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Slika 1. PINOUT dijagram mikrokontrolera ATmega328P.
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Slika 5. Deo 2 pinout dijagram Arduino UNO sistema.
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Slika 4. Deo 1 pinout dijagram Arduino UNO sistema.
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AC Analog Comparator

* Blok Analogni komparator AC ugradjen je u
ATmega328

* Analogni komparator ima dva ulaza:
* neinvertujuci (+) i
* invertujuci (-)
* AC uporeduje naponske vrednosti na
neinvertujucem (AINO) i invertuju¢em pinu (AIN1)

* |zlaz iz komparatora ACO (Analog Comparator
output) postavlja se prema
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Blok Sema AC
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lzvori sighala za komparaciju

* Analogni signali za komparaciju mogu se dovesti
* spolja (pinovi AINO i AIN1)
 selekcijom 1 od 8 spoljasnjih signala preko ADC
multipleksera (ADC MULTIPLEXER OUTPUT)

* iz unutrasnjeg referentog naponskog generatora
(BANDGAP REFERENCE)

 Selekcija ulaznih signala ostvaruje se pomocu
upravljackih registara



Selektovanje signala za
komparaciju

Table 27-1. Analog Comparator Multiplexed Input

ACME mm Analog Comparator Negative Input

0 X AIN1

1 1 XXX AIN1

1 0 000 ADCO
1 0 001 ADCA
1 0 010 ADC2
1 0 011 ADC3
1 0 100 ADC4
1 0 101 ADC5
1 0 110 ADC6
1 0 111 ADC7



1zlazni sighal AC

* |1zlazni signal i z komparatora ACO postavlja peti bit
u ACSR registru.

* Moguce je programski Citati ACO bit i, u zavisnosti
od logickog stanja, vrsiti grananje u programu.

* ACO signal se moze voditi na ulaz T/C 1, ¢ime se
omogucava programsko brojanje.

* ACO signal se moze koristiti za aktiviranje prekida

* Aktiviranje moze biti preko opadajuce, rastuce il
istovremeno i opadajuce i rastuce (blok INTERRUPT
SELECT)



Analog Comparator Control and Status
Register

Name: ACSR
Offset: 0x50
Reset: N/A

Property: When addressing as I/O Register: address offset is 0x30

Bit 7 4] 5 4 3 2 1 0
ACD ACBG ACO ACI ACIE ACIC ACIST ACISD
Access RW RW R RAW RAW RAW RAW RAW
Reset 0 0 0 0 0 0 0 0

Bit 7 — ACD: Analog Comparator Disable

When this bit is written logic one, the power to the Analog Comparator is switched off. This bit can be set
at any time to turn off the Analog Comparator. This will reduce power consumption in Active and Idle
mode. When changing the ACD bit, the Analog Comparator Interrupt must be disabled by clearing the
ACIE bit in ACSR. Otherwise an interrupt can occur when the bit is changed.

Bit 6 — ACBG: Analog Comparator Bandgap Select

When this bit is set, a fixed bandgap reference voltage replaces the positive input to the Analog
Comparator. When this bit is cleared, AINO is applied to the positive input of the Analog Comparator.
When the bandgap reference is used as input to the Analog Comparator, it will take a certain time for the
voltage to stabilize. If not stabilized, the first conversion may give a wrong value.

Bit 5 — ACO: Analog Comparator Output
The output of the Analog Comparator is synchronized and then directly connected to ACO. The
synchronization introduces a delay of 1 - 2 clock cycles.



Analog Comparator Control and
Status Register

Bit 4 — ACIl: Analog Comparator Interrupt Flag

This bit is set by hardware when a comparator output event triggers the interrupt mode defined by ACIS1
and ACIS0. The Analog Comparator interrupt routine is executed if the ACIE bit is set and the |-bit in
SREG is set. ACl is cleared by hardware when executing the corresponding interrupt handling vector.
Alternatively, ACl is cleared by writing a logic one to the flag.

Bit 3 - ACIE: Analog Comparator Interrupt Enable
When the ACIE bit is written logic one and the |-bit in the Status Register is set, the Analog Comparator
interrupt is activated. When written logic zero, the interrupt is disabled.

Bit 2 — ACIC: Analog Comparator Input Capture Enable

When written logic one, this bit enables the input capture function in Timer/Counter1 to be triggered by
the Analog Comparator. The comparator output is in this case directly connected to the input capture
front-end logic, making the comparator utilize the noise canceler and edge select features of the Timer/
Counter1 Input Capture interrupt. When written logic zero, no connection between the Analog
Comparator and the input capture function exists. To make the comparator trigger the Timer/Counter1
Input Capture interrupt, the ICIE1 bit in the Timer Interrupt Mask Register (TIMSK1) must be set.



Analog Comparator Control and
Status Register

Bits 1:0 — ACISn: Analog Comparator Interrupt Mode Select [n = 1:0]
These bits determine which comparator events that trigger the Analog Comparator interrupt.

Table 27-3. ACIS[1:0] Settings

R

0 0 Comparator Interrupt on Output Toggle.

0 1 Reserved

1 0 Comparator Interrupt on Falling Output Edge.
1 1 Comparator Interrupt on Rising Output Edge.

When changing the ACIS1/ACISO bits, the Analog Comparator Interrupt must be disabled by clearing its
Interrupt Enable bit in the ACSR Register. Otherwise an interrupt can occur when the bits are changed.



27.3.3. Digital Input Disable Register 1

Name: DIDR1
Offset: Ox7F
Reset: 0x00
Property: -
Bit 7 6 ] 4 3 2 1 0
AIN1D AINOD
Access RW R/W
Reset 0 0

Bit 1 — AIN1D: AIN1 Digital Input Disable

Bit 0 — AINOD: AINO Digital Input Disable

When this bit is written logic one, the digital input buffer on the AIN1/0 pin is disabled. The corresponding
PIN Register bit will always read as zero when this bit is set. When an analog signal is applied to the
AIN1/0 pin and the digital input from this pin is not needed, this bit should be written logic one to reduce

power consumption in the digital input buffer.



Primer

* Na slici (naredni slajd) prikazana je elektricna Sema
veze RC komponenata na Arduino UNO.

* Na pinu 5 (PD5 pin ATmega 328) generisati PWM
signal sa faktorom ispune 50%.

* RC filtar e vrsiti NF filtriranje PWM signala i, na taj
nacin generisati analogni eksponencijalni signal
(punjenje i praznjenje kondenzatora).

* Eksponencijalni signal vodi se na pin 7 (AIN1 ulaz
AC).



Primer

* Napisati program kojim se
* generise PWM signal ,

* vrSi komparacija eksponencijalnog signala i signala
sa naponskog referentnog izvora,

* signal sa izlaza komparatora (odnosno njegove
kopije u ACSR registru) proslediti na pin 2 (PD2).

* Na elektricnoj Semi crvenom bojom su oznacena
mesta gde se vrSi merenje signala pomocu
digitalnog osciloskopa (Test Point 1, 2 i 3)



Primer




const byte AC OUT TP3 = Z;
const byte PWM TP1 = 5;
const byte AIN1 TP2 = 7;

unsigned char ch = 0x00;

void setup()
{
pinMode{PWM_TPl, OUTPUT) ;
pinMode (¢ ,OUTPUT) ;

TCCROA=0; //resetovanje registra TCCROA
TCCROB=0; //resetovanje registra TCCROB
TCCROA=0b10100011; // fast pwm mode
TCCROB=0b00000101; // prescaler 1

OCROA=127; //sirina impulsa na pinu 6
OCROB=127; // sirina impulsa na pinu 5
ACSR = (0b01000000;

pinMode (AIN1 TP2, INPUT);
plnMode{AC_QUT_TPS, OUTPUT) ;

}
void loop()

{

ch = ACSR & (. o),

if (ch == Sx;ﬁ)
{
digitalWrite (AC OUT TP3, LOW);
}

else
{
digitalWrite (AC OUT TP3, HIGH);
}



Test Point 112
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Analiza

e Sa dijagrama se vidi da je promena signhala na izlazu
komparatora na nivo 1V, sto je definisano naponom
iz internog referentnog signala koji je povezan na
neinvertujuci ulaz analognog komparatora.



HVALA NA PAZNJI



