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Syllabus

= Lab Experiment 1: Input Output Port
- Getting Started with IDE Atmel Studio and STK600 development kit
- Simulation program on IDE
- STK600 board with ATMEGA 2560 integrated connect to LED and switch port
- Blink LED Port with delay 200 ms
- Write a program which assigns each of the buttons SWO0 to SW7 display via LEDO to
LED7
- Write a program which will increase and decrease a variable when you press button
SWO0 and SW7, respectively.
- Laboratory Report & Submit the commented program code
= Lab Experiment 2: Timer and Pulse Width Modulation (PWM)
- Connect Port D (PD) with 8 switches and Port B (PB) with 8 LEDs. Write and execute
programs PB2 blink at a frequency of 5Hz. (Note: Do not use delay function)
- Design a program that turns the eight LEDs like a running light from left to right
and switch back. Every 200 ms, the running light should move one step further.
- Generate a PWM signal with frequency is 50 Hz. If PBO is pressed, the duty cycle is
5%, if PB1 is pressed, the duty cycle is 7.5%. Using the CTC Mode and Fast PWM
mode. Observation the signal on Oscilloscope.
- Laboratory Report & Submit the commented program code

= Lab Experiment 3: Interrupts
- Connect PD with 8 switches and PB with 8 LEDs.

- Write a program that flashes an LED with a frequency of 1 Hz. External Interrupt for
stop and start flashing LED.

- Write and execute programs using the external interrupts, when pressing the switch
connected to PDO a variable “count” is incremented and pressing the switch PD1
“count” is decremented. Display “count” variable on Port B. Set IRQ-sense on positive
edge for incrementation and on negative edge for decrementation.

- Laboratory Report & Submit the commented program code

= Lab Experiment 4: Analog to Digital Converter (ADC)

- Write and execute programs providing functions as follows: Digitize an analog voltage
applied to channel ADC 3, read the result from ADC result register than display 8 bit
MSB by 8 LED, connecting to PORTB. Use ADC without interrupt.

- Same tasks 4.1 but use ADC with interrupts. When press the button the ADC will start
operate.

- Same task 4.1 show ADC data on the LCD.

- Laboratory Report & Submit the commented program code




Getting started Atmel Studio V7
1. Starting Atmel Studio V7

Atmel® Studio is an Integrated Development Environment (IDE) for writing and debugging
AVR® /ARM® applications in Windows® XP/Windows Vista® / Windows 7/8 environments.
Atmel Studio provides a project management tool, source file editor, simulator, assembler, and
front-end for C/C++, programming, and on-chip debugging. Atmel Studio supports the complete
range of Atmel AVR tools. Each new release contains the latest updates for the tools as well as
support for new AVR/ARM devices. Atmel Studio has a modular architecture, which allows
interaction with 3rd party software vendors. GUI plugins and other modules can be written and
hooked to the system

B startPage - Atmelstudio Standard Mode | ¥ | Quick Launch (Ctrl+Q) P - B x
File  Edit View VAssistX ASF  Project Debug Tools Window  Help
< | i3 -3 -2 o | | - - | g, | Wl Debug Browser ~ : :

| - _=

Discover Atmel Studio

New Example Project.. Getting started with Atmel Studio
Open Project.. ) )
Getting started with AVR development

Recent Open Atmel Start Configurator

o Download Atmel Studio Extensions
Gecapplication3

Download documentation

Keep page open after project load
» Show page on startup

Output

Ready

Figure 1: The Project Related Section of the Start Page

The left section of the start page contains project-related items:

* New project - Use this to create a new project. If you are new to the concept of software
development with Atmel Studio.

* New example project - To take a step-by-step tour of the available Atmel platforms'
functionalities using the Atmel Software Framework, click this button.

* Open project - Load an existing project, not mentioned on the Recent projects pane.
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* The Recent projects lists the most recently opened projects. Clicking on any of the links
will open the project, restoring it and the GUI to its last saved settings. You can select the
number of projects you would like to be shown in the Menus and Settings.

2. Creating a new Atmega2560 project

Atmel Studio is based on Visual Studio, and hence the application development process is
organized into projects. The following sections demonstrates how to create a new GCC C
executable project and write a simple application

Mew Project

P Recent

Sort by: Default

4 |nstalled

Assembler

Name:
Location:

Solution name:

AtmelStudio Solution

GCC C ASF Board Project

GCC C Executable Project

GCC C Static Library Project

GCC C++ Executable Project

C/C++

C/Ces

GCC C++ Static Library Project C/C++

Create project from Arduing 5. C/C++

Gechpplicationd

ci\users\hbaoc\Documents\Atmel Studic\7.0

GecApplicationd

Search Installed Templates (Ctrl+E)

Type: C/C++

Creates an AVR &-bit or AVR/ARM 32-bit C

project

?

x

2

Create directory for solution

On start page (figurel). Click
New project to create new

atmel studio project. The
project wizard appears.

Select C/C++ GCC C Executable
Project. this template to create an
AVR 8-bit or AVR/ARM 32-

bit GCC project.

In the Name box, type a name for
the new project.Change the
location if need

Click OK.

Device Selection

Name App./Boot Memory (Kbytes)Data Memory (bytes)EEPROM (bytes
ATmegal6M1 16 1024 512 ”
ATmegalsl2 16 512 512
ATmegalb6U4 16 1280 512
ATmegaZ>60 256 8192 4096
ATmega256l 256 8192 4096
ATmega2364RFRZ 256 32768 8192
ATmega256RFR2 256 32768 8192
ATmega3d2 2 2048 1024
ATmegal24A 32 2048 1024
ATmega324P 2 2048 1024
ATmega324PA 32 2048 1024
ATmega324PE 2 2048 1024
ATmega325 32 2048 1024
ATmega3250 2 2048 1024
ATmegal2504 32 2048 1024
ATmega3250P 32 2048 1024
ATmega3250PA 32 2048 1024
ATmega325A 32 2048 1024

ATmeaai? 5k 048 1024

Search for device

Device Info:
Device Name:
Speed:
Wee:
Family:
Datasheet (Summary’
Device Page

Supported Tools
> Atmel-ICE

% AVR Dragon
& AVRISP mkil
& AVR ONE!
X EDBG

X EDBG MSD
S JTAGICE3

T

ATmega2560
/A

/A

ATmega

Select Device Family :
Atmega
Device name : Atmega2560
Click OK.




|
Sechapisent - dmabbetc R 0= 1= = # = = = |e Atthis point you can write
Ede [dn  Yeew Whewni &F  Progent  Buld  Debeg Dok fedes Selg - -
0-0|B-Bu-CMP|XPA| D[ IR oy - g S E R WA your code in the editor.
- et iR, AT T B e Tip: press Ctrl+ K+ D to

= b c P-n_-g_mrh._::ﬂ:_h.lu-"i-cm':‘w:-cu-n:.l: l.l:..}f\umqll - 5 £ T format the COde and make
H e it beautiful

3. Simulation the code using Atmel Studio

El Setrbote- et ettt B e “ = 7 * e To configure simulator tool,
Ede Eda  ew ilesnl &F Pgen  Buld  Debeag  [esk  Yedow Bl .

0-0|B-Bh-ERS XA D0 [HG| P Wby - Cebegbee - ER] T (W click on red box

- v H LI =,

o o ATl

'!' . P——
i b e g me]
a G Pl ol
- i Cvgsdesior
1 Onaigeat Febii
- b L
| g

e Select simulator in box

G+~ D Sclected

Build — B o BB ‘ debugger/programmer
s e Click save ® or Ctrl +Sto
_— Salected debugger/programmar save the configuration

= e Close this window
i:g: e The other way to access

S——— this window is menu
oy Project/Properties ( ALT
[+] Prasarce EEPRIOM +F7)
Salect St File for Smulator
Stimudi File
Actiate stimudi when in breakmode from menu Debueg-=>Execute Stimulifie, then continue
5



I
[ Gechoplications = EE I This is an optional step. if the
Bufld LConfiguration: |Active(Debug) V| Platform: |Active(AVR) v| Compller Optlmlze yOUI‘ Code
— and you cannot debug it, chose
conausananzae: this  option to  disable
Tool “ @';'{EGNU{EWW” | [AVR/GNU € Compiler = Optimization optimization .Warnlng,_ if do
Components 7 Ot Fes [ — that, some delay function may
P . @,;;{RéGNU{I:Compiler [Noretoo not work
o peproceser .O"‘e“’pt""‘““"“ = |e PressALT+F7 or select
E S)_rmbols. Prepare functions for garbage collection (-ffunc H H
= (;pl;m;Za;ﬂnl Prepare data for garbage collection (-fdata-secl menu PrOJeCt/ Propertles to
eugglng Pack Structure members together (-fpack-struct Open pr0pert|eS menu
o Misceonecus 9 stesie s biesneseiiy | @ Optimization /
4 @%R(;Sr::all_mker Use rjmp/rcall (limited range) on >8K devices (- Optlmlzatlon Ievel Choose
None(-O0) or-01
Build e Declare clock wusing by

Configuration: [Actmz (Debug)

v|  Platform: [Acti

Configuration Manager...

| 4 [ AVR/GNU Common

|AVR/GNU C Compiler =

A General
Components " 7 Output Files m
Advanced 4 ‘_‘__}Rc’f:‘:af Compiler [ A4q Defined symbols (-D)

T | Defined symbols (-D)

7 Optimization |

¥ Debugaing

A Warnings ‘

"W Micraliananic

e Click OKtosetF _CPU
e Click save M or Ctrl + S to save the configuration

AVR. Since Atmel AVR
microcontrollers can be
clocked from a variety of
clock sources and can be
made to run at any speed
below 8MHz (newer AVRs
can be clocked upto
20MHz!). So we must tell
the compiler at what speed
our chip is running to that it
(the compiler) can calculate
delays properly

Standard Mode ¥ | Quick Launch (Cirl+0) Pl - B x

Bl Gechpplications - AtmelStudio
Fle Edit View VAwistX ASF Project Build Debug Jools Window Help
Le-

AN I NG -\E@\\buebug
e | @ CENET

|-

mainc 7 X

-1 v@'G

- DebugBrowser + 1 i =% 3= | = % | L

> ~ 1 o ATmega2560 =

LG *

C @ o-am F -
=
+ (Ctrles -
#include <avr/io.h> + | Search Solution Explorer (Ctrl-) Pzl
#include <util/delay.h> (@] Selution 'GecApplicationd' (1 project)
Siint main(void) 4[4 GecApplicationd
{ X b =4 Dependencies
int tmp=10; b 24 Output Files
/* Replace with your application code %/ | 4 B Libraries
while(1) ~
{ . -3 libm
tmp; " ¢l main.c
[ ] PORTC = @xff;  // Turn ON all the Leds connected to PORT(]
//_delay_ms(108);
[ ] PORTC = 8x08; /4 Turn OFF all the Leds connected to

//_delay ms(180);

return @;

rrrrr

e Click start Debug M to
start simulation

¢ Double Click on the side of
editor to set break point (
red dot)

e Don’tuse delay in
simulation mode. In the
current implementation
stimulation are only
evaluated between CPU
single steps, meaning that
the delay may be longer
than specified if it would
end in the middle of a




multi-cycle instruction 2
cause program hang

H s Standard Mode ¥
File Edit Wiew VAssistX ASF Project Build Debug Tools Window Help
fo-o|ld-Au-amd|XFa|D-C-[EA| P Db
inpmsup|letet T @ EEeEE

maing & X

#include <avr/io.h>
#include <util/delay.h>
=int main(void)

int tmp=19;
/* Replace with your application code */
while(1)
i

tmptt;

PORTC = @xff;

// Turn ON all the Leds connected to PORT(]
//_delay_ms(160);
PORTC = Bx66;

//_delay_ms(18@);

// Turn OFF all the Leds connected to PORT(

return 8;

{2 main - :|e int main(void)...} ~|&Go
L

Quick Launch (Ctrl+Q) P o

g -| Debug Browser - - £ 2% 3= | 3

A | B _F oM ATmega2S60

~ | Solution Explorer
COM| o-al|s -
1 Search Solution Explorer (Ctrl+;)
(&l Solution ‘GecApplicationd” (1 project)
4 | GecApplicationd

I =4 Dependencies

b (=4 Output Files

4 [ Libraries

- libm
<] main.c

Solution Explorer [y

e The Editor when start

simulator. The list below is
some buttons (in red box)
useful in debug mode like
other IDE ( eg. Visual
studio,..):

o ” continue (F5)

o ® QuickWatch( Shift +
F9)

* Step Into(F11)

0 Step Over(F10)

* Step Out(Shift +F1)
®Run to Cursor(Shift +
F10)

o T Reset( Shift +F5)

o & /0 to view I0status

O O O O

B - andaed Mode ¥

B B few  Waall AP Pejest feld Debep  Jooh  feedow e
- - Ar Y D o
Bkt TS, dEmg

13 e

LILat ot AL

Wi Lade datdldelay s

Eat main(wadd)
L HL

Lat tmpali;

" Replacd wdth poar application cods *
=ile(i)

{

bl s

%

i Laseach (1o P B =
Db Brmries = | 32 0 | W " | 5
- . ATrragal o

o m- Pl F -
& obaton TocApple sbored 1 propect]
& [ Grohpplcstiond
LR et
b Dt e
4 i Lk

b

o)

e Click on I/O view 14 to view

the status of 1/O register

Vs

== | Fitter:

o x
-1l

Name Value
€ Analog Comparator (AC) -
{s¢ Analog-to-Digital Convert...

B) Bootloader (BOOT_LOAD)
i CPU Registers (CPU)
B) EEPROM (EEPROM)
[Ld External Interrupts (EXINT)

19 1/0 Port (PORTA)

19 1/0 Port (PORTE)

9 10 Port (PORTD)
19 10 Port (PORTE)
19 10 Port (PORTF)
19 1/0 Port (PORTG)
19 |/0 Port (PORTH)
119 1/0 Port (PORT)
119 1/0 Port (PORTK)

Address Value Bits
026 000 00000000

Name

0 PINC

MOPORTC 22 000 OO0OOOOO0O




GecApplicationd (Debugging) - AtmelStudio Standard Mode
File Edit View VAssist{ ASF  Project Build Debug Tools Window Help

ie-o|H-Ah-UWME | XTa]2-C B b ki Debug

X° | Quick Launch (Ctrl+Q)

- Debug Browser -
P el @Eetr 2t T B @-. EE®EE & & o ATmegasi L

P - B0 x

EE

1o

== | Fitter

= main == intmain(veoid)

e @Ga
+

- 1 x
&

Name
#include <avr/io.h> -

#include <util/delay.h>
Flint main(veid)

Value
& Analog Comparator (AC)
{8k Analog-to-Digital Convert...
{ B Bootloader (BOOT_LOAD)

int tmp=18; 6 CPU Registers (CPU)
/* Replace with your application code */ B) EEPROM (EEPROM)
while(1) |4 Extemnal Interrupts (EXINT)
{ |6 170 Port (PORTA)
tmpH 0 170 Port (PORTE)
=] PORTC = @xff; // Turn ON all the Leds connected t
//_delay ms(188);
L] = // Turn OFF all the Leds connected o,

//_delay_ms(10@);

return @;

}

100% ~ 4

LG Locals Watch 1 Watch 2

mma... Immedi...

[e5NY Memor...

e Step by step click ¥ to run
step by step and view status
of 1/0 and variable

(o] - [ X
== | Fitter: -|]|£
Marne Value
E =Ta 0g Eamparafar If} a
Analog-to-Digital Converter (ADC
[B) Bootloader (BOOT_LOAD)
# il CPU Registers (CPL)
@ [@ EEPROM (EEPROM)
Ed External Interrupts {m
MG |70 Port (PORTE)
¥ 10 Port (PORTDY)
MOy 170 Port (PORTE)
¥ |/O Port (PORTF)
¥9 1/0 Port (PORTG)
MO 170 Port (PORTH)
¥ 10 Port (PORTI)
¥ 1/0 Port (PORTE)
M2 1O Port (PORTL)
) ITAG Interface (JTAG)
# @) Senal Penpheral Interface (SP[)
# @) Timer/Counter, 16-bit (TC3) -
Mame Address Value Bits
MPNC 026 0 OOO000000
I k BmEEEEEED
WPORTC 28 00 OOOOOOOO

e In |I/O status view , also

support to simulate ADC/
External Interrupt and also
Timer counter




4. Create project, build, and load to STK600 board

| » Hardware setup like this:

e ISP programming using internal
SPI (Serial Peripheral
Interface) to download code
into the Flash and EEPROM
memory. ISP programming
requires only VCC, GND,
RESET, and three signal lines
for programming. Connect a 6-
wire cable between the two 6-
pin ISP headers on the
STK600. See picture beside

e Plug the USB cable to PC and
install the STK600 driver.

Build | e D Platiorm: [N/A e Create new project like project

EE (Beni= with simulator.
Toolchain - H -
e Selected debugger/programmer L By paSS Step Set Optlmlzatlon
[STKGUO-OMABDGB&C?D I ozl e - option.
Components S o e Press ALT + F7 or select
Advanced menu Project/ Properties to
5P Clock open properties menu

125 kHz

B

e Select STK 600 JTAG
e Clicksave M or Ctrl + Sto
save JTAG configuration

The ISP Clock frequency must be lower than 1/4 of frequency the device is operating on.

Pragramming settings

Erase entire chip ~

Preserve EEPROM

Debug settings
Keep timers running in stop mode
Cache all flash memaory except




Change Clock SW to EXT, that
mean the CPU using the
Programmable Clock
Generator

Device Pregramming

Toaol Device Interface Device signature

STKE0O - P\Tmegal‘iﬁﬂ - | |I5P viApplyI not read

Todl Device Interface Device signature Target Voltage

Interface settings
VTarget ARef0  ARefl Clock generator

Toel information
Board settings
Card stack

Device information
Oscillator calibration
Memories

Fuses

Lock bits |

szl Generated | 50V || 000V | [ 000v | | 8003 MHz

l Measured = 50V 000V | | 000V

| Rea | wete ]|

STKG0D +| ATmegalssd  « [5P = 50V [Read |-

Click to Device programming

W (Ctrl+Shift+P)

Click Apply

Go to Board setting and set
VTarget =5V, and clock
generator 8Mhz




Lab Experiment 1. Input output ports

Overview
LED SWITCH
+5V VTG
150R
VTG
W SWhn
10k
-
LEDn l

The LEDs are labeled LEDO to LED 7. The
corresponding pins on the LEDS header have
the same labels. The LED hardware is shown
in the figure below. The transistor circuit
ensures the LED brightness is independent of
the target voltage.

To light one of the LEDs, the corresponding
pin found on the LEDs header must be pulled
to GND.

When pressing one of the switches, the
corresponding SW pin on the SWITCHES
header will be pulled

low. When the switch is released, the switch’s
10 kQ pull-up will pull the line to VTG. The
150Q) resistor

prevents a large current to flow to ground in
case of wrong wiring.

Tasks:

1.1Blink single LED PB4 in Port B with delay in 1000 ms.
1.2 Modify this code to blink the PB4, PB5 and PB6 with delay in 500 ms. Another
LEDs in Port B will shut down. (read more page 71- AVR datasheet)

1.3Blink all Port B with delay 200 ms.

1.4Write a program which assigns each of the buttons SWO0 to SW7 display via LEDO

to LED7

1.5Write a program which will increase and decrease a variable when you press
button SWO counting down when pressing SW7 counting up.
1.6Laboratory Report & Submit the commented program code

Hardware setup and prepare

No. Equipment Quantity
1 STK600-ATMEGA2560 1
2 2x5 Cable 2

11




|
3 2x3 Cable for ISP Programming 1
4 USB Cable 1

Connect Port B to LED Port by 2x5 cable and Port D to SWITCH by 2x5 cable.

Connect ISP Programming 2x3 Cable

Example Code:

Task 1.1 Solution Blink single LED PB4 in Port B with delay in 1000 ms.

/*

* Blink single LED.c

* Created: 8/6/2018 1:44:29 PM
* Author : KNIGHT

7

#include <avr/io.h»>

#include <util/delay.h>

int main(void)

{
DDRB = (1<<PB4);
while(1){
PORTB = (1<<PB4);
_delay ms(1000);
PORTB = (@ << PB4);
_delay ms(1000);
}
return 1;
}

12



Lab Experiment 2: Timer

Task:

Timer

2.1 Connect Port D (PD) with 8 LEDs. Write and execute programs PD2 blink at a frequency of
5 Hz. (Note: Do not use delay function)

2.2 Design a program that turns the eight LEDs like a running light from left to right and switch
back. Every 200 ms, the running light should move one step further.

Pulse Width Modulation (PWM)

2.3 Connect Oscilloscope to Pin D5 and Switch to port B. Generate a PWM signal with
frequency is 50 Hz. If PBO is pressed, the duty cycle is 5%, if PB1 is pressed, the duty cycle is
7.5%. Using the CTC Mode and Fast PWM mode. Observation the signal on Oscilloscope.

2.4 Using Fast PWM mode with Timer 1, configuration clock with 16MHz. Generate a PWM
signal with frequency is 1000Hz. If PDO is pressed, the duty cycle is 5%, If PD1 is pressed, the
duty cycle is 50%. Observation the signal via pin OC1A.

2.5 Laboratory Report & Answers question & submit the commented program code.

Hardware setup and prepare

No. Equipment Quantity
1 STK600-ATMEGA2560 1
2 2x5 Cable 2
3 2x3 Cable for ISP Programming 1
4 USB Cable 1

For Timer Task 2.1 and 2.2

Connect Port D to LED Port by 2x5 cable and Port B to SWITCH by 2x5 cable.

Connect ISP Programming 2x3 Cable
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For Pulse Width Modulation (PWM) Task 2.3
Connect one of Probe Oscilloscope to Pin D5 and reference wire to GND.




Then setting the parameters following steps:
Autoset  Setup. rastaca ™% 1. Vertical position:

i!,_% Al & - Push Ch1 to Enable Channel
" ——— - Adjust the Offset to offset the signal
- Adjust the Scale to get value: 5.0 V/div
a: @« e 2. Horizontal Position:
e Adjust Resolution knob to get Sample Rate
=2.5MS/s
- Adjust the Scale knob to get horizontal time
scale= 8 ms/div

: Sel ) J '
~ jg . g ! 3. Measurement:
. Leaciio - Press to turn on the Cursors
( Ch1i ?Enable ((ch2 i @ u

ol":“ .n
‘Offse( ( P

Multiview Edge ( Advanced
Zoom™

f# Turn On

Adjust cursor

® Sush-Fe

- Adjust the cursor a and b to measure the
duty cycle and period of the signal. Push a
and b to get fine movement.

Let see the reference set up below.

File | Edit | Vertical | Digital | HorizlAcq | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help n

Curs1 X Pos (2]
-1.04ms
Curs2 X Pos ()

-800ns

X iv Bt .84 T . .0m' .0ms/div 2. Is ns/pt
5.0V/di RLTTeR 6, :499.8 1.041ms 100.0mV 8.0ms/div 2.5MS!! 400

Rur Sample

530 acqs RL:200k
Man November 02, 2018 15:19:19

Cursor Controls

Cursor 1
Ch1

15



Some Hint:

Hint Task 2.1. We can use the 16 bit Timer 1 with prescale =256 and F_CPU=8 MHz.
Example Calculation with PB2 blink 200ms:
F_CPU/prescale/5(state change per second) with F_CPU=8 MHz
A divisor of 256 count to 6250= 0x186A
200 ms = (1/F_CPU)*256*6250= 125 ns *256*6250

-4

DATA BUS (s-bit)

T
TOVn
(Int.Req.)
[ TEmP gbi) |
Clock Select
Count — ) -
l TCNTnH (8-bit) [ TCNTnL (8-bit) Clear clkp, Detector
- Directi Control Logic [
TCNTn (16-bit Counter) - irection
( From Prescaler )
TTOP TBOTTOM

The 16 bit counter is mapped into two 8-bit I/O memory: Counter High (TCNTnH) and Counter

Low (TCNTnL). This allows the CPU to read or write the entire 16-bit counter value within one

clock cycle via the 8-bit data bus.

Prescaler base on the Register TCCR1B

TCCR1B - Timer/Counter 1 Control Register B

Bit 7 & 5 4 3 2 1 o
(081} | cher ICES1 = WGM13 WGM12 csi12 CS11 csio | Tccmie
Read/Write RW RV A AW A RN RAW RAW
Initial Value o o o 0 0 o 0 o
Table 17-6. Clock Select Bit Description
csn2 Csni CsSno Description
0 0 o No clock source. (Timer/Counter stopped)
0 0 1 clkyo1 (Mo prescaling
0 1 1] clkyo/8 (From prescaler)
0 1 1 clk,o/64 (From prescaler)
1 0 o clky/256 (From prescaler)
1 0 1 clky/1024 (From prescaler)
1 1 0 External clock source on Tn pin. Clock on falling edge
1 1 1 External clock source on Tn pin. Clock on rising edge

16



Hint Task 2.3. The CTC Mode (Clear Timer Compare) Match Mode (Datasheet pagel145), the
OCRnNA or ICRNn Register are used to manipulate the counter resolution. In the CTC Mode the
counter is cleared to the zero when the counter value (TCNTn) matches either the OCRnA or

ICRn.

Figure 17-6. CTC Mode, Timing Diagram

OCnA Interrupt Flag Set
or ICFn Interrupt Flag Set
l ! 4 (Interrupt on TOP)

!

1

TCNTn /

((')I'ES;E) (COMRA1:0 = 1)

Period I ’ I 2 I 3_.|._4_.|

ICR1H and ICR1L - Input Capture Register 1

Bit 7 6 5 4 2 2 1 L]

(0xB7) ICR1[15:8] ICR1H
(0xB6) ICR1[7:0] ICRIL
Read/Write RW RMW RMW RW RW RW RW RW

Initial Value ] ] ] 0 o] 0 o] 0

Example Code:
Task 2.1 Solution Connect Port B (PB) with 8 LEDs. Write and execute programs PB2 blink at
a frequency of 5 Hz.

//#define F_CPU 8000000
#include <avr/io.h>
#include <util/delay.h>

void program(void); //Create a sub-programl

int main (void)

{

program();

void program(void)
[ KRk ok ok sk ook ok ok sk ok sk sk o ok ok ok ok

Hardware configuraion:

PORTD: LED
AR KA KKK A KKK ]
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/***********************

Calculation:

F_CPU/prescale/5(state change per second) with F_CPU=8 MHz
A divisor of 256 count to 6250= ©x186A

200 ms = (1/F_CPU)*256*6250 = 125 ns *256*6250

***********************/

uintl6_t mark=6250;

DDRD =OXFF;
PORTD =@XFF;
TCCR1B |=(1<<CS12); //Set up timer 1: CS12 (clock/256)

while(1)
while(TCNT1 <= mark); //While loop compare with value

TCNT1 = O;
PORTD ~= (1 << PIND2); // toggle PB2

Question:

1. If we change the F_CPU from 8 MHz to 16 MHz. How to calculate the Timel to
get the frequency operating with 5Hz ?
2. What is difference between CTC Mode and Fast PWM mode?




Lab Experiment 3: Interrupt

Hardware setup and prepare

EEEERELE
$08:5526e828
sra s FhrEEss e 3gFoe o
2 8B8888B8888d8882838 83 8
g ol =z % L 2 L £ < g = ,(‘:' T L 2= 2 a o T ==
s PEbEIEEEFERREE#RacRed
mlizlizlaicicszizizizkizzciziziziaaicialz
(ocoB) PG5 [T 78] Paa(aD3)
(RXDOPCINTS) PED 2] QL 7a] Pas (AD4)
oo PEt 3] INDEX CORNER 73] Pas (a05)
(XCKO/AINO) PE2 [4] 72] Pas (ADB)
(OC3A/AIN) PE3  [5] 71] Pa7 (D7)
(5] [70] PG2 (ALE)
@ 53] Pus (PCINT1S5)
[&] 68] Pus (PCINT14)
(CLKONCPYINT?) PET ) [9] 67] P4 (PCINT13)
1] 66] Pu3 (PCINT12)
[ R 65] PJ2 (XCKIPCINT11)
(RxD2) PHO  [12] 61] Pu1 (TXDAPCINTI0)
mxoz) PH1 [13] 63] Puo (RXDI/PCINTS)
(xCK2) PH2  [14] 62] @nD
(0G4A) PH3  [15] 61] vec
(0c4B) PHa  [ig] 60] PC7ats)
(ocac)PHs  [17] 58] PCs (A14)
(0G28) PHE  [18] 58] PG5 (A13)
(SS/PCINTO) PBO E 57] Pca(a12)
(SCK/PCINT1) PB1 20| 56] PC3(A11)
(MOSUPCINT2) PB2  [21] 55] Pcz (at0)
(MISQ/PCINT3) PR3 [22] 51] PCt(Ag)
(OC2A/PCINT4) PB4 [23] 53] PO (AB)
(OC1A/PCINTS) PBS 24 52| PG1(RD)
(OC1B/PCINTS) PBE 25| 51 PGO(WR)
NN RN EEEEEEEEE
EEEEREEdgaea i JGfEECEREERE
Eeggle ~"EfEEE: |EcftfE:cEE
5 - Tk
:

No. Equipment Quantity

1 STK600-ATMEGA2560 1

2 2x5 Cable 2

3 2x3 Cable for ISP Programming 1

4 USB Cable 1

Connect Port B to LED Port by 2x5 cable and Port D to SWITCH by 2x5 cable.

Connect ISP Programming 2x3 Cable

19




Task:

3.1. Write a program that flashes an LED with a frequency of 1 Hz (with delay function and
without delay function). Using the external interrupt for stop and start flashing LED.

3.2 Write and execute programs using the external interrupts, when pressing the switch
connected to PDO a variable “count” is incremented and pressing the switch PD1 “count” is
decremented. Display “count” variable on Port B. Positive edge for incrementation and on
negative edge for decrementation.

3.3 Laboratory Report should include a flowchart for each subtask & submit the commented
program code

Some Hint:

Interrupts are signal provides to the the CPU of the MCU (Microcontroller Unit), ether from the
internal peripheral modules or external pins of MCU. Enabling the CPU make a jump to execute
instruction routines in some predefined location based on the interrupt that occurred. When the
CPU complete the routine it get back to the location from where it had made a jump.




|
Vector no. | Program |Source Port pins in ATmega2560 | Interrupt definitions
address
1 $0000 RESET RESET External Pin, Power-on Reset,
Brown-out Reset,
Watchdog Reset, and JTAG AVR
Reset
2 $0002  INTO 'PDO External Interrupt Request 0
3 $0004 | INT1 | PD1 External Interrupt Request 1
4 $0006  INT2 'PD2  External Interrupt Request 2
5 $0008 | INT3 PD3 External Interrupt Request 3
6 $000A INT4 PE4 External Interrupt Request 4
7 $000C | INT5 PES5 External Interrupt Request 5
$000E INTE PEB External Interrupt Request 6
9 $0010 .IN'IT IPE? External Interrupt Request 7
10 $0012 PCINTO PCINTO:7 — PBO:7 Pin Change Interrupt Request 0
11 $0014 . PCINT1 | PCINT8 — PEQ Pin Change Interrupt Request 1
PCINT9:15 — PJO:PJ6
12 $0016 | PCINTZ2 | PCINT16:23 — PKO:7 Pin Change Interrupt Request 2

Register Description

EICRA - External Interrupt Control Register A

The External Interrupt Control Register A contains control bits for interrupt sense control.

Bit 7 ] 5 4 3 2 1 0

(0xE3) I ISC31 | ISC30 | IsC21 | ISC20 | ISC11 | ISC10 | ISCo1 | ISC00 I EICRA
Read/Writa RW RW RW RW RW RW R/W RW

Initial Value 0 0 0 0 0 0 1] 1]

* Bits 7:0 - ISC31, ISC30 - ISC00, ISC00: External Interrupt 3 - 0 Sense Control Bits

Table 15-1.  Interrupt Sense Control'"

ISCn1 ISCn0 Description
0 0 The low level of INTn generates an interrupt request
0 1 Any edge of INTn generates asynchronously an interrupt request
1 0 The falling edge of INTn generates asynchronously an interrupt request
1 1 The rising edge of INTn generates asynchronously an interrupt request
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I
EIMSK - External Interrupt Mask Register

Bit 7 6 5 4 a 2 i 0
oxiDoxapy [ WNT7T_ | INTe INTS INT2 INT3 INT2 INT1 INTO ]| EIMSK
Read/Write RW AW RAW AW AW AW AW AW
Initial Value 0 ) 0 0 0 0 ) 0

+ Bits 7:0 — INT7:0: External Interrupt Request 7 - 0 Enable




Hand on Project: Fun with LCD

We will make a hand on project with LCD. Using the schematic bellow to create your project.

Material needed

No. Equipment Quantity
1 LCD 16x2 1

2 2x5 Cable 1

3 Potential meter 1

4 Soldering wire, electrical wire, hot glue

Pin A7
Pin A6
Pin A5

Pin A4
Pin A3
Pin A2
Pin Al

When we have finished the LCD hand-on project. Next, we are using the Icd library (Icd.h and
Icd.c) to make a program show the text on the LCD. (This library should deliver on the lab)
/*
* Task4.2_LCD_Task.cpp
* Author : KNIGHT
Y
#define F_CPU 8000000UL
#include <avr/io.h>
#include <avr/interrupt.h>
#include <util/delay.h>
#include "lcd/lcd.h"

23



/*Hardware Configuration:
PORT A = LCD (4bit mode)
| PIN A1 = DB7 (LCD_DATA_PIN_ 3) |
| PIN A2 = DB6 (LCD_DATA PIN 2) |
| PIN A3 = DB5 (LCD_DATA PIN 1) |
| PIN A4 = DB4 (LCD_DATA_PIN ©) |
| PIN A5 = Enable |
| PIN A6 = R/W |
| PIN A7 = RS |
*/

void programl (void);

int main(void)
{
// Enable your program here
programl();

}
void programl(void)

lcd_init(LCD_DISP_ON);

lcd _clrscr();
lcd_gotoxy(0,0);
lcd_puts("Text on line 1");
lcd_gotoxy(0,1);
lcd_puts("Text on line 2");

Add Icd.h library to the project:

Solution Explorer r X

Solution Explorer * 1 X y
COM bh-am@| g

L £5 .
T B Search Solution Explorer (Ctrl+: P =
SR AR IE- W P = ps o 2
i Solution ‘Task_LCD_Show' (1 pr
4 || Task_LCD_Show

Search Solution Explorer (Ctrl+: O = b B Dependencies

P Zd Qutput Files

= . b [ Libraries
Solution 'Task_LCD_Show' (1 pro b Debug
| n THk_LcD_SI‘mw [ Open Folder nain.c
N 123 Copy Full Path ask_LCD_Show.compon
P =d Dependencies Bl Colepse
B =d Output Files hdd ’
. N Scope te This N
= |[-=] Libraries 18 New Solution Explorer View _
P Include In Project
D‘ h DEbUg Cut CtrlaX operties -
[:,. "h"' ch Copy Ctrl+C
| — , : | T b
C main.c e P e d
; J A Properties
% Task_LCD_Show.compon S

Revert all files to original ASF file...

Stepl. Show all files - Step?2. Right click on the lcd folder - Step3. Choose Include In Project
Step4. Add the #include "lcd/lcd.h” in the main.c program
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Lab Experiment 4. Analog to Digital
Converter (ADC)

Task:

4.1 Write and execute programs providing functions as follows: Digitize an analog
voltage applied to channel ADC 3, read the result from ADC result register than
display 8 bit MSB by 8 LED, connecting to PORTB. Use ADC without interrupt.

4.2 Same tasks 4.1 but use ADC with interrupts. When press the button the ADC wiill
start operate.

4.3 Same the task 4.1 but show value ADC on LCD.

4.4 Laboratory Report should include a flowchart for each subtask & submit the
commented program code.

Hardware setup and prepare
- Connect potential meter to pin ADC3. ADC3 pin is PF3 of ATMEGA2560

pa7 [79]
vee s

(ADG15PGINT23) PK7 [82]
(ADC14/PCINT22) PKE E
(ADC13/PCINT21) PK5 [84]
(ADC12/PCINT20) PK4  [a5]
{(ADC11/PCINT18) PK3 E
(ADG10PGINT18) PK2 [87]
(ADCS/PCINT17) PK1 E
(ADC&/PCINT16) PKo [ag|
(ADG7/TDI) PF7 [30]
(ADCG/TDO) PF6 E
(ADCS/TMS) PF5 92
(ADCHTCK) PF4 @
(ADC3) PF3 E

(ADC2) PF2 E

(aDC1) PF1 [ag]

(ADCO) PFO. (97|

outt AREF [gg]
[ ano—{a9]

.
———————— AVCC—100| @
.
.

= 100nF

Ground Plana

g
g
=]

- Remove the jumper of the AREFO on STK Board.
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Some Hint:

The ATMEGA2560 has ADC with 10-bit resolution. It has 16 multiplexed single ended input
channels and 14 differential input channels. 4 differential input channels are with optional gain of
10x and 200x.

ADC Initialization:

ADMUX: The register contains reference selection bits , ADLAR bit which decides whether
result of conversion is left adjusted or right adjusted and MUX4:0 bits select the input channel of
ADC and gain selection (Table 26-4 in Atmel-2560-8-bit-AVR-Microcontroller- datasheet).

Table 26-4. Input Channel Selections

MUX5:0 Single Ended Input Positive Differential Input | Negative Differential Input | Gain
000000 ADCO

000001 ADC1

000010 ADC2

000011 ADC3

000100 ADC4 NiA

000101 ADCS

000110 ADCE

000111 ADCT7

ADMUX — ADC Multiplexer Selection Register

Bit 7 6 5 4 3 2 1 0
(0x7C) | REFS1 | REFSO | ADLAR | MUXx4 [ Muxs | Mux2 MUX1 MUXo | ADMUX
Read/Write RW R/W RW RW RIW RIW RW RW

Initial Value 0 0 0 0 0 0 0 0

* Bit 7:6 — REFS1:0: Reference Selection Bits

These bits select the voltage reference for the ADC, as shown in Table 26-3. If these bits are changed during a
conversion, the change will not go in effect until this conversion is complete (ADIF in ADCSRA is set). The internal
voltage reference options may not be used if an external reference voltage is being applied to the AREF pin.

Table 26-3. Voltage Reference Selections for ADC

REFS1 REFS0 Voltage Reference Selection'!)
0 0 AREF, Internal Vggr turned off
0 1 AVCC with external capacitor at AREF pin
1 0 Internal 1.1V Voltage Reference with external capacitor at AREF pin
1 1 Internal 2.56V Voltage Reference with external capacitor at AREF pin
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* Bit5—- ADLAR: ADC Left Adjust Result

The ADLAR bit affects the presentation of the ADC conversion result in the ADC Data Register. Write one to
ADLAR to left adjust the result. Otherwise, the result is right adjusted. Changing the ADLAR bit will affect the ADC
Data Register immediately, regardless of any ongoing conversions. For a complete description of this bit, see
“ADCL and ADCH — The ADC Data Register” on page 286.

* Bits 4:0 — MUX4:0: Analog Channel and Gain Selection Bits

The value of these bits selects which combination of analog inputs are connected to the ADC. See Table 26-4 for
details. If these bits are changed during a conversion, the change will not go in effect until this conversion is
complete (ADIF in ADCSRA is set).

ADCSRA: ADC Control and Status Register A

Bit 7 6 5 4 3 2 1 0

(0x7A) I ADEN ADSC ADATE ADIF ADIE ADPS2 ADPS1 ADPS0 I ADCSRA
Read/Write RW RW R/W RW RW RW R/W RwW

Initial Value 0 0 0 0 0 0 0 0

* Bit 7 - ADEN: ADC Enable
Writing this bit to one enables the ADC. By writing it to zero, the ADC is turned off. Turning the ADC off while a con-
version is in progress, will terminate this conversion.

* Bit 6 - ADSC: ADC Start Conversion

In Single Conversion mode, write this bit to one to start each conversion. In Free Running mode, write this bit to
one to start the first conversion. The first conversion after ADSC has been written after the ADC has been enabled,
or if ADSC is written at the same time as the ADC is enabled, will take 25 ADC clock cycles instead of the normal
13. This first conversion performs initialization of the ADC.

ADSC will read as one as long as a conversion is in progress. When the conversion is complete, it returns to zero.
Writing zero to this bit has no effect.

* Bit 5 - ADATE: ADC Auto Trigger Enable

When this bit is written to one, Auto Triggering of the ADC is enabled. The ADC will start a conversion on a positive
edge of the selected trigger signal. The trigger source is selected by setting the ADC Trigger Select bits, ADTS in
ADCSRB.

* Bit 4 - ADIF: ADC Interrupt Flag

This bit is set when an ADC conversion completes and the Data Registers are updated. The ADC Conversion
Complete Interrupt is executed if the ADIE bit and the I-bit in SREG are set. ADIF is cleared by hardware when
executing the corresponding interrupt handling vector. Alternatively, ADIF is cleared by writing a logical one to the
flag. Beware that if doing a Read-Modify-Write on ADCSRA, a pending interrupt can be disabled. This also applies
if the SBI and CBl instructions are used.

* Bit 3 - ADIE: ADC Interrupt Enable
When this bit is written to one and the I-bit in SREG is set, the ADC Conversion Complete Interrupt is activated.

* Bits 2:0 - ADPS2:0: ADC Prescaler Select Bits
These bits determine the division factor between the XTAL frequency and the input clock to the ADC.
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Table 26-5. ADC Prescaler Selections
ADPS2 ADPS1 ADPS0 Division Factor
0 0 0 2
0 0 1 2
0 1 0 4
0 1 1 8
1 0 0 16
1 0 1 32
1 1 0 64
1 1 1 128
Enjoy your code (~-)!
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