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Executive summary

In this Module we will use PIC18F4550 with serial communication and Analog to Digital Converter.
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Chapter 1: Overview

Table 1. Overview

e Students will be able to use two-way serial communication with the
PIC18F4550

e Students will be able to design and implement simple circuits with
serial communication

o Students will be able to handle analog signals with the PIC18F4550

o Students will be able to design and implement simple circuits with
analog signals

e Students will be able to connect the PIC18F4550 to the TMP36
temperature sensor

e The student will be able to load and animate a microcontroller
program in the Proteus Design Suite

Serial communication, ADC, TMP36

The duration of the module_2-6 is 3 hours

Presentation of the module_2-6 by the teacher, 30 minutes

1% activity, Serial communication and LEDs, 50 minutes

2" activity, Analog to Digital Converter, 50 minutes

3" activity, Thermometer (TMP36), 50 minutes

The teacher:

Presents the slides associated with the module_2-6 and answers question
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The students:

Draw circuits in Proteus Schematic, write programs in C language, load
programs to a microcontroller and run the simulation using the Proteus
Design Suite

At the end of the Module_2-6 will be given:

e Open Project

e Material: PC

e Software: CCS C compiler, Proteus Design Suite

e The student must be familiarized with the Proteus Design Suite

(link1)

e The student must be completed Module 2-1, Module 2-2,
Module_2-3, Module_2-4 and Module_2-5

e CCS C Compiler manual (C Compiler Reference Manual)

e MICROCHIP, PIC18F2455/2550/4455/4550 Data Sheet

e Module_2-6 slides
e Module_2-6 Evaluation leaflet
e Module_2-6 Open project leaflet

e Module_2-6 Programs, Schematic Proteus (Compressed folder)

Tipl. The microcontroller and the monitor must have the same baud rate

Tip2. ADC resolution is 10 bit (number range 0~1023)

ENGINE ERASMUS+ 2020-1-PL01-KA226-HE-095653 Page | 6


https://www.youtube.com/watch?v=GYAHwYUUs34&t
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Tip3. The temperature of the TMP36 sensor is given by the formula

T (°C) = (Vout (mV) —500) / 10
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Chapter 2: Activities

2.1 Activity 1. Serial and LEDs

This activity uses serial communication between the PIC18F4550 and a serial monitor. 8 LEDs are
connected to the PORTD.

Table 2. Activity 1
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Draw the circuit of the picture in the Proteus Design Suite.

Virtual Terminal

§

il

§

Bl

Figure 1.  Serial and LEDs

Write in CCS C Compiler the program in C language

#include <main.h> // the file main.h with the
// initial settings is included.
// This file must be placed in

the same

// folder with the project.

// Also the 18F4550.h file must
exist

// in the same folder with the
project

#byte PORTD =0xF83

// We attribute to the memory
position 0xF83 the name PORTD.

// This means that we define
a 8 bit variable whose value

// will be stored to the
memory position F83h.

// The memory position F83h
is the PORTD data register.

#byte PORTC=0xF82 // F82h 1is the position or
PORTC data register

// at the data memory of the
microcontroller

ENGINE ERASMUS+ 2020-1-PL01-KA226-HE-095653
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// SFR Special Function
Register

//This directive tells the compiler the baud rate
and pins used for serial I/O

//baud rate=9600, parity=no, TX=RC6, RX=RC7, bits=8§,
stop bit=1

#use rs232(uartl,baud=9600, PARITY=N, XMIT=PIN C6,
RCV=PIN C7, bits=8, STOP=1)

//variable to hold incoming data from serial
communication

char serialData;

// *kkkkkk kK main program kkhkkhkhkkhkkhkhkkhkhkhkkhkhkhkA Ak hkrkkhkh kK%

void main () {

set _tris d(0x00); // PORTD is defined as
output

set _tris ¢ (0b10000000); //  RCT=input,
RC6=output

PORTD=0xFF; // all LEDs turn OFF

printf ("Hello there!\n\r"); // sends a string

of characters over RS232 transmission pin (TX)
//By sending \n\r to serial communication

//the cursor is moved to the beginning of the next
line

//so that there 1is a Dbetter display on the
monitor.

while (TRUE) {

if (kbhit ()) { //test if a character
is ready for getc() function

serialData = getc(); //read the character

//command identification

if (serialData == '0") {
PORTD=0; // all LEDs are OFF
printf ("all LEDs are OFF\n\r");

}

else if(serialData == '1"'") {

PORTD=0b00000001; //1lst LED is
ON

printf ("1lst LED is ON\n\r");
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else if (serialData == '2") {
PORTD=0b00000010; //2nd LED is
ON
printf ("2nd LED is ON\n\r");
}
else if (serialData == '3") {
PORTD=0b00000100; //3rd LED is
ON
printf ("3rd LED is ON\n\r");
}
else if (serialData == '4") {
PORTD=0b00001000; //4th LED is
ON
printf ("4th LED is ON\n\zr");
}
else if (serialData == '5") {
PORTD=0b00010000; //5th LED is
ON
printf ("5th LED is ON\n\zr");
}
else if (serialData == '6") {
PORTD=0b00100000; //6th LED is
ON
printf("6th LED is ON\n\zr");
}
else if(serialData == '7"){
PORTD=0b01000000; //7th LED 1is
ON
printf ("7th LED is ON\n\zr");
}
else if(serialData == '8"'") {
PORTD=0b10000000; //8th LED is
ON
printf ("8th LED is ON\n\zr");
}
else if(serialData == '9"'") {
PORTD=0xFF; //all LEDs
are ON
printf("all LEDs are ON\n\z");
}
else({
printf ("Wrong command!\n\r");
}
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Compile the program in C in order to create the program in the
microcontroller machine code (hex file).

€S € Compsler -1
Edit Search Optrons (omge View Took Debug Document User toalbar

& Sompae v
| FC12£4880 9
’ - ™ pebuila ! . - .

Justia Suia & Run © Cloan ‘f(: 36' Eft f Program Debug Statistics
Compile Comptier Run £

I ¢ activity_tac

17

i perit - X Xk it

20 Suse r3232{uartl,baudeS600, PARITYaN, XMITaPIN_C6,RCVEPIN_ C7,bits=8, STOP=1)

-1

22 able €0 ol o

a3 char serialOata;

24

25 | 77 seessccss puin propram teeteessessssttsststnns

aé = void main() (

27 set_tris_d(ed0);

28 set_tris_c(0blo00eoes);

28 PORTO=2xFF ;

30

3l printf(“Helle there!\n\r*); ) st f ¢ n

32 B - *

33

34

as ||

36 |E while( TRUE ){

37 & if(kbhit()){ test if \arocte

38 serialData = getc(); t

39

1o ||

1 |E if(serialDeta == “@"){

2 || PORTD=0; 11 LECx are

43 printf(~all LEDs are OFF\n\r");

44 }

4s |c else if(serialdata == "1'){

4€ PORTD=-0b200SORR]

47 printf(“1st LED is ON\n\r™)

43 )

48 ¢ else if(serialData == "2°){

50 || PORTD=0b000E210;

51 printf("2nd LED is ON\n\r");

52 }

83 & else if(serialDats == "3')(

54 11 PORTD=0LBD0S0100 ;

Figure 2. CCS C Compiler, translation to machine code (hex file)

Load to the microcontroller the hex file (program in machine code)
that was created from the CCS C Compiler.

Run the simulation and check the correct operation of the circuit.
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Write in CCS C Compiler the program in C language

#include <main.h> // the file main.h with the
// initial settings is included.

// This file must be placed in the

same

// folder with the project.

// Also the 18F4550.h file must
exist

// in the same folder with the
project

#byte PORTD =0xF83

// We attribute to the memory
position O0xF83 the name PORTD.

// This means that we define a
8 bit variable whose value
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// will be stored to the memory
position F83h.

// The memory position F83h is
the PORTD data register.

#byte PORTC=0xF82 // F82h is the position or PORTC
data register

// at the data memory of the
microcontroller

// SFR Special Function
Register

//This directive tells the compiler the baud rate
and pins used for serial I/O

//baud rate=9600, parity=no, TX=RC6, RX=RC7, bits=8,
stop bit=1

#use rs232(uartl, baud=9600, PARITY=N, XMIT=PIN C6,
RCV=PIN C7, bits=8, STOP=1)

//variable to store incoming data from serial
communication

char serialData;

//variable to store the time (ms) of the pulses
//Toff=Ton. By default f=5Hz => T=0.2s => Ton=100ms
int Ton=100;

// * Kk kkkkk kK main program kkhkkhkhkkhkkhkhkkhkhkhkk kA Ak krkhkrkkk

void main () {

set tris d(0x00); // PORTD is defined as
output

set _tris ¢ (0b10000000) ; //  RCT=input,
RCé6=output

PORTD=0xFF; // all LEDs turn OFF

printf ("Hello there!\n\r"); // sends a string

of characters over RS232 transmission pin (TX)
//By sending \n\r to serial communication

//the cursor is moved to the beginning of the next
line

//so that there 1is a better display on the
monitor.

while (TRUE) {
PORTD=0x00; //all LEDs turned OFF

delay ms(Ton) ; //wait for Ton ms
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PORTD=0xFF; //all LEDs turned ON

delay ms (Ton); //wait for Ton ms | Toff=Ton
if (kbhit ()) { //test if a character
is ready for getc () function
serialData = getc(); //read the character

//command identification

if (serialbData == 'a'){
//f=4Hz => T=250ms => Ton=125ms
Ton=125;
printf ("4Hz\n\z");

}

else if (serialData == 'b') {
//f=2Hz => T=500ms => Ton=250ms
Ton=250;
printf ("2Hz\n\z");

}

else if (serialData == 'c'") {
//£f=10Hz => T=100ms => Ton=50ms
Ton=50;
printf ("10Hz\n\r") ;

}

else if(serialData == 'd') {
//f=1Hz => T=1s => Ton=500ms
Ton=500;
printf ("1Hz\n\r") ;

}

else(
printf ("Wrong command!\n\r") ;
//£=5Hz => T=0.2s => Ton=100ms
Ton=100;
printf ("5Hz\n\r");
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Use the CCS C Compiler to translate the programm from C language
to the microcontroller machine code. Load to the microcontroller the
hex file (machine code) that was created from the CCS Compiler.

Run the simulation and check the correct operation of the circuit.

2.2 Activity 2. Analog to Digital Converter

The purpose of this activity is for the microcontroller to use the built-in Analog to Digital Converter.

Table 3. Activity 2

The PIC18F4550

¢ read the analog voltage of a potentiometer and convert it to a
value (0~1023)

e display the value ona LCD

Step 1. The circuit is drawn in the Proteus Design Suite.

Step 2. The program in C language is written.

Step 3. The program is compiled with the use of CCS C compiler to
the microcontroller machine code. The machine code is loaded to
the flash memory of the microcontroller.

Step 4. The animation is activated.

Draw the circuit of the picture at the Proteus Design Suite.
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LCD1
LMO16L

PIC18F4550

Figure3. ADC and LCD 16x2

Tip. The MCLR pin must go to Vcc.

Write in CCS Compiler the program in C language

#include <main.h> // the file main.h with the
// initial settings is included.

// This file must be placed in

the same

// folder with the project.

// Also the 18F4550.h file must
exist

// in the same folder with the
project

#include <flex lcd.h> // The h file of the lcd
driver

// should be in the same
folder where we will save our program.

//  The #define LCD DB4
PIN B4 etc statements in flex lcd.c

// should be checked and
possibly modified.

// These statements
determine the pins of the microcontroller
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// that are connected to LCD
16x2.

#byte PORTB =0xF81

// We attribute to the memory
position 0xF81 the name PORTRB.

// This means that we define
a 8 bit variable whose value

// will Dbe stored to the
memory position F81lh.

// The memory position F81h
is the PORTD data register.

//ADC = 10 Bit => values: 0~1023

unsigned intl6 ADC value;

// * ok kkk Kk kKK main program R SR b I S b I S b I S b I S b Sb b I S b 4

void main () {

set_tris b (0x00); //PORTB 1is defined as
output

led init () ; //initialization routine

for the LCD 16x2

setup_adc (ADC_CLOCK DIV_8); // Set ADC
conversion time to 8Tosc

setup_adc_ports (ANO) ; // Set RAO as
analog pin

set_adc_channel (0) ; // Select
channel 0 (analog input 0)

while (TRUE) {

delay ms (1000); //wait for 1 sec

lcd putc("\f"); //clear the screen

lcd putc(" ADC value:"); //send a message
to the LCD

lcd gotoxy(1l,2); //first position
of second line

ADC value=read adc(); //read value from
ADC

printf (lcd putc, "$Lu",ADC value); //send

adc value to the LCD
}

Use the CCS C Compiler to translate the programm from C
language to the microcontroller machine code. Load to the
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microcontroller the hex file (machine code) that was created from
the CCS Compiler.

Run the simulation and check the correct operation of the circuit.

Write in CCS Compiler the program in C language

#include <main.h> // the file main.h with the
// initial settings is included.

// This file must be placed in

the same

// folder with the project.

// Also the 18F4550.h file must
exist

// in the same folder with the
project
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#include <flex lcd.h> // The h file of the lcd
driver

// should be in the same
folder where we will save our program.

//  The  #define LCD DB4
PIN B4 etc statements in flex lcd.c

// should Dbe checked and
possibly modified.

// These statements
determine the pins of the microcontroller

// that are connected to LCD
lox2.

#byte PORTB =0xF81

// We attribute to the memory
position 0xF81 the name PORTB.

// This means that we define
a 8 bit variable whose value

// will Dbe stored to the
memory position F81h.

// The memory position F81lh
is the PORTD data register.

unsigned intl1l6 ADC value; //ADC = 10 Bit => values:
0~1023

float voltage; //variable to store the
potentiometer's analog voltage

// Kk k ok k ok Kk k kK main program KAk AR AA XA AR A A XA A XA A XA A KKK

void main () {

set tris b (0x00); //PORTB 1is defined as
output

lcd init () ; //initialization routine

for the LCD 16x2

setup_adc (ADC_CLOCK DIV 8); // Set ADC
conversion time to 8Tosc

setup_adc ports (ANO) ; // Set RAO as
analog pin

set_adc_channel (0); // Select
channel 0 (Analog input 0)

while (TRUE) {

delay ms(1000); //wait for 1 sec

lcd putc("\f"); //clear the screen

lcd putc (" Voltage:"); //send a message to
the LCD
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lcd gotoxy(1,2); //first position of
the second line

ADC value=read adc(); //read value from
ADC

voltage = ((float) (ADC_value*5)/1024);
//convert adc value to analog voltage

printf (led putc,"$f",voltage); //send a
message to the LCD

}

Use the CCS C Compiler to translate the programm from C
language to the microcontroller machine code. Load to the
microcontroller the hex file (machine code) that was created from
the CCS Compiler.

Run the simulation and check the correct operation of the circuit.

2.3 Activity 3. Thermometer (TMP36)

The purpose of this activity is for the microcontroller to use the built-in ADC and read the TMP36
sensor.

The PIC18F4550:
e reads the analog voltage of the sensor and converts it to a value (0~1023)
e converts the ADC value to analog voltage
e converts analog voltage to temperature (°C)
e displays the temperature on a LCD

e turns ON/OFF the 8 LEDs, according to the following table

Table 4. Temperature and LEDs

Temperature (°C) Active LEDs
<0 None
<10 LED1
<20 LED1 ~ LED?
<30 LED1 ~ LED3
<40 LED1 ~ LED4
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<50 LED1 ~ LED5
<60 LED1 ~ LED6
<70 LED1 ~ LED7
> 70 LED1 ~ LED8
Table 5. Activity 3

Draw the circuit of the picture in the Proteus Design Suite.

LCD1
LMO16L

A

il

u2

Figure 4(a). TMP36, LEDs and LCD 16x2
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Figure 4(b). TMP36, LEDs and LCD 16x2

Write in CCS C Compiler the program in C language

#include <main.h> // the file main.h with the
// initial settings is included.

// This file must be placed in
the same

// folder with the project.

// Also the 18F4550.h file must
exist

// in the same folder with the
project

#include <flex lcd.h> // The h file of the lcd
driver

// should be in the same
folder where we will save our program.

//  The  #define  LCD_DB4
PIN B4 etc statements in flex lcd.c

// should Dbe checked and
possibly modified.

// These statements
determine the pins of the microcontroller

// that are connected to LCD
16x2.

#byte PORTB =0xF81

// We attribute to the memory
position 0xF81 the name PORTB.

// This means that we define
a 8 bit variable whose value
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// will be stored to the
memory position F81lh.

// The memory position F81h
is the PORTD data register.

#byte PORTD =0xF83

// We attribute to the memory
position 0xF83 the name PORTD.

// This means that we define
a 8 bit variable whose value

// will be stored to the
memory position F83h.

// The memory position F83h
is the PORTD data register.

unsigned intl1l6 ADC value; //ADC = 10 Bit => values:
0~1023

float voltage; //variable to store the sensor's
(TMP36) analog voltage

float temperature; //variable to store sensor's
temperature

// * Kk kkk Kk kKK main program kkhkkhkhkkhkkhkhkkhkhkhkkhkhkkkhkhAkkkhkhAkkkhkkxkx*

void main() |

set_tris b (0x00); //PORTB is defined as
output

set tris d(0x00); //PORTD 1is defined as
output

led init(); //initialization routine

for the LCD 16x2

setup_adc (ADC_CLOCK DIV 8); // Set ADC
conversion time to 8Tosc

setup adc ports (ANO) ; // Set RAO as
analog pin

set_adc_channel (0); // Select
channel 0 (Analog input 0)

while (TRUE) {

delay ms (1000); //wait for 1 sec

lcd putc("\f"); //clear the screen

lcd putc (" Temperature"); //send a message
to the LCD

lcd gotoxy(1,2); //first position
of the second line

ADC value=read adc(); //read value from
ADC

voltage = ((float) (ADC_value*5)/1024);

//convert adc value to analog voltage

ENGINE ERASMUS+ 2020-1-PL01-KA226-HE-095653 Page | 24



voltage*=1000; //convert V to mV

temperature = (voltage-500) /10;//convert
sensor's voltage (mV) to temperature (oC)

printf (lcd putc,"% oC", temperature) ;
//send a message to the LCD

//turn ON / OFF LEDs according to temperature

if (temperature<0) {
PORTD=0b00000000;

}

else if (temperature<10) {
PORTD=0b00000001;

}

else if (temperature<20) {
PORTD=0b00000011;

}

else if (temperature<30) {
PORTD=0b00000111;

}

else 1if (temperature<40) {
PORTD=0b00001111;

}

else if (temperature<50) {
PORTD=0b00011111;

}

else if (temperature<60) {
PORTD=0b00111111;

}

else if (temperature<70) {
PORTD=0b01111111;

}

else(

PORTD=0b11111111;

Compile the program in order to create the hex.file (program in
machine code). Load the program (hex.file) to the microcontroller.
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Run the simulation and check the correct operation of the circuit.

Suggested modifications and discussion:

e can the LCD show temperature in Kelvin and Celsius at the
same time?
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Chapter 3: Recapitulation

@ The schematic of the circuits was drawn with Proteus Design Suite

@ A serial communication and analog to digital converter were used to implement applications such
as a simple thermometer with TMP36 sensor.

& The programs in C was written in CCS C compiler.
<& The programs in C was compiled to the microcontroller machine code (hex file).

@ The machine code was “loaded” to the microcontroller and the animation was activated.
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Appendix. Figures with high resolution
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g: RANAND RCOM10SOMICK ::g
2 RAT/ANT RC1T10SIICCP2/UCE [
5| RAZIANZNVREF-/CVREF RC2ICCPIPIA |5
2 RAJANIVREF+ RC4/D-UN (===
2o RA4TOCKICICUTIRCY RCSID+VP =22
—={ Ras/AN&ESLVDINC20UT RCBITACK [=22
= RABIOSC2ICLKO RCTIRX/DTISDO

OSC1CLKI
ﬁ: REN/AN12/INTOFLTO/SDUSDA RDO/SPFO
22— RBIANIQINTA/SCKISCL RD1/SPR1
=2 REIANBINTZAVMO RD2/SPF2
22 ReaaNscCR2VPO RD3/SFF3
=1 RB4/AN11/KBIDICSSPP RD4/SFR4
== ResKEIPGH RDS/SFPSP1B
2~ Re8KBIZPGC ROBISEFEIFC
RET/IKBIZ/PGD RDT/SPFTIP1D
o o REQ/ANS/CKISFR
> a RE1/ANG/CK2SFP
o REZ/ANTICESFP
L vuss RESMCLRIVPP

. FIC18F4550

Figure 1.  Serial and LEDs
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S C Compader

Edit Search Optrons Comgie View Tooh Debug Dotument User toalbae
Target
£ :gma | EC1zrasso v & :& .
. ’ - Repuiid _— - -
hild  Buia & Run o Clean POH 16 bit ¥ pogam Devug Statistics
Compile Compiier Run o
3 g activity_tac
17
e his directive tells the cox  the baud rate and pins used for serial 1
i3 baud rate=2608, parityenc, TASRCE, AXSRLY, bitsell, atop hitel
20 fuse rs232{uartl, baud=S5600, PARITYaN, XMITaPIN C6,RCV-PIN C7,bits«8 STOP=1)
21
22 arisble to hold incoming dats from serial comsunicatior
as char serialOata;
24
25 | /7 eessccees — Sfram teeeesesesssttttsistanas
2€ B void main() (
27 set_tris_d(ewd0); PORTD is defined a3 output
28 set_tris_c(0b1900960d); RCT=input, RCE=output
28 PORTO=FF § sll LEDs turn GFF
30
31 printf(“Hello there!\n\r*); sends » strisg of characte ns T8
32 By iing \» to sarial co nd on
33 12 move f the next .
34 a that there is » better & monitc
3s
36 |5 while(TRUE)(
3 |a if(kbhiv())( test if g charocter is ready for getc() fur
3 serialData = getc(); cad the character
3%
40 ¢command identification
L B =i if(serialDeta == 2" ){
$3 PORTD=0; all LECx are OF
43 printf(“all LEDs are OFF\n\r™);
44
s |6 else if(serialdats == "1°){
4€ PORTD=0bRVOSORR] ; Ist LED is ON
47 printf(“1st LED is ON\n\r");
48
43 | else if(serialData == "2°){
50 PORTD=0b000SEE10; Ind 0 i "
51 printf("2nd LED 13 ON\n\r");
52
ss |2 else ff(serialDats == "3')(
54 T PORTD~0LSN0SO100 ; rd LED i3 ON

Figure 2.

CCS C Compiler, translation to machine code (hex file)
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LCD1
LMO16L

Ul
221 RAO/ANO RCO/TIOSO/TLCKI =2
02 SRN®3IV’YyN i: RAL/ANL RCL/TLOSI/CCP2/UOE :—i;’
RA2/AN2/VREF-/CVREF RC2/CCP1/P1A il
1 I H H E B H B 22 RA3/AN3/VREF+ RC4/D-VM =22
== 2=1 RA4/TOCKICI0UTIRCY RC5/D+VP (=22
= RAS/AN4/SS/LVDIN/C20UT RCOIMXICK (=22
1= RAGIOSC2ICLKO RC7/RX/DT/SDO =28
—_ OSC1/CLKI
gj: RBO/AN12/INTO/FLTO/SDI/SDA RDO/SPPO :—;g
2= RBUANLO/INTI/SCK/SCL RDL/SPP1 =20
22 RB2IANS/INT2VMO RD2/sPP2 | =21
2821 RB3/AN9ICCP2IVPO RD3/SPP3 | =22
S12] RB4/ANLI/KBIO/CSSPP RD4/sPP4 | =21
S821 ReS/KBILPGM RDS/SPPS/P1B (=22
2221 RBBIKBI2IPGC RDG/SPPEIPIC | =23
4081 RB7/KBI3/PGD RD7/SPP7/P1D =32
REO/ANS/CKLSPP
REL/AN6/CK2SPP
. RE2/AN7/OESPP
18 1vuss RE3/MCLRVPP
PICIBF4550
Figure3. ADC and LCD 16x2
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g-a3n

Ta

810vdS3
Tdd

055748Tld

ddNVHTOW/ETY 8SNA =

ddS30/ZNV/Z3Y

ddSTIO/ONV/TIY

ddSTO/SNV/03Y

atd/dds/Lay QOd/EIN/LEY fomm
o] 2ld9dds/oay 09d/2I/98Y foee
soa] EldiSdds/say WOd/TIBN/SEY |Tex
T5a| vddSvad ddSSO/QIENTINV/YEY [
5o Edds/eay Od/\/2dOO/6NV/E8Y [Tos
Foo| 2ddsrzad OWAJZLNI/BNY/Z8Y [—==
Soa] dds/Tay TOS/OS/TLNI/OTNY/TEY o=z
1= Odds/oay VAS/IaS/OLTH/0LNIZINV/08Y [Tes

INTO/TOSO [== —
5z OQS/LA/XY/L0Y OX10/20S0/OVY == - _
Som] dIOIXL90Y LNOZONIGNSSIVNY/SVY [
o AQY/LNOTI/NOOL/YYY [
2o ] WA-QIvod HHIANENV/EVY [—= HENEEEEE =
Tta] VId/1dO0reoy EECINTEEENINTATN = OSdNL g
STa] 20N/2dODNISOTLITOY INV/IVY [ 99393929 3
ST DIOTL/OSOTL/00Y ONV/OVY [—=
LNOA
n (4]

cn

33N
aan

T9TON
1ao

TMP36, LEDs and LCD 16x2

Figure 4.
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