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FhatnsBunn nend | Afluananemae Tsegment

00000 00 .
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10000

10011
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4. wlaRendain AVR Huditguun 8 U9
n) wsnz ALU T 8 Un

q) w5z Data bus Hvun 8 s

A) meﬁ%amaﬂ%’mui\l"ﬂﬂﬁmmm 8 Un

1) Ws1g Address bus faunn 8 Un

4) 512 SREG lvun 8 IR

5 dalaflumsimunaai 0x2000 Ty
LBawes TONT1 figndfes

) TCNTIH = 0x20;
TCNT1L = 0x00;

@) ci();
TCNT1 = 0x2000;
s\i();

@) unsigned char A= SREG;
TCNT1=0x2000;
SREG = A;

9 gt (v) uaz (A)

q) Lisidegn

' [
Vo

6 sndianedoddliioveninlugadudn
madﬂmmm‘%ms%uma%%’wﬁ

) CU

) RETI

f) SEI

3) POP

3) gnviete (A) wag ()
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n) 232 AN
%) 233 Aden
@) 234 AReN
3) 357 AN
q) 358 AGBN

8. MNARBULMIINAINYTI9T Timerl waz
Saasaeanseynsy (USART) wieuifu @iy AVR
arlvusmsgunsalilaneu

%ﬂalﬁu%ms Timerl nau
2) %wa‘tmsmsami USART figu
a) ‘uuaanum Priority w’ﬂm&nmlwnw&wa
9) Fuagiiuen Interrupt Vector figfldenansn
Fondarla
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) %uag:ﬁuﬁﬁluMWiﬂd Interrupt Vector
2) gnikade (A) uaw (1)

10. WINFBINITIVERY AVR 118370UUIAIVBY
seduasiniion INT1 Wudnaudumes T,
qzdpudnAogals

) EICRA = 0x08;  EIMSK=0x01;
@) EICRA = Ox0C;  EIMSK=0x01;
@) EICRA = 0x08;  EIMSK=0x02;
9) EICRA = 0x0C;  EIMSK=0x02;

9) EICRA = 0x0C;  EIMSK=0x03;

11. §iy ATmega328p flulgau 28 91 LAa
ﬂwmwnwwmwamai PCIFR  fiAvinfiu

0x04

n) finnswasusysuasiniian 6

) ﬁmsl,ﬂfa"auszﬁuaa%ﬂﬁm 13

A) ﬁmimﬁaussﬁuaa%ﬂﬁm 14

q) ﬁmim?iﬂusxﬁuaa%ﬂﬁm 1

3) Qﬂ“ﬁﬂ‘ﬁ@ (%) way ()

U H P
JUN 3

12. muuﬂ‘lwnwmuawauaw 8-bit data, even

parity, 2 stop—b\t anum’tmwasumauaauﬂsw

21 Rx lmmiﬂm 3 mmﬂ‘uauamummum

winle

n) Ox5E WA = 1
q) Ox2F W13 = 0
A) OxTA WiEH = 1
q) OxFa Wi3A = 0
q) OxCB W3R = 1

13) mns’ﬁaﬁmum’tuﬁa (12) JIMNAT AN T

mauaaumﬂusﬂw 3 1993 USART fula

) maua‘l%‘lnlm dasmnmisaionann

%) maualﬁz'flulm L‘uaqmmnm Overrun Error
mama‘lmmslm wnsmmmm

9) ‘U@Mﬁl‘t‘ﬂﬂﬂ iasanniAm Framing Error

) Qﬂ‘VN‘U’e] (n) wag (V)

14) wnAluIdawmead UCSROA fAawinfiu
0b1011_0000 yuneAUIeEgls
v ] =3 2
n) mamamaanlﬂmam Tx 1@5auan
%) %uammaanlﬂmmms Error
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1) Qﬂmwa (@) way (M)
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15) @y AVR A 11,0592 MHz  ipanssuds
may}aaqﬂswmwmm 9600 bps
FRawmesauauiniy

) UCSROA=OXO1;UBRROL=71;UBRROH=O;

) UCSROA=0XOZ;UBRROL=143;UBRROH=O;

f) UCSROA=OX01;UBRROL=OX71;UBRROH=OXOO;
q) UCSROA=OXOZ;UBRROL=OX43;UBRROH=OX01;
) UCSROA=OXO3;UBRROL=OX43;UBRROH=OXO1;
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PC2 f—A A9 »
l LED3I

LEDL, [y X
PCi-ﬂV”Aw$$vw%*iij———:§ A
LED4
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LEDZ «

PCO \ T*
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»i
HEN
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16) Q’\ﬂ'i‘U‘Vl 4 ¥nnReINIsW LEDS AN NGEE:
ﬁ)vmmmumummwaim C w04 AVR 9811413
n) DDRC = OxF7; PORTC = 0b0000_0001
%) DDRC = OxF5; PORTC = 0b0000_0011
@) DDRC = OxF2; PORTC = 0b0000_0001
4) DDRC = OxF7; PORTC = 0b0000_0011
q) DDRC = OxF5; PORTC = 0b0000_0010

17) wnldnesa PC3-PC7T oy LED WUy
Charlieplexing U&1 Jwanansana LED “Lmnrma@m
)

n) 10 1

) 21 7

f) 25 A

3) 20 §

Q) 14 i

18) ‘wmammmmu‘lm’tumuuamwa LCD il
Lﬂ‘usﬂLmumaﬂwsvwmwwamwu‘lmﬁlﬁ

n) CGRAM

%) DDRAM

f) CGROM

a) Qﬂ“ﬁﬁa (n) wag ()

Q) Qnﬁy'a‘ﬁa (n) uaz ()

19) Ghost Effect Ardulunsdile

n) finnsnaduuuAdunaannndt 1 Row nioufu
) Quuuﬂauwcﬂmﬂmﬁ 1 pedmignnaniennu
f) wosnuasdfgliaiuayuanuy Tristate
9) seadaieuly (), @ wiouq fu
3) Faufadeuly (), @) waz (A) wiouq fu

20) fmualviaig AVR 1guliAns 3 Taash wn
Faan13neweada 3 SAnede PCO-PC2 23
ﬁwmmmﬁw’huwmsiaﬁwﬁﬂnixLLamaaLLaaé*?\Lwi
AL

f) 50 ohm

) 100 ohm

A) 200 ohm

9) 300 ohm

3) 400 ohm

21) umd (bounces) NNSNAEINTAINTNYIR
1fneisia
n) foAUNTLnDs
9) solaBuantd
1 =Y I
A) ABlNSaLnD3
3) gnviete (n) waw (V)
3) gaviata (n), (v) wag (A)

22) Iﬂiunsaﬂmlﬁumiﬂ'uﬁﬂiﬂi OMEEGE
m.iwmma‘hLLWawaalmiﬂiﬂauimama%
n) srnes
g
%) YALVanLAe3
A) BnseudyaLnes
9) Buweiindyaines
2) soulUsunTuWes

23) ﬂ'wnawmjaaﬁmmwaué’m%’umw‘i’\
Debounce @Qﬁﬂszmmwﬁlm

) 100 ms

) 200 ms

A) 10 us

4) 100 us

3) 10000 us



Page 9 of 10

o) Yelalallgmonlnaasnun@uad AVR
n) Proteus

9} WIinAVR

f) CodeVision AVR

3) CrossWorks for AVR

) IAR Embedded Workbench for AVR

25. amm‘nwa AVR wmﬁuwm'\m 1 MHz %N
G\aqmiLLsumUaaammﬁmamaanmmma 10000 Hz
@1 Division Factor Infiimnzauiiagadwmiuieas ADC
283 AVR

n) 16

Q) 32

M) 64

q) 128

q) lsifidogn

26) wndasnisli AVR anunsnnensadyaes
nsdwnila avmaqmaaﬂnsma%smmm

f1) DTMF Receiver

9) DFMT Reciever

f) DTTFM Receiver

3) DFMT Receiver

Q) DMTFT Receiver

27) @1 AREF waz ADCO ¥83 AVR Iaduldes M
4.5 way & 1an audnu aanAnluunaTidaInms
wasewasnilufinea

f) 815

9} 816

M) 910

9) 911

Q) 1001

28) 11 AREF waz ADCO li5ulWADs fh 3.5 uay 2
Taa¥ eudnu semeTilalusdawes ADCH uay
ADCL $le33anas ADMUX=0x20

n) ADCH = 0x24; ADCL = 0x90;

q) ADCH = 0x02; ADCL = 0x49;

7) ADCH = 0x92; ADCL = 0x40;

4) ADCH = 0x09; ADCL = 0x24,
Q) ADCH = 0x42; ADCL = 0x90;

29) 1asulaseRenluAInEaTas AVR Wu
wuule

n) Sigma-Delta

q) Successive Approximation

) Flash ADC

3) Wilkinson

%) Pipelined ADC

30) 91 AREF wag ADC5 1830 WA 5 uae
2 5 Tyavi pandu T ADMUX=0x0E Qe
1al53amas ADCH waz ADCL

n) ADCL = 0x00; ADCH = OxEL,;

99) ADCL = OxEl, ADCH = 0x00;

@) ADCL = 0x02; ADCH = 0x00;

4) ADCL = 0x00; ADCH = 0x02;

Q) ADCL = OxFF; ADCH = 0x01;

31) Toladanaliinnns Disable nTPuMaIINs
w83ThHY AVR

n) & clio);

2) & seil);

f) &3 SREG = OX00;

3) &1 EIMSK=0x00;

2 gnitade () waz (A

32) mindasnislomeda € yndadianiug High
impedance fioei1ag1els

) DDRC = 0x00; PORTC = OxFF;

%) DDRC = 0x00; PORTC = 0x00;

#) DDRC = OxFF; PORTC = OxFF;

3) DDRC = OxFF; PORTC = 0x00;

2) gniiade (n) waw (@)
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33) fnddladamaliifanisndunndavemein B W
AsaftuLm

f1) PORTB A= OxFF;

1) PORTB = ~PORTB;

f) PORTB &= PINB;

9 gviede (n) uaz (V)

Q) Qﬂﬁ‘j\‘l%ﬂ (), (1) waz (A)

34) NSRS Timerl y91u#t Normal mode
LLazSuma%%’wcﬁ%ﬁg%w‘hmuﬁ 1 MHz %n9 37 ms
1 adasiarnpuny Timer atels

n) Prescale factor = 8; TCNT1=60,119;

) Prescale factor = 256; TCNT1=65,391;

f) Prescale factor = 64; TCNT1=64,958;

3) Prescale factor = 1024; TCNT1=65,500;

35) 910t (30) ArfEIRIATBIAADIATUANNTT
Timerl ot14ls

n) TCCR1A = 0x00; TCCR1B = 0x05;

) TCCR1A = 0x00; TCCR1B = 0x04;

A) TCCR1A = 0x00; TCCR1B = 0x03;

1) TCCR1A = 0x00; TCCR1B = 0x02;

Q) TCCR1A = 0x00; TCCR1B = 0x01;

36) 1995 UART /19317719393 USART pe4ls

1) 2995 UART dedlayaiuy Synchronous Lild

4) 1495 UART dadioyaeynsunuuiidyanau Clock
Ayuplaild

A) 2993 UART Lyiaansafndedeansiu RS-232 19
2 giiede (n) uaz ()

Q) Qn‘ﬁ'ﬁa (n), (0) waz (M)

37) qﬂmm%&ialﬂﬁﬁsﬂmLLwamﬂﬁqm
) Remote monitor

) In-Circuit Emulator

A) EPROM Emulator

q) Flash Programmer

q) Logic Probe

LATUTER I Y. receaarermissmsssesss section.........

38) N15AAIAIUANNAT ADC
Lulaseeulnsames AVR Felasoludl danaldt
%ﬁgﬁulﬂﬁaﬂﬁqﬂ

n) ADCSRA = 0b1110 1000

) ADCSRA = 0b01 10 1111

/) ADCSRA = 0b1110 1000

3) ADCSRA = 0b0110 1111

gﬂﬁ“/‘i 4
39) adiiszsiteyamnnaiudeyaoynsu o
?iaaﬂ’iLLUU 8-bit data, Odd parity, 1 stop bit
n) data = 0b0010_1111 Parity OK

%) data = 0b0010_1111 Parity Error

f) data = 0b1111 0100 Parity Error

a) data = 000010 1111 Framing Error

q) data = 0b1111_0100 Framing Error

ATmeuad28P

.. pcs
YT g |PORTB. . PC5
eI RS po#
' - PC

‘o RGar
S e
INTO 0 PED

00) :ngUT 5 sdeudndiameiniuny
Lﬁalﬁ%ﬁQ%’Ué’mmﬂmﬁuma'%%'wcv"mnm INTO
pE4ls

f) EICRA = OxO0A; EIMSK=0x01;

1) EICRA = 0x03; EIMSK=0x01;

@) EICRA = 0x03; EIMSK=0x02;

4) EICRA = 0x03; EIMSK=0x03;

Q) EICRA = OxO0A; EIMSK=0x02;

—--End of Examination----
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EICRA-External Interrupt Control Register A

EIMSK - External Interrupt Mask Register

The Externatl Interrupt Control Begister A contains control bits for interrupt sense control.

8it 7 @ s ¢ 3 2 1 o

10x66} | S R A T B e L S EICRA
o B 3 R 3 P v oW W

niial Vake @ o] o ] & & 0 &

+ Bit 7:4 ~ Reserved
These bits are unused bits in the ATmegad8AM4BPA/SBASEBPANEBA/1 68PA/328/328P, and will
always read as zsaro.

« Bit 3, 2 - ISC11, 1SC10: Interrupt Sense Control 1 Bit 1 and Bit 0

The Extemal Intenupt 1 is aclivated by the external pin INT1 if the SREG I-flag and the corre-
sponding interupt mask are sel. The level and edges on the external INT1 pin that activate the
interrupt are defined in Table 12-1. The value on the INT1 pin is samplad before detecting
edges. f edge or togyle interrupt is selected. pulses that last longer than one clock period will
generale an interrupt, Shorter pulses are not guaranteed 1o generale an interrupt. If low level
interrupt is selecled. the low level must be held until the completion of the curently executing
instruction to generats an interrupl.

Bit 7 [ H 4 A 2 1 0
wabionsdy V- - T - 4 - T - ] - T - NG TN ] emsk
ReadWiite B 3 H R ] 4 Rw Rw
freitial Valus o ") 0 n ] 0 0 0

« Bit 7:2 — Reserved
These bits are unused bits in the ATmegadBA/48PA/S8A/88PA/168A/168PA328/328P, and will
always read as zero.

» Bit1-INT1: External Interrupt Request t Enable

When the INT1 bit is set (one) and the |-bit in the Status Register (SREG) is set (one), the exter
nal pin interrupt is enabled. The Interrupt Sense Controlt bits 1/0 {ISC11 and ISC10} in the
External Interrupt Control Register A {EICRA] define whether the external interrupt is activated|
on tising andfor falling edge of the INT1 pin or level sensad. Activity on the pin will cause anl
interrupt request even if INT 1 is configured as an output. The coresponding interrupt of Externall
Interrupt Request 1 is executed from the INT1 Interrupt Vector,

* Bit 0 —INTO: External Interrupt Request 0 Enable

When the INTO bit is set (one} and the 1-bit in the Status Register (SREG) is set {one}. the exter-
nal pirt interrupt is enabled. The Interrupt Sense Control0 bits 1/0 (ISC01 and ISC00) in the
External Interrupt Confrol Register A {(EICRA} define whether the external interrupt is activated
on rising and‘er talling edge of the INTO pin or level sensed. Activity on the pin will cause an
interrupt request even if INTQ is configured as an outpul. The corresponding interrupt of External
Interrupt Request 0 is executed front the INTO Interrupt Vector.

Table 12-1.  Interrupt 1 Sense Control
1ISC11 ISC10 Description
0 0 Thie low level of INT 1 generates an interrupt request.
0 1 Any logical changs on INT1 generates an interrupt request.
1 0 The fafling edge of INT1 gensrates an interrupt request.
1 1 The rising sdge of INT1 generates an interrupt reqguest.

* Bit1, 0-ISCO01, ISCO0: Interrupt Sense Control 0 Bit 1 and Bit 0

The External Interrupt 0 is aclivated by the external pin INTO if the SREG I-flag and the corre-
sponding interrupt mask are set. The level and edges on the external INTO pin that activate the
interrupt are defined in Table 12-2. The valua on the INTO pin is sampled before detecting
edges. If edge or toggle interrupt is selected, pulses that last longer than one clock period will
generate an interrupl. Shorter pulses are not guaranteed to generate an interrupt. If low level
interrupt is selected, the low level must be held until the completion of the currently executing
instruction to generate an interrupt.

Table 12-2.  Interrupt 0 Sense Control
1SCO1 ISC00 Description
0 0 The low level of INTO generates an interrupt request.
0 1 Any logical change on INTO generates an interrupt request.
1 V] The falling edge of INTO genserates an interrupt request.
1 1 The rising edge of INTO generates an interrupt request.

M Interrupt Vector uat ATMEGA328P

¢

I N T T T

o M N N

LN
I I

£ R (15)
TVECTOR(16)
TVECTOR(1T)

IMERG OVE_

. T e

S e
% % % A

Sy S
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PCICR - Pin Change Interrupt Control Register

Bit 7 8 5 4 3 2 1 a
{Eoxeis) =717 - [ - 1 - 1 - [ Pciez | Pcr | PClE0 ] PcicR
Paash Wite R A R R R R G T
Initial Value a 0 g o 0 ] 0 Q

= Bit 7:3 - Reserved
These bits are unused bits in the ATmegad8A/48PA/BBASBPA/GBA/168PA328/328P, and will
always read as zero.

+ Bit 2 — PCIE2: Pin Change Interrupt Enable 2

When the PCIE2 bit is set {one} and the |-bit in the Status Register (SREG}) is set (one}. pin
change interrupt 2 is enabled. Any change on any enabled PCINT[23:16] pin will cause an inter-
rupt. The corresponding interrupt of Pin Change Interrupt Request is executed from the PCI2
Interrupt Vector. PCINT[23:16] pins are enabled individually by the PCMSK2 Register.

¢ Bit 1 - PCIE1: Pin Change Interrupt Enable 1

When the PCIE1 bit is set {oneg) and the |-bit in the Status Register (SREG) is set {one), pin
change interrupt 1 is enabled. Any change on any enabled PCINT{14:8] pin will cause an inter-
rpt. The corresponding interrupt of Pin Change Interrupt Request is executed from the PCH
Interrupt Vector. PCINT[14:8] pins are enabled individually by the PCMSK1 Register.

* Bil 0 — PCIEO: Pin Change Interrupt Enable 0

When the PCIEOC bit is set {one) and the [-bit in the Status Register (SREG) is set (one}, pin
change interrupt 0 is enabled. Any change on any enabled PCINT[7:0] pin will cause an inter-
rupt. The corresponding interrupt of Pin Change Interrupt Request is executed from the PCIO
Interrupt Vector. PCINT[7:0] pins are enabled individually by the PCMSKO Register.

PCMSKO - Pin Change Mask Register 0

Timer/Counter Block Diagram

n

DCnA

Tt TOVn
e
Clear ) i Fieq i
s Coantrod Logio - -
icection ik, Gk Sebat
Edyge
A ] Detertor
TR | BOTTOM
3 }1! /: { Froom Proscaleds 3
3 Timat Counter 4
TCNTH
] e e
’ 4 * OCnt
& {intReqd
i ]
- i Warelorm
- T Gensration
7
4’»{ OURnA +“' -“"’A H
PR
. OCnl
5 Top {etRagd
9] i ———— Value
=2 s
- o) Caestorm
2 EQ 1 Gensration
& ¢
O L] OCRaB ]
| TCCRAA | TGCARE ]
e L

Ging

ATme

Bit 7 G & 4 3 2 1 &

{0x6B; l PCINT? IPCTNTE ] RCINTS [ PCINT4 ] PCINT3 ] PCINT2 J PCINTY | PCINTO PCMSKO
BazadMite /W Ran RAY RiW Ay BwW R RW

nitial Value o] G 0 [ ¢] 0 a G

+ Bit 7:0 - PCINT[7:0]): Pin Change Enable Mask 7...0

Each PCINT[7:0] bil selects whether pin change interrupt is enabled on the corresponding /O
pin. If PCINT[7:0] is set and the PCIEO bit in PCICR is set, pin change interrupt is enabled on the
corresponding FO pin. If PCINT{7:0] is cleared, pin change interrupt on the corresponding /O
pin is disabled.

(PCINT14/RESET) PC6 [
(PCINT16/BXD;} PDO (]
{PCINT17/TXD} PD1 (3
(PCINT18/ANTD) PD2 (]

(PCINT19/OC2B/NT1) PD3 [

{PCINT2:XCK/TO) PD4 [;

VCC ]

GND [
{PCINT&/XTALT/TOSCH) PBE
{PCINT7/XTALZ/TOSCZ) PBY [J
{PCINT21/0GOB/T1) PDS [

{PCINT22/0COAAING) PDS {]
(PCINT23/AINT) PD7 []
{PCINTO/CLKO/ICP ) PEO []

1
2
3
4
5
[°]
7

8

WM - O

9
1
1
1
1
1

s

ga328P Pin Configuration
wa

28] PCE (ADCS/SCLPCINT1S
27 {3 PC4 (ADC4/SDAPCINT12)
26 7 PC3 (ADC3/PCINTIY
251 PC2 (ADC2/PCINTI0)

24 [1PC1 (ADCLPCINTY)

23 [ PCO (ADCO/PCINTS)

22 3 GND

21[3 AREF

201 AVCC

10 [0 PBS (SCK/PCINTE)

18 [ PB4 {(MISO/PCINT4)

17 [1 PB3 {MOSIOC2A/PCINTS)
16 [1PB2 (SS/0CIBPCINTZ)
15 1 PB1 (OCTAPCINT1}
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TCCROA - Timer/Counter Control Register A

TCNTO

Bit v [ 5 4 3 2 1 5
a4 imad;  § COMBAL | COOAY { comoBt | COmoBo [ - | - | wGMot | WGMmo | TCCRoA
Rradivrite AW 20 [ RAY H ] RAN RAW
itist Valve i < i) 0 <] 0 4} o

« Bits 7:6 - COMOA1;0: Compare Match Output A Mode
These bits control the Qutput Compare pin {OCQA} behavior, If one or both of the COMOA1:0
bits are set, the OCOA output overrides the normal port funclionality of the 10 pin it is connecled
t0. However, note that the Data Direction Register (DDR) bit corresponding to the OCOA pin
must be set in order to enable the output driver,

When OCOA is connectad to the pin, the function of the COMOA1:0 bits depends on the
WGMO2:0 bit setting. Table 14-2 shows the COMOA1:0 bit functionality when the WGMO02:0 bits

Bit 7 & 5 4 3 2 1 a

OX26 {OX46} | TCNTO(7:0) J TCNTO
ReadWrits R RAW PAY RAW Aw BW RW RN

Initial Valus Y] 0 o] 0 & 3 0 g

The Timer/Counter Register gives direct access, bolh for read and write operations, to the
Timer/Counter unit 8-bit counter. Wiiting to the TCNTO Register blocks (removes) the Comparew
Match on the following timer clock. Modifying the counter (TCNTO} while the counter is running,
introduces a risk of missing a Compare Match between TCNTO and the OCROx Registers.

TCCROB — Timer/Counter Control Register B

Bit 7 & Bl 4 3 2 1 b

are set to a normal or CTC mode {non-PWM). Z‘;i;@"'ﬁ L s L FQ:;"B L . . - [ w;':f’“ ' — L ‘::"; [ :t':’v"j TeCRO
Table 14-2.  Compare Output Mode. non-PWM Mode Initial Yalue b o o b ° ° g ¢
COMOA1 COMOAO | Description Table 14-9,  Clock Select Bit Description
o 0 Normal port operation, OCOA disconnected. €S02 | CS01 | €S00 | Description
0 1 Toggle OC0A on Compare Match 0 0 0 No clock source (Timer/Counter stopped)
1 0 Clear QCOA on Compare Maich o 0 1 clk,o/(No prescaling)
1 1 Set OCOA on Compare Maich o 1 o clkyo/8 (From prescaler)
Table 14-8.  Waveform Generation Mode Bit Desaription 0 1 1 cliy/64 (From prescaler)
Qg‘d?;oume' Update of TOV Flag 1 0 0 clkyr/256 (From prescaler)
Mode | WGM02 | WGMO1 | WGMOD | Operation ToP | OCRxat | seton'® 1 0 1 cliy,o/1024 (From prescaler)
9 0 0 0 Normal OXFF | tmmediate MAX i 1 0 External clock source on TO pin. Clock on falling edge.
1 0 0 1 z\::lr’ié:’hase OxXFF TOP BOTTOM 1 1 1 External clock source on TO pin. Clock on rising edge.
2 0 1 0 C1C OCRA | immediate MAX Table 14-5.  Compare OQutput Mode, non-PWH Mode
3 1 1 Fast PWM OxFF BOTTOM MAX COMOB1 COMOBU Description
! 0 4 Reserved ~ ~ ~ 0 v Normal port operation, OCOB disconnected.
5 1 0 1 g\é s::i.;hase OCRA TOP BOTTOM 0 1 Toggle OCOB on Compare Match
1 1 0 Reserved _ ~ - 1 0 Clear OCOB on Compare Match
7 1 1 1 Fast PWH OCRA BOTTOM TOP 1 1 Set OCOB on Compare Match
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The Output Compare Register A contains an 8-bit value that is continuously compared with the
counter value (TCNTO). A match can be used 1o generale an Output Compare interrupt. or to
generate a waveform output on the OCOA pin.

TIMSKO — Timer/Counter Interrupt Mask Register

OCROA - Output Compare Register A 8it 7 5 5 4 3 2 Bl 9

Bt . . . . ) . o {0x6E } 1 - | - 1 - 1 - | oCkoB | OCIEGA | TOEG ] TIMSKo
i 7

T T OCROA ReadAWrite R B ] ] F B W R

ReadiWrits W v T T T v oV Bovl Initiad Value 0 0 D 0 o o o g

breitial Vadue 4] Q s} 4] o o 0 &

s Bit 2 - OCIEOB: Timer/Counter Qutput Compare Match B Interrupt Enable

When the OCIEOB bit is written to one, and the I-bit in the Status Register is set, the
Timer/Counter Compare Match B interrupt is enabled. The corresponding interrupt is executed if
a Compare Match in Timer/Counter occurs, Le., when the OCFOB bit is set in the Timer/Counter
Interrupt Flag Register — TIFRQ,

+ Bit 1 — OCIEGA: Timer/Counter0 Output Compare Match A Interrupt Enable

When the OCIEQA bit is written to one, and the I-bit in the Status Register is set. the
Timer/Counter® Compare Match A interrupt is enabled. The corresponding interrupt is executed
if a Compare Match in Timer/Counter0 occurs, t.e., when the OCFOA bit is set in the
Timer/Counier O interrupt Flag Register ~ TIFRO.

+ Bit 0 — TOIEOQ: Timer/Counters Overflow Interrupt Enable

When the TOIEQ bit is wrilten to one, and the |-bit in the Status Register is set. the
Timer/Counter0 Overflow interrupt is enabled. The corresponding interrupt is executed if an
overflow in Timer/Counter0 cccwrs, i.e.. when the TOVQ bit is set in the TimerCounter ¢ Inter-
rupt Flag Register — TIFRO.

OCROB - Output Compare Register B

Bit 7 @ s 4 3 2 i 0

wesionas J GCROBI7:0) —] ochoB

Read Writs W W B B W B oW Ry

Initial Valua ] 0 3] i) Q 3] 0 Q
The Output Compare Register B cordaing an 8-bit value that is continuously compared with the
counter value {TCNTO}. A match can be used to generate an Output Compare interrupt. or to
generate a waveform output on the OCOB pin.

) ] €; £ .
AMIATHIUNIANINAUYDY Timer(
T4 ¥ .
nsgif1nuly Normal Mode
o 3

& Al

#TCNTO = anozdoagaduansndulii Tinero

© N =Prescale factor (1; 8, 64, 256. 1024) : v
& Aniali

@1P = Interrupt Period Mutiahazliaigina
=S dar: € ks < &
dUInDs S1A anbuihdinn

€F

¢ CPUdlk = anuddaanannwmndigiau ocoa

D F T /- * D
TUONTO =256- E!_Lsﬁ__fl_

o 1 ‘Q' 9
DITAIMIHIA NI HOHUDI Timer(
n3aiMNule CTC Mode

@ N =Prescale factor (1, 8. 64, 256, 1024)
= MMANEBNIINV IR OCRIA

@ Felk o = ANUDTYYIUNRMBE1903UD I Timer

N P Felk o
T 2EN R OCRO
OCROA = Felk o

o N 1;;}{_ B
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TCCRIA — Timer/Counter Control Register A

TCCR1B-Timer/Counter Control Register B

Bit 7 & 5 4 3 2 1 o Bit 7 & 5 4 3 2 1 [}
(X0} [[Eomm T comim ] Cower | comes T ——— 11 WGHTT | WOWR0 I recral | iowats JCNCT | TCEST I =] TR T WGH12 T Csiz | Csi1 | Cs10 ] TccRis
Read ifte A AW RW R R " W W ReatWrite &Y W " RAW AW AW AW ot
Initial Vidue o 9 G g [} [ 1 0 )
Initial Value 0 0 0 g 0 0 0 0
+ Bit7:6 - COM1A1:0: Compare Output Mode for Channel A ~ - —
Table 15-5.  Clock Select Bit Description
» Bit5:4 - COM1B1:0: Compare Qutput Mode for Channel B cs12 cs11 cs10 Description
Table 15-1.  Compare Output Mode, non-PWHh 0 0 0 No clock source {Timer/Counter stopped).
COM1A1/COM1B1 | COM1AO/COM1BO | Description o o ] clkeor1 (No prescaling)
0 (U Normal port eperation, OC1A/OC1B disconnected. 0 1 0 clky/8 (From prescaler)
0 1 Toggle OC1A/OC1B on Compare Match. 0 1 1 clk/64 (From prescaler)
4 o Clear OC1A/OC1B ot Compare Match (Set output to 1 0 0 Clky256 (From prescaler)
low level). 1 0 1 cliy;/1024 (From prescaler)
1 1 Se‘h(?mfv"oc‘ B on Compare Match (Set output to 1 1 0 External clock source on T1 pin. Clock on falling edge.
high level).
Y i 1 1 1 External clock source on T1 pin. Clock on rising edge.
Table 15-4. Waveform Generation Mocle Bit Description™
WGM12 | WGHM11 | WGM10 | Timer/Counter Mode of Update of | TOV1 Flag 1 . N .
Mode | WGM13 | (CTC1) | (PWM11) | (PWM10} | Operation Top OCRixat | Seton Timerl : CTC mode
0 [V} 0 0 0 Normal OxFFFF Irmmediate | MAX ‘ ﬁ']ﬁcuﬂéli?{
1 QO 0 0 1 PWM, Phase Correct, 8-bit Ox00FF TOP BOTTOM o
2 0 0 ! 0| PWM.Phase Comect, 9-bit | Ox01FF | TOP BOTTOM 40116 Ua nozdo adaihmiSudulinuidames ocria
3 0 0 1 1 PWM, Phase Correct, 10-bit | 0x03FF | TOP BOTTOM
4 0 1 0 0 cTC OCRIA | Immediate | MAX # N =Prescale factor (1, 8,64, 256, 1024)
L 39 mmﬁiﬁmmma‘%ﬁaﬁwmnms ‘Loggle ‘lﬂlﬂiﬁﬂﬂ 0C1A
TCNTI1H and TCNTIL — Timer/Counterl OC1A £o ’ 3 ¥
) - - - ) g S
Bit ’ 8 : ‘ 3 2 ! 2 1 = anuadgana i n I
(X85} TCNT1]15:8] TONTIH clk 1O e ¥
joxad) TCNT1{7:0) TCNTIL f”l%{ TN
ReadWrite v T B e W B R W f O0Ci1A = R S
tnitiad Value 0 o o 0 o o 0 o 2-N41+0CR1A)
OCR1AH and OCRIAL - Output Compare Register 1 A OCRI1BH and OCR1BL - Output Compare Register ] B
Bit 7 G 5 4 3 z 1 9 Bit 7 5 S 4 2 z ! &
ox55) IR OCRIAH {XEB OCRIB(15:8] OCR1BH
o) SCRIALT ] OCRIAL (OR8] OCRIB[7:0] OCR1BL
- — — — o — = — m— ReadWrite vy R R o v B oW =
Initial Value 0 I a o o o o o Initial Vale d [ 4] 1] o G ¢ G
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Timerl : Normal mode
" Q. 3}
& Mviualv

€ TCNTI = minozdoadaiuausudulddu Timert

@\ = Preseale factor (1, 8, 64, 256, 1024)

o a
@ 1IP = Interrupt Period mmqmmﬂﬁcﬁ'ﬁgm

a w g o
Duaas s (eihun)

@ CPUck = M daanaunin g igiin
CPUclk*IP

TCNT1=65556- .

c:'i c; 2 e s v
aunmeNgansigdula
’ﬂﬁim‘}ail Timerl N normal mode

IP = (65536~ 0y ) ¥ o
T E Pl

Qﬂ‘iﬁﬂ%} Timer( ‘?l normal mode

TP = {2560 )¥ =i

TIMSK1 - Timer/Counterl Interrupt Mask Register

Bit 7 ] s 4 3 2 1 Q
{XEF) =1 - 1 W&t ] - 1 - ] OCEB | OCEIA | TOIET ] TiMSKs
ReadWrite R H RW R RAW R R
Initial Value G & o 2 4 a3 0 0

« Bit2 - OCIE1B: Timer/Counter1, Output Compare B Maich Interrupt Enable
When this bit is written to one, and the I-flag in the Status Register is set {interrupts globally
enabiled), the Timer/Countert Quiput Compare B Match interrupt is enabled. The corresponding
Interrupt Vector (see “interrupts”™ on page 58j is executed whan the OCF1B Flag, located in
TIFR1, is set.

= Bit 1 - OCIE1A: Timer/Counterl, Output Compare A Match Interrupt Enable

Whei this bit is written to one, and the I-flag in the Status Register is sef {interrupis globally
enabled}, the Timer/Countert Quiput Compare A Match interrupt is enabled. The corresponding
Interrupt Vector {see “interrupts” on page 58) is executed when the OCF1A Flag, lecated in
TIFR1, is set.

+ Bit0 - TOIE1: Timer/Counterl, Overilow Interrupt Enable

When this bit is waitlen to one, and the I-flag in the Status Register is set {interrupts globally
enabied), the Timer/Counter1 Overflow interrupt is enabled. The corresponding Interrupt Vector
{See "Interrupls” on page 58) is executad when the TOV1 Flag, located in TIFR1, is set.

De

' Y A Aaa |
ﬂ?&?ﬁ1ﬁuﬂq¢lﬂcﬁwgﬂﬂ i
0584 Timerl 9 normal mode

P = (63536 - 65535 )%

=T CPUCR
@ 0500% Timer0 1 normal mode

[P = (256-255 . )%~
Tt CRPUEk

SREG - AVR Status Register
The AVR Stalus Register -~ SREG - is defined as:

Bit 7 8 5 4 3 2 1 0

CxaF (OxSF) l 1 ] T L H L S L v 1 N L Z —[ Cc ] SREG
Roadirite R RwW HAN W HW R RAwW R

Indial Value &3 [} o] "] ¢ 0 ] V]

« Bit7 —1: Global Interrupt Enable

The Global Interrupt Enable bit must be set for the interrupts to be enabled. The individual inter-
rupt enable conirol is then performed in separate control registers. If the Global Interupt Enable
Regisier is cleared, none of the interrupts are enabled independent of the individual interrupt
enable settings. The 1-bit is cleared by hardware after an interrupt has occurred, and is set by
the RETI instruction to enable subsequent interrupts. The |-bit can also be set and cleared by
the application with the SEI and CLIinstructions. as described in the instruction set reference.
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Table 19-1.

Equations for Caloulating Baud Rate Register Sefting

USART Block Diagram
] UBRRAH:LY ) I
i QBC i
i ¥ |
i
i BAUD RATE GENERATOR :
i ¥ |
i {smic o i i
P i XCKn
! conrron T
i
i “-_-'n—_-—’_‘-———_fﬁ‘%s ]g‘(—;
: YR Transed o {A«?R - I
T FARITY {
ol 1 GEHERATOR i
e’ N | . Pl [
oY | »»D__' | TRANSHIT SHIT REGISTER coron | “bn
< o]
= I T PR |
g r Receiver |
] » cwoek fx I
} RECOVERY CONTROL i
§ R !
i
' CAGTE DATA - ] Y
i . RECEIVE SHIFT REGISTER RECVERY B e L
% ! !
i
- PARITY
} SSESNEY, 'y} 14 r STy e S SN CHELKER {
L s o o s e o o s e o o s o oo
UCSRnA VLR

Equation for Calculating Baud Equation for Calculating

Operating Mode Rate(" UBRRn Value
Asynchronous Normal mode fose Fose

. = BAUD = el UBRRH = el
(U2xn = 0) 16(UBRR + 1) " 7 16540D
Asynchronous Double Speed Fase fosc

: ~ BAUVD » e UBRRn = o -

mode (U2Xn = 1) 8(UBRRi+ 1) BBAUD

{50 = 8.0000 MHz

paud U2Xn =0 U2Xn =1

{bps) UBRRn | Error | UBRRn | Error
2400 207 0.2% 416 -0.1%
4800 103 0.2% 207 0.2%
9600 51 0.2% 103 0.2%
14.4K 34 -0.8% %8 0.6%
19.2k 25 0.2% 51 0.2%

Frame Format

! RAME: 4
f ) 1

\8‘/ sl ) X[ﬁlX[ﬁlXI?EXMXU‘E/@N 190)

St Start bit, always low,

{n} Data bits {0 1o 8).

P Parily bit. Can be odd or aven.

Sp Stop bit, always tagh,

IDLE  No wansters on the communication fine {RxDiv or TkDnj. An IDLE line must be

high.

UCSRnA - USART Control and Status Register n A

Bit 7 ] 5 4 3 4 1 (]

l RXCn f TXCh [ UDREn L FEn J DORn L UPEN [ UzXn 1 fPCMn l UCSRnA
Pead Wiite R RW 3] R R R RAY RW
tritial Valus [« V] 1 G 0 4] [ [

¢ Bit 7 — RXCn: USART Receive Complete

This flag bit is sel when there are unread datain the receive buffer and cleared when the receive
buffer is empty {i.e.. does not contain any unread data). If the Receiver is disabled, the receive
buffer wifl be flushed and consequently the RXCn bit wili become zero. The BXCn Flag can be
used to generate a Receive Complete interrupt {see description of the RXCIEn bit).

« Bit6 -~ TXCn: USART Transmit Complete

This flag bit is set when the entire frame in the Transmit Shift Register has been shifted out and
there are no new data currently present in the transmit buffer (UDRn}. The TXCn Flag bit is auto-
matically cleared when a transmit complete iMerrupt is executed, of it can be cleared by writing
a one 1o its bit location. The TXCn Flag can generate a Transmit Complete inlerrupt (see
description of the TXCIEn bit}.

* Bit 5 -UDREn: USART Data Register Empty

The UDRER Flag indicates if the ransmit bulfer (UDRn) is ready to receive new data. If UDREn
is one, the buffer is empty, and therefore ready to be written. The UDREN Flag can generate a
Data Register Empty interrupt {see description of the UDRIEn hit). UDREn is set after a reset to
indicate that the Transmitter is ready.
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UCSRnB - USART Control and Status Register n B

Bit 7 & 5 4 3 2 1 o

RXCIER TXCIEn UDRIEn XENR TXENN VCSZn2 XBsn TXB&n UCSRnB
BeadMWrite RV RAN AW RAW Y R R RN
Initial Value g 0 ¢ 0 0 0 ] [}

+ Bit 7 - RXCIEn: RX Complete Interrupt Enable n

Writing this bit to one enables interrupt on the RXCn Flag. A USART Receive Complete interrupt
will be generated only if the RXCIEnR bit is written to one. the Global Interrupt Flag in SHEG is
written to one and the RXCn bitin UCSRnA is set.

+ Bit6 - TXCIEn: TX Complete Interrupt Enable n

Writing this hit o one enables interrupt on the TXCn Flag. A USART Transmit Complete interrupt
will be generated only if the TXCIEn bit is written o one. the Global Interrupt Flag in SREG is
writlen to one and the TXCn bit in UCSRANA is set.

« Bit 5 — UDRIEn: USART Data Register Empty Interrupt Enable n

Writing this bit to one enables interrupt on the UDREn Flag. A Data Register Empty interrupt will
he generated only if the UDRIEn bit is written to one. the Global Interrupt Flag in SREG is written
to one and the UDRER bitin UCSRNA is set.

* Bit 4 - RXENn: Receiver Enable n

Writing this bit to one enables the USART Receiver. The Receiver will override normal port oper-
ation for the RxDn pin when enabled. Disabling the Receiver will flush the receive butler
invalidating the FEn, DORn, and UPERn Flags.

» Bit 3 — TXENn: Transmitier Enable n

Wiiting this bit to one enables the USART Transmitter. The Transmitier will override normal port
operaticn for the TxDn pin when enabled. The disabling of the Transmitter {writing TXENn fo
zero) will not become effective until ongoing and pending transmissions are completed, L.e.,
when the Transmit Shift Register and Transmit Buffer Register do not contain data to be trans-
mitted. When disabled, the Transmitter will no longer ovenide the TxDn port.

» Bit 2 -UCSZn2: Character Sizen
The UCSZn2 bits combined with the UCSZn1:0 bit in UCSRNC sets the number of data bits
{Character SiZe} in a frame the Receiver and Transmitier use.

UCSRANC - USART Control and Status Register n C

it 7 6 3 4 2 2 1 4
[TOMSELnY | UMSELnG | UPWni | UPRin0 | USBSh | UCKZnT | UCSZnG | @ UCSRNC
PradWiite Row T WA 2 Ey 25 g oW
Initial Vialue o @ i o i § 1 i
Table 19-7. UMSELnR Bits Settings
UMSELnN1 UMSELRO Wode
¢} 4 Asynchronous USART
[ 1 Synchronous USART
1 Q {Reserved)
1 1 Master SP) {MSPiMyiY
Table 19-8.  UPMn Bits Settings
UPMnR1 UPMnO Parity Mode
] 0 Disatied
0 1 Reserved
1 0 Enabled, Even Parity
1 1 Enabled, Odd Parity
Table 19-9. USBS Bit Settings
UsBsSn Stop Bit(s)
0 1-bit
1 2-bit
Table 19-10. UCSZn Bits Settings
ucsZnz ucszni ucszng Character Size
0 [y} 0 5-bit
0 Q 1 6-bit
0 1 0 7-bit
0 1 1 8-bit
1 0 Q Reserved
1 0 1 Reserved
1 1 0 Reserved
1 1 1 9-bit

UBRRnL and UBRRnH - USART Baud Rate Registers
Bit 15 14 13 12 11 190 @ 2
-1 - 1 - 1 - _ UBRRAN11:8] UBRANH
UBRRN(7:0) UBRRNL
7 8 g 4 2 pd 1 [s]
ReadWrite R R 7 R By BW W RW
BAY BAY RAW B R W A RAW
tnititl Value 1] 0 & 0 & 9 0 i
Q [ 53 o} o & 0 L]
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ADCSRB - ADC Control and Status Register B Table 23-3.  Voliage Reference Selections for ADC
Bit 7 % 5 4 3 2 1 0 -
P~ O L B S S L LS| ADTT“ REFS1 REFSO | Vollage Reference Selection
Raad/Write R AW 3] 3 [ BAW RAW HAW ] Q AREF. Internal V,; turned oft
it Vaiue 0 o o 0 9 o g 0
il Halua ? ’ ¢ 1 AV with external capacitor at AREF pin
Table 23-6. ADC Auto Trigger Source Selections 1 o Reserved
ADTS2 | ADTSY ADTSO Trigger Source 1 1 Internal 1.1V Voltage Reference with external capacitor at AREF pin
0 0 0 Free Running mode .
9 Table 23-4.  Input Channel Selections
[ 0 1 Analog Comparator
0 ] o Extornal Intorrunt Request 0 MUX3...0 Single Ended Input
xierna Tnfernipt Mequ Tabie 23-5. ADC Prescaler Selections
0 1 1 Timer/Counterd Compare Katch A 0000 ADCO
- i 0001 ADCH ADPS2| ADPS1/ADPSO | Division Factor
1 0 0 Timer/Counterd Qverflow P ° o 2
1 0 1 Timer/Counter! Compare Match B 0016 ADC2 o o 1 2
1 1 0 TimeriCounter1 Overflow 0011 ADC3 0 1 0 4
1 1 1 Timer/Countert Capture Event 0100 ADC4 o 1 1 s
0101 ADCS 1 o | o 16
0110 ADC8 1 0 1 32
0111 ADC7 1 1 0 64
1000 ADC8M 1 1 1 128
ADMUX - ADC Multiplexer Selection Register T
Bit 7 8 s H 3 2 1 0
ioxdes) | REFST | REFS0 | ADLAR | - | MUX3 | MUX2 | MUXT | MUXs ] ADMUX
ReadWrite RV RV RN R RowW =g R R ADLAR =0
Intial Value 0 0 g o g 0 0 0 Bt 15 14 ik 2 la 1o g 8
{ox75) - - - = - = ADCa ADCS ADCH
Table 23-3.  Voltage Reference Selections for ADC oxTa) ADC7 | ADCo | ADCS | ADCa | ADC3 | ADCz | ADC1 | ADCO ADCL
7 & 5 4 3 é 1 Q
REFS1 REFSC | Voltage Reference Selection
ADLAR = 1
0 0 AREF, Internal Vi turned off Bit s i N " 4 w0 . .
4] 1 AVCC with externat capacitof at AREF pm {Ox 78} ADCY ADCE ADCT ADC6 ADCS ADC4 ADC3 ADC2 ADCH
{OX7E) ADCA ADCO - o - p - - ADCL
1 ¢ Reserved 7 B 3 3 1 D
1 1 Internal 1.1V Voltage Reference with external capacitor at AREF pin I
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ADCSRA - ADC Control and Status Register A

Bit 7 & 5 4 3 2 1 &
{axTA [TROER | ADSC | ADATE | ADIF | ADIE | ADPSZ | ADPST | ADPSO ] ADCSPA
Boarl White ST ey "W Tow T T s Fow
tnitial Yalue [s] 1] G o 4] 4] [ [

« Bit7 - ADEN: ADC Enable
Writing this bil to one erables the ADC. By writing it lo zero, the ADC is tumad off. Tuming the
ADC off while a conversonis in progress, wil terminats this conversion,

« Bit 6 - ADSC: ADC Start Conversion

In Single Conversicn rods, wirite this bi 1o one o start each conversion. In Free Running mode,
wiite this bittc one t¢ start the first convarsion. The first conversion alter ADSC has been written
afier tha ADC has been enabled, or if ADSC is writlen at the sauve time as the ADC is enabled,
weill take 25 ADC clock cycles instead of the notmal 13, This first conversion petfarms initializa-
tion of the ADC.

ADSC will read as ore as long as a conversion is in progress. When the conversion is complete,
it returns fo zero. Writing zerc 12 this bit has ne effact.

+ Bit5- ADATE: ADC Auto Trigger Enable

When this bil is written to ore, Auto Triggeting of the ADC is enabled. The ADC will start a con-
version on a positive adge of the selecied tngger signal. Tha trigger source Is selected by setting
the ADC Trggar Select bits, ADTS i ADCSRHE.

« Bit4 - ADIF: ADC Interrupt Flag

This bit is set when an ADC conversion campletes and the Data Registars are updated. Tha
ADC Corvarsion Complate Interrupt is executed if the ACIE bit and the I-bit in SREG are sel.
ADIF is cleared by hardware when execuiing the corrasponding inferrupt handling veclor. Alter-
ratively, ADIF is cleared by writing a togical ens to the flag. Beware that if deing a Read-Modify-
Writz on ADCSRA, a pending inferrupt can be disabled. This also applies if the 8Bl and CBI
instructions are used.

+ Bit3~ADIE: ADC Interrupt Enable
When this bit is writtery to one and the I-bit in SREG is set, the ADC Conversion Complete Inter-
ruptis aciivated.

A CONVERSION
SOMPLETE IRG

f CE )

KEFG [
Ladied

ADE CTRL & STATUS ADC DATA REGISTER
REGISTER (ADCSRA SADCHADCLS
o i
al s o ol & A
R g S 7
-
’
FRESUALER
,
COMERGION Lo
-
¥ SAAPLE & HOLD
COMPARATOR
OEIT DA

> OUTPUT

Analog to Digital Converter Block Schemalic Operation,

Vi 1024

ADC BELTIPLEXER




