLab-STM32 112 C
> & ORLab-STM32H7 113 KeyState = HAL_GPIO_ReadPin(GPIOA, GPIO_PIN_®); V O m -p O rt
» & ORLab-STM32H7_bak 114 HAL_GPIO_WritePin(GPIOD, GPIO_PIN_15, KeyState);
> g RALab-STM32H7 ﬁz
> [ STM32 USB Key AdvDebug 117 snprintf(SendBuffer,BUFSIZE,"Hello World [%d]: Key:%d\r\n",Counter++,KeyState);
» [ 5TM32_USB Key_FreeRTOS_AdvDebug 118 CDC_Transmit_FS(SendBuffer,strlen(SendBuffer));
> 2 STM32CubelDE_Adv_Debug 119
~ 12 STM32F4 _Discovery VIN_Projects 120 /* USER CODE END WHILE */
" 121
5 & Audi layback_and d
. EBU 'OJ;)‘TJMBB*“" ~recor 122 /* USER CODE BEGIN 3 */ L .
uzzel PV Demo 123 HAL_Delay(ieee); i e oo Razvojni sistem STM32F407 Discovery -----------
> [ CAN_IEX_Module_Base 124

» [ CAN_IEX_Sniffer
> [ Initial_Breadboard_VIN

Lastni viri :

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

125

126
127

}
/* USER CODE END 3 */

@ | STM32F4DISCOVERY Discovery kit with STM32F407VG MCU ¢
@ | VINLab-STM32 - GitHub repozitorij 4

@ ORLab-STM32 - GitHub repozitorij #*

== .
] STM32F4 - Dokumentacija ¢°

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

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

VIN - LV
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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

Delo v CubelDE

Vzpostavitev zaCetneqga projekta :

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

* Nov projekt Cube MX

Kopiranje obstoje¢ega

m CubelDEWorkspace - STM32CubelDE

E CubelDEWorkspace - STM32CubelDE

File Edit Source Refactor Navigate Search Project Run \
New Alt+ShiftsN > || %
Open File... 9
. Open Projects from File System...
b Recent Files >
[T import Projects from File System or Archive m} X
Import Projects from File System or Archive @
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\Cubel DE\STM32F4_Discovery VIN v ‘ Directory... Archive...
[ type filter text | Select Al
A
Folder Import as Deselect Al

STM32F4_Discovery VIN_Projects Eclipse project
STM32F4_Discovery VIN_Projects\Audio_playback_and_r Eclipse project

|

[[] Close newly imported prajects upon completion

2 of 8 selected

<

["]Hide already open projects

: Use installed project configurators to:

Search for nested projects

Detect anttomfgure project natures

1 H . File Edit Source Refactor Navigate Search Project Run Window Help T
Prevalanle, Zagon : D~ RQI®~% B2 i@iE" 8  Openproed Navodila : )
. . . . jekt
& Project Explorer & ; asm proje
Project -> Build Project ot e e b -
= s Build All Ctrl+B 2) Edit > P
> BOR Build Configurations > ) it> Paste.
&RA - 3) Delete the Debuglaungh file.
o Run -> Debu v EVIN B“fld 1= 4) Project > (Jgap-
g + © STM32F4_Discovery_Projects (in 5T, Cuid Working Set ? 5) Project > Build Project.
> & Audio_playback_and_record Gtz 6) Rebug As Stm32 Application.
> [[E Buzzer PWM_Demo Build Automatically 7) And debug the application
i ? M Initial Breadboard VIN Build Targets > 8) Add breaknaint on first instrustion if necessary
« Step (Into,Over), Breakpoint - EILED,Bink Damo
L ien olel mee Ara CGalice; >
m CubelDEWorkspace - LED_Blink_Demo/Core/Src/main.c - STM32CubelDE K
; ' . } - ¢ CubelDE projekt z CubeMX
File Edit Source Refaghpmllauidokie 208"t Fi'OJect Run Window Help [I73 CubelDEWorkspace=SIM32CubelDE 1) Er;iticOpy
Ord@ s ~im|%m Mre B S idie Y 0 &~I®S go i source Refactor Nawt Search Project Run Window Help 2) Edit > Paste.
46 Debug & 5 Project P mm v m¥ gt @maine Estmdinv DG B & v Einididsy {7 G % Run 3) Rename the igc files
~ [ LED_Blink_Demo Debug [STM32 Cortex-M C/( ;Z :/@m int 4 Project Explorer 12 “ Debug 1) Delete the Debug.Jaunh file.
~ & LED_Blink_Demo.elf [cores: 0] 752 1int main(void) ~ = FRI Run History 5) Project > (lean.
~ o Thread #1 [main] 1 [core: 0] (Suspende 76 { > ®O0R O RunAs 6) Generate the CubeMX.
. = main() ilijt m;g‘é?f:i?g?i:j) ;; /* USER CODE BEGIN 5 E‘R’:\\I Run Configurations... 7) Project > Build Project.
arm-none-eabi- 3.1 i icati
g 79  /* USER CODE END 1 « @ STM32F4_Discovery_Projects (in SThz2F4 p _ DePud History 8) Debug As Stm32 Application-
.8 ST-LINK (ST-LINK GDB server) i ry_Projects L . 9) And debug the applicatian
8e > & Audio_playback_and_record ) i ’
81 /* MCU Configuratio + [Z Buzzer PWM Demo Debug Configurations...
:2 T > [ Initial_Breadboard_VIN Breakpoint Types
ar HAL_Init( o | ’ E}EE—?E”?—E‘*’"” . Toggle Breakpoint
g N = — T Skopiram, preimenujem, generiram jgg, ¢lean in build
86 /* USER CODE BEGIN

/* USER CODE END In

/* Configure the sy
- —— -'_:.- -7

Toggle Breakpoint
- e s s o

12
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" JEE—
VIN projekt - VP5: STM32-CubelDE projekt,
breadboard vezave

VIN / Gradiva za LAB delo (listine, navodila, ...)

| Osvezrtev STM32 SIStema EMGAF:‘\adiva za LAB delo (listine, navodila, ...)
» STM32H7 Lt e e
» STM32F4
[ m Priprava na povezovanje }
m STM32 CubelDE + Breadboard =+ =i
0 LED, tipka, potenciometer, uporovna tipala
s STM32H7
» STM32F4

m DN2-VP3: Breadboard + STM32

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

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

PGM5506 100 90 -30~+70 540 2~6 0.15 0.6 30 40

PGMS5516 100 90 -30 ~ +70 540 5~10 02 0.6 30 40
’I-Iw‘w--I-]m--]m--_m#m-l-%o_-l-&mﬂ-- --m---{m-l-J{L---:}L-I~
| PGM5537 150 100 -30 ~ +70 540 16 ~ 50 2.0 0.7 20 30 |
‘--------------l---—------l-----------------------J

< TOKEN

PGM CDS Photoresistors

VIN projekt - VP3: STM32-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.

o 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) / 1og(100/10) = log(R10/R100)

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

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

Relative sensitivity(%)

100 Cds
0 ViR
CdSg
60 /\ \‘Ir
40 / \ Cd(§.8¢)
g
20
0 —
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

Ceramic substrate

Resin Encapsulation

Lead wires

Electrodes

Conducting resin

© Rozman,Skraba, FRI



Breadboard vezava

UPOR NTC 2K2 5%

Uporovna tipala

NTC — Termistor NTCC-2K2

R25 = 2.2k0) B25/50 = 3950K

NTCC-2K2 SR PASSIVES
NTC thermistor; 2.2kQ; THT; 3900K; -55+-125°

T™C R kD ™C Rk T™C R k) T™C Rk ™C RKO TC

30 | 40.128 -4 8.871 22 2511 48 0.857 4 0.341 100

WEERERE

=29 | 37.694 -3 8.415 23 2.402 45 0.824 75 0.33 101

=28 | 35418 -2 7.986 24 2298 50 0.794 76 0.318 102

=27 | 33.289 -1 7.581 25 2.2 51 0.764 77 0.308 103

=26 | 31.298 0 38 26 2105 52 0.736 78 0.3 104

=25 | 29.436 1 6.839 27 2016 53 0.709 79 0.28 105
=24 | 27.693 2 6.499 28 1931 54 0.683 £0 0.281 106
=23 | 26.064 3 6.179 29 185 55 0.659 81 0.273 107
=22 | 24.539 4 5.876 30 1.773 56 0.635 82 0.265 108
=21 | 23112 5 5.59 31 1.699 57 0.612 83 0.257 109
=20 | 21.776 & 532 32 1.629 58 0.59 84 0.249 110
=19 | 20.526 7 5.064 33 1.562 58 0.57 85 0.242 111
<18 | 19.355 g 4.823 34 1.498 &0 0.55 86 0.234 112
-17 | 18.258 9 4.594 35 1.437 61 0.53 87 0.228 113
<16 | 17.231 10 4378 36 1.379 62 0.512 88 0.221 114

=15 16.267 11 4.173 37 1.324 63 0.494 89 0.215 115

-14 15.364 12 34979 38 127 G 0.477 90 0.208 116

-13 14.517 13 3.795 39 1.221 65 0.461 91 0.202 117

=12 | 13.722 14 362 40 1172 213 0.445 92 0.157 118

=11 12976 15 3.455 41 1.126 &7 0.43 93 0.191 119

<10 | 12.275 16 3.298 42 1.082 13 0.416 94 0.186 120

-3 11.617 17 3.15 43 1.04 ] 0.402 95 0.181 121

-8 10.999 18 3.008 44 1 70 0.389 96 0176 122

-7 10.417 19 2874 45 0.962 71 0.376 97 0.171 123

-6 9.87 20 2.747 46 0.925 72 0.364 98 0.167 124

5 9.356 21 2626 47 089 73 0.352 99 0.162 125

VIN - LV
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Breadboard vezava

Uporovna tipala TrimPot — Trimer Potenciometer TSR-3296Z-104
Features
m Multiturn / Cermet / Industrial / Sealed m Mounting hardware available
m 5 terminal styles (HA17P) Proizvajalec Suntan

m RoHS compliant* version available

W Tape and reel packaging available ‘ | ’
" W For trimmer applications/processing v . . .
: Eg‘::d"’;':ﬂgfﬂ';r ctle RU24 por quidelines, click here Stevilka proizvajalca | TSR-3296Z-104

MIL-R-22097 and RJR24 per High-Rel
Mil-R-39035

Standard Resistance Table

3296 - 3/8 ” Square Trimpot® Trimming Potentiometer

Resistance Resistance

(Ohms) Code

Proizvajalec Suntan 10 100
20 200

Stevilka proizvajalca TSR-32967-104 .E:} m
200 20m

Upornost 100KOhm 500 501
1,000 102

Mot 0.5W g’% %

¥

10,000 103

Toleranca +10% 20,000 203
25,000 253

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

VIN - LV 16 © Rozman,Skraba, FRI



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

Breadboard vezava

Uporniki

Elektronske komponente

Dioda LED

Flat edge

www.resistorguide.com

Signficant figures Multiphy Tolerance Temp. Coeff. Fail Rate
(%) {ppm/K) (%)

Bad black 0 0 0 X1 250 (U)
Beer brown 1 1 1 x 10 1(F) 100 (S) 1
Rots 2 2 2 x 100 2 (@) 50 (R) 0.1
Our 3 3 3 x 1K 15 (P) 0.01
Young 4 4 4 X 10K 25 (Q) 0.001
Guts 5 5 5 x 100K 0.5 (D) 20 (2)
But 5 6 6 ®x 1M 0.25 (C) 10 (Z)
Vodka 7 7 7 x 10M 0.1 (B) 5 (M)
Goes 8 8 8 X 100M 0.05 (A) 1(K)
Wel white 9 9 9 x 1G
Get g 3th digit x 0.1 5(1)
Some g ey x 0.01 10 (K)
Naow! none bands 20 (M)

ANODE CATHODE 6 band 3.21kQ 1% 50ppm/K
5 band 5210 1%
4 band 82kQ 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
VIN - LV 17 © Rozman,Skraba, FRI


https://www.allaboutcircuits.com/tools/resistor-color-code-calculator/

Flat edge

" S O
Breadboard vezava 2 ] a I + o
: AV
Dioda LED (lll.(-\) 1 - C CATHODE
|zraCun upora za omejitev toka skozi tokom
o voltage
1.5 16 1.7
YV (volts) —
Out % VU E LA Shorter lead
R llmﬁ\. l /
) LED Longer lead
MCU _—
\ Out o
Veii — V 2.4-16 33-V,-V 33-16-04
R=-8_ 4 _ = 8000 R = d” oL 7 —13k0
I 0.001 I4 0.001

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

VIN - LV 18 © Rozman,Skraba, FRI


http://users.ece.utexas.edu/~valvano/Volume1/E-Book/C8_SwitchLED.htm

Breadboard vezava

Orodja

Multimeter EMOS MD-420

Preverjanje povezav

Merjenje upornosti

Merjenje el. napetosti

O enosmerna DC

O vzporedna vezava !ll
O visoka upornost

BwN =

FUNC.' [RANGE! "MAXEY DATAR

AUTO POWER OFF

Temp HY 20uF s
- nk . .
hEE_ ¢ L Merjenje el. toka
e O zaporedna vezava !!!

e O nizka upornost
V=oe

V~e

Prakticni nasveti :

O Vecinoma merimo napetost, upornost

O upornost samo izven tokokroga

O pazimo, da ne sklenemo kratkega stika z
merilno sondo (merjenje el. toka)

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

https://www.emos-si.si/multimeter-md-420

VIN - LV
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"
VIN projekt : TinkerCad

Ponovitev

Breadboard vezave

L A ) - s s
- s e - s e
! Esanw s e EESR
e mEenw -
'EE R TR R
b abcde fgh 1] + - l ‘ "e e -
alin 1 S.8.8.8.8 SiRimIRgE 3 ik foreerm—————— frre————y - CE R .
| 2SiOET ety | e —_—— T _ EN]mRe 8RR g 2% ECESS
el s amany  siawnss | 4 | e e— Wl sall 25us 0 cinin BEs
| s gtErErEIE L eimlwiwie s | 0 B e s e e B el 28 < 8
e | s fmwmy avenaans | S | = = se mwwes 5
b 6 gl}ﬂl}l\};l =lalalsin 6 3 4 —
7 SlNINiNig | sjalsials 7 : 1
w| estmmEE ) sensiaies | :=
B O T T | =
f)r | ©EELEIEIE  sisieivinio | OiS 3 e ; ===
| nEmEE s | G et
)| EOmNY) s e | J e ———
S sEamEE | aaiaisie | 8 ‘ = |l
v | 4SIOEIEIR] STataladae | GRS s =R
S L 0 G T UTY R B i) =
1| S SIEIEIEIR | Sisisiaiat i oo eveon
iy | EINKINING  STRTNINE O ) Qi [ sv M
g | 1S AEXTELXLXCLS © Gl RINININI( i e
oy | S IEIKIXIENL siNINEWdN(G | RS e
.;}.‘ ;° glllllll‘: LR RS (el I T *EVeSLEO O
o) 2giEiNiels sjajafagea | ol = shvosvsveevhe
47| ZHdEE | b | —_ == S e
R IR O TH O (R T )l e
3 sy | gy e
8 siataiaiazs | 5o s Seeesas N e
R EEETRTETE RN s = AR
a1 sz | —=—— e
b & Sarsiaiez | 00 N ceee
o CELEEEUEE LR I e  Gokacssemel
Teleluiw N e e GND eesssss—— ¢ & ¢ ¢ “eee
+ - abcde tQghi | + — | | soeee eweew
Viri
. 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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https://learn.sparkfun.com/tutorials/how-to-use-a-breadboard/
https://www.sciencebuddies.org/science-fair-projects/references/how-to-use-a-breadboard

" S
VIN projekt : TinkerCad — LAB 2
Breadboard vezave — VP2 primeri vezav

e Vee Ve *
3

y &1
® ’%‘* e ¥ LL'\ \/
G } G

Napetost - tipka

Napetost - Potenciometer Napetost - tipalo Izhodni tok (C-E)
330v | O ©

©) e @
3.30V 1.65 mV

(o] - JS]

@0e

-
()
[}
<
00

2.95mA |8
[} [
[ C-B-E
re veves prres dlope
............. e
) QA lecesoscooNicoYiFccoscclodocrocolgmioncochs evwTorse
IIIZIIII22IZIli_IIIIIIIZIT'IZIIIIIIIZ'IIZI e s SOSDIODEDODIS © )
LTSS IOLIS IO T OIESFOCFEF OO :I:Z.ZZ’.".'.'IZIZ:Q:Z:ZZ v
PSS SOPPOPPPPPPOPPPPPPPPGPPH IZ:I:.I.:IIZZZIZ:JII:IIZ: J
srsseeseee | ....... I .............. '.%...
Tipka Tipka+LED

Potenciometer

Analogno tipalo Tranzistorska stopnja

https://www.tinkercad.com/things/909pEqg418de

VIN - LV
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https://www.tinkercad.com/things/9o9pEq418de

Breadboard vezave — izhodiSc¢i za delo :

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

@ S @ Napetost - LED

@ Bamitk(BE) sfto] calll f0git 23330 Y3 - 1 8 S lf Sl

o e S}
https://www.tinkercad.com/things/1UDaxVO5DSY

a LVIN LAB Breadboard STM32 10 Demo®\ demo breadboard vezava za povezavo s STM32 sistemoma

@ STM32 Board

@ Tranzistorska stopnja

GPIO Input - )
@ H=Tipka Off Y O
L =Tipka On @ ADC Input @ ADC Input O

@ 94

3.30V |E 3.00V Elﬂ 3.13V |E
\_r l' vy

3.3V STM32 @

GPIO Output
L=LED On
H = LED Off

@ Tipka @ Analogno tipalo - LDR

https://www.tinkercad.com/things/cZId7zNU6Yd
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https://www.tinkercad.com/things/1UQpxVO5DSY
https://www.tinkercad.com/things/cZld7zNU6Yd

"

Breadboard vezava

a ,VIN LAB Breadboard STM32 10 Demo* : demo breadboard vezava za povezavo s STM32 sistemoma

@ STM32 Board

GPIO Input 330 V O
H = Tipka Off o

L =Tipka On O ADC Input @ ADCInput 793 pA O

@ 0@

—

3.3V STM32 @

© Rozman,Skraba, FRI



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

Breadboard vezava - pripomocki

Fiat edge
A
NODE CATHODE
A
shorter lead
Longer lead

VIN - LV 25 © Rozman,Skraba, FRI



Breadboard vezava

Osnovna priporocila za potek praktiCnega dela vaje :

0 z multimetri najprej preverite

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

0 1. Vezava na breadboardu:

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

O 2. Preveritev vezav (multimeter, ...):

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

0O preverite logiko in pravilnost povezav
O preverite tudi slike povezanih sistemov

O 3. Povezava s STM32 in programiranje: —
0 povezite s STM32 sistemom (nhaj bo izkopljen) _I\Ia}pavlj_anje 3V !”_
a STM32: vklop in delo na STM32 programu Prikljucite nazadnje !
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" JEE
VIN projekt - VP5: STM32-CubelDE projekt,
breadboard vezave

m Osvezitev: STM32 sistema

m STM32H7
m STM32F4

m Priprava na povezovanje

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

[- STM32 CubelDE + Breadboard }

m DN2-VP3: Breadboard + STM32
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Breadboard vezava 2 mozni vezavi zunanjih LED diod

A: BN A B:

— Pﬁ 2, L¥D
I8 SN,
u "o 0FF

Grp
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Breadboard vezava  DaljSi breadboard je lahko prekinjen na sredini !!!

Mozna prekinitev povezave (modra, rdeca linija)
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"

Breadboard vezava — STM32H7

Izhodisc¢e : VIN LAB Breadboard STM32H7 I0 Demo

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

® ® ®
3.30V|e 3.00V |0 3.13V|e
® ® ®
U .
S S) —
e R e e L
" 10k 2 ‘ 1k (8 savsTmzz ©
........... CY ) (7 S
-ttt St bbbt S0P b D
L)
EFERREES REE TR TR U R PR E PP EER PERRR TR PP
GND STM32 @
g Py Iy p— )

@ Analogno tipalo - LDR

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

" Testno vezjeXprimar) - STM32H7 :

GPIO

PC13  User tmka
L _ B N N _§ | |

Povezava

Modrbtipka, _ _

I’ PA4  Analognivho Rumena Zicka )

| PH10 Dig. Vhod Zelena Zicka :

\ _PA3  Dig. Izhod - LED OranZna Zicka J
L 8 B B B _§B &N B §B B B &8 §B &8 B B § |

PJ2,Pi13 Dig. Izhodi vgr. LED diode
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Breadboard vezava — STM32H7

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

" Testno vezje (primer) - STM32H7 :

GPIO Vrsta Povezava
PC13  User tipka Modra tipka
el u
PA4  Analogni vhod Rumena Zzicka oo X =
I o o
| PHI0 Dig Vhod Zelena %itka BB S
S S

\ _ PA3  Dig.Izhod - LED Oranzna zicka

PJ2,Pi13 Dig. Izhodi vgr. LED diode

sor L¥VN 38019
WNDJSP AC'C

b 4 o™

4
£ i

X

POOIO OO
I
|

b b 1

3
hi{

AN _RST, CS SCKMSQMOSI3VIGN

i8s

=
{ |
iy
L1l

L
]

IND |

B B

z
ONO®

» 108
®cNd

WNDJOP AC'C

g
<
@™
[~)
O
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Breadboard vezava — STM32H7

PrikljuCitev na STM32 : 1x analogni,
1x digitalni vhod, 1x digitalni izhod

" Testno vezje (primer) - STM32H7 :

GPIO Vrsta Povezava
I’ Analogni vhod Rumena Zicka \
1 PH10 Dig. Vhod Zelena Zicka :
\ PA3  Dig. Izhod - LED Oranzna zicka J

PJ2,Pi13 Dig. Izhodi vgr. LED diode

12C4 - PD12
12C4 - PD13
ldl S

INDJOP ACC

b ) fhic

[

XX

i
1

[Brez naslova]

I
L

S

e

e

e

[

3,

-
&

S
G-

-ﬂa
wul z.J 7
HoW  WON

i8s
G
i
M
L

O0A
vas zes
108

GPIO - PH10
INO |
®ono 1
L

..
»
WNDJOp AC'C
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VIN projekt - VP 5 breadboard vezave

Konfiguracija 2: (PB5 DIG_OUT, PB4 DIG_INP, PA1 ADC1_IN1)

Pinout & Configuration Clock Configura

a___ |

w Software Packs
4

ADC1 Mode and Configuration b

| Az W Mode

Syst... ?

Analog

r - s il
— i —

ADC3
& COMF
& COMF
DACT
& OPAM
@ OPAM
VREF|

L]

Timers »

Conn... ™
-

" ETH
v FDCA
+ FDCA
FMC
@ 12¢1
@ 12c2
@ 12C3
12C4
A | PLAF

IN10| Disable v
IN11 [ |
IEE Disable v

Il IN13 Single-ended
M IN14 Single-ended

[ IN15 Single-ended

IN16|Disable w

|
IN18 ‘IN18 Single-ended v‘

Configuration

Reset Configuration
@ NVIC Settings @& DMA Settings & GPIO Settings

@ Parameter Settings @& User Constants
Search Signals
Search (Ctrl+F)
[ Pin Name | Signal on Pin GPIO ou._
PA1_C ADC1_INP1:ADC2_INP1 nia n/a Analog .
PA4 ADC1_INP18 nfa n/a Analog .

Reset_State

ADC2_INP18
DAC1_OUT1
DCMI_HSYNC
1251_WS
1253_WS
LTDC_VSYNC
SPI1_NSS
SPI3_NSS
SPI6_NSS
TIM5_ETR
USART2_CK
USB_OTG_HS_SO
GPIO_Input
GPIO_Output
GPIO_Analog
EVENTOUT
GPIO_EXTI4

ADC1_INP15
ADC2_INP15
ETH_COL
LPTIM5_OUT
LTDC_B2
LTDC_B5
TIM15_CH2
TIM2_CH4
TIM5_CH4
USART2_RX

Reset_state

USB_OTG_HS_ULPI_D

" Testno vezje (primer) - STM32H7 :

GPIO Vrsta

PC13  User tipka

PA4  Analogni vhod

PH10 Dig. Vhod

PA3 Dig. Izhod - LED
PJ2,Pi13 Dig. Izhodi

= Resel_state

FMC_D18
12C4_SMBA
LTDC_R4

EVENTOUT
GPIO_EXTI3
DCMI_D1
Povezava
Modra tipka

Rumena Zicka
Zelena Zicka
Oranina zicka
vgr. LED diode

GPIO_Analog
EVENTOUT
GPIO_EXTIO

VIN - LV
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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_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

/* USER CODE BEGIN PV */
#define BUFSIZE 256

char SendBuffer[BUFSIZE];
int Counter;

int KeyState=0;

int AnalogValue;

/* USER CODE END PV */

" Testno vezje (primer) - STM32H7 :

GPIO Vrsta Povezava
PC13  User tipka Modra tipka
PA4  Analogni vhod Rumena Zi¢ka
PH10 Dig. Vhod Zelena zicka
PA3  Dig. Izhod - LED Oranzna zi¢ka
PJ2,Pi13 Dig. Izhodi vgr. LED diode

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 */

/* USER CODE BEGIN 3 */

/* USER CODE END 3 */

https://github.com/LAPSYLAB/STM32H7 Discovery VIN Projects/tree/main/STM32H750B-DK Breadboard VIN

VIN - LV 34
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https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/tree/main/STM32H750B-DK_Breadboard_VIN

Osnovni projekt CubelDE — USB Virtual COM Port (USART3 na STM strani)

-
o

| Datoteka Dejanje Pogled Pomoé

ca

= HmE B

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

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

E” Druge naprave

& Grafi¢ne kartice

@ Kamere

“= Krmilniki IDE ATA/ATAPI

G Krmilniki shrambe

§ Krmilniki USB

i Krmilniki za zvok, video in igre

@ Miske in druge kazalne naprave

B Napraves programsko opremo

' Naprave z univerzalnim serijskim vodilom

@ Omrezne kartice

B prenosne naprave

O Procesorji

@ Racunalnik

i3 Sistemske naprave

!* Software components

= Tipkovnice

§ USB Connector Managers

B Varnostne naprave

* Vdelana programska oprema

s Vnosne naprave (HID)

ff Vrata (COM in LPT)

E" Standard Serial over Bluetooth link (COMS5)

el dar el QuetliieleQlh MRKCQM Qe e
| W/ STMicroelectronics STLink Virtual COM Port (COM4) |

[ P BN BN N BN B BN B S B e

VIN - LV

@ PuTTY Configuration

? X

Category:
=Session Basic options for your PuTTY session
i L i
T o.gg|‘ng Specify the destination you want to connect to
=1 ermina el
- Keyboard Senal line Speed \
. Bell I coma | 15200 [
‘- Features -
= Window I Connection type: I
- Appearance ‘OQSH (® Serial (_)Other: |Telnet o |
-~ Behaviour L —
-
I & COoM4 - PuTTyY I

ol el el el el el el el
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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 STM32H7
m STM32F4

m Priprava na povezovanje

m STM32 CubelDE + Breadboard

0 LED, tipka, potenciometer, uporovna tipala
s STM32H7
= STM32F4

m DN2-VP3: Breadboard + STM32
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Breadboard vezava — STM32F4

Izhodisce : VIN LAB Breadboard STM32F4 10 Demo

@ STM32 Board

& T Lov 1O
L =Tipka On @ ADC Input @ ADC Input O
T . Q.

330V]e 3.00V e 3.13V|e B |

—

3.3V STM32 @

I’ PA1 Analognivh Rumena Zicka .

I PB4 Dig. Vhod \)elena Zicka i

l\ PBS Dig. Izhod - LED | Draninazicka |
PD12-PD15 |Dig. Izhodi vgr. LED diode
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Breadboard vezava — STM32F4

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
PB4 Dig. Vhod Zelena zicka
\ PB5 Dig. Izhod - LED Oranzna zicka

PD12-PD15 Dig. Izhodi vgr. LED diode

- =

Glﬁm'mﬂb : ) / . ], - -
A[voolY mro;q
Gl -

lv

Egg m =
8w PB4 Eli CE!

B8 ) (U:wrs oo [ R A0L 1
———— Lﬁhmk.!.l:uslb m m
&g ‘ SEEP m-

W ’-3 m’ EE

_-_-rl Eb, [Pwi) (USARTL RX]
,spn MISO gﬁmm E!Il [{B5][Pwi) (EEILMOS]) _
m "W' ﬁl- 5PI3 SCKJ (SPIL SCK]

i v W
SEE sl 815 @l D:

i ¥
[USARTS Rx}{DS]Y
e ]
PO y

O -PWM __USARTS RX
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Breadboard vezava — STM32F4

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

Testno vezje (primer) :

GPIO Vrsta Povezava

PAO User tipka
’----------------

PAl Analogni vhod Rumena zicka |
| PB4  Dig Vhod Zelena 7itka I : : -3 ﬁ%ﬁﬁ- < g
\ PB5 Dig. Izhod - LED Oranzna zicka ' lll!!llll!“

PD12-PD15 Dig. Izhodi vgr. LED diode

39

= (=]
mﬁngmmm @ e P 2
Caa [ R [E8las
= P

8
NXIGND|
VI; )D
CTSa0 mn 63
1-‘, Col] : L
— @15 -Ih le 1 : S || c
@3‘ -ra'a' (13
8 @i PE4 m, —-s
) [@ED ‘ PE2 E:a m:
EB0) (FETs gammaﬁi m’ e i ensi (o] tm(
,-. &=t @@ mmmpmm:qmu @o S
(S JEm)\ mp @ : %ﬁ;ﬂm Nleooto] lo
Gm‘B mfr‘:zw (AUDID mt 37 B [USARTT AR
PTEb Eyem, | ! o XTe=PBS ' Dig. lzhod-
G0l etk ™l o Wy : -—m
!m:i ‘ERiEm | User T (o mn &ml
-‘D wm CEERSEF ’: na-s (Enlm;m
ncmv
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Breadboard vezava — STM32F4

=
LHH

3

PALA[®% ™| pars

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

i [
o

- W o] a—%
Nl I
a2) M I’ &= vM—D
w e 8ol 2
© I I
(e | D—
> Is =
[0} © 2 n
= . c ol> 5 ols
0 > bm.—.m © 9.0
>3 Sl g osis
- — —
= £ ol & wlw
= S o< & 518

o a

c 2¢glg 3 als

..m m.w M—M a P—H
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VIN projekt - VP 5 breadboard vezave

Konfiguracija 2: (PB5 DIG_OUT, PB4 DIG_INP, PA1 ADC1_IN1)

m *Initial_Breadboard_VIN.ioc &2  [£] main.c [8) startup_stm32f40Tvgtx.s

Pinout & Configuration

ADC1 Mode and Configuration

ol | @

Categories

q
)

System Core >
1M1
Analog - 02
s N3
A ADCAH
ADC3 W N5
@ DAC
W MG
Timers > 12
Configuration
Connectivity hd
N Reset Configuration
CAN1 <
CANZ @ Para PC14-OSCIZ_IN
@ ETH PC1S0SCT2 OUT
FSMC
12C1 Search Signals
@ 12C2 Search (CrthF) PHO-OSC_IN
12C3 - . : PH1-0SC_OUT
@ sDIo Signal on Pin |GPIO output._| GPIO made
v SPH PA1 ADCT_INT nfa Analog mode Mo pull-up PR ———
FOM_OUT MPSDTIZ_DOUT]
B1[Blie PaghBatoi]
ADC1_IN1
VIN - LV 41

ESiEEe 5oy
ESi3122_RESET]

Ardio_SCL
OTG_FS Cwrcamet

e GPID_lprt
. Anclia_RST

Reset State
253 ext_SD
SPI1_MISO
SPI3_MISO
SYS_JTRST
TIM3_CH1

GPIO_Anal
EVENTOUT
GPIO_EXTI4

ADC3_IN1
ETH_REF_CLK]
ETH_RX_CLK
TIMZ2_CH2
TIM&_CH2
UART4_Rx
USART2_RTS
GPIO_Input
GPIO_Output
GPIO_Analog
EVENTOUT
GPIO_EXTI

ESiE0

prt
OTG_FS_0we s

¢ Aadio_RST

Reset State
CAMNZ FX
DCMI_DA0
ETH_PPS_OUT
[2C1_SMBA

253 S0

SPI1_MOSI

SPI3_MOSI

TIM3_CHZ

USB OTG _HS ULPI D
GPIO_Input

GPIO_Analog

EVENTOUT
GPID_EXTIA
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VIN projekt - VP 5 STM32-CubelDE projekt, breadboard vezave

Reset_State

CAN2_RX

DCMI_D10

ETH_PPS_OUT

12C1_SMBA

1283_SD

SPI1_MOSI

SPI3_MOSI

TIM3_CH2

USB_OTG_HS_ULPI_D

O GPIO_Input

GPIO_Analog

EVENTOUT GPIO_Analog I
EVENTOUT

GPIO_EXTIS ’

Reset_State
1283_ext_SD l
SPI1_MISO
SPI3_MISO
SYS_JTRST |
TIM3_CH1

Spremembe v projektu : ‘

v Software Packs v Pinout
3 Pinout view

Pinout & Configuration

Q ADC1 Mode and

Categories
= N0

Syste... » fENT =" = STM32F407VGTx
O ———— : LQFP100
[ IN2
Analog ™
1 IN3

ol w MresoTEcuy (1 ]

A ADC1 H IN4
ADC2 M N5
ADC3

I
\

GPIO_Input
GPIO_Output
GPIO_Analog
EVENTOUT
B1 @he Pusibemy) GP|0 Ex'rn
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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)

0

Datoteka Dejanje Pogled Pomoc
¢ mME HRE B BXE

PuTTY Configuration

Category:

ﬂj“ Omrezne kartice

@ Prenosne naprave

D Procesorji

B Racunalnik

i3 Sistemske naprave

!t Software components

— Tipkovnice

’ USB Connector Managers

B7 Varnostne naprave

; Vdelana programska oprema

¢y Vnosne naprave (HID)

v i Vrata (COM in LPT)

E Standard Serial over Bluetooth link (COMD5)
ﬁ Standard Serial over Bluetooth link (COM®6)

¥ USB Serial Device (COM9) |
- B B B BN N N _§ |
Zasloni

Iy Zvoénivhodi in izhodi

—| Session

Lo Loggmg
— Terminal

-Appearance

B STMicroelectronics STLink Virtual COM Port (COMS8)

-~ Behaviour

Basic options for your PuTTY session
Specify the destination you want to connect to

Ilcomg 115200| }

Connection tyﬂa:
-y

()ssH r@ Serial | () Other: | Telnet v

-

&2 COMO - PuTTY
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VIN projekt - VP5: STM32-CubelDE projekt,
breadboard vezave

m Osvezitev: STM32 sistema

m STM32H7
m STM32F4

m Priprava na povezovanje

m STM32 CubelDE + Breadboard

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

{ m DN2-VP3: Breadboard + STM32 }
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VP2: TinkerCad, Breadboard, Arduino

TinkerCad — DN2-VP3:

m Spada v sklop porocila z LAB vaj
Naredite sebi zanimivo resitev z ustrezno kodo
m Objavite v OneNote delovhem zvezku
_Prostor za sodelovanje, razdelek DN2-VP3 Breadboard

<« OneNote za Windows 10

Osnovno Vstavljanje Risanje Ogled Pomod Zvezek za predavanja

CalibriLight 20 K L P £ A A =

VIN-VSP 202324 zvezek E

‘Preberi.me

sreda, 16. marec 2022 18:09

Dobrodosli Preberi.me

~ _Collaboration Space Tukaj objavite svoje reitve naloge:
* Naredite svojo stran z naslovom resitve
® Par stavkov opisa, slika in izseki kode

Uporaba prostora za sodel o . . - ]
f proste = ) * Reitev shranite v svojem zvezku za vkljucitev v DN2 porocilo z laboratorijskih vaj (naloga DN2-VP3)

l DN1-VI naprave

DN2-VP1 TinkerCad

VIN projekti Teme

' VIN Projekt-Viri

VIN Projekt-ldeje
DN1 - Delovanje V-1 napra...

Predavanja Notes

VIN - LV 46 © Rozman,Skraba, FRI



	Diapozitiv 1: Vhodno izhodne naprave
	Diapozitiv 2: VIN projekt  - VP5: STM32-CubeIDE projekt, breadboard vezave
	Diapozitiv 3
	Diapozitiv 4
	Diapozitiv 5
	Diapozitiv 6
	Diapozitiv 7
	Diapozitiv 8
	Diapozitiv 9
	Diapozitiv 10
	Diapozitiv 11
	Diapozitiv 12
	Diapozitiv 13: VIN projekt  - VP5: STM32-CubeIDE projekt, breadboard vezave
	Diapozitiv 14
	Diapozitiv 15
	Diapozitiv 16
	Diapozitiv 17
	Diapozitiv 18
	Diapozitiv 20
	Diapozitiv 21: VIN projekt : TinkerCad  Breadboard vezave 
	Diapozitiv 22: VIN projekt : TinkerCad – LAB 2 Breadboard vezave – VP2 primeri vezav 
	Diapozitiv 23
	Diapozitiv 24
	Diapozitiv 25
	Diapozitiv 26
	Diapozitiv 27: VIN projekt  - VP5: STM32-CubeIDE projekt, breadboard vezave
	Diapozitiv 28
	Diapozitiv 29
	Diapozitiv 30
	Diapozitiv 31
	Diapozitiv 32
	Diapozitiv 33
	Diapozitiv 34
	Diapozitiv 35
	Diapozitiv 36: VIN projekt  - VP5: STM32-CubeIDE projekt, breadboard vezave
	Diapozitiv 37
	Diapozitiv 38
	Diapozitiv 39
	Diapozitiv 40
	Diapozitiv 41
	Diapozitiv 42
	Diapozitiv 43
	Diapozitiv 44
	Diapozitiv 45: VIN projekt  - VP5: STM32-CubeIDE projekt, breadboard vezave
	Diapozitiv 46: TinkerCad – DN2-VP3:

