DC-Waveform Generator for Higher Current and Lower Frequencies

In this project we use a STM32F103C8 — mounted on a Black Pill — to control
via 12C a 12-Bit Digital-to-Analog Converter (DAC) to generate signals like
e.g. Sinus-, Triangle-, Rectangle-signals,
in a voltage range of e.g. Uo=0V up to
Umax=28V with currents of e.g. I=1A.
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For that we need a linear working power amplifier — we use: TDA2030, that works in a desired
voltage rang of Uo up to Umax and a necessary current to conduct some experiments.

,,The TDA2030 is a monolithic integrated circuit. At 14V or 28V, the guaranteed output
power is 12W on a 4Q load and 8W on an 8Q.”

1. Problem: How can we drive a TDA2030 with a U = 3,3V Black Pill?

In a first step we need a little bit higher currents to demonstrate the variable resistance of a
bulb’s coiled filament which we switch on and off by a triangle ramp.
For this purpose, a voltage of Umax = 3,3V is enough, but the current has to be Imax = 300mA.
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Because of a favorable order of pins, we can plug a MCP4725-module simply on the Black Pill as shown in
the pictures. Our module has an address 0x62, since the green 1C-pin is on GND.




To check that MCP4725-DAC-module works well we convert its output voltage with an ADC of
STM32F103 and transmit the result via USB-Black-Pill-jack to a terminal program. STM32CubeMX 4.26.1
creates the basic code of our program, whereby the version 4.26.1 is not important.

1.: Setup and check of a USB communication with a terminal program:

Setup a Black Pill STM21F103C8 Project With STM32CubeMX 4.26.1
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Let’s add some gray highlighted code to the code of CubeMX:

#include "main.h"
#include "usb_device.h"
#include "usbd_cdc_if.h"//By reason of: CDC_Transmit_FS(uint8 t*, uint16_t);

ADC_HandleTypeDef hadcl,
I12C_HandleTypeDef hi2cl,;

void SystemClock_Config(void);
static void MX_GPIO_Init(void);
static void MX_ADC1 _Init(void);
static void MX_I2C1_Init(void);

uint16_t slen(const char¥®);
void add_txt(char* , char*);
void USB_Info(char*);

int main(void) {
HAL_Init();
SystemClock_Config();
MX_GPIO_lInit();
MX_ADC1_|Init();
MX_12C1_Init();
MX_USB_DEVICE_Init();
while (1){
USB_Info("test123456789");
HAL_Delay(500);

¥
k

uint16_t slen(const char* s) {
uintl6 ti;
for (i =0; s[i] 1= 0; i++);
return i;//s[0] not O then i=1,;
}



void add_txt(char* out, char* in) {
while (*out !'= 0) out++;

while (*in 1= 0) {
*out++ = *in++;
}
*out = 0;
¥

void USB_Info(char *str) {
char txt[64] = {};
add_txt( txt, str);
add_txt( txt, "\n\r");
CDC_Transmit_FS((uint8_t *)txt, slen(txt));
}

void SystemClock_Config(void)

{

RCC_OsclnitTypeDef RCC_OsclnitStruct = {0};

RCC_CIkInitTypeDef RCC_ClIkInitStruct = {0};

RCC_PeriphCLKInitTypeDef PeriphClkInit = {0};

RCC_OsclnitStruct.OscillatorType = RCC_OSCILLATORTYPE_HSE;
RCC_OsclnitStruct. HSEState = RCC_HSE_ON,;

RCC_OsclnitStruct. HSEPredivValue = RCC_HSE_PREDIV_DIV1;

RCC_OsclnitStruct. HSIState = RCC_HSI_ON;

RCC_OsclnitStruct.PLL.PLLState = RCC_PLL_ON;

RCC_OsclnitStruct.PLL.PLLSource = RCC_PLLSOURCE_HSE;
RCC_OsclnitStruct.PLL.PLLMUL = RCC_PLL_MULY;

if (HAL_RCC_OscConfig(&RCC_OsclInitStruct) '= HAL_OK) Error_Handler();
RCC_ClIkInitStruct.ClockType = RCC_CLOCKTYPE_HCLK|RCC_CLOCKTYPE_SYSCLK
|IRCC_CLOCKTYPE_PCLK1|RCC_CLOCKTYPE_PCLKZ2;
RCC_CIkInitStruct.SYSCLKSource = RCC_SYSCLKSOURCE_PLLCLK;
RCC_CIKInitStruct. AHBCLKDivider = RCC_SYSCLK_DIV1;

RCC_CIklInitStruct. APB1CLKDivider = RCC_HCLK_DIVZ2;

RCC_CIkInitStruct. APB2CLKDivider = RCC_HCLK_DIV1;

if (HAL_RCC_ClockConfig(&RCC_CIKklInitStruct, FLASH_LATENCY _2) '= HAL_OK) Error_Handler();
PeriphClIkInit.PeriphClockSelection = RCC_PERIPHCLK_ADC|RCC_PERIPHCLK USB,;
PeriphClIkInit. AdcClockSelection = RCC_ADCPCLK2_DIVE6;
PeriphClIkInit.UsbClockSelection = RCC_USBCLKSOURCE_PLL_DIV1 5;

if (HAL_RCCEx_PeriphCLKConfig(&PeriphClklInit) = HAL_OK) Error_Handler();

¥
static void MX_ADCL1_Init(void)

{

ADC_ChannelConfTypeDef sConfig = {0};

hadcl.Instance = ADC1,

hadcl.Init.ScanConvMode = ADC_SCAN_DISABLE;
hadcl.Init.ContinuousConvMode = DISABLE;
hadcl.Init.DiscontinuousConvMode = DISABLE;
hadcl.Init.ExternalTrigConv = ADC_SOFTWARE_START;
hadcl.Init.DataAlign = ADC_DATAALIGN_RIGHT,;
hadcl.Init.NbrOfConversion = 1;

if (HAL_ADC_Init(&hadcl) = HAL_OK) Error_Handler();
sConfig.Channel = ADC_CHANNEL 7;

sConfig.Rank = ADC_REGULAR_RANK 1,
sConfig.SamplingTime = ADC_SAMPLETIME_1CYCLE_5;
if (HAL_ADC_ConfigChannel(&hadcl, &sConfig) '= HAL_OK) Error_Handler();



}
static void MX_I12C1_Init(void)

{

hi2cl.Instance = 12C1;

hi2c1.Init.ClockSpeed = 100000;

hi2c1.Init.DutyCycle = 12C_DUTYCYCLE_2;
hi2c1.Init.OwnAddressl = 0;

hi2cl.Init. AddressingMode = 12C_ADDRESSINGMODE_7BIT,;
hi2c1.Init.DualAddressMode = 12C_DUALADDRESS_DISABLE;
hi2c1.Init. OwnAddress2 = 0;

hi2c1.Init.GeneralCallMode = 12C_GENERALCALL_DISABLE;
hi2cl.Init.NoStretchMode = 12C_NOSTRETCH_DISABLE;

if (HAL_I2C_Init(&hi2cl) '= HAL_OK) Error_Handler();

}

static void MX_GPIO_Init(void)

{

__ HAL RCC_GPIOD_CLK_ENABLE();

__ HAL _RCC_GPIOA_CLK_ENABLE();

__ HAL RCC _GPIOB_CLK _ENABLE();

}

void Error_Handler(void){}

#ifdef USE_FULL_ASSERT

void assert_failed(uint8_t *file, uint32_t line){}

#endif //P-End

Build the project:
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and plug ST-Link as shown:

We use a switch as BO jumper.

Transfer your program to Black Pill: ] &7 Wspace - C/C++ - ADC_USB/Sre/main.c - Atollic TrueSTUDIO for STM32

File Edit Source Refactor View Mawvigate Search Project Run  Window

EREERE LSRN EG] | BIG P

[ Project Explarer 52 <)==b| » v =
5[5 ADC_Poti
v L5 ADC_USE

> &',' Binaries

* Launching ADC_LISE.elf: (8226) | o |

To use USB, disconnect ST-Link programmer,
move BO jumper to RUN mode and at last

connect the black USB cable:
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We launch TrueSTUDIO’s terminal program

ctor View MNaigete Search Praject Fun Wi Help
LERGE| 80 »F-RCC-D-|00-E-RE

' 13 void add_txt(char
14 void USB_Info(chal

with a Baud Rate of 2000000 or more:

cccccc

The Terminal-Sheet contains our test string

ol COMIZ (2725718 1001 AN
= test123456789
test123456789

test123456789
test123456789
51 e Hest123456789

“test123456789”; every second appears

another one.

2.: Procedures to drive MCP4725-Module:

In CubeMX we choose 12C1 for communication with pin PB6(CLOCK) and PB7(DATA). With these
adjacent pins GND, U = 3,3V, DATA and CLOCK, we can easy connect the MCP4725-module on the
Black Pill.

The DAC splits the voltage intervall [0V, 3,3V] into 4096 interim values, with 0 for U = 0V and
4095 for U = 3,3V. The data sheet explains how to write the 12-Bit DAC-Register:

(A) Write DAC Register: (C2, C1, C0)=(0,1,0)or uintl16_t val = @bxxxxDDDDDDDDDDDD
(B) Write DAC Register and EEPROM: (C2, C1, C0) = (0,1,1) 4095 = 0b000O11IT 11111111
— ACK (MCP4725)
1st byte (Device Addressing) ACK (MCP4725)
2nd byte 3rd byte 4th byte
0x62 = oblloeele 0x40 = ©b01000008e val >> 4 val << 4
l 111 ]0|0]A2]|A1/A0] O Icz c1/col X | X |PD1|PDO| X |I D11D10(D9 DS|D7 D6|D5D4ID3 D2|D1|DO| X | X [X xl.
P> — > I L > >y
. . DAC Register Data (12 bits) '
Device Code Address Blts R/W Unused Unused Unused/ !
Start Bit Power Down Selection étop
Write Command Type: Bit

Write DAC Register: (C2=0,C1=1,C0=0)
Write DAC Register and EEPROM: (C2 =0, C1 =1, CO = 1). See Note 1

To write DAC-Register we can use one of the HAL-procedures:
HAL_12C_Master_Transmit or HAL_I12C_Mem_Write. Since HAL_12C cares for the R/W-Bit,

we have to use 0x62 << 1 in code instead of 0x62 to end up with 8 Bit.

void MCP4725_WriteReg(uint16_t val)
{//0x62 is MCP4725-modul
uint8_t data[] = { 0x40, val >> 4, val << 4 },

HAL_12C_Master_Transmit(&hi2c1, 0x62 << 1, data, 3, HAL_MAX_DELAY);
HAL_Delay(1);

}

void MCP4725_Mem_WriteReg(uint16_t val)

{//0x62 is MCP4725-modul
uint8_t data[] = { val >> 4, val << 4 };



HAL_I2C_Mem_Write(&hi2c1, 0x62 << 1, 0x40, 1, data, 2, HAL_MAX_DELAY);
HAL_Delay(1);

}
Let’s check initially the output voltage with a Multimeter
digital multimeter. Later we use the ADC and
Rim = IMQ
the USB-jack of the Black Pill.
) GND —9_@

In main{ ... } we change in our previous program the while-loop from:

while (1){
USB_ Info("test123456789");
HAL_Delay(500);

¥

to:

while (1){
for(int n = 0; n <=4095; n +=9){
MCP4725 Mem_WriteReg(n);

HAL_Delay(100);

}

for(int n =4086; n >=0; n -=9){
MCP4725 Mem_WriteReg(n);
HAL_Delay(100);

¥
ks

The green highlighted lines of code are the changes. Although the USB-code is still there, we do not use
Black Pill’s USB-functionality in this 2. step.

#include "main.h"
#include "usb_device.h"
#include "usbd_cdc_if.h"//By reason of: CDC_Transmit_FS(uint8_t*, uint16_t);

ADC_HandleTypeDef hadcl;
I2C_HandleTypeDef hi2c1,;

void SystemClock _Config(void);
static void MX_GPIO_Init(void);
static void MX_ADC1_Init(void);
static void MX_I2C1_Init(void);

uintl6_t slen(const char¥®);
void add_txt(char* , char*);



void USB_Info(char*);

int main(void)

{

HAL_Init();
SystemClock_Config();
MX_GPIO_lInit();
MX_ADC1_Init();
MX_I12C1_Init();
MX_USB_DEVICE_Init();

while (1){

uint16_t slen(const char* s) {
uintlé ti;
for (i = 0; s[i] '=0; i++);
return i;//s[0] not O then i=1;
}

... and the remaining code until ... #endif //P-End



3.: Now we replace the digital multimeter by an ADC1 at Pin PA7, the USB-functionality of the Black Pill
and a Terminal program.

Connect MCP4725-OUT with ADC1-Pin PAT:

Problerns Tazks Cansole Properties 48 Terminal 3

El «Closed > Serial COM12 (122618 356 PM) &2

= 3,1339V
= 3,1275V
3,1202V
= 3,1146V
= 3,1057V

cCcCcCcCcCC
|

We can start and stop an ADC on STM32F108. Is in the ADC initialization procedure

static void MX_ADC1 _Init(void) a continuous conversion disabled:

hadcl.Init.ContinuousConvMode = DISABLE, we have to start ADC locally first, to read an ADC value:
HAL ADC Start(&hadcl); ... HAL _ADC_GetValue(&hadcl); ... HAL ADC_Stop(&hadcl);

If we set hadcl.Init.ContinuousConvMode = ENABLE , we should start ADC after the line of code:
MX_USB_DEVICE_Init();.

We convert the ADC voltage values U into a char string with procedure char *my_ftoa(float, char*) and
send this string via USB to a terminal program. For a conversion one can use sprintf(str, "%d", rawValue)
too.

We extent our previous program with the yellow highlighted code.

#include "main.h"
#include "usb_device.h"
#include "usbd_cdc_if.h"//By reason of: CDC_Transmit_FS(uint8_t*, uint16 _t);

volatile uint32_t rawValue = 0;
volatile float U = 0.0;
ADC_HandleTypeDef hadcl;
I12C_HandleTypeDef hi2cl,;

void SystemClock_Config(void);
static void MX_GPIO_Init(void);
static void MX_ADCL1_Init(void);
static void MX_I12C1_Init(void);

void MCP4725 Mem_WriteReg(uint16 t);
uint16_t slen(const char¥®);



void add_txt(char*, char*);

char *my_ftoa(float, char*);

void USB_Info(char®);

void USB_Info_tft(char*, float, char*);

int main(void)

{

HAL_Init();
SystemClock_Config();
MX_GPIO_Init();
MX_ADC1_Init();
MX_I12C1_Init();
MX_USB_DEVICE_Init();

while (1){
for(int n = 0; n <4095; n += 9){
MCP4725_Mem_WriteReg(n);
HAL_Delay(20);
HAL_ADC_Start(&hadcl);//local ADC-start
while(HAL_ADC_PollForConversion(&hadcl, HAL_MAX_DELAY) != HAL_OK);
rawValue = HAL_ADC_GetValue(&hadcl);
HAL_ADC_Stop(&hadcl);//local ADC-stop
U = 3.3 * rawValue / 4095.0;
USB_Info_tft("U =", U, "V");
}
for(int n =4095; n >=0; n -=9){
MCP4725_Mem_WriteReg(n);
HAL_Delay(20);
HAL_ADC_Start(&hadcl);
while(HAL_ADC_PollForConversion(&hadcl, HAL_MAX_DELAY) != HAL_OK);
rawValue = HAL_ADC_GetValue(&hadcl);
HAL_ADC_Stop(&hadcl);
U = 3.3 * rawValue / 4095.0;
USB_Info_tft("U =", U, "V");
}
}
}

void MCP4725_Mem_WriteReg(uint16_t val)

{//0x62 is MCP4725-modul
uint8_t data[] = { val >> 4, val << 4},
HAL_I12C_Mem_Write(&hi2cl, 0x62 << 1, 0x40, 1, data, 2, HAL_MAX_DELAY);
HAL_Delay(1);

¥

uint1l6_tslen(const char*s) {
uintlé ti;
for (i=0; s[i] '=0; i++);
return i;//s[0] not O then i=1;
}

void add_txt(char* out, char* in) {
while (*out !'= 0) out++;
while (*in 1= 0) {
*out++ = *in++;



¥

*out = 0;

¥

char *my_ftoa(float val, char *str)
{
char *cp; cp=str;
int v, v0, rest, rest0;
char c;
if(val <0){ // cp=0
val =-val; //cp[0 ][1 ][2][3][4][S][6]L71[8][°]
*cp++="-";// [0:-] cp=1
}
v0 = (int)val; v=v0;
//restO=(int)((val-(int)val)*100000000);//genauer!
restO=(int)((val-(int)val)*10000);
rest = rest0;
do {
v /=10;
cpt++;
} while(v = 0);
do {
rest /=10;
cp++;
} while(rest = 0);
cp++; //wegen ',
*cp-- =0;
do {
c = rest0 % 10;
rest0 /= 10;
c+='04
*cp-- = C;
} while(rest0 = 0);
*Cp-- - ',';
do {
¢ =Vv0 % 10;
v0 /= 10;
c+="04
*cp-- =¢;
} while(v0 1= 0);
return cp;

¥

void USB_Info(char *str)

char txt[64] = {};

add_txt( txt, str);

add_txt( txt, "\n\r");
CDC_Transmit_FS((uint8_t *)txt, slen(txt));

¥

void USB_Info_tft(char *str, float n, char *strl)

char txt[64] = {}, h[32] = {};
add_txt( txt, str);



my_ftoa(n, h);

add_txt( txt, h);

add_txt( txt, strl);

add_txt( txt, "\n\r");

CDC_Transmit_FS((uint8_t *)txt, slen(txt));
}

void SystemClock_Config(void) ... and the remaining code until ... #endif //P-End

Later we want to draw as an application of the DC-Waveform Generator a current-voltage-characteristics of
a 3.7V-bulb. For that we have to develop a plotting program. As an exercise to practice C# we now develop
first a small voltage display — our own terminal program.

U-Meter with C#

Create a project:

E‘J Start Page - Microsoft Wisual Studio
File | Edit  View  Project Debug  Team  Tools  Test  Analyze  Window  Help

R i3 Project.. Ctrl +Shift -+l
Onen b | Fay Do e
Mew Project ? *
b Recent | MET Frarnework 461 ~| Sort by: | Default ~| i Search (Tl +E) R -
4 |nstalled -_ R
B] Blank &pp (Universal Windows) Wisual C# ¥pe:
4 Wisual C# ‘ A project for creating an application with a
} ; £3 - Windows Fortns wser interface
Windows Universal J WRF App (MET Framewark) Wisual C#
<>

Weindows Classic Desktop

C#
JMET Care | | Windows Formms Spp (MNET Frarmewark) ‘ Wisual C#

JMET Standard
Marne: [U_Meter j |
Location: Chablage\CH#Y '| Browse...

Solution nape: _hdeter Create directory for solution
|:| Create new Git repositony

View Code:

@j U_hdeter - Microsoft Visual Studio
File  Edit  “iew  Project  Build  Debug  Tearm  Tools  Test  Analyze  SWindow  Help

IR RSN I N RN

Debug = AnyCPU - b Stk v | B0

:_‘.I Forml.cs [Design] & X

-.I: i —— —— Solution Explorer > 0
- B SEI=] e .

2 m‘ﬂa'|®":)°E—||—lr|§1|()ﬁ|E|n%

B Search Solution Explarer (Ctrl+00) ol
:?._ fad Solution 'U_Meter' {1 project)

4 U_Meter

E_:. b M Properties

;;._, b =B References

E ¢ App.config

RMB Right Mouse Button 4 [= Farml.cs

b 7 Formil © Open
b ©* Program.cs Open Yith,.,
<> Wiew Code ‘ F7
(o ‘“Wiew Designer Shift+F7

‘rs Wien Class Diagrarm




Add a Paint event:

Forml.cs Form.cs [Design] & X

i : - ]
oLl |—|:| ||—IEI ||—EE | Properties o
Form1 Syste indowvs.Farms.Form

2] B[]

hdouselown 4

x0qoo]  Jadojdxg Janas

hdouseEnter
hAouseHower
houseleave

o Doppelklick

Fousellp

£324N0% BIR]

kAoewe
PaddingChanged

°
ParentChanged

For a first C# Hello program let’s extent this Windows Forms Template with the gray highlighted lines of
code:

USIHg SyStemDI’aWing, ﬂ U_Mdeter - Microsoft Wisual Studia
us'ng SystemlW”]dOWSlFormS’ File  Edit  “iew  Project  Build  Debug  Tearn  Tools  Test  Anal Wiindow  He
fe-o|@-2 im0 -0 < Debug - anycru - b St e | g0l

namespace U_Meter

{

public partial class Form1 : Form

{
Bitmap _backBuffer;

Button zum compilieren und starten des Programms.

public Form1()

DoubleBuffered = true; //faster drawing
InitializeComponent();
}

private void Form1_Paint(object sender, PaintEventArgs e)

{
if (_backBuffer == null)

{
_backBuffer = new Bitmap(this.ClientSize.Width, this.ClientSize.Height);

}

Graphics g = Graphics.Fromlmage(_backBuffer);

g.Clear(Color.Black);

Font fn = new Font("VVerdana", 50);

Brush br = new SolidBrush(Color.LightGreen);

g.DrawsString("Hallo", fn, br, 30, 50);

g.Dispose();

e.Graphics.DrawlmageUnscaled(_backBuffer, 0, 0);//Copy back buffer to screen
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We need more than this Hallo and insert a menu:

ﬂ U_heter - Microsoft Visual Studio
File  Edit  “iew  Project  Build  Debug  Tearn  Tools  Test  Analyze Window

0-o | B-a M| -C -

Debug = Any CPU - b Start | 5

Toolbox
Search Toolbox P -
4 AllYindows Forms -~ | = ” (=] “ 23 |
k  Pointer
- BackgroundWorker
il BindingMawigatar

ETEL

o[dx3 4

EER]

x0 I:.l | (n} I:I_L

g! BindingZource
sa- ListWiewr
(J. MaskedTextBox

bdenuStrip

]

ColorDialog
/s Py R D

For testing this menu strip create File/Exit:

o =

8= Form1 =

gm)ppelklick

and breathe life into it with Close();

private void exitToolStripMenultem_Click(object sender, System.EventArgs e)

{ Close(); }

With the Toolbox on the left side we implement a Serial Port too:

Toolbax
Search Toolbox P-
el e LR L D | e, | = || E || EE |

EYIEL

o)

ojd=g 4

Pagesetuphialog

FER]

Parnel

PerformanceCounter

Edn] I:.l | (] I:I_L

PictureBox

TheEEAtT

SaweFileDialog

SerialPort

Drag



Enter Baud Rate and individual COM Port Number — we have COM12:

Froperties

serialPort1 Systern. O Ports, ZerialPort -

=@ | #

Applicationsettings)
(Mame)
BaudRate
DataBits
DizcardMull
DtrEnable
Generatebdember
Handshake
kodifiers
Parity
ParityReplace
PortMame
ReadBuffersize

PortMame

The name of the communications port to apen,

Let‘s extend the menu:

serialPort1

2000000 ‘
a

False

False

True

Morne

Private

More

63

COM12

4096 -

o= Farm1

File | Serial

Inside the sheet Properties we can edit many attributes, such as change text COM in text openCOM or title

FORML1 to UMeter:

=)o )
[ cov < Doppelklick

o= UMeter

File | Serial

| openCOr J | = | 14 |;'

Receive data is an Event:

cOMToolStripMenultem  System Windows,Forms, Tool Stript
hergedction Append
Mergelndex -1
hodifiers Private
Owerflouy Mewer

Padding 01,01
RightToleft Mo
RightTol eftdutaMirrorlmage False
ShortcutkeyDisplaystring
Shortoutkeys MNone
ShowShortcutkeys True

Size 152,22
Tag
Text openCOM




Farml.cs Forrml.cs [Design] A X

gl Uhkdeter E'@

File  Serial
Properties
serialPort1 J0LPorts ZerialPort
— —|=Em)al) £
EJ menuStripl 3 serialPaort]
’ ErrorReceived -
PinChanged DQPPE‘lklle

Evan to close an open COM Port is to be learnt:

Faorml.cs Forml.cs [Design] R X

e

all |hdeter Properties
File  Serial Form1 Zyste indaowys. Farms. Farm

=] 5] #

Dragleawe
DragCwer
EnabledChanged
Enter
FontChanged
ForeColarChanged
ForrmClased

GiveFeedback

Those who want to change the size of the application window have to introduce Event RESIZE:

-

as Urdeter Properties
File  Serial Form1 SysternMfindows.Forms.Farm
=[] alg]#
ParentChanged

Previewk ey D ouwn
QuerydccessibilityHelp
OueryContinuelrag
RegionChanged

Resize

ResizeBegin
ResizeEnd
RightTolLeftCharnged

The C# code of our program is now as follows:

using System.Drawing;
using System.Windows.Forms;
using System;



namespace U_Meter

{

public partial class Form1 : Form
{

Bitmap _backBuffer;

bool busy = false;

String ex = "COM!";

public Form1()

DoubleBuffered = true; //faster drawing
InitializeComponent();
}

private void opencom(object sender, EventArgs e)

{
if (serialPortl != null)
{
try
{
serialPort1.0Open();

serialPortl.DiscardInBuffer();

serialPortl.DiscardOutBuffer();

Text ="Com_x open";

cOMToolStripMenultem.Text = "closeCOM";
}

catch (Exception ex)

{
MessageBox.Show("Sonstiger Fehler: " + ex.Message);
}
}
}

private void closecom(object sender, EventArgs e)

{
if (serialPortl.1sOpen && !busy)

{
try

{
serialPort1.Close();

this. Text = "Com_x closed";
cOMToolStripMenultem.Text = "openCOM";
}

catch (Exception ex)

{

MessageBox.Show("Sonstiger Fehler: " + ex.Message);

k
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private void Form1_Paint(object sender, PaintEventArgs e)

if (_backBuffer == null)

{
_backBuffer = new Bitmap(this.ClientSize.Width, this.ClientSize.Height);



}
Graphics g = Graphics.Fromlmage(_backBuffer);

g.Clear(Color.Black);

Font fn = new Font("Verdana", 50);

Brush br = new SolidBrush(Color.LightGreen);

g.DrawsString(ex, fn, br, 30, 50);

g.Dispose();

e.Graphics.DrawlmageUnscaled(_backBuffer, 0, 0);//Copy back buffer to screen
}

private void exitToolStripMenultem_Click(object sender, System.EventArgs e)

{
Close();

¥

private void cOMToolStripMenultem_Click(object sender, System.EventArgs e)

{
string txt = cOMToolStripMenultem.Text;

if (txt == "openCOM")

{
BeginInvoke(new EventHandler(opencom));
}
else
{
BeginInvoke(new EventHandler(closecom));
}
}
private void serialPortl_DataReceived(object sender, System.lO.Ports.SerialDataReceivedEventArgs
{
busy = true;
try
{
ex = serialPortl.ReadLine();
}
catch (TimeoutException) { }
try
{
serialPortl.ReadExisting();
}
catch (TimeoutException) { }
busy = false;
Invalidate();
}
private void Form1_FormClosing(object sender, FormClosingEventArgs e)
{
this.Begininvoke(new EventHandler(closecom));
}

private void Form1_Resize(object sender, EventArgs e)

_backBuffer.Dispose();
_backBuffer = null;



Refresh();

ki
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and with a connected Black Pill you should see:

o5 Uhdeter — O > a5 Com_xopen — O =

File | Serial File  Serial

open Ok

a5 Com_xopen — O x

File | Serial

closeCOM

For now, we stop with our little C# training. Later we extend this terminal program to a plotting program to
draw an U = U(l) graph, to demonstrate a variable rather than a constant resistor of a 3.7V bulb.



Module INA219

We record the U = U(l) curve with a chip

INA219, manufactured by Texas Instruments: - OO O
The INA219 is a current shunt and power e g [T B Al
monitor with an 12C- or SMBUS-compatible Sensor - N ¥ Y

interface. The device monitors both shunt voltage
drop and bus supply voltage, with programmable
conversion times and filtering. A programmable
calibration value, combined with an internal
multiplier, enables direct readouts of current in amperes.*

RS (o)
IIII ll ] Bus Uoltage: 8-26V
E]l. F -
S T"T ¢

Max Current: 3.2A

Sda _ UCC/LOGIC: 3-5V

s 40SUag
i 1ua.ung
30 6TZYNI

This module enables us to measure U = U(I) without to use an ADC of Black Pill.

Problem: How can we send the sequence (I,,U,),.y of measurements with USB coherent to a computer,
i.e. without to disturb the dual pairing?



Module INA219 we have to configure, to calibrate, to write and to read. This we achieve with two
procedures in addition — compared with MCP4725. We waive averaging by the module and configure
INA219 to work with 12-Bit resolution, which are 4096 steps — from 0 up to 4095.

void ina219_Mem_WriteReg(uint8_t reg, uint16_t val)

{//0x40 is INA219-modul
uint8 t data[] = { val >> 8, val };
HAL_12C_Mem_Write(&hi2c1, 0x40 << 1, reg, 1, data, 2, HAL_MAX_DELAY);
HAL_Delay(1);

}

void ina219_Mem_ReadReg(uint8_t reg, uint16_t *val)

{//0x40 is INA219-modul; for BusVoltage reg=2; for Current reg=4
uint8_t data[] = {0, 0};
HAL 12C_Mem_Read(&hi2cl, 0x40 << 1, reg, 1, data, 2, HAL_MAX DELAY);
*val = (data[0] << 8) | data[1];

}

void ina219_setCalibration_16V_400mA(void)

{//Divider I mA =10=1000/1 LSB; I LSB = 100uA ~ 400mA / 4096 pro Bit
ina219_Mem_WriteReg(0x05, 4096);//calibration_Reg = 0x05, 12-Bit resolution
ina219_Mem_WriteReg(0x00, 0b0000000110011111);//config_Reg = 0x00



The address of module INA219 is 0x40, and the W/R-Bits makes this to 0x40 << 1.

Table 2. Summary of Register Set Value for Calibration without averaging is 4096

POINTER
POWER-ON RESET
ADDRESS REGISTER NAME FUNCTION TYPE™
HEX BINARY HEX
All-register reset, settings for bus .
00 Configuration voltage range, PGA Gain, ADC 00111001 10011111 399F R/W
resolution/averaging.
01 _ Shunt voltage Shunt voltage measurement data. _ Shunt voltage — R
02 Bus voltage Bus voltage measurement data. Bus voltage = R
03 Power(?) Power measurement data. 00000000 00000000 0000 R
@ Contains the value of the current flowing 00000000 00000000
e (BT through the shunt resistor. needs Calibration LY R
Sets full-scale range and LSB of current _
05 Calibration and power measurements. Overall 00000000 00000000 0000 R/W
system calibration.

(1) Type: R = Read only, RIW = Read/Write.
(2) The Power register and Current register default to 0 because the Calibration register defaults to 0, yielding a|zero current value until the|
|Ea|ibration register Is programmed.i

Configuration Register

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
. PG1 PGO BADC | BADC BADC | BADC | SADC | SADC | SADC @ SADC | MODE | MODE | MODE
4 3 2 1 4 3 2 1 3 2 1

RW-0 R/W-0 RW-1 RW-1 R/W-1 RW-0 RW-0 RW-1 RW-1 RW-0 RW-0 RW-1 R/W-1 RW-1 R/MW-1 R/W-1

LEGEND: R/W = Read/Write; R = Read only;|-n = value after reset|

RST: Reset Bit
Bit 15 Setting this bit to 1" generates a system reset that is the same as power-on reset. Resets all registers to default
values; this bit self-clears. RESET = 0Xx399F
BRNG: Bus Voltage Range
Bit 13 0 =16V FSR 1 =32V FSR (default value)
PG: PGA (Shunt Voltage Only)
Bits 11, 12 Sets PGA gain and range. Note that the PGA defaults to +8 (320mV range). Table 4 shows the gain and range for
the various product gain settings.
PG1 PGO GAIN Range
0 0 1 40 mV
BADC4 BADC3 BADC2 BADC1 Mode/Samples
0 0 0 0 9bit res.:0..511
0 0 0 1 10 bit res.: 0..1023
0 0 1 0 11 bit res.: 0..2047
0 0 1 1 12 bit res.: 0..4095
SADC4 SADC3 SADC2 SADC1 Mode/Samples Conversion Time
1 0 0 0 12 bit 532 ps 1000 or 0011, TLpdf
MODE3 MODE2 MODE1 MODE
0 0 0 Power-down
1 0 1 Shunt voltage, continuous
1 1 0 Bus voltage, continuous
1 1 1 Shunt and bus, continuous
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

0 0 0 0 0 0 1 1 0 0 1 1 1 1 1

0b00000RE110011111



Bus voltage register (0x02) and current register (0x04) contain still to be processed values, to get extern
voltage U in V and current I in mA. We are not interested in negative currents, but we take care of the minus
sign in the code.

float ina219_get_|I_mA(void)

{
uintl6_t tmp;
ina219 Mem_ReadReg(0x04 , &tmp);//I_Reg = 0x04
if(getBit(15, tmp)){//0b1000000000000000 is minus sign; TI_INA219.pdf
tmp = ~tmp;//take complement
tmp += 1;//and add one, to calc 1=-0.123mA
return tmp /-10.0; //Divider _|_mA = 10;
} else return tmp / 10.0; //Divider _|_mA = 10;
}
float ina219_get UBus_V(void) {//U=12.34V
uintl6_t tmp;

ina219 Mem_ReadReg(0x02 , &tmp);//U_Reg = 0x02
tmp =tmp >> 3;//T1_INA219 pdf:Bus Voltage Register contents must be shifted right by three bits.
return tmp * 0.004,

ks

TI_INA219.pdf: “When reading from the INA219, the last value stored in the register pointer by a write
operation determines which register is read during a read operation. ... This write is accomplished by
issuing a slave address byte with the R/W bit LOW, followed by the register pointer byte. No additional
data are required.”

We translate this note into C-code:

while(HAL_12C_IsDeviceReady(&hi2c1, 0x40 << 1, 0x04, HAL_MAX_DELAY) != HAL OK);

to then read the current value and

while(HAL_12C_IsDeviceReady(&hi2c1, 0x40 << 1, 0x02, HAL_MAX_DELAY) != HAL_ OK);

to then read the bus voltage.

We drive module INA219 with the blue highlighted lines of code:

#include "main.h"
#include "usb_device.h"
#include "usbd_cdc_if.h"//By reason of: CDC_Transmit_FS(uint8_t*, uint16_t);

#define getBit(bit, value) ((value >> bit) & 0x00000001)

volatile uint32_t rawValue = 0;
volatile float U = 0.0;
ADC_HandleTypeDef hadcl;
I2C_HandleTypeDef hi2c1,;

void SystemClock _Config(void);
static void MX_GPIO_Init(void);
static void MX_ADC1_Init(void);
static void MX_I2C1_Init(void);

void MCP4725_Mem_WriteReg(uint16_t);
void ina219_Mem_WriteReg(uint8_t, uint16_t);
void ina219_Mem_ReadReg(uint8_t, uintl6_t*);
void ina219_setCalibration_16V_400mA(void);
float ina219_get_I_mA(void);



uint16_t slen(const char¥®);

void add_txt(char*, char*);

char *my_ftoa(float, char*);

void USB_Info(char*);

void USB_Info_tft(char*, float, char*);

int main(void)

{

HAL_Init();
SystemClock_Config();
MX_GPIO_Init();
MX_ADCL1_lInit();
MX_I12C1_Init();
MX_USB_DEVICE_Init();

while (1){

¥
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void MCP4725 Mem_WeriteReg(uint16 _t val)

{//0x62 is MCP4725-modul
uint8_t data[] = { val >> 4, val << 4},
HAL_I12C_Mem_Write(&hi2cl, 0x62 << 1, 0x40, 1, data, 2, HAL_MAX_DELAY);
HAL_Delay(1);

ks




{

uintl6_t tmp;

ina219_Mem_ReadReg(0x04 , &tmp);//I_Reg = 0x04

if(getBit(15, tmp)){//0b1000000000000000 is minus sign; TI1_INA219.pdf
tmp = ~tmp;//take complement
tmp +=1;//and add one, to calc 1=-0.123mA
return tmp /-10.0; //Divider_I_mA = 10;

} else return tmp / 10.0; //Divider_I_mA = 10;

ky

float ina219_get UBus_V/(void) {//U=12.34V
uintl6_t tmp;
ina219_Mem_ReadReg(0x02 , &tmp);//U_Reg = 0x02
tmp =tmp >> 3;//T1_INA219 pdf:Bus Voltage Register contents must be shifted right by three bits.
return tmp * 0.004;

¥

uintl6_tslen(const char* s) { ... und der Rest bis ... #endif //P-End

The result is displayed by the terminal program included in TrueSTUDIO:

|*! Problems & Tasks [ Console [T Properties (™ Terrninal 53 E NERERA: o8& =0
El <Closed » Serial COM12 (12/28/18 3:37 PM) 52

I = 78,999mA °
U = 5,1479V

I = 78,999mA

U = 5,1479V

I = 78,999mA "
< >

You get this output with the C# program, we developed above:

File  Serial File  Serial

I =78,8000mA

An uint32_t variable helps us to solve the problem of coherence to plot U = U(I). We put both
values — I-value and U-value — together in this one value:

uint32_tina219 get Uraw_lraw(void) {



uintl6_t x=0, y=0;

while(HAL_I2C_IsDeviceReady(&hi2cl, 0x40 << 1, 0x02, HAL_MAX_DELAY) !'= HAL_OK);
ina219_Mem_ReadReg(0x02 , &x);//U_Reg = 0x02

while(HAL_I2C _IsDeviceReady(&hi2cl, 0x40 << 1, 0x04, HAL_MAX_DELAY) !'= HAL_OK);
ina219_Mem_ReadReg(0x04 , &y);//l_Reg = 0x04

return (x << 16) | y;

¥

Subsequently we put one bit after another of the uint32_t number in a char array and send the content via
USB to a computer.

void USB_Info_Bits(unsigned n)
{
char txt[64] = {};
for(inti=31;i>=0;i--){
if(getBit(i, n)) add_txt( txt, "1"); else add_txt( txt, "0");
H/uint8_t i = 31; causes USB-crash because of i==0 so i-- not def.
add_txt( txt, "\n\r");
CDC_Transmit_FS((uint8_t *)txt, slen(txt));

uint32 tina219 get Uraw Iraw(void)
uint32_t i o 0o 1 1 1 ©0 4 1 O0 © 1 0o 4 1 1 ©0 1 1 1 0 ©6 0 o0 1 0o 1 1 O 0 0 1
Spannung U Strom |
P & 1.: void USB_Info_ Bits(unsigned n) wandelt '
char i 0o o0 1 1 1 0 1 1 O0 © 1 0 1 1 1 0 1 1 1 0 © 0 0 1 0o 1 1 © 0 0 1 \n \ O
String
2.: void USB_Info_Bits(unsigned n) ' sendet den Text iiber USB zum PC
String
string ex i 0o o 1 1 1 o 1 1 0 © 1 o0 1 1 1 © 1 1 1 o0 © 0o 0 1 o 1 1 © 0 0 1 \n \r O
Wert 21 ot o3 27 2l g0 25 i o3 22 ol
string sUB = ex.Substring(0, 16);//ab pos 0 bis pos 15 Uraw string sI = ex.Substring(16);//ab pos 16 to end Iraw
Ulnt16 UB = 0; Ulnt16 1=0;
for (inti=0;i<13; i+ for (inti=0; i<16; i++)
{//TI_INA219.pdf: UB = UB >> 3; Uextern = UB * 0.004 {
if (sUB[i] == '1") UB += pow_of 2(12 - i}; it (sI[i] == "1") I += pow_of 2(15 - i);

if GI[0] =="1") I =0;

Inside a C# program we obtain bus voltage and current in the same way, used in the Black Pill program with
UB*0.004 respectively 1/10.0. The Black Pill program for itself we change as follows:

#include "main.h"
#include "usb_device.h"
#include "usbd_cdc_if.h"//By reason of: CDC_Transmit_FS(uint8_t*, uint16 _t);

#define getBit(bit, value) ((value >> bit) & 0x00000001)

volatile uint32_t rawValue = 0;
volatile float U = 0.0;
ADC_HandleTypeDef hadcl;
I2C_HandleTypeDef hi2c1,;

void SystemClock _Config(void);
static void MX_GPIO_Init(void);
static void MX_ADC1_Init(void);
static void MX_I12C1_Init(void);



void MCP4725_Mem_WriteReg(uint16_t);
void ina219_Mem_WriteReg(uint8_t, uint16_t);
void ina219 Mem_ReadReg(uint8_t, uint16_t*);
void ina219_setCalibration_16V_400mA(void);
float ina219_get_I_mA(void);

float ina219 get UBus_V/(void);

uint16_t slen(const char¥®);

void add_txt(char* , char*);

char *my_ftoa(float, char*);

void USB_Info(char*);

void USB_Info_tft(char*, float, char*);

int main(void)

{

HAL_Init();
SystemClock_Config();
MX_GPIO_Init();
MX_ADC1_Init();
MX_12C1_Init();
MX_USB_DEVICE_Init();
ina219_setCalibration_16V_400mA();
HAL_Delay(500);

while (1){

¥
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void MCP4725 Mem_WeriteReg(uint16 tval) {...}

void ina219 Mem_WriteReg(uint8_t reg, uintl6 tval) {...}
void ina219 Mem_ReadReg(uint8_t reg, uintl6 t *val) {...}
void ina219_setCalibration_16V_400mA(void){...}

float ina219_get _I_mA(void){...}

float ina219 get UBus_V/(void) {...}

uintl6_tslen(const char*s) {...}

void add_txt(char* out, char*in) {...}



char *my_ftoa(float val, char *str) {...}
void USB_Info(char *str) {...}

void USB_Info_tft(char *str, float n, char *strl) {...}

void SystemClock_Config(void) ... und der Rest bis ... #endif //P-End

Obviously, only our still easy to modify C# terminal program works with the above Black-Pill program,
because the others do not know about our bit shiftings. We get this output with the following C# code
changes:

g5 Com_x open — O >

File  Zerial

using System.Drawing;
using System.Windows.Forms;
using System;

namespace U_Meter

{

public partial class Form1 : Form

{
Bitmap _backBuffer;

bool busy = false;
String ex = "COM!";

public Form1()
{



DoubleBuffered = true; //faster drawing
InitializeComponent();

}

private void opencom(object sender, EventArgse) {...}
private void closecom(object sender, EventArgs e) {...}
UlIntl6 pow_of 2(int n)

return (UInt16)(1 << n);

private void Form1_Paint(object sender, PaintEventArgs e)

{
if (_backBuffer == null)

_backBuffer = new Bitmap(this.ClientSize.Width, this.ClientSize.Height);

}
Graphics g = Graphics.Fromlmage(_backBuffer);
g.Clear(Color.Black);
Font fn = new Font("Verdana", 50);
Brush br = new SolidBrush(Color.LightGreen);
if (ex.Length == 32)
{
string sUB = ex.Substring(0, 16);//ab pos 0 to pos 15
string sl = ex.Substring(16);//ab pos 16 to end
Uintl6 UB =0, | = 0;
for (inti=0;i<13;i++)
{//ITI_INA219.pdf: UB = UB >> 3; Uextern = UB * 0.004
if (SUBJ[i] =='1") UB += pow_of 2(12 -i);
}

for (inti=0;1<16; i++)
if (sl[i]=="1") | +=pow_of 2(15 - i);
if (sI[0]=="1)1=0;
g.DrawString("l =" + (1/10.0).ToString() + "mA", fn, br, 30, 50);

g.DrawString("U =" + (UB * 0.004).ToString() + "V*", fn, br, 30, 120);
}

g.Dispose();

e.Graphics.DrawlmageUnscaled(_backBuffer, 0, 0);//Copy back buffer to screen
}
private void exitToolStripMenultem_Click(object sender, System.EventArgs ¢) {...}
private void cOMToolStripMenultem_Click(object sender, System.EventArgs e) {...}
private void serialPortl_DataReceived(object sender, System.|O.Ports.SerialDataReceivedEventArgs e) {...}

private void Form1_FormClosing(object sender, FormClosingEventArgse) {...}

private void Form1_Resize(object sender, EventArgs e) {...}



Black Pill with MCP4725- and INA219-module at 12C1

Now we come to the announced xy-curve — here: IU-curve — with data, sent from the Black Pill.




On the same 12C bus, both modules must have different addresses, which is the case with 0x62 for
MCP4725 and 0x40 for INA219.

In the Black Pill program we have to change almost nothing, except in the while loop in main {...}, which
now looks like this:

int main(void)

{
HAL_Init();
SystemClock_Config();
MX_GPIO_Init();
MX_USB_DEVICE_Init();
MX_12C1_Init();

ina219_setCalibration_16V_400mA();
HAL_Delay(500);

while (1){

¥
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With this MCP4725-DAC voltage ramp, which rises
linearly from U =0V (GND) up to U = 3.3V, and then
linearly decay again to GND level, we feed the
TDA2030 power amplifier IC.

The power supply of the power amplifier TDA2030 is arbitrary within wide limits. Instead of the U = -1.5V
we use as shown in the photo below an old mobile phone battery with U = -3.7V at Pin3, and at Pin5 are
U = +6V from a laboratory power supply.



The circuit with the crucial 12C procedures:

TDA2030
1| zl eia 5 - Bulb:
U=g 01 U=3,7v
1
IN+

U=3,3V

Il
N 2
T ' 1=300mA
— !
100n
f 5 |
4

GND
TDAZ030

Jé U==15V Q Vin—-
SZZ¥dIU

INA21S DC
Current

void MCP4725_Mem_WriteReg(uint16_t val){
uint8_t data[] = { val >> 4, val << 4 };
HAL_I2C_Mem_Write(&hi2cl, Ox62 << 1,

™ ox4e, 1, data, 2, HAL_MAX_DELAY);

' }
Gnd| Sda Vin+

Ucc Sl | Vin-
void ina219_Mem_WriteReg(uint$_t reg, uint16_t val)
(/040 is TNA219-modul
uint3_t datal] = { val >> 8, val };
HAL I2C_Mem_Write(&hi2cl, 0x40 << 1, reg, 1, data, 2,
HAL_MAX_DELAY);

V=15V @@ u=ev HAL_Delay(l);
GND) = 3
- void ina219_Mem_ReadReg(uint8_t reg, uintl6_t *val)

{//0x40 is INA219-modul; for BusVoltage reg=2; for Current reg=4
uint8_t data[] = {0, 0};
HAL I2C_Mem_Read(&hi2cl, 0x40 <= 1, reg, 1, data, 2,
HAL_MAX_DELAY);
*val = (data[0] << 8 ) | data[l];

The TDA2030 power amplifier is mounted on the heat sink and can be controlled directly without the
R = 100kQ resistor.




In the following C# plotting program we need transformation functions, e.g. Transfer a curve drawn on a
piece of paper to the dimensions of the monitor. We need a coordinate system, a plot procedure, and a list in
which we store the (U, I) values, sent by the Black Pill. We draw this constantly updated list continuously as
an IU-curve. All this we have to do without the Visual Studio Designer.

Plotting Program

Step 1: Coordinate transformation functions int xX(double x) and int yY(double y) as well as the
Koordinatensystem(Graphics g, double dx, double dy, double hier_xAchse, double hier_yAchse)

We extend our terminal program accordingly:

using System.Collections.Generic;

public partial class Form1 : Form

{
bool busy = false;
String ex = "COM!";
Bitmap _backBuffer;
double xmin, xmax, ymin, ymax, yA =0, XA =0;
double xStreckfaktor, yStreckfaktor;
List<double> LI, LU;

public Form1() {

xmax = 150;
Xmin = -5;
ymax = 4;
ymin = -0.5;

LI = new List<double>();
LU = new List<double>();

L

public int xX(double x) {

return (int)Math.Round(xStreckfaktor * (x - xmin));
}
public int yY(double y) {

return (int)Math.Round(yStreckfaktor * (ymax - y));

¥

public void Koordinatensystem(Graphics g, double dx, double dy, double hier_xAchse, double hier_yAchse)
{

Font fn = new Font("Verdana", 12);

Brush br = new SolidBrush(Color.DimGray);

Pen pen = new Pen(Color.Red, 1);

if (LU.Count > 20)
{
xmax = 0;
for (inti=0; i < LI1.Count; i++)
if (xmax < LI[i]) xmax = LI[i];
xmax = 1.1 * xmax;
xmin = -0.05 * xmax;
ymax = 0;
for (inti=0;i<LU.Count; i++)
if (ymax < LUJi]) ymax = LU[i];
ymax = 1.1 * ymax;



ymin = -0.05 * ymax;
}
xStreckfaktor = this.ClientRectangle.Width / (xmax - xmin);
yStreckfaktor = this.ClientRectangle.Height / (ymax - ymin);
Point[] pxA =

new Point(xX(xmax),yY (hier_xAchse)),
new Point(xX(xmax) - 18,yY (hier_xAchse) - 9),
new Point(xX(xmax) - 18,yY (hier_xAchse) + 9),
new Point(xX(xmax),yY (hier_xAchse))
j
int h = menuStripl.Height;
Point[] pyA =
{
new Point(xX(hier_yAchse) + 9, yY(ymax) + 18 + h),
new Point(xX(hier_yAchse), yY(ymax)-2 + h),
new Point(xX(hier_yAchse) - 9, yY(ymax) + 18 + h),
new Point(xX(hier_yAchse) + 9, yY(ymax) + 18 + h)
j

g.DrawLine(pen, xX(xmin), yY (hier_xAchse), xX(xmax), yY (hier_xAchse));//x-Achse
g.FillPolygon(br, pxA);//Pfeil der x-Achse

g.DrawString("I(mA)", fn, br, xX(xmax)-50, yY (hier_xAchse) + 10);

g.DrawLine(pen, xX(hier_yAchse), yY (ymin), xX(hier_yAchse), yY (ymax));//y-Achse
g.FillPolygon(br, pyA);//Pfeil der y-Achse

g.DrawString("U(V)", fn, br, xX(hier_yAchse) - 50, yY(ymax) + 30);

double x = dx;

while (X < xmax)

{
g.DrawsString(x. ToString("#.#"), fn, br, xX(x), yY (hier_xAchse) + 3);
g.DrawRectangle(pen, xX(x), yY (hier_xAchse), 1, 3);

X +=dx;
}
X = -dx;
while (x > xmin)
{

g.DrawsString(x.ToString(), fn, br, xX(x), yY (hier_xAchse) + 3);
g.DrawRectangle(pen, xX(x), yY (hier_xAchse), 1, 3);
X -=dx;

}

x = dy;

while (x < ymax)

{
g.DrawString(x. ToString("0.#####™), fn, br, xX(hier_yAchse) + 5, yY(x));
g.DrawRectangle(pen, xX(hier_yAchse), yY(x), 3, 1);

X +=dy;
}
X = -dy;
while (x > ymin)
{

g.DrawString(x. ToString("0.#####"), fn, br, xX(hier_yAchse) + 5, yY(x));
g.DrawRectangle(pen, xX(hier_yAchse), yY(x), 3, 1);
X -=dy;

}



¥

... and we check this with:

private void Form1_Paint(object sender, PaintEventArgs e)

{
if (_backBuffer == null)

_backBuffer = new Bitmap(this.ClientSize.Width, this.ClientSize.Height);

}

Graphics g = Graphics.FromImage(_backBuffer);

g.Clear(Color.Black);

Font fn = new Font("Verdana", 50);

Brush br = new SolidBrush(Color.LightGreen);

Koordinatensystem(g, 10, 1, 0, 0);

g.Dispose();

e.Graphics.DrawlmageUnscaled(_backBuffer, 0, 0);//Copy back buffer to screen
}

We get the output:

a5 UMeter - x

B g 41a O« v [B

Step 2: The Plot Procedure:

public void draw_points(Graphics g, Color ¢)
{
Brush br = new SolidBrush(c);
for (int i =0; i < LU.Count; i++)
g.FillRectangle(br, xX(LI[i]), yY (LU[i]), 5, 5);
}

For testing we need values in the lists LI (current) and LU (voltage). To do this we extend Form1_Paint as
follows:



Koordinatensystem(g, 10, 1, 0, 0);
if (ex.Length == 32)

{

¥
g

string sUB = ex.Substring(0, 16);//ab pos 0 to pos 15

string sl = ex.Substring(16);//ab pos 16 to end

Uintl6 UB =0, 1 =0;

for (inti=0;i<13;i++)

{/ITI_INA219.pdf: UB = UB >> 3; Uextern = UB * 0.004
if (sUBJi] =='1") UB += pow_of 2(12 - i);

}
for (inti=0;1<16; i++)
{
if (sl[i] =="1") | += pow_of _2(15 - i);
}
if (sI[0]=="1)1=0;
LU.Add(UB * 0.004);

LI.Add(1/ 10.0);
draw_points(g, Color.Blue);

.Dispose();

Step 3.: Sometimes, while the curve

is drawn, you want to start a new curve.

To do this we add the option in the menu under File:

Clear_LI1_LU to delete all previous list entries.

o5 Uhkdeter

File | %Serial

| Clear LI LU
Exit

private void clearLILUToolStripMenultem_Click(object sender, EventArgs e)

{

ks

ex=""
LI.Clear(); LU.Clear();

The keyboard key Druck S-Abf can be used to take screenshots. In e.g. Paint we use paste and save to store
them. Here are two examples:

U = 3,7V Lampe U =12V Lampe




Problem: With the U = 12V lamp you want more voltage than the currently only about U = 3V. We will
come to these higher voltages soon.

Let’s playing around, to change the color of the graph during recording it. We do this with:

double xStreckfaktor, yStreckfaktor;
List<double> LI, LU;

List<Color> SysCol,

Color colx;

int nCol;

DoubleBuffered = true; //faster drawing
colx = Color.DarkOrange;

nCol = -1;
foreach (Color col in new ColorConverter().GetStandardValues())
{

SysCol.Add(col);

InitializeComponent();

LU.Add(UB * 0.004);
LI.Add(l/ 10.0);
draw_points(g, colx);

private void Form1_KeyDown(object sender, KeyEventArgs e) FormClosing Form1_FormClosing
{ GiveFeedback-
i{f(e.KeyCode == Keys.Right) ::Esj?dk d
IrmebodeChanged
. InputlanguageChanged
nCOI++, InputlanguageChanging
if (nCol < SysCol.Count) colx = SysCol[nCol]; KeyDown « Form1 KeyDown
else { nCol = 0; colx = SysCol[nCol]; } KeyPress
Refresh();
}
}

The problem of getting higher voltages can be solved
by doing the following: At the moment we are running
the power amplifier like an impedance converter:

pind (OUT) and pin2 (IN-) are connected directly.

The gain is then G = 1. . Bulb:

Mu=12v

I 1=300mA
171 GND

The amplification factor G =1+ % where we

choose R, variable (poti), we get with adjacent

modification. With the C = 100nF capacitors we
avoid resonances.




The entire experiment with a bulb looks like this:




Two C = 100nF capacitors are soldered on the back side of the circuit board of TDA2030

Finally, the last used main.c file for programming the Black Pill:

#include "main.h"
#include "usb_device.h"

#include "usbd_cdc_if.h"//By reason of: CDC_Transmit_FS(uint8 t*, uint16_t);

#define getBit(bit, value) ((value >> bit) & 0x00000001)

volatile uint32_t rawValue = 0;
volatile float U = 0.0;
ADC_HandleTypeDef hadcl;
12C_HandleTypeDef hi2cl;

void SystemClock_Config(void);
static void MX_GPIO_Init(void);
static void MX_ADC1_Init(void);
static void MX_I12C1_Init(void);

void MCP4725_Mem_WriteReg(uint16_t);
void ina219_Mem_WriteReg(uint8_t, uintl6_t);
void ina219_Mem_ReadReg(uint8_t, uint16_t*);
void ina219_setCalibration_16V_400mA(void);
float ina219_get_I_mA(void);

float ina219 _get UBus_V/(void);

uint32_t ina219 _get Uraw_Ilraw(void);



uint16_t slen(const char¥®);

void add_txt(char* , char*);

char *my_ftoa(float, char*);

void USB_Info(char*);

void USB_Info_tft(char*, float, char*);
void USB_Info_Bits(unsigned);

int main(void)
{
HAL_Init();
SystemClock_Config();
MX_GPIO_lInit();
MX_ADC1_Init();
MX_I2C1_Init();
MX_USB_DEVICE_Init();
ina219_setCalibration_16V_400mA();
HAL_Delay(500);
while (1){
for(int n = 0; n <=4095; n += 9){
MCP4725 Mem_WriteReg(n);
USB_Info_Bits(ina219_get Uraw_lraw());
/I[HAL_Delay(50);
}
for(int n =4086; n >=0; n -=9){
MCP4725_Mem_WriteReg(n);
USB_Info_Bits(ina219_get Uraw_Iraw());
I/HAL_Delay(50);

¥
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void MCP4725 Mem_WriteReg(uint16 t val)

{//0x62 is MCP4725-modul
uint8_t data[] = { val >> 4, val << 4 };
HAL_I2C_Mem_Write(&hi2c1, 0x62 << 1, 0x40, 1, data, 2, HAL_MAX_DELAY);
HAL_Delay(1);

}

void ina219_Mem_WriteReg(uint8_t reg, uint16_t val)

{//0x40 is INA219-modul
uint8 t data[] = { val >> 8, val };
HAL_12C_Mem_Write(&hi2c1, 0x40 << 1, reg, 1, data, 2, HAL_MAX_DELAY);
HAL_Delay(1);

}

void ina219 Mem_ReadReg(uint8_t reg, uintl6 _t *val)

{//0x40 is INA219-modul; for BusVoltage reg=2; for Current reg=4
uint8_t data[] = {0, 0};
HAL 12C_Mem_Read(&hi2cl, 0x40 << 1, reg, 1, data, 2, HAL_MAX DELAY);
*val = (data[0] << 8) | data[1];

}

void ina219 setCalibration_16V_400mA(void)
{/[Divider_I_mA =10=1000/1_LSB; I_LSB = 100uA ~ 400mA / 4096 pro Bit
ina219 Mem_WriteReg(0x05, 4096);//calibration_Reg = 0x05, 12-Bit resolution



ina219_Mem_WriteReg(0x00, 0b0000000110011111);//config_Reg = 0x00
}

float ina219_get_I_mA(void)
{
uintl6_ttmp;
ina219_Mem_ReadReg(0x04 , &tmp);//I_Reg = 0x04
if(getBit(15, tmp)){//0b1000000000000000 is minus sign; TI_INA219.pdf
tmp = ~tmp;//take complement
tmp +=1;//and add one, to calc I=-0.123mA
return tmp /-10.0; //Divider_|_mA = 10;
} else return tmp / 10.0; //Divider | mA = 10;
}

float ina219_get UBus_V/(void) {//U=12.34V
uintl6_ttmp;
ina219_Mem_ReadReg(0x02 , &tmp);//U_Reg = 0x02
tmp =tmp >> 3;//T1_INA219 pdf:Bus Voltage Register contents must be shifted right by three bits.
return tmp * 0.004;

¥

uint32_t ina219 get Uraw_lraw(void) {
uintl6_t x=0, y=0;
while(HAL_12C_IsDeviceReady(&hi2c1, 0x40 << 1, 0x02, HAL_MAX_DELAY) != HAL_OK);
ina219 _Mem_ReadReg(0x02 , &x);//U_Reg = 0x02
while(HAL_12C_IsDeviceReady(&hi2c1, 0x40 << 1, 0x04, HAL_MAX_DELAY) != HAL_OK);
ina219_Mem_ReadReg(0x04 , &y);//1_Reg = 0x04
return (x << 16) | y;

ks

uint16_t slen(const char* s) {
uintl6 ti;
for (i = 0; s[i] = 0; i++);
return i;//s[0] not O then i=1;
}

void add_txt(char* out, char* in) {
while (*out !'= 0) out++;
while (*in 1= 0) {
*out++ = *in++;
b
*out = 0;

¥

char *my_ftoa(float val, char *str)
{
char *cp; cp=str;
int v, vO, rest, restO;
char c;
if(val<0){ // cp=0
val = -val; //cp[0 ][1 ][2][3][4][5]1[6][71[8][°]
*cp++="-";// [0:-] cp=1
}
vO0 = (int)val; v=v0;
/IrestO=(int)((val-(int)val)*100000000);//genauer!



restO=(int)((val-(int)val)*10000);
rest = rest0;
do {
v /=10;
Cp++;
} while(v !'=0);
do{
rest /=10;
Cp++;
} while(rest '= 0);
cp++; //wegen ',
*cp-- =0;
do{
¢ =rest0 % 10;
rest0 /= 10;
c+="04
*cp-- =¢;
} while(rest0 !'=0);
*Cp-- - '1';
do{
¢ =Vv0 % 10;
v0 /= 10;
c+="04
*cp-- = C;
} while(v0 1= 0);
return cp;

ks

void USB_Info(char *str)
{
char txt[64] = {};
add_txt( txt, str);
add_txt( txt, "\n\r");
CDC_Transmit_FS((uint8_t *)txt, slen(txt));
}

void USB_Info_tft(char *str, float n, char *strl)
{

char txt[64] = {}, h[32] = {};

add_txt( txt, str);

my_ftoa(n, h);

add_txt( txt, h);

add_txt( txt, strl);

add_txt( txt, "\n\r");

CDC_Transmit_FS((uint8_t *)txt, slen(txt));
}

void USB_Info_Bits(unsigned n)
{
char txt[64] = {};
for(inti=31;i>=0;i--){
if(getBit(i, n)) add_txt( txt, "1"); else add_txt( txt, "0");

add_txt( txt, "\n\r");
CDC_Transmit_FS((uint8_t *)txt, slen(txt));



¥

void SystemClock_Config(void)

{

RCC_OsclInitTypeDef RCC_OsclnitStruct = {0};

RCC_CIkInitTypeDef RCC_ClIkInitStruct = {0};

RCC_PeriphCLKInitTypeDef PeriphClIKkInit = {0};

RCC_OsclnitStruct.OscillatorType = RCC_OSCILLATORTYPE_HSE;
RCC_OsclnitStruct. HSEState = RCC_HSE_ON;

RCC_OsclnitStruct. HSEPredivValue = RCC_HSE_PREDIV_DIV1;

RCC_OsclnitStruct. HSIState = RCC_HSI_ON;

RCC_OsclnitStruct.PLL.PLLState = RCC_PLL_ON;

RCC_OsclnitStruct.PLL.PLLSource = RCC_PLLSOURCE_HSE;
RCC_OsclnitStruct.PLL.PLLMUL = RCC_PLL_MULY;

if (HAL_RCC_OscConfig(&RCC_OsclInitStruct) '= HAL_OK) Error_Handler();
RCC_CIkInitStruct.ClockType = RCC_CLOCKTYPE_HCLK|RCC_CLOCKTYPE_SYSCLK
|IRCC_CLOCKTYPE_PCLK1|RCC_CLOCKTYPE_PCLKZ2;
RCC_CIKInitStruct.SYSCLKSource = RCC_SYSCLKSOURCE_PLLCLK;
RCC_CIKklInitStruct. AHBCLKDivider = RCC_SYSCLK_DIV1;

RCC_CIKInitStruct. APB1CLKDivider = RCC_HCLK_DIVZ2;

RCC_CIKInitStruct. APB2CLKDivider = RCC_HCLK_DIV1;

if (HAL_RCC_ClockConfig(&RCC_CIKklInitStruct, FLASH_LATENCY _2) '= HAL_OK) Error_Handler();
PeriphClIKklInit.PeriphClockSelection = RCC_PERIPHCLK_ADC|RCC_PERIPHCLK_USB;
PeriphClIkInit. AdcClockSelection = RCC_ADCPCLK2_DIVE§;
PeriphClIkInit.UsbClockSelection = RCC_USBCLKSOURCE_PLL_DIV1 5;

if (HAL_RCCEXx_PeriphCLKConfig(&PeriphClkinit) '= HAL_OK) Error_Handler();

}
static void MX_ADCL1 _Init(void)

{

ADC_ChannelConfTypeDef sConfig = {0};

hadcl.Instance = ADCI1;

hadcl.Init.ScanConvMode = ADC_SCAN_DISABLE;
hadcl.Init.ContinuousConvMode = DISABLE;
hadcl.Init.DiscontinuousConvMode = DISABLE;
hadcl.Init.External TrigConv = ADC_SOFTWARE_START;
hadcl.Init.DataAlign = ADC_DATAALIGN_RIGHT;
hadcl.Init.NbrOfConversion = 1;

if (HAL_ADC _Init(&hadcl) !'= HAL_OK) Error_Handler();
sConfig.Channel = ADC_CHANNEL _7;

sConfig.Rank = ADC_REGULAR_RANK 1;
sConfig.SamplingTime = ADC_SAMPLETIME_1CYCLE_5;
if (HAL_ADC_ConfigChannel(&hadcl, &sConfig) '= HAL_OK) Error_Handler();

}
static void MX_12C1_Init(void)

{

hi2cl.Instance = 12C1;

hi2c1.Init.ClockSpeed = 100000;

hi2cl.Init.DutyCycle = 12C_DUTYCYCLE_2;

hi2c1.Init. OwnAddressl = 0;

hi2cl.Init.AddressingMode = 12C_ADDRESSINGMODE_7BIT,;
hi2cl.Init.DualAddressMode = 12C_DUALADDRESS_DISABLE;
hi2c1.Init.OwnAddress2 = 0;

hi2cl.Init.GeneralCallMode = 12C_GENERALCALL_DISABLE;
hi2c1.Init.NoStretchMode = 12C_NOSTRETCH_DISABLE;

if (HAL_I2C _Init(&hi2cl) = HAL_OK) Error_Handler();



}
static void MX_GPIO_Init(void)

{

__HAL _RCC_GPIOD_CLK_ENABLE();

__ HAL RCC_GPIOA_CLK ENABLE();
__HAL_RCC_GPIOB_CLK_ENABLE();

}

void Error_Handler(void){}

#ifdef USE_FULL_ASSERT

void assert_failed(uint8_t *file, uint32_t line){}
#endif

and the Form1.cs file of the C# plotting program. Use the arrow key Key.Right
to change the color of the drawn graph.

using System.Drawing;

using System.Windows.Forms;
using System;

using System.Collections.Generic;

namespace U_Meter

{

public partial class Form1 : Form
{
Bitmap _backBuffer;
bool busy = false;
String ex = "COM!";
double xmin, xmax, ymin, ymax, yA =0, XA =0;
double xStreckfaktor, yStreckfaktor;
List<double> LI, LU;
List<Color> SysCol;
Color colx;
int nCol;

public Form1()

Xmax = 150;

Xmin = -5;

ymax = 4;

ymin =-0.5;

LI = new List<double>();

LU = new List<double>();

SysCol = new List<Color>();
DoubleBuffered = true; //faster drawing
colx = Color.DarkOrange;

nCol =-1;

foreach (Color col in new ColorConverter().GetStandardValues())

{
SysCol.Add(col);

¥

InitializeComponent();

¥

public int xX(double x)
{



return (int)Math.Round(xStreckfaktor * (x - xmin));

}
public int yY(double y)

{
return (int)Math.Round(yStreckfaktor * (ymax - y));

¥

public void Koordinatensystem(Graphics g, double dx, double dy, double hier_xAchse, double
hier_yAchse)
{
Font fn = new Font("Verdana", 12);
Brush br = new SolidBrush(Color.DimGray);
Pen pen = new Pen(Color.Red, 1);

if (LU.Count > 20)
{
xmax = 0;
for (inti =0; i < L1.Count; i++)
if (xmax < LI[i]) xmax = LI[i];
xmax = 1.1 * xmax;
xmin = -0.05 * xmax;
ymax = 0;
for (inti=0; i< LU.Count; i++)
if (ymax < LUJi]) ymax = LUJi];
ymax = 1.1 * ymax;
ymin =-0.05 * ymax;

xStreckfaktor = this.ClientRectangle.Width / (xmax - xmin);
yStreckfaktor = this.ClientRectangle.Height / (ymax - ymin);
Point[] pxA =
{

new Point(xX(xmax),yY (hier_xAchse)),

new Point(xX(xmax) - 18,yY (hier_xAchse) - 9),

new Point(xX(xmax) - 18,yY (hier_xAchse) + 9),

new Point(xX(xmax),yY (hier_xAchse))

Y

int h = menuStripl.Height;
Point[] pyA =

{

new Point(xX(hier_yAchse) + 9, yY(ymax) + 18 + h),

new Point(xX(hier_yAchse), yY(ymax)-2 + h),

new Point(xX(hier_yAchse) - 9, yY(ymax) + 18 + h),

new Point(xX(hier_yAchse) + 9, yY(ymax) + 18 + h)
3

g.DrawLine(pen, xX(xmin), yY (hier_xAchse), xX(xmax), yY (hier_xAchse));//x-Achse
g.FillPolygon(br, pxA);//Pfeil der x-Achse

g.DrawString("I(mA)", fn, br, xX(xmax)-50, yY (hier_xAchse) + 10);

g.DrawLine(pen, xX(hier_yAchse), yY (ymin), xX(hier_yAchse), yY (ymax));//y-Achse
g.FillPolygon(br, pyA);//Pfeil der y-Achse

g.DrawString("U(V)", fn, br, xX(hier_yAchse) - 50, yY (ymax) + 30);

double x = dx;

while (X < xmax)

{
g.DrawString(x.ToString("#.#"), fn, br, xX(X), yY (hier_xAchse) + 3);



g.DrawRectangle(pen, xX(x), yY (hier_xAchse), 1, 3);
X +=dx;
}
X = -dx;
while (X > xmin)
{
g.DrawString(x.ToString(), fn, br, xX(x), yY (hier_xAchse) + 3);
g.DrawRectangle(pen, xX(x), yY (hier_xAchse), 1, 3);
X -=dXx;
}
X = dy;
while (x < ymax)
{
g.DrawString(X. ToString("0.#####™), tn, br, xX(hier_yAchse) + 5, yY(X));
g.DrawRectangle(pen, xX(hier_yAchse), yY(x), 3, 1);
X +=dy;
}
X = -dy;
while (x > ymin)
{
g.DrawString(X. ToString("0.#####™), tn, br, xX(hier_yAchse) + 5, yY(X));
g.DrawRectangle(pen, xX(hier_yAchse), yY(x), 3, 1);

X -=dy;
}
}
public void draw_points(Graphics g, Color c)
{

Brush br = new SolidBrush(c);
for (inti=0; i< LU.Count; i++)
g.FillRectangle(br, xX(LI[1]), yY(LUIi]), 5, 5);

private void opencom(object sender, EventArgs e)

{
if (serialPortl != null)
{
try

{
serialPort1.0pen();

serialPortl.DiscardInBuffer();

serialPortl.DiscardOutBuffer();

Text ="Com_x open";

cOMToolStripMenultem.Text = "closeCOM™;
}

catch (Exception ex)

{

MessageBox.Show("Sonstiger Fehler: " + ex.Message);

k
k
k

private void closecom(object sender, EventArgs €)



{
if (serialPortl.1sOpen && !busy)
{
try
{

serialPort1.Close();

this. Text = "Com_x closed";

cOMToolStripMenultem.Text = "openCOM";
}

catch (Exception ex)

{

k
k
k

private void clearLILUToolStripMenultem_Click(object sender, EventArgs €)
{

ex=""

LI.Clear(); LU.Clear();

ks

private void Form1_KeyDown(object sender, KeyEventArgs e)
{
if (e.KeyCode == Keys.Right)
{
nCol++;
if (nCol < SysCol.Count) colx = SysCol[nCol];
else { nCol = 0; colx = SysCol[nCol]; }
Refresh();
}
}

UlIntl6 pow_of 2(int n)

MessageBox.Show("Sonstiger Fehler: " + ex.Message);

return (UInt16)(1 << n);
}

private void Form1_Paint(object sender, PaintEventArgs e)

{
if (_backBuffer == null)

{
_backBuffer = new Bitmap(this.ClientSize.Width, this.ClientSize.Height);

}
Graphics g = Graphics.Fromlmage(_backBuffer);
g.Clear(Color.Black);
Font fn = new Font("Verdana", 30);
Brush br = new SolidBrush(colx);
Koordinatensystem(g, 10, 1, 0, 0);
if (ex.Length == 32)
{
string sUB = ex.Substring(0, 16);//ab pos 0 to pos 15
string sl = ex.Substring(16);//ab pos 16 to end
Uintl6e UB =0, I =0;
for (inti1=0;1<13;i++)



{//T1_INA219.pdf: UB = UB >> 3; Uextern = UB * 0.004
if (SUBJi] =='"1") UB +=pow_of 2(12 - i);
}

for (inti=0;i<16; i++)

if (sl[i] =="1") | += pow_of 2(15 - i);

}
if (sI[0] == 1) I = 0;
LU.Add(UB * 0.004);

LI.Add(l / 10.0);
draw_points(g, colx);
}
//g.DrawString(SysCol.Count. ToString() + colx.ToString() + nCol.ToString(), fn, br, 50, 30);
g.Dispose();
e.Graphics.DrawlmageUnscaled(_backBuffer, 0, 0);//Copy back buffer to screen
}

private void exitToolStripMenultem_Click(object sender, System.EventArgs e)

{
Close();

ks

private void cOMToolStripMenultem_Click(object sender, System.EventArgs e)
{

string txt = cOMToolStripMenultem.Text;

if (txt == "openCOM")

{

Beginlnvoke(new EventHandler(opencom));

ks

else

{
Beginlnvoke(new EventHandler(closecom));
}
}

private void serialPortl _DataReceived(object sender, System.lO.Ports.SerialDataReceivedEventArgs

{
busy = true;
try
{

ex = serialPortl.ReadLine();

}
catch (TimeoutException) { }
try
{

serialPortl.ReadExisting();
}
catch (TimeoutException) { }
busy = false;
Invalidate();

¥

private void Form1_FormClosing(object sender, FormClosingEventArgs e)

{



this.Begininvoke(new EventHandler(closecom));

¥

private void Form1_Resize(object sender, EventArgs e)

_backBuffer.Dispose();
_backBuffer = null;
Refresh();

k
¥
ki

Exercise 1:

Exercise 2:

Exercise 3:

Exercise 4:

Change 12C speed from 100000 to 400000.
Measure the frequency of the triangle ramp with an oscilloscope for both speeds.

Uncomment //HAL Delay(50); in Black Pill’s program in the while-loop in main{...}.
Record and plot U = U(I).

Compare the new graph with an old one, which is not delayed.

Explain the difference of both graphs.

Record and plot a graph of a e.g. R = 67Q resistor.
Determine the slope of the graph.

Ohm’s law remain valid or lose validity?
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Exercise 5:  Extent the C# program to use the arrow key Key.L eft
to go backwards in the list of colors SysCol[nCol].

Exercise 6:  Change the C# drawing procedure draw_points, to draw lines instead of points.
public void draw_line(Graphics g, Color c)

/[Brush br = new SolidBrush(c);
Pen pen = new Pen(c, 3);
for (inti=0; i < LU.Count; i++)
/lg.FillIRectangle(br, xX(LI[i]), yY(LUI[i]), 5, 5);
if(i < (LU.Count - 1) ) g.DrawLine(pen, xX(LI[i]), yY (LU[i]), xX(LI[i+1]), yY (LU[i+1]));
}

Exercise 7:  Take a three color LED and measure the forward voltage of the three colors. Close the
COMport while changing the wiring, to measure the forward voltage of another color.
Use a TDA2030 with G = 1, and a series resistor to limit the forward current of the LED.

ENG 11:10
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We used a R = 10Q resistor to limit the forward current of the LED. With a little help of MS-Paint you get
this result.



OpAmp TDA2030 with G =1+%, and OpAmp TDA2030 with G = 1.



... have fun with STM32 and C#!
edgarmarx@t-online.de



