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Programing of embedded systems
7. A/D Converter

I. OLED Display

1. Create a new project for the LPCXpresso804 board and name it eg Lab07.
2. Add ADC, CTIMER and I2C drivers:

[ ) o SDK Wizard
/i, The source from the SDK will be copied into the workspace. If you want to use linked files, please unzip the 'SDK_2.x_LPCXpresso804" SDK. ‘y’<{ @ |
. Configure the project
Project name: | ZPSW_Lab07 © | Project name suffix:
Use default location
Location
Device Packages Board Project Type Project Options
© LPCB0AMI01JDH24 o geta::« bt:’oa;df:vles O CProject Crs Project g Mn;bsugc Console  Semihost © UART
‘mpf ard files N ) IS-Core
LPC804M101JDH20 C Static Library  C++ Static Library Cony wouneas
LPCBOAMTITIDH24 Import other files
Components. [E] Components selection summary B
Add or remove SDK software components
Operating Systems (Drivers _CMSIS Drivers | Utilities | Mi » | Board C 5 ion Layer | Software Components
Name Description  Versio Info
. v 3 =
Drivers %X BB > Z Drivers
> £ Operating Systems
> £ utilities
Name Description Version Info
adc ADC Driver 250 )
4 capt CAPT Driver 210
I clock Clock Driver 231

common COMMON Driver 231
w CTimer Driver 221 )

dac DAC Driver 202

io GPIO Driver 217
& 12C Driver 210 )

iap IAP Driver 206

Ipriocon IOCON Driver 204
1 Ipc_acomp LPC_ACOMP Driver 210
i} Ipe_cre CRC Driver 211
mrt MRT Driver 204
@ <Back Next > Cancel

3. Add the OLED library and configure the display operation as in the previous
manual.

4. In Config Tools -> Clocks, change the frequency of the FRO_OSC generator
to 30 MHz.

5. Go to the main project file and modify the code as below:

#include <stdio.h>

#include "board.h"

#include "peripherals.h"
#include "pin_mux.h"

#include "clock_config.h"
#include "LPC804.h"

#include "fsl_debug_console.h"
#include "oled.h"

char sbuff[32];
volatile uint16_t adcValue = 0;

/*

* @brief Application entry point.
*/
int main(void) {

/* Init board hardware. */
BOARD_InitBootPins();
BOARD_InitBootClocks();
BOARD_InitBootPeripherals();
#ifndef BOARD_INIT_DEBUG_CONSOLE_PERIPHERAL
/* Init FSL debug console. *x/
BOARD_InitDebugConsole();

#endif

/* Initialize OLED */
OLED_Init(I2C@_PERIPHERAL);

while(1) {

OLED_Clear_Screen(0);
sprintf(sbuff, "ADC: %5d", adcValue);
OLED_Puts(@, 1, sbuff);
OLED_Refresh_Gram();

+

return 0 ;
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6. Connect the display and check its operation.

Il. A/D Converter
1. Go to Config Tool -> Pins and create a new preset called
BOARD_InitADCPins:

[ ] [ ] Functional group properties
N : i
Functional groups | € Q[ ~ ame BOARD_InitADCPins|
. Called by default initialization function
[¥ BOARD_InitPins
Fl BOARD_InitLEDsPins Set custom #define prefix
E BOARD_InitDEBUG_UARTPins Prefix:

! P BOARD_InitSWD_DEBUGPins
i ™ BOARD_Initi2CPins
| P BOARD_InitBUTTONSsPins
B BOARD._InitADCPins De-initialization function
Description:  Configures pin routing and optionally pin electrical features.

Clock gate enable

Full pins initialization

: carcel | IS
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2. Click on the ADC block and connect the ADCO signal (PIO0_1 pin). Disable
the default Pull-Up by setting the Mode field to Inactive:

Cir @ G zpswianor v A A B e + Functional Group  BOARD_INADCPins mBiv 8 CP e
£ pins 53 (5 Peripheral Signals = O [ package 33 | Expansion Hoader
SE80 ww elele ¥ 1 a
pin Pinname Label Identifer Ardiing UNO R Cor SPI cpio usaRT
h Pi00.18 CNBITI/CN3IIPIOD enaio] (08) SPIOSCK(..] GPIOPION,18 USARTC
[z Pioo16/ACMP 14/ACNELYCNS(2)/UATH cn(2) (w1 SPIO'SCK(..] GPIO:I00,16 USARTC
s 7 CNB{3)/CNS(3]/PIOC CN(3) (A2) SPIO'SCK(..] GPIO:I00,17 USARTC
s SYCNB[4)/CNB[4]/D LED_RED;ST CNBL4) (04)  SPIOISCKL..] GPIOPIO0T3 USARTC 5 -
Vs ‘S2/CNB[B)/CNG[5)/C LED_GREEN;S2  CNB[6] (D2) SPIO:SCK(...] GPIO:PIOO,12 USARTC g N |
Me CNB[GI/CN1[10}/S3 DEBUG_SWD_RESE CNA[3] (RST)  SPIO:SCKL..] GPIOPIO0S USARTC g g 8 2
7 'CNB[7]/CNB[7]/CN5 DEBUG_UART_TX  CN8[7] (D1); CNS[5] SPIO:SCK(...] GPIO:PIO0,4  USARTC G g 5 g8 g 8 8
Vs CN6[8)/CN1[4]/U1[1 DEBUG_SWD_SWDC 'SCK[..] GPIO:PIO03 USARTC e 8 5 88 8 g8 ¢ 8 8 38 ¢
e CN6I)(CN1[2)1U1[1 DEBUG_SWD_SWDI SPIO'SCK(..] GPIOI002 USARTC
[V WKT CN6(10]/CNB[31/D4 LED_BLUE CNB[3) (D5)  SPIOISCKL..] GPIOPIO0TT |USARTC
[CJn CNBIIIVRYCNS(1) CN(1) (A0) SPIO'SCKL..] GPIO:I00,10 USARTC
[ 5 CNBl1ZI/CNBISIPIO CNB[S] (D3)  SPISCKL..) GPIOPIO0.21 USARTC
[T CNT(12)/CNB(10)PK CNS[10] (D) SPI'SCKL..] GPIO:100,20 USARTC
(e » 8 cNTImICNa[s]PIO CN3[8] (D10)  SPIO'SCKL..] GPIOI00,15 USARTC
@5 AOCIOMM N lo)oNss) ot CN[5] (D13); CNS({SPIOISCKL..) GPIOPIO01  USARTC Acwp T coMBo DA GO
[ !5 Pio09ADCA - CNTISlCNSEIRIS CN3[6] (D12)  SPIISCKL.] GPIOPIO0 USARTC 12co Tzcy LVISHT - PINT Py S0
v roos CN7(BIICN3[7)R20] oNTIO1 @ O @ peripheral ADCO ULy swo svscon USARTL KT
[Vs  woo 77115 R3O
“he ono Al ADCO signas for routing:
[V20 PI00_7/ADC_ACME CN(s)/CN3 2)P25 12C_SOA CN3[2) (D1 (/| VREFP - [21] VAEP; dedicated; routed by default
Jm veeRe N7(AIPTIMCU_VE ci o
[V22 PIOOOJCMPI  CN[3)/CNBIS]1P2] DEBUG_UART_RX  CNB(B] (DI |_|CH, 1- [20] PIOO_7JADC_I/ACMPVREF
/23 100_14/ACMP_I3/AL CN7(2)/CN3[1]/JP4/i 12C_SCL CN3[1) (D1 |_|CH, 2 - (23] PIOO_14/ACMP_I3/ADC_2 P LPC804M101)DH24 - TSSOPA 24 package
[J2a PIO0_19/DACOUT  CNZ(1}/CN8[2)/PIO0 CNB[2] (DF |_|CH, 3 - [2] PIO0_16/ACMP_I4/ADC_3.
[ cH, 4~ 1161 pi00_sja0C 4
[ JeH, 5- (7] pioo_sjeoc_s 1 L | | | I
[ CH, 6 - [10] PIO0_11/ADC_SIWKTCLKIN 222338288 3 g%
["Jen, 7 - (1 pioo_tojaoc_7 8 § § 8 88 8 3 7 8 § 3
[IcH, 8- 1141 Pi00_15/ADC_B 5 a e
[t 9- (31 100_71a0C. 0 : 8 = &
[Z]cH, 10- 4] P100_13/4DC10 g = g 3
[k, - 71 Pio0_aoc 11 )
g
Rowo Al Unroute Al
assignment
Done F
3 Routing Details
Pins | [Signals| Q.
Routing etas for BOARD_In.. T OEEE
* Peripheral  Signal Ariow Routed pinfsig Label dentfier  Direction  GPIO il sta Mode Invert Wysteresis  Open crain  DAC Mod
s 0c0 eHo [151A0C.0  CN7I1OJCNS[SI/CNSIE]/UA(S]PI00.Y  n/a input ma inactive  Disabled  Enabled  Dissbled  m/a
2psW_Labo7

3. Goto Clocks and turn on the ADC clock 5

Qi® -

QAQQC  E= O @ oveniew 52 [3) Code Preview

e

> Configuration - General Info

¥ Configuration - HW Info

Processor:
Part number.
Core:

Board:

SOK Vrsion:
> Project

v pins

tpeaoa
LPCB0AMIONIDH24
Cortex-M0P
LPCXpressoB04
ksak2.0

Configures pin routing, Incluing functonsl electica pn
propertis, voltagofpower als, and run-time pin confguration.

@a

v Generated code

¥ Update code enabled

B bosrdpin_moxe

B boartpin_muxh

~ Functional groups.

TTITDTAE®TA@

v Othertools

7\

B=n

A Problems 31

Lovel .

% Warning

BOARD_INDEBUG_UARTPins

BOARD_Intpins

BOARD_IntLEDsPins

BOARD_InitSWD_DEBUGPins
BOARD_Inii2CPins
BOARD_INtBUTTONsPins.

BOARD_INtADCPins

7\

BlY=no

Resource
UsARTO

ssue.
Peripharal USARTO is not intiali

Lpcao

0]

(225 Labo7)

MHz for the A/ D converter:

SYSCON
fro_osc
CLKIN clin
PLUCLKIN plu_clkin

,Ij_brnunr,clonk
"30 MHz

fro_div
15 MHz
fro
72 fro MAINCLKSEL
p clkin main_clk
cliin l_’ SYSAHBCLKDIV 1, system clock
[ Ik PU, AHB bus, Sync APB
posclc 1 15 MHz o
posc_clk fro_div n
fro_div_div
7.5 MHz fro_div
72
Inactive PLUCLKIN clock
Inactive
CAPTCLKSEL
fro
main_clk
manck CAPT clock
fro_div Inactive
posc_ck
e »
CLKOUTSEL
fro
main_clk CLKOUTDIV
I4’ 15 MHz CLKOUT clock
cli_in Inactive
Iposc_clk Disabled
osc:k B
fro ACoLE ADCCLIDIY
— 15 MHz ADCCLION L4 ADC clock
clicin L I S MHz
@
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4. Go to ADC settings and enter the following configuration:

ece workspace_LPCSSS69 - ZPSW_Lab07/sourcelZPSW,_Lab07.c - MCUXpresso IDE
o-EH® zsw_Labor ¥] 4 & B vpssto coce +Functions Group * B¢ RN Qe o Q mAEMIOB
e Components 31 perpherss = 5 [ 200 soc 53 | cmero = 5| @ overview 52 [2) code prevew =8
© f | 12-bit (ADC) T @ > Configwation- Generalinto
Processor: LPCB0S
Perghersl  ADC v
200 - cnwero 1zc0

Part pumber: LPCB0AMI0NDH2A
v General configuration

Core:cortexwop
_ ML St LPOteressoRod

SOK Version: ksck_0
Clock mode. Systom clock - BOARD. 15 Miiz, BOARD 12 Miz, BOARD. 15 Mz v

Clock source freauency 15 iz (BOARD_BootClackFROTaM) v 2 o

Clock dider number o P

Low power mode

Confgures th ntalzaton of the SOK perpheralcrvers.
' Configure threshold settings

Threshold values pair 0

Lowvae 0 @ a
oD O ~ Genorated code
‘Threshold values pair 1 8 Update cods enabled
Lowwae 0 boardjperipherals.c
Hghvalve 0 boardjperipherals.h

ADC conversion sequence A v Functional groups.

et high priorty for conversion seauence B oaRD_Initeripherals

Hardware trigger CTIMER0_MATS @
~ othertoals
Trigger polarity Aposiive edge .
Synchronization bypassing
Single step mode
Inerrupt source Entie sequenco. v
ADC conversion sequence B @ a o)
Set nigh priorty for conversion sequence
Hardware trigger
Trigger polarity Anegative o
Synchranization bypassing B oo 50 BlY =0
Single step mode
Inerrupt source Each conversion
Lovel © Resaurce [
% Waming  CTIMERO ctimer_match.3 Mateh output of the match 3 char
v Sampled channels + % S Waming  USARTO Paripheral USARTO s not itz
% Custom name Channel number
o CH,0 » [15] CNF Thveshold pair 0 Intorrupt isabled Sequence A

Sequence A nterrupt Sequence B interrupt
Interrupt sources

Overrun intarrupt
WARNINGS: ZPSW_LabO7: Match output of the match 3 channel of porip

O Nxe LpCsos* (zesw_Lab0n)

Interrupt ADC_SEQA_IRG g
Interrupt request Enabled n ntsization u
Enable priorty ntalization

prorty °

Enable custom handlor name

Interrupt handior name ADC_ADC_SEQ_A_IRGHANDLER
Handlor tomplate oy to cliboard

Enable Sequence B interrupt

Interrupt ADC_SEQB_IRan

Interrupt request Enabled in ntalzaic

Enable prioiy naization
prorty o
Enable custom handler name
Interrupt handler name

Handier template

Enablo Throshold compare interrupt

Interrupt A

HCMP_RQn

Interrupt request Enabled n ntalzation
Enable priorty nitaization

prorty 0

Enable custom handler name

Interrupt handier name

Handier template
Enablo Overrun error interrupt

Interrupt

Interrupt request Ensbled in

Enable priorty nialization
prority 0
Enable custom handler name

Interrupt handi

Handior tomplate
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5. Go to Peripherals, select CTIMER and configure it to change the state of the

output at a frequency of 20 Hz:

ece < workspace_LPC55569 - ZPSW_Lab07/source/ZPSW_LabO7.c - MCUXpresso IDE

o W zeswLab0r ¥ @ A (5 upcate Coce + Functional Group * mEi¢ kN Qei® e Garee o QB x®MOB

e Components 3 Perpherals = 0 [ eco|# crivero 2 = 0| 4 overview 32 [ code preview =n
© 1| Standard counterftimer (peripheralarivrs (Device speciicl]

Name CTIMERC

I!

Custom name

Processor: LPCB0A.
Mode  Input CapturefMatch | peripheral  CTIMERD u
anc + CTMERD 12c0

v Timerfcounter general configuration

v Configuration - HW Info

W @ > Configuration- Genoralinfo

Part number: LPCB04MIONIDH24

Board: LPCXpresso804

SOK Version:  ksdk2_0
Timer mode “Timer (bus clock source) g
> Project
Bus clock source Systom clock - BOARD. 15 MHz, BOARD. 12 Mz, BOARD. 15 MHz v
Clock source freauency 15 Mz (BOARD_BootClockFROTEM) v ~ Peripherals
Timer input frequencyjprescaler 1

Confiures the Iniaization of the SOK peripheral arvers.
Calculated prescaler 1

Galculated timer input froquency 15 MHz; 66.667 ns

Timer counter period 50ms @i
Start timer in niilization code

~ Generated code
¥ Match channels + x

Update code ensbled
Match 3] boardpripherals.c
Channel 0 Match_3 bosrd/peripherais.h
“Mateh channel Q! * Match channei 3

~ Functional groups
Channal frequencylperiodjoffsat 750000

p—
Channel period [ticks) 750000 L a

Calculated match fraquencyfperiodoffset 20 Hz; 50 ms
v Othertools

Enable countor resat on match

Enable counter stop on match

Output control

© Capture chanmels +
Ad tom by lcking on plus buton
© Intormupt and callack satings
2 provems 32
© nterupt
Interrupt CTIMERO_IRQn Lovel ~ [Resource
Enable priority initialization  Warning
ity o

Toggle bitjoutout v
Initial utput value Low g
Enable match interrupt request

BlY=0o

match.3

C Waring  USARTO

Callback mode allback disabled

WARNINGS: ZPSW_L

is not routed.  Writable Smart Insert 81:32: 2855

Peripheral USARTO is not intializc

The ADC converter will be triggered by only one edge, therefore
frequency will be twice lower - i.e. 10 Hz.

6. Go to the main project file and modify the code as below:

O nxp LPCB0S" (ZPSW Labo7)

its sampling

#include <stdio.h>

#include "board.h"

#include "peripherals.h"
#include "pin_mux.h"

#include "clock_config.h"
#include "LPC804.h"

#include "fsl_debug_console.h"
#include "fs1_power.h"
#include "oled.h"

static adc_result_info_t gAdcResultInfoStruct;

adc_result_info_t xvolatile gAdcResultInfoPtr = &gAdcResultInfoStruct;
char sbuff[32];

volatile uintl6_t adcValue = 0;

/* ADC_SEQA_IRQn interrupt handler *x/
void ADC_ADC_SEQ_A_IRQHANDLER(void) {
/* Get status flags */

/* Place your interrupt code here */

ADC_GetChannelConversionResult (ADC_PERIPHERAL, @, gAdcResultInfoPtr);
adcValue = gAdcResultInfoStruct.result;

/* Clear status flags */

ADC_ClearStatusFlags (ADC_PERIPHERAL, kADC_ConvSegAInterruptFlag);
}

/*

* @brief  Application entry point.
*/

int main(void) {

/* Power on ADC. */
POWER_DisablePD(kPDRUNCFG_PD_ADCO) ;
/* Init board hardware. x/
BOARD_InitBootPins();
BOARD_InitBootClocks();
BOARD_InitBootPeripherals();
#ifndef BOARD_INIT_DEBUG_CONSOLE_PERIPHERAL
/* Init FSL debug console. x/
BOARD_InitDebugConsole();

#endif

/* Initialize OLED */

if (kADC_ConvSeqAInterruptFlag == (kADC_ConvSeqAInterruptFlag & ADC_GetStatusFlags(ADC_PERIPHERAL))) {
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OLED_Init(I2C@_PERIPHERAL);
while(1) {

OLED_Clear_Screen(0);
sprintf(sbuff, "ADC: %5d", adcValue);
OLED_Puts(@, 1, sbuff);
OLED_Refresh_Gram();

+

return 0 ;

7. Connect the potentiometer to the board, program the microcontroller and
check the example. By moving the potentiometer axis, the displayed value
should change in the range of 0-4095 (12-bit resolution), which corresponds
to the input voltage of 0-3.3 V.

* ROTATION

lll. GUI - a simple analog indicator
1. Modify the project code:

#include
#include
#include
#include
#include
#include
#include
#include
#include

<stdio.h>

"board.h"
"peripherals.h"
"pin_mux.h"
"clock_config.h"
"LPC804.h"
"fs1_debug_console.h"
"fs1_power.h"
"oled.h"

static adc_result_info_t gAdcResultInfoStruct;
adc_result_info_t xvolatile gAdcResultInfoPtr = &gAdcResultInfoStruct;
char sbuff[32];

volatile

uintl6_t adcValue = 0;

float data=0;

void Gauge(uint8_t x@, uint8_t y@, uint8_t radius, float v) {

float k= (vx270) - 135; // degrees
float p, gq=(2%PIxk)/360.0;

uint8_t radius@ = radius x 0.9;
for(int i=-135; i<=135;i+=15) {

p=(2xPIx1i)/360.0;
OLED_Draw_Line(x@ + radius@xsinf(p), y@ — radius@xcosf(p), x0 + radiusxsinf(p), y@ - radiusxcosf(p));

OLED_Draw_Line(x@, y@® , x@ + radiusksinf(q), y@ - radiusxcosf(q));
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/* ADC_SEQA_IRQn interrupt handler x/
void ADC_ADC_SEQ_A_IRQHANDLER(void) {
/* Get status flags */
if (kADC_ConvSeqAInterruptFlag == (kADC_ConvSeqAInterruptFlag & ADC_GetStatusFlags(ADC_PERIPHERAL))) {
/* Place your interrupt code here */
ADC_GetChannelConversionResult (ADC_PERIPHERAL, @, gAdcResultInfoPtr);
adcValue = gAdcResultInfoStruct.result;
/* Clear status flags */
ADC_ClearStatusFlags (ADC_PERIPHERAL, kADC_ConvSegAInterruptFlag);

}

/%

* @brief Application entry point.
*/

int main(void) {

/* Power on ADC. */
POWER_DisablePD(kPDRUNCFG_PD_ADCO) ;
/* Init board hardware. *x/
BOARD_InitBootPins();
BOARD_InitBootClocks();
BOARD_InitBootPeripherals();
#ifndef BOARD_INIT_DEBUG_CONSOLE_PERIPHERAL
/* Init FSL debug console. x/
BOARD_InitDebugConsole();
#endif
/* Initialize OLED */
OLED_Init(I2C@_PERIPHERAL);

while(1) {
OLED_Clear_Screen(0);
data=adcValue/4095.0;
Gauge(64, 32, 32, data);
sprintf(sbuff, "%3d%%", (uint8_t)(datax100));
OLED_Puts(50, 7, sbuff);
OLED_Refresh_Gram();
}

return 0 ;

2. Build the project in Release mode, program the microcontroller and check
the example.

IV. Exercises

3. Modify the appearance of the analog indicator as you see fit.

4. Write a function that draws the n-last samples in the form of a bar graph. The
graph is to move across the display screen (horizontally or vertically).
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