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:UeJ-~ni;'l bi;'l'lJ'lh:::: 'i1'1~d section ..

aeJ'UU6'llWl1fl: .fl1flf11~P!fl'l~l~ 2
~ d v ~
1'U'VlaeJ'U: 22 n:lJ.fl1'V'l'U5 2555,

••• '" OJ

'.i'VIa1''lIl: 241-210 'VIeJ~aeJ'U: 5201J 52021 J A400 I ~20 I

~eJ1"l11: Microprocessor Architectures and the Assembly Language

Un1'.iAm~n: 2554

b16'llaeJ'U: 13.30-16.30 'U.

eil'U'.ilEJ6'l::b~hJ ~"lJeJ.:I,jeJaeJ'U bb6'l::rll bb'U::'I.J11~b ,jl1~ rieJ'Ub~:l.J'vj'l,jeJaeJ'U

b16'l1: 3 .rrl1:lJ~ (180 'U1Vi)
..,

'.ilEJ6'l::bBEJ~"lJeJ.:I,jeJaeJ'U: -ifeJ?fBtJ:ih1.:J'VI:lJ~10 Vlth bb(;1~Datasheet ~n 10 Vlth ~1:lJ 20 Vl1Jl

eJ'Ullil \PI: bfl~B.:Jb~Cl'U\9il.:J6') b'Ii'U Uln f11 Vl~B~'U?fB bb(;1~bfl~B.:Jfil'lb(;1'1.1
, ClI I

l~eJ'Ullil\P1: bfl~B.:JflB:lJ~lbI?1Bft1JI?1Ufl bb'Vl'Ub~1?1?f:lJI'l"iJ1'lVl1r.:J~B m~~l'l~l1J1?1 bb(;1~bBn?fl~11'l6')
Ii QI 't" I

• 1~vi'l'Vln'lJeJ fi'lI?1BtJ~.:JVl:lJI'l"iJ~I?1B.:Jb~Cl'U(;1.:J1 'U-ifB?fB'U•
• Vll:lJVl~'U~:lJ~.:J11'l6')~.:J~'U"iJlm4~'U bl'Ubb\9i~fl:lJ?fB'U"iJ~'VI~'U~:lJ1Vl

I '\I cu't

• Vll:lJt11~d'UVl~.:J6h'U 1~'1.IB.:J-iiB?fBtJBBn"iJlnVlB.:J?fBtJ

• ~U~~?f.:Jrl"iJ~BBn"iJlnVlB.:J?fBtJriB'UVl:lJI'lb1m?fe:JtJ bb\9il?1eNl~'l!eJEJn';h 30 'l..I1Vi 1VlClnije:J
"
'1.Ie:JB'Urul\P1"iJln~fl:lJ?fBtJrie:J'U"iJ~(;1n"iJlnViu.:J

" v cu q "

• b~e:JVl:lJI'lb1m?fe:JtJ ~b-ifl?fBtJl?1e:J.:JVlCll'lnl';lb~Cl'U1~ 6')~.:J~'U
" , I

• b~Cl'U~e:J, ~Vi'?fbb(;1~Vl:lJlm(;1'dSection 1Vl'1T~b"iJ'U1'U-iie:J?fe:JtJ'Vlnbb~'U bbeJ'U1~1:Jb~Cl'UVl~m~Cl'U,
l:Jfl~tJ"iJ~tlnl?l~fl~bb'U'UbbeJ'U(;1~ 1 fl~bb'U'U

"
• ril'Ufi'l~.:Jb~:lJb~:lJ 1'Ubb\9i(;1~-iie:J1Vl'tll'lb"iJ'Ufi'll?1e:JtJ~l'U1l'lril'U l:Je:Je:Jn "iJ~~e:J';hfi'l\P1e:JtJJ'U~~
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~e:H1fl'l b'l'lJ'lJ';j~'illlild section .,

1. "iJlm.:J"iJ'j~.:J'juv11 "iJ.:Jb~(J'U1U'jbbmjJf\d'UfljJ6/J-W(J AVR bVle),vllm'je)1'Uril"iJln~~?l1wli"ill'Ul'U 5~ , ~
\J(9ljJlbbU(\.:JbtJ'Ub(\"lJ\il'U~'Ubb 'U'Uhillifl~eNVljJ1(J bb~lvllm'jbb?l~.:J~mr.:JbbeJ(\B~ 7 b6llnbjJ'U\9l..
"ill'Ul'U 2 ~1 nlVl'U~ 1Vi'6/J-W~vllm'j(9l'jl"iJ?leJ'U?lm'U~"lJeJ.:J?l1Vl'l1~h(J Pin-change interrupt

(6/J-W(Jh]~eJ.:JfleJm'U(\Ue)1'U?lm'U~"lJeJ.:J?l1Vl'l1) (10 fl~bb'U'U)

00000 00
00111 07 'juv11 RS
01111 15 ~ llJk

10000 16
10011 19
11111 31

Y'
~::::::::::::::,:

U

#include <avr/io.h>'" it i'ne 'i'~de" '<'a'~r'/ in't'e r'i~p't': h·;······························ .

unsigned char LOOKUPTB[] = { ObOOllllll, ObOOOOOllO,
........................................................................ ''0'001'0 ITOIT~" "05'0'1' 0 '0'1'11'1'~" .

......................................................................... .O.bQ.1.1 Q .0.11.0., 0.00.1 J. 0.1 J. 0.1, .
ObOlllll0l, ObOOOOOlll,

......................................................................... 'G'b0l·t1'1't 11';'" 'lJb'G'1''l:0'1''l:1·1';··········································

.......................................................................... 9.? ~.~.~.~.9.~ ~.~.! 9.~.9.~.~.~.~.~.9.9.t .
ObOOlll00l, ObOl0llll0,

......................................................................... G'b0·1-1,·1·1-001·;····0 b0·11· ±0-001····}·~··································
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s QI /"D 1 ., .

d ~n~ " ,~~~\~~1~",,, .
6ll~ f.· .... · .. ·fuu' "",,, ,,' •

, dd AVR Ul
• v J I ~11nfll~B\lnl~l~v~\'I~

3 .• ,,~"'Jhh"m~\~~~U AVR ftl1V~~18MHz ~~~BnV\~lBlpC ~lU ' LtO 6l{41

1M

'¥ "' •.• ~... " I ceprn
ent

uw

Y1

~8~a~lU'fi'P"PC m.m."\l~1""ui1\~U\~~0-91~~~~~Naagn~1~OJ )d I IOJ !'\cm ( .•.. ",' d lv
lC' ~~~~l~7~

lonlmon Anode 11~fl8~nUWVjVl ~fi~1iluYj.'nm"'"'PC~'~1\~ti~~gU~~~~1~~[ vV
~

segment 0 I d Non 't. rnV1'UV11,x'VhnT~~V1~~~14
11
00 bp~a-bit ata p~ny, 2 stop bits (15 f\~bb'J"tJ)

',nclod . ~.. I

#
e <avr/'include lo.h>

........................~avr /inte........... rrupt h>

...\.U).$.;i.gn~~ Qh : .• • ••.• ..• <;l.;r; •.• LQ.QKQ.l?'J:I? [] = .

. .. I... Q);<Q O! II ................................... oboici'l ...U.L .... O.p..Q.O.QQ011 n .....................•. .1,,..

...... lOll Ob ,.v.'............................... .. ObO-UOO'iO' 0
1
0011,,· ..··..·..· ··..· ·..

.................... .. P.bO 111110 1 ; 0b{Jo1":J:{n:J:G·1"~··.. ·· · ........ ObOOO ' .

......... .. 0 bO 1 il'i'hi" Y.O.~.l.', .
............ .. "" Q.1.W,m l' 0bOll 0111 C .

............. ObOO111oo·~,..··ObG.,.H.,'().O '.. . .
voi d "d~".~ :...... · 0'60n n ~OT:''''~bO

10
1111

0
: .

. 'C..0 ~.~~~9 (vo i d)" i.i.................................. ' Ii
0
Inuo'o r ..} .

............................ ' ........ .. .
.......... .. .

........ . ........... .. .
....... .. ................. .. .

....... ................ .. .
........ .........................

......................... .. ........ .. .
.....................................

....... .. ............ .. .
....... ........ ........... .................. ........ .................. ...................... . .

.......................... .................... .......................
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~1H'l~"' b"''U'lb~'Il11911 section .

\PlB'U~ 2 d]'U-Vmre:l'Ubb'lJ'lJ'l.h'l1CJ~l'UTU 37 -VeJ

1 '!XVi TVI n-veJ, f) 'IJ fl '1 :ij

36
37
38
39
40

4. bVl(?l1l'1~.:jnt;\'nl1 AVR bU'U~yjtJ'lJ'Ull'1 8 U\9l
, 'U

n) b'Vfn~ ALU ij'lJ'Ull'1 8 U\9I

'1J) b'V'fn~ Data bus ij'1J'Ull'1 8 U\9l

fl) b'Vi·n~1~~b\9ltlf/,'1i'.:jl'U~'JhJij'lJ'U1l'1 8 U\9l

.:j) b'Vi'Jl~ Address bus ij'1J'U1W18 U\9l

"'iJ)b'Vi'Jl:::: SREG ij'1J'Ull'1 8 U\9l

5. oUtl1l'1bU'Uf)1'Jf11Vl'Ul'Ifll Ox2000 1~n'IJ

1~~b\9leJ~ TCNTl Y1tlnMeN
'U

n) TCNTlH = Ox20;

TCNTl L = OxOO;

'lJ) cliO;

TCNTl = Ox2000;

sliO;

fl) unsigned char A= SREG;

TCNTl =Ox2000;

SREG = A;

.:j) tln~.:j'iitl ('lJ) bbf1::::(fl)
'U

'OJ) hiij'iieJtln
'U

6. rhi'l1l'1"'iJ::::MtJ.:j1~H~b~eJ'lJBn·;hbU'U"'iJl'Ii'U?ll'l, ,
'lJtl.:j1'l..hbbmlJ'IJ~f)1'JB'Ub\9leJH'Vi~

n) CLI

'lJ) RETI

fl) SEI

.:j) pOP

"'iJ)tln~.:j'iieJ (f1) bbf1::::(.:j)
'U
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~eJ-'"n~ b~'U'lh~'i\'l~d section .,

7. ':il.:lATUlruVll~TU1'Ufl~eJfl1"lJbf1~v1~lbtl'UI'1B.:I1-ul:u

fl1':i-r'U1~~m~1 I,I,B?l1,"lJ~'U~~B1tJ\1

fl) 232 fl~Bfl

'tJ) 233 fl~B fl

fl) 234 fl~Bfl

.:I) 357 fli!1Bfl

':il) 358 fl~Bn

8. Vllmn~B'Ub\9lB4'!'V'lI'l':illn'tJl1.:1':il':iTimerl I,b~~

l.:1':il':i~B?ll':iB'Um~ (USART) 'V'l1mJn'U 6/lYlti AVR
, 'U

':il~1~'U~fl1':iBtJmru ~11~ nB'U,
n) 61iYltl1Vi'U~fl1':iTimerl riB'll

'U

'U) 61iYltl1Vi'U~fl1':il.:1':il':iUSART nB'U

fl) ~'U~cJn'Urh Priority v1m-uI,~\9I1Vin'U61iYlti
'U 'U 'U

.:I)~'UBcJn'Ur11 Interrupt Vector v1m-U?llm':itl
'U 'U

b~Bn~.:Ir111~

':il) 61iYl~AVR ?llm':itl1~'U~fl1':i~.:I?lB.:I~tJmru1~

'V'l-rB~'1 n'U

9. Vllnr111'U~~?lb\9lB4 SREG 1Ir11bvhn'U OxFO 1,1,~1

6/lYlti AVR ':il~\9IB'U'!'U~rurulruB'UI,\9IB4'!'V'lI'lv1I,-Ulm'U v v

VI~B1:u

n) \9IB'U-r'Ufl1':iB'Ub\9lB4'!'V'l1'l

'tJ)1:U\9IB'U-r'Ufl1':iB'UI,\9IB4-r'V'l1'l

fl)nl':i\9lB'U-r'UB'UI,\9IB4-r'V'lI'lVl~B1:uJ'U1:u1~~'UB~n'U

r111'U~~?lI,\9IB4SREG

.:I)~'UBcJn'Ur111'Um':il.:1 Interrupt Vector
'U

':il) tlfl~.:I-UB (fl) I,I,~~ (.:I)
'U

10. VllflI'1B.:Ifl1':i1~61iYl~AVR ~B.:I'tJB'U'tJl~.:I'tJB.:I
v Q. d ~ OJ Q !tv ~ 11

':i~~'U~B':ilfl'Vl'tJl INTl I,U'U?lqjqjlruB'UI,\9Ie1':i':i'V'l\9ll,l,m

':il~I'1B.:Ib~\9Ir11BcJl.:11':i

fl) EICRA = Ox08;

'tJ) EICRA = OxOC;

fl) EICRA = Ox08;

.:I) EICRA = OxOC;

':il) EICRA = OxOC;

EIMSK=OxOl;

EIMSK=OxOl;

EIMSK=Ox02;

EIMSK=Ox02;

EIMSK=ox03;

11. 6/lYlti ATmega328p 1I'tJl1-U.:ll'U 28 'tJl I,n~
'U

B~1':i~'Un'U6/lYl~Vlln~~m\9lB1 PCIFR 1Ir11I,Vl1n'U

Ox04

fl) ilfl1':il,tJ~t1'U':i~~'U~B~nv1'tJl 6

'tJ) ilfl1':i1,tJ~t1'U':i~~'U~B~flv1'tJl 13

fl) ilfl1':ibtJ~t1'U':i~~'U~B~flv1'tJl 14

.:I) ilfl1':il,tJ~t1'U':i~~'U~B~nv1'tJl 1

':il) fln~.:I-UB ('tJ) I,I,~~ (fl)
'U

d
':itJ'Vl3
'U

12. nlV1'U~1Vi6/lYl~-r'Ur:I.:I-UB~~v18-bit data, eve~

parity, 2 stop-bit ?l~~~1Vi61iYl~'!'U-UB~~m~m~Vi
vcv d I V dv II o<::il I

'tJl Rx 1~~.:I':itJ'Vl 3 ':il.:lVll11'tJB~~'Vl':i'UI,'tJlm~fll
'U 'U

I,vh1~

fl) Ox5E

'tJ) Ox2F

fl) Ox7A

.:I) OxF4

':il) OxCB

v

'V'l1~~ = 1
v

'V'l1~~ = 0
v

'V'l1~~ = 1
v

'V'l1~~ = 0
v

'V'l11~ = 1

13) ':illfl-UBnlV1'U~1'U-UB (12) ':il.:lVll1I,fl':il~~I,Yh~

-UB~~B'Um~1'U':itJv1 3 ~.:Il.:1':il':iUSART -r'U1~
'lJ q 'lJ, II

n) -uB~~1m:u1~ l,iiB.:I':illfl'V'l11~~~'V'lm~
'U

'tJ) -uB~~1m:u1~ I,~el.:l':illmn~ Overrun Error
'U v

fl) -Uel~~1-Ufl1':i1~'V'l11~flnl'1el.:l
'U 'U

.:I)</Jel~~1m:u1~ I,~el.:l':illmn~ Framing Error
'Uv

':il) flnVl.:l</Jel(n) I,I,~~ ('tJ)
'U

14) Vllnr111'U~~?lI,\9Iel4UCSROA ilr11I,vhn'U

Obl011 0000 VI~1t1fl11U11elcJl.:1b

n) </Jel~~r:I.:Ielelfl1tJ'Vll.:1'tJ1 Tx 1,?l1':il1,1,~1
'U

'tJ) -Uel~~v1r:1.:1elelfl1tJl,n~fl1':i Error

fl) l.:1':il~'!'U-Uel~m-Ul'Vll.:1'tJlRx 1~-r'U-Uel~~fl':i'Ubl,~1
. 'U 'U

.:I) fln~.:I</Jel('tJ) I,I,~~ (fl)
'U

':il) tlfl~.:I</Jel(fl), ('tJ), I,I,~~ (fl)
'U
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15) ;VitJ AVR rrn:lJ~ 11.0592 MHz IilB.:Jfl1"5~\J~.:J
"II ..d a v ~ I

'UBlJ"'B'4m:lJ'Vlml:lJb~l 9600 bps 'oil~\91"€)Wlj\91i'll

1~l:lb\91B1i'l1'Ui'l:lJ\''Vhn'U,
fl) UCSROA=OxOl;UBRROL= 71;UBRROH=O;
"U) UCSROA=Ox02;UBRROL= 143;UBRROH=O;
f1) UCSROA=OxOl ;UBRROL=Ox71;UBRROH=OXOO;
'l) UCSROA=Ox02;UBRROL=Ox43;UBRROH=OX01;
'oil) UCSROA=Ox03;UBRROL=Ox43;UBRROH=OX01;

16) 'oillflTtJ~ 4 'VnflIilB.:Jfl1~1Vf LEOS &i~\'VitJ.:J~1.:J\,~tJ1
"

'oil~IilB.:Ji'l1'Ui'l:lJrll~'V'·1el1\91C 'UB.:JAVR mh.:Jh,
fl) DDRC = OxF7; PORTC = ObOOOO_0001

'U) DDRC = OxF5; PORTC = ObOOOO_0011

i'l) DDRC = OxF2; PORTC = ObOOOO_0001

.:J)DDRC = OxF7; PORTC = ObOOOO_OOll

'oil)DDRC = OxF5; PORTC = ObOOOO_0010

17) 'l-'l1flH''I''lB1\91 PC3-PO \91Bn'U LEO \'\''U'U

Charlieplexing \'\'~1 'oil~l:ll:lJ1~t1~B LEO 1~:lJln~l:l~~,
~1
n) 10 ~1

'U) 21 ~1

i'l) 25 ~1

.:J) 20 ~1

'oil)14 ~1

18) 'Vltl1tJml:lJ"ill~1'U1~1'U~1'U\'\'l:l~.:Jt:J'" LCD vil'VlUl~

\,n'U"5'LJ\,\,'U'U~1 ern'U"5~-W\'1'\'tI~l:l~1.:J~'UL~ tJen o1f
" "

n) CGRAM

'U) DDRAM

i'l) CGROM

.:J)t1n~.:J-iJB(n) \,\,m: ('U)
"

'oil)t1n~.:J-iJB(n) \,\,"'~ (i'l)
"

19) Ghost Effect \'n~~'U1'UmM~

n) i1fl1"5n~U:lJ'U'UM\'\''I''l~:lJ1nn11 1 Row 'I"l~B:lJn'U

'U) U:lJ'U'U~~\'\''I''l~:lJ1nn11 1 i'lB~:lJ"Jt1nn~'I"l~B:lJn'U, "
i'l) 'I"lB1\91'UB.:J;VitJhil:lti'Ul:l'U'Ul:lm'U~ T ri-state" ,
.:J)IilB.:J\'n~\'~B'U1'U(n), ('U) 'I"l~B:lJ1 n'U

.:J)lilemn~b~B'Ul'U (n), ('U) \,\,"'~ (i'l) 'I"l~B:lJ1 n'U

20) fh'Vl'U~1Vf;VitJ AVR 1~-r'U1vh~tJ.:J 3 11m-, 'Vlln
"

IilB.:Jfl1~~m\'B"'~~ 3 ~TV1'1"lB1\91PCO-PC2 'oil.:J

Al'U1 rurll ~1Iill'U'Vll'U ~B"ill n~ m~ \'\'l:l'UB.:J\,\,B'" ~~ \,\,~

n) 50 ohm

'U) 100 ohm

i'l) 200 ohm

.:J)300 ohm

'oil)400 ohm

21)'Ul1~ (bounces)'oillnnl"5n~l:l1'Vlil:ll:lJl"5t1'U~~

1~~1tJ1m~

n) ~Brn'LJ168\'\91B1

'U) ~B1B;\'\''''\91i

i'l) ~B1'Vl~l:l\'\91B1

.:J)t1n~.:J-iJB(n) \,\,l;i~('U)
"

'oil)t1n~.:J-iJB(n), ('U) \,\,l;i~(i'l)
"

22) 1'LJ"5\,\,n "5:lJ1~ 101f1 'Un 1 "5,j''UVi n 1 'LJ"5\,\,n "5:lJ'" 'l

'VltlltJi'l11:lJ"ill \,\,lIl",'ll'UB.:J1:lJLi'l"5i'lB'U1'Vl"5l;i\,l;iB1

n) ~.:Jn\'nB1

'U) 'U\9l1'Vl"'~\'~B1
"

i'l) ~'I"l"5B:lJ~:lJ\,l;i\'\9lB1
"

.:J)B'U\''llB1n\9l~:lJ\,l;i\'\9lB1
"

'oil)"5B:lJl'LJ"5\,\,m:lJ\,:lJB1

23) rll\'1l;il'Vltl1.:J~\''Vl:lJl~l:l:lJG11'Vl-r'Unl''5'Vh

Debounce Bci~'LJ"5~:lJ1ru\,'Vh1~
"

n) 100 ms

'U) 200 ms

i'l) 10 us
.:J) 100 us

'oil)10000 us
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24) oiJeJ1~hn.•dFleJ:lJ1vm:ltl1.ll1'l·rl611'1JeJ~AVR

n) Proteus

'1J)WinAVR

1'1) CodeVision AVR

~) CrossWorks for AVR

'i1) IAR Embedded Workbench for AVR

0<::10"""""" d 0 d d
25. (;,\:lJ:lJ~'liVHJAVR 'Vl'Vll~l'U'VlFldl:lJfl 1 MHz vnn, "
l'i'eJ~nl'Hb'1l:lJtli~~t1Jt1JlrueJ'Ul(;\eJn~Fldl:lJ~ 10000 Hz

rll Division Factor 1~~b'Vl:lJ1~6'l:lJ~6'l~i;hvl-r'ln~'i1';jADC,
'1JeJ~AVR

f) 16

'1J) 32

1'1) 64

~) 128

'i1)hjijoiJeJflf)
"

26) 'Vllf)l'i'eJ~m';j1~ AVR 6'll:lJ1';jflfleJ~';ji16'liKt1Jt1Jlru

1'Vl';jI'1'V'l'Vl'11i1'"il:::l'i'eJ~t'ieJeJtlmrueJ~1';jb~:lJb~:lJ,
f) DTMF Receiver

'1J)DFMT Reciever

1'1) DTIFM Receiver

~) DFMT Receiver

"il) DMTFT Receiver

27) '1Jl AREF bb(;\~ADCO '1JeJ~AVR 1~-ru1v.Jb~t1~ph
4.5 bb~~4 b~vi m:lJ~l~U "il~'Vllrll1u'Ul~vtl~"illf)m1

bbtl~~ eJ'Ul~eJm U'U~~~eJ~

f) 815

'1J) 816

1'1) 910

~) 911

"il) 1001

28) '1Jl AREF bb~:::ADCO 1~-ru1vJb~t1~ rll 3.5 bb~~2

b~vi ~l:lJ~l~U "il~'Vllrllvtlm'U~~6'lb~eJ1 ADCH bb~~
.d .<:::llQ ~

ADCL b:lJm"il6'lb~eJ';jADMUX=Ox20

f) ADCH = Ox24; ADCL = Ox90;

'1J)ADCH = Ox02; ADCL = Ox49;

1'1) ADCH = Ox92; ADCL = Ox40;

~) ADCH = Ox09; ADCL = Ox24;

"il) ADCH = Ox42; ADCL = Ox90;

29) d~"il';jbbtl~~eJ'Ul~eJmU'U~~~eJ~'1JeJ~AVR bU'U

bbuu1~

f) Sigma-Delta

'1J)Successive Approximation

1'1) Flash ADC

~) Wilkinson

"il) Pipelined ADC

30) '1Jl AREF bb~~ADC51~-ru1vlb~t1~rll 5 bb~:::

2.51d~vi ~l:lJ~l~U 1~ ADMUX=OxOE "il~'Vllrll~

1m'U~~6'lb~eJ1ADCH bb~~ADCL

f) ADCL = OxOO;ADCH = OxE1;

'1J)ADCL = OxE1; ADCH = OxOO;

1'1) ADCL = Ox02; ADCH = OxOO;

~) ADCL = OxOO;ADCH = Ox02;

"il) ADCL = OxFF; ADCH = Ox01;

31) oiJeJ1~~~e.m1~bil~m';j Disable m';jB'Ub~eJ1-r'V'l\?l

'1JeN611~t1AVR
"

f) i~cli();

'1J) i~sei();

1'1) i~SREG = OxOO;

~)i~EIMSK=OxOO;

"il) flm~~oiJeJ(f) bb~~ (1'1)
"

32) 'Vllf)l'i'eJ~m';jl~'V'leJ1~ C '1f)u~ij6'lm'U~ High

impedance l'i'eJ~vileJ~l~1';j

f) DDRC = OxOO; PORTC = OxFF;

'1J)DDRC = OxOO; PORTC = OxOO;

1'1) DDRC = OxFF; PORTC = OxFF;

~) DDRC = OxFF; PORTC = OxOO;

"il) flf)~~oiJeJ(f) bb~~('1J)
"
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33) l"i'li~l(9l?l':ll:,ml~\'n(9lrn';jn~'IJ'Vlfl'u(9l'lJB~'VIBi(9lB bU'U,
(9l';j~n'UoU'llJ

n) PORTB 1\= OxFF;

'lJ) PORTB = ~PORTB;

fI) PORTS &= PINB;

~) t1n~~oUB(n) bbm: ('lJ)
'U

"il) t1n~~oUB(n), ('lJ) b\'(;1~(fI)
'U

34) vnn~B~rn';j1V1 Timer1 'Vh~'l'U~ Normal mode

\'\'(;1~B'Ub(9lBi-r'VI~6/lv:i~~~'Vh~'l'U~1 MHz 'Vln"'] 37 ms

b\,ill "il~~B~~~fi'lm'IJfllJ Timer mh~l':i,
n) Prescale factor = 8; TCNT1 =60, 119;

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

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

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

35) "il'lnoUB(34)"il~~B~~~fi'l1~~b(9lBifll'IJfllJl~"il':i,
Timerl mh~b

n) TCCR1A = OxOO;TCCR1B = Ox05;

'lJ) TCCR1A = OxOO;TCCRlB = Ox04;

fl) TCCR1A = OxOO;TCCR1B = Ox03;

~) TCCR1A = OxOO;TCCR1B = Ox02;

"il) TCCR1A = OxOO;TCCR1B = Ox01;

36) 1~"il':i UART \9\'l~"il'lfl1~"il':iUSART B~'l~b

n) 1~"il':i UART ;;,\~oUB~m\''IJ'IJSynchronous hJ1~
'lJ) 1~"il':i UART ?I~oUm.mB'UmlJ\'\''IJ'IJ:W?(ruunruClock

~ q u u

fll'IJfllJ 1~1~,
fl) 1~"il':i UART l~~'lm':itl&1(9l\9\B~m.'mn'IJ RS-232 1~
~) t1n~~oUB(n) b\'(;1~('lJ)

'U

"il) t1m~~oUB(n), ('lJ) \'\'(;1~(fl)
'U

37) BtJmru1(9l\9\BhJ-d':W':i'lfl'lb\''VI~mn~~(9l, ,
n) Remote monitor

'lJ) In-Circuit Emulator

fI) EPROM Emulator

~) Flash Programmer

"il) Logic Probe

38) rn':i?l~fi'lfll'IJflm~"il':i ADC,
llJbfl':iflB'Ub'Vl':i(;1b(;1BiAVR oUB1(9l\9\BltJ-d';;'\~e·mH'
6/lv:ivn'U1'l'lLJBV~i.'I(9l

'U ,

n) ADCSRA = Ob11l0 1000

'lJ) ADCSRA = Ob0110 1111

fl) ADCSRA = Ob 1110 1000

~) ADCSRA = Ob0110 1111

':itJ~ 4
'U

39) "il~lbfl':i'l~'IA'oUBlJ(;1"il'lnrn':i-r'IJoUBlJ(;1B'UmlJb:WB
'U 'U ,

~Bi.'I'l':ibb'IJ'IJ8-bit data, Odd parity, 1 stop bit

n) data = Ob0010 _1111 Parity OK

'lJ) data = Ob0010 _1111 Parity Error

fl) data = Ob1111_ 0100 Parity Error

~) data = ObOO10_1111 Framing Error

"il) data = Ob1111_0100 Framing Error

':itJ~ 5
'U

40) "il'lmtJ~ 5 "il~~B~b~(9lfi'l1~i.'Ib(9lB1fll'IJfllJ
'U ,

b~B1~6/lv:iv-r'IJ?(ruru'lruB'Ub(9lB1-r'VI~"il'ln'lJ'lINTO
'U u u

B~'l~b

n) EICRA = OxOA; EIMSK=Ox01;

'lJ) EICRA = Ox03; EIMSK=Ox01;

fl) EICRA = Ox03; EIMSK=Ox02;

~) EICRA = Ox03; EIMSK=Ox03;

"il) EICRA = OxOA; EIMSK=Ox02;



The External Interrupt Control RGgist8T A contains control bits for interrupt S8nse control.

Bit 7 6 5 4 3 2. t 0
(Ox0f;) I - i - i - i - I ISC11 I ISC10 I IS<:Ol I 1;00 I EICRA
R~-di\*JrjtSc R k R R R/VI P/w RV/ N'I
illitkilValul? (} (} {) I) () (! (} n

· Bit 7:4 - Reserved
These bits are unused bits in the ATmega48A!48PA/88A!88PAi168A!168PA/328/328P. and will
always read as zero.

· Bit 3, 2 -ISC11, lSC10: Interrupt Sense Control 1 Bit 1 and Bit 0
The Extemal Interrupt 1 is acUvated by the external pin INT1 if the SREG I-flag and the corre-
sponding interrupt mask are set. The level and edges on the external INTI pin that activate the
inlerrupl are defined in Table 12-1. The value on the INT1 pin is sampled before detecting
edges. It edge or toggle interrupt is selected. pulses that last longer than one clock period will
generate an interrupt. Shorter pulses me 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 12-1. Interrupt 1 Sense Control

ISCll ISC10 Description

0 0 The low lovel of INTt generates an interrupt request.

0 1 Any logical dlange on INTt genemtes an interrupt request.

1 0 The talling edge of INTt generates an interrupt request.

t 1 The 11sln9edg<totlNT1 generates an Interrupt request.
---- --

· Bit 1, 0 - ISC01, ISCOO: 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 carre·
sponding interrupt mask me set. The level and ernJes on the external INTO pin that activate the
interrupt are defined in Table 12-2. The value on the INTO pin is sampled before detecting
edges. If edge or toggle interrupt is selected, pulses that last longer than one clock period 'Nill
generate an interrupt. Shorter pulses are not guaranteed to generate an interrupt. If low level
interrupt is selected. the low level must be h",ld until the completion of the currently executing
instruction to generate an interrupt.

Table 12-2. Interrupt 0 Sense Control

ISCOl ISCOO Description

0 0 The low level of INTOgenerates an interrupt request.

0 1 Any logical change on INTOgenerates an interrupt request.

1 0 The failing edge of INTOgenerates an interrupt request.

1 t The rising edge otlNTO generates an interrupt request.

.,....,
<VQn
e::
Q.c

Bil

0)(10 :Ox3Di INTI INTo EIMSK
R~;;VJWlit", R R R R R R PiW RW
Illit~:)1Vallie " 0 0

• Bit 7:2 - Reserved
These bits are unused bits in the ATmega48Ai48PA/8BA/88PAi168A/16BPA/328!328P. and INili
always read as zero.

• Blt1 -INT1: External Interrupt Request 1 Enable
When the INT1 bit is set (one) and the I-bit in the Status Register (8REG) is set (one). the exter-
nal pin interrupt is enabled. The Interrupt Sense Controi1 bits 1/0 (18Cl1 and 18Cl0) in the
External Interrupt Control Register A (EICRAi define whether the external interrupt is activated
on rising <lnd/or falling edge of the INTl pin or level sensed. Activity on the pin will cause an
interrupt request even if INT1 is configured as an output. The corresponding interrupt of Externai
Interrupt Request 1 is executed from the INT1 Interrupt Vector.

• Bit 0 -INTO: External Interrupt Request 0 Enable
When the INTObit is set (one) and the I-bit in the Status Register (SREG) is set (one). the exter-
nal pin interrupt is enabled. The Interrupt Sense ControlO bits t/O (l8C01 and ISCOO) in the
External Interrupt Control Register A (EICRA\ define whether the external interrupt is activated
on rising and/or falling edge of the INTO pin or level sensed. Activity on the pin will cause an
interrupt request even if INTOis configured as an OLltpUt.The corresponding interrupt of External
Interrupt Request 0 is executed from the INTO Interrupt Vector.

/* Incsrrup·t Vector 0 is
#d2.fins
#ciefine
#define:
#defLH'
#define
#defi.ne
#defin2
#def1.ne
#defi.rle
-#defj.rl2
#def1.ne
#define
#def:i.rw
#defins
#dsf:i-ns
#ckfin:3
#define
#definB
#defj.T1f.':

#def j.l:'Ie

-#define
#define
#define
#define

..yECTCF (1)
_7ECTCF(2)
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VECTCF.("i)
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(14
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VEOTOF..(16
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l*. Tim-£f2:/C~ounterl Capt.u:::e. Event. .,./
/~ Tirner/Count2rl Compare Match A */
I~ ?ime~/Counte~l :ompare Match B +/
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'*' EEPROM Reedy *!
*: p..na,lcq Campara-to!.' .j<;'
* Two-wire Serial Interface • I



Bit 7 6 5 4 2 1 0

(Gx6Bj PCIEZ PCtE1 PCIEO ~ PCICR

R","tW,it" R i'i R R R Ri"'V RIVJ R/\N

Initinl Value 0 0 0 0 0 0 0

• Bit 7:3 - Reserved
These bits are unused bits in the ATrnega48A148PA/88Ai88PAi168Ai168PAl328/328P. and will
always read as zero.

• Bit 2 - PCIE2: Pin Change Interrupt Enable 2
When the PCIE2 bit is set {one} and the I-bit in the Status Register (SREG) is set (one). pin
change interrupt 2 is enabled. Any change on any enabled PCINT[23: 16] pin ,;villcause an inter-
rupt. The corresponding interrupt of Pin Change Interrupt Request is executed from the PCI2
Interrupt Vector. PCINT[23:t6] pins are enabled individually by the PCMSK2 Register.

N
OJ
1:)1)
~
Q.

• Bit 1 - PCIE1: Pin Change Interrupt Enable 1
When the PCIEt bit is set (one) and the I-bit in the Status Register (SREG) is set (one), pin
change interrupt t is enabled. Any change on any enabled PCINT[t4:8] pin will cause an inter-
rupt. The corresponding interrupt of Pin Change Interrupt Request is executed from the PCI1
Interrupt Vector. PCINT[t4:8] pins are enabled individually by the PCMSKt Register.

• Bit 0 - PCIEO: Pin Change Interrupt Enable 0
When the PCIEO bit is set (one) and the I-bit in the Status Register (SREG) is set (one), pin
change interrupt 0 is enabled. An)' 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.

Bit 7 6 S 4 :l 2 1 0
(Ox68-, I PCINT7 i PCINT6 i PCINTs I PCINT4 I PCINT3 I PCINT2 i PCINTI i PCINTO ~PCMSKO

R;;adrVVrit8 RW R/It,' R;VV PiW R/''N FIN, RfW R/V'vt

Initial Valu8 0 0 0 0 0 0 C- O

• Bit 7:0 - PCINT[7:0]: Pin Change Enable Mask 7...0
Each PCINT[7:0] bit selects whether pin change interrupt is enabled on the corresponcling I/O
pin. If PCINT[7:0] is set and lt1e PCIEO bit in PCICR is set, pin change interrupt is enabled on the
corresponding I/O pin. If PCINT[7:0] is cleared, pin change interrupt on the corresponding I/O
pin is disabled.

TOVo
{lnt.P.eq,.l

C Ic«:k S~I",:\

I
{ Fn:nn F'rl%<;ftl.;.t J

_t_
OeRnB

(PCINT14iRESET) PC6
(PCINT16/RXDj PDO

(PCINT17ITXDj PD1

(pCINT18/INTO) PD2
(PCINT19/0C2B/INT1) PD3 ..

(PCINT20/XCKJTOl PD4

VCC
GND

(PCINTofXTAL1,TOSC1) PB6
\PCINT7:XTAL2fTOSC2) PE7

(pCINT21!OC08/T1) PDS

(pCINT22iOCOAJAINO) PD6

(PCINT23/AIN1) PD?
(PCINTO/CLKOilCP1) PBO

PCS (ADCSiSCLiPCINT13j
PC4 (ADC4iSDA/PCINT12)

PC3 (ADC3/PCINT11)

PC2 (ADC2!PCINT10)
24 PC1 (ADC1fPCINT9)

2:3 PCO (ADCO/PCINT8)

22 .. GND
21 AREF
20 - AVCC

10 PES (SCK/PCINTS)
18 PB4 (f'J1IS0/PCINT4)

17 PB3 (MOSI/OC2AJPCINT3)

16 PB2 (SS/OC18!PCINT2)
15 PSi (OC1AfPCINT1)



Bit 7 ., ~ 4 3 2 1 (1

{;<x2J. {()):44'i I COLlOAl I COldOAO I COMOB1 I COMOBO T - I - I WGM01 I WGMOO I TCCRoA

Re~ldPNri1.; BNV RiW Rfl~( RAN A R RNJ RiVJ"
InilblValue 0 0 0 0 0 {) 0 0

• Bits 7:6- COMoA1:0: Compare Match Output A Mode
These bits control the Output Compare pin (OCOA) behavior. If one or both of the COMOA 1:0
bits are set, the OCOA output overrides the normal port functionality of the I/O pin it is connected
to, HO\vever. note that the Data Direction Register (DDR) bit corresponding to the OCOA pin
mllst be set in order to enable the Olltput driver.

When OCOA is connected to the pin. the function of the COMOA 1:0 bits depends on the
WGM02:0 bit setting. Table 14-2 shows the COMOA1:0 bit functionality '''''hen the WGM02:0 bits
are set to a normal or CTC mode \non-PWM).

Table 14-2. Compare Output Mode. non-PWM Mode

COMOA1 COMOAO Description

I) I) Notmal port operation, OCOAdisconnected.

0 1 Toggle OCOAon Compare Match

1 0 Clear OCOAon Compare Match

1 1 Set OCOAon CompareMatch

Table 14·8. Waveform Generation Mode Bit Description

I Timer/Counter
, Mode of Update of TOVFlag

Mode WGM02 WGM01 WGMOO I Operation TOP OCRx at set on\1Ji21
,

0 0 0 -1 0 I Normal OxFF Immediate MAX !
j

I PWM.Phase1 0 0 1 I OxFF TOP BOTTOM
! I Correct

2 0 1 0 I CTC OCRA Immediate MAX I
i FastPWM MAX

I
3 0 1 1 OxFF BOTTOM !
4 1 0 0 i Reserved - - - i!

I PWM.Pl1ase OCRA TOP BOTTOM5 1 0 1 Correct ,
6 1 1 0 Reserved - - ---
7 1 1 1 FastPWM OCRA BOTTOM TOP I

TCNTO

Bit 7 6
Ox26 {Ox46.)

RQad,W,it~ RNi RW RN':J

Initial Vah.lQ 0 0 0

TCNT0{7:0)
RW RiW

he Timer/Counter Register gives direct access, both for read and write operations, to the
imerfCounter unit8-bit counter. Writing to the TCNTO Register blocks (removes) the Compare

Match on the follO'<"Iingtimer clock. Modifying the counter (TOnO) while the counter is running,
introduces a risk of missing a Compare Match between TCNTO and the OCROx Registers.

Bit 7 6 5 a (j

ox2S ,OX45) FOCOA FOCoB WGM02 CS02 CS01 csoo I TCCRoB
RQa(VW,nQ V',,' VJ R R RiW R/W R/'N R!V·l
InitialValufi 0 0 0 0 0 0 0 0

Table 14-9. Clock Select Bit Description

CS02 CS01

0 0

0 0

0

0

0

0

CSOO Description

o No clock source (Timer/Counter stopped)

clkl/o!(No prescaling)

o clkl/d8 (From prescaler)

c1klfo!64 (From prescaler)

o clklio/256 (From prescaler)

clkliOil024 (From prescaler)

o External clock source on TO pin. Clock on falling edge.

External clock source on TO pin. Clock on rising edge.

COMOB1

o
o

COMOBO

o
Description

Normal port operation, aCOB disconnected.

ToggleOCOBon Compare Match

Clear aCOBon Compare Match

Set OCOBon Compare MatCh



4 :3
OCROA[7:0)

RW RiVl

2 0

I OCRoA
row RW R/W

C- O G

Ox27 lOX47,

RB.-:'1d/Wrlt&

InilialValt••

The Output Compare Register A contains an 8-bit value that is continuously compared '""ith the
counter value (TOHG). A match can be used to generate an Output Compare interrupt. or to
genemte a \Naveformoutput on the OCOApin.

Bit 6 4 :3 2 0

0,,28 (0"4$) OCRoB[7:0) I OCRoB

RBndW,it" RH
' R"'" RiW RrVJ Ri\V RiW pil.H RN\'.. ...

Initial Valu13 0 0 0 () 0 0 () 0

The Output Compare Register B contains an 8-bit value that is continuously compared \!,·iththe
counter value (TCNTO). A match can be used to generate an Output Compare interrupt. or to
generate a waveform output on the OCOSpin.

7 5 4 :> 1 0

(O"GE, OCIEOA TOIEO I TIMSKO
Read/V','rite R R R R R R!VV RW RiW
In~~.1Value 0 0 () 0 0 0 () {)

• Bit 2 - OCIEOB: Timer/Counter Output 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, i.e., when the OCFoB bit is set in the Timer/Counter
Interrupt Flag Register - TIFRO.

• Bit 1 - OCIEOA: Timer/CounterO Output Compare Match A Interrupt Enable
When the OCIEOA bit is written to one, and the I-bit in the Status Register is set. the
TimertCounterO Compare hAatch A interrupt is enabled. The corresponding interrupt is executed
if a Compare Match in TimeriCounterO occurs, i.e., when the OCFoA bit is set in the
Timer/Counter 0 Interrupt Flag Register - TIFRO.

• Bit 0 - TOIEO: Timer/CounterO Overflow Interrupt Enable
When the TOIEO bit is written to one. and the I-bit in the Status Register is set. the
Timer/CounterO Overflow interrupt is enabled. The corresponding interrupt is executed if an
overflow in Timer/CounterO occurs. i.e .. when the TOVa bit is set in the Timet/Counter 0 Inter-
rupt Flag Register - TIFRO.

o T "" 0/
f)1'Hn'l-!1tu'l11fll!'nJVl'WlJel~ TimerOI .,:.... '.'... :.'.' . I.

+TCKTO = thfi1)~l>lt)~l~it~!th-!Al!~l~l'>l~''lfnuTimerO

+N =£.r~s..3t~factor (1, 8, 64. 256.1024)

<::\0 1fllWnmy YCTC l\rJode

CPUclk*lPTrNTO = 256 _.. ..
V

2'" N*(1 + OCRO.l)

Fclk ioO('R.!tl = --~_.-"")*



Bit 6 5 • 2 0 Bit 7 6 5 4 3 <: 0
1.(iX&O) COM1A1 COM1AO COM1B1 COM1Bo WGM11 V/6M'o TCCR1A (OxB1'o ICNC1 ICES1 WGM13 WGM12 CS12 CS11 CS10 I TCCRIB
R~1d:VJlit", RNI FWI RM RW R R RW RW RewVWrite RW RW R Ri\l',' Fl/'N RW RNJ R;VJ
Initial Vah19 n (; G 0 0 0

Initial Valufi 0 0 0 0 0 0 0 0

IF)
Q)
I::lIJ
~
Q.c

Table 15·1. Compare Output Mode. non-PWM

COM1AlICOM1B1 COM1AO/COM1BO Description

0 0 Normal port operation, OCl NOC 1B disconnected.

0 1 Toggle OC 1NOC 1B on Compare Match.

1 0 Clear OC1 AlOC1 B on Compare Match (Set output to
low level).

1 1
Set OC1A!OC1 B on Compare Match (Set output to
high level).

Table 15-4. Waveform Generation Mode Bit Description'1i

WGM12 WGM11 WGM10 Timer/Counter Mode 01 Update 01 TOV1 Flag
Mode WGM13 (CTC1) (PWM11) (PWM10) Operatlon TOP OCR1x at Seton

0 0 0 0 0 Normal OxFFFF Immediate MAX

1 0 0 0 1 PWM. Phase CorreL1. B·bit OxOOFF TOP BOTTOM

2 0 0 1 0 PWM, Phase Correct, 9·bit Ox01FF TOP BOTTOM

3 0 0 1 1 PWM, Phase Correct, 10-bit Ox03FF TOP BOTTOM

4 0 1 0 0 CTC OCRIA Immediate MAX

TCNTIH and TCNTIL - Timer/Counted
Bit 7 6 4 3 0

(Ox85) TCNTI[15:8) TCNT1H

iOx84) TCNT117:OJ TCNTIL

R8.ntVVJrtte R/V'/ R,W p,w RoW RNI RiW RN' Ri'W

lnttial Value 0 0 0 0 0 0 0 n

Table 15-5. Clock Select Bit Description

CS12 CS11 CS10 Description

0 0 0 No clock source (Timer/Counter stopped),

0 0 1 c1kvcl1 (No prescaling)

0 1 0 clkvd8 (From prescaler)

0 1 1 clktcd64 (From prescaler)

1 0 0 clkvcl256 (From prescaler)

1 0 1 clkvd1024 (From prescaler)

1 1 0 External clock source on T 1 pin. Clock on falling edge,

1 1 1 External clock source on T1 pin. Clock on rising edge,

+N = Prescale factor (1, 8, 64, 256, 1024)

+1"0("1A A11J.!a~'tTUn~t1'tT!'H~1!'i11fH)1'jToggle 'lll!f]l~ll~

+fdk_liO

. .
·4' iJ' ,.<, ::,.:,.:.'.: :.,..,. . ~ &J.. ~[.ei ·0'

fll1lJtI'tTqftylt\tllll'f fm1C}ll'l~m ·.1114

l~lk 10

2 -:V· 11 +OCR1Al

OCRIAH and OCRIAL-Out OCRIBH and OCRIBL - Out
Bil 7 4 3 ::: '.) Bit 7 6 5 4 3 2 0

(0)(89) OCRIA[15:8) OCR1AH (Ox8B: OCR1B[15:8) OCR1BH

(O-xBffl OCRIA[7:0) OCRIAl rox8A} OCR1B[7:n) OCR1BL

RecadiW,it" RVJ FlYJ R/\V R/\/'J Rf\"J RiW R,riN FV"N Re"diVl,it" RNI fliW RI\N RoW R/VI RNI R/tvV R/l,"/

In"ialValue 0 0 n 0 () 0 0 Init.,IVahJe 0 0 () 0 0 0 0 0



TIMSKl - Timer/Counterl Interrupt Mask Register
Bit 7 6 5 4 " 2 1 0
(Ox6F, IClE1 OCIEtB OCUi1A TOIE1 I TIMSK1
Read/VVrite R R RNi R R RNi RNI R\-V

Innial V.1luo? G 0 0 0 0 0 0
f .. .•......... ....,,' • ,

I '"' !V "!"I 1... !V q !V••••• TeNTl = rll'flil~WB~!CIfY1!1JVJ'Il!'1JJ~l'lH'l1fl1JTimerl
• Bit2 - OCIEt B: Timer/Countert, Output Compare B Match Interrupt Enable
When this bit is written to one. and the I-flag in the Status Register is set (interrupts globally
enabled), the Timer/Counter1 Output Compare B Match interrupt is enabled. The corresponding
Interrupt Vector (see "Interrupts" on page 58) is executed when the OCF1 B Flau, located in
TIFR1, is set.

,
'"' q!V<=l <=l •••

• IP = Interrupt Period rlllJn{;ll'flil~mClf'V"g!fl~
"" ov d I 1'1 "" <=lt)'\.U Y1(I ':l '111~1 (In-nWlJU 11Ht'l)

• Bit t - OCIE1A: Timer/Counterl, Output Compare A Match Interrupt Enable
When this bit is written to one, and the I-flag in the Status Register is set (interrupts globally
enabled), the Timer/Counter1 Output Compare A Match interrupt is enabled. The corresponding
Interrupt Vector (see "Interrupts" on page 58) is executed vvhen the OCF1 A Flag, locatecl in
TIFR1, is set.

• Bit 0 - TOIEl: Timer/Counterl, Overflow Interrupt Enable
When this bit is written to one, and the I-flag in the Status Register is sel (interrupts {llobally
enabled), the TimeriCounter1 Overflow interrupt is enabled. The correspondin9 Interrupt Ve{)tor
\See "Interrupts" on pane 58) is executed when Ihe TOV1 Flag, localed in TIFR1, is seL

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

Bit 7 6 5 4 :J 2 0
ox:;F t Ox5F) T H S V N Z C ~ SREG
Rl?adNhite RiW RNI RNI RN, R/IN AiV; Ri'''' AiW

Inili;\IValu8 0 0 0 0 () 0 0 0

l'n '6--~' 6--"- ,'" 1J ::::: f :':'.'6 - )):')) ~,._,) _ .
",," 1 CPL-elk

+fl'Hlfl-ff TimerO ~ normal mode
.. 1

I~----.. Cpecik

• Bit 7 -I: Global Interrupt Enable
The Global Interrupt Enable bit must be set for the interrupts to be enabled. The individual inter-
rupt enable control is then performed in separate control registers. If the Global Interrupt Enable
Register is cleared, none of the interrupts are enabled independent of the individual interrupt
enable settings. The I·bit is cleared by hardware after an interrupt has occurred, and is set by
ttle RETI instruction to enable subsequent interrupts. The I-bit can also be set and cleared by
the application with the SEI and CLI instructions. as described in the instruction set reference.

~I.I

fhn6\ ltT'WflqVln ~VJg.uiJ'v1
+mw."1Y Timer! ~ llormalmode
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fose '" 8.0000 MHz
Baud U2Xn =0 U2Xn = 1
Rate
(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 -0.6% 68 0.6%

19.2k 25 0.2~';' 51 0.2%

Table19-1. Equations for Calculating Baud Rate Register Setting

Equation for Calculating Baud

I Equation for Calculating
Operating Mode Rateit) UBRRn Value

Asynchronous Normal mode losc I lose -1
(U2Xn::: 0) BAUD ::: I FBRRa :::

loi FBRRI! + 1] 16BAlJD

Asynchronous Double Speed
BAVD losc

I UBRRn lose
mode (U2Xn::: 1) =: =: ----1

8( FBRRi! + 11 8BAUD

Frame Format
_I F,""Mf I

('GLE' \ St I D ~ • X " ~ 3 X " X [51 X [SI X Pi X [$J X [r: /SPI :8;011\ (SUDlE·

St Start bit. always low.

(n) Dat<l bHs 10 to 8).

P Parity l)iL C811be odd or (lvpn.

Sp Slop L\il.always high.

IDLE No Imn·sfers on the communication line (fIxDn or TKDn). An IDLE line must be
high.

R"dW,it.
(nib)1 Value

• Bit 7 - RXCn: US ART Receive Complete
This flag bit is set when there are Llnread data in 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 will be flushed and consequently the RXCn bit will become zero. The RXCn Flag can be
used to generate a Receive Complete interrupt (see description of the RXCIEn bit).

• Bit 6 - 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 110 new d<ita currently present in the transmit buffer (UDRn). The TXCn Flag bit is auto-
matically cleared when a transmit complete interrupt is executed. or it can be cleared by writing
a one to its bit location. The TXCn Flag can generate a Transmit Complete interrupt (see
description of the TXCIEn bit).

• Bit 5 - UDREn: USART Data Register Empty
The UDREn Flag indicates if the transmit buffer (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 UDRJEn bit). UDREn is set after a reselto
indicate that the Transmitter is ready.



UCSRnB - USART Control and Status Register n B

Bit 7 6 5 4 3 2 1 0

RXCIEn TXCIEn UDRIEn RXENn TXENn UCSZn2 RXB8n ~ UCSRnB
R••"d,W,it. RNI RW RIW RiW R'VI RNI R R!'N

InitialValu•• 0 0 0 0 0 0 0) 0

00
IaJ
~S)
~c.

• 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 RXCIEn bit is written to one. the Global Interrupt Flag in SREG is
written to one and the RXCn bit in UCSRnA is set.

• Bit 6 - TXCIEn: TX Complete Interrupt Enable n
Writing this bit to one enables interrupt on the TXCn Flag. A USART Transmit Complete interrupt
will be generated only if the TXGIEn bit is written to one. the Global Interrupt Flag in SREG is
written to one and the TXCn bit in UCSRnA is set.

• Bit 5 - UDRIEn: USART Data Register Empty Interrupt Enable n

Writing this billo one enables interrupl on lhe UDREn Flag. A Data Register Empty interrupt will
be generated only if the UDRIEn bit is written to one. the Global Interrupt Flag in SREG is written
to one and the UDREn bit in 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 'Nill flush the receive buffer
invalidating the FEn, DORn, and UPEn Flags.

• Bit 3 - TXENn: Transmitter Enable n
Writing this bit to one enables the USART Transmitter. The Transmitter will override normal port
operation for the TxDn pin when enabled. The disabling of the Transmitter (writing TXENn to
zero) will not become effective until ongoing and pending transmissions are completed. Le.,
when the Transmit Shift Register and Transmit Buffer Register do not contain data to be trans-
mitted. When disabled. the Transmitter will no lon~leroverride the TxDn port.

UCSRnC - USART Control and Status Register n C

Bit 7 " 5 4 .3 2 1 0

I UMSELnl I UMSELntl I UP~bll I VPMoO I USBSn I UCSZ"l I UCSZnO I UCPOln I UCSR"C
p,~'I.:tWlilft R/VI R/If~ RW Pi\<{ Po/Vi P.iW HNJ PJN
InitialValu€' 0 0 (i 0 C~ 1 1 0

Table 19·7. UMSELn Bits Settings

UMSELn1 UMSELnO Mode

0 0 USART'--~--~-
0 1 SynchronousUSART

1 0 (R.,serwJdt

1 1 MasterSPI (MSPIMl'"
_ ...._ ..... _ .....

Table 19·8. UPMn Bits Settings
UPMnl UPMnO I Parity Mode

0 0 Disabled

0 1 Reserved

1 0 Enabled.EvanParity

1 1 Enabled.Odd Parity

Table 19·9. USBS Bit Settings

I
USBSn I :~~B~"

I
0

1 2·bit

Table 19·10. UCSZn Bits Settings

UCSZn2 UCSZnl UCSZnO Character Size

0 0 0 5·blt

0 0 1 6·blt

0 1 0 7-bit

0 1 1 S'bit

1 0 0 Reserved

1 0 1 Reserved

1 1 0 Reserved

1 1 1 9·blt
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ADCSRB - ADC Control and Status Register B Table 23-3. Voltage Reference Selections for ADC
Bit 7 ;3 5 4 :) 2 1 0

I I i I I I ADTS2 I ADTSl I ADTSOI REFS1 REFSO Voltage Reference Selection(i)x7B\ - ACME - - -
Rea(jiWrite R RW R R R R:W RW R"'',' 0 a AREF. Internal V,efturned off
Initial Value 0 0 0 0 0 0 0 0

AVec with exiernal capacitor at AREF pin0 1

Table 23-6. ADC Auto Trigger Source Selections 1 0 Reserved

ADTS2 ADTS1 ADTSO Trigger Source 1 1 Internal 1.1V Voltage Reference with external capacitor at AREF pin

0 0 0 Free Running moch.
Table 23-4. Input Channel Selections

0 0 1 Analog Comparator
MUX3 ...0 Single Ended Input

0 1 0 External Interrupt Request 0
Table 23-5. ADC Prescaler Selections0000 ADCO

0 1 1 Timer/CounterOCompare Match A
ADPS2 ADPS1 ADPSO Division Factor

1 0 0 Tirner/CounterOOvertlow 0001 ADC1
0 0 0 2

1 0 1 Tirner/Counter1 Compare Match B 0010 ADC2
0 0 1 2

1 1 0 Timer/Counterl Overtlow 0011 ADC3
0 1 0 4

1 1 1 Timer/Counter1 Capture Event 0100 ADC4 0 1 1 8
0101 ADC5 1 0 0 16

0110 ADC6 1 0 1 32
0111 ADC7 1 1 0 64

1000 ADC8(1) 1 1 1 128
ADMUX - ADC Multiplexer Selection Register

Eit 7 6 :, j, '3 2 1 0

(Ox7Ci , REFS1 I REFSOI ADLAR I - I MUX3 I MUX2 I MUX1 I MUXO ~ ADMUX
Read/\VrUe- R/\·V RfW RiW R RfW R/Vv Rr~:v RV.,' ADLAR = 0

li1ilial Value (l 0 0 0 a 0 0 (I Bil 15 14 D 12 11 1Cl 9 1.\

(OX7':;) r - r - -r - I - r - T - -T A!lC9 I ADca I ADCH
Table 23·3. Voltage Reference Selections for ADC (ox78.1 I ADC7 I ADCll I ADC5 I ADC4 I ADC3 I AOC2 I ADCl I ADCll I ADCL

7 li 5 4 3 2 1 ()

REfS1 REFSO Voltage Reference Selection
ADLAR - 1

0 0 AREF, Internal V,,,f turned off
Bit 15 14 13 12 11 10 9 1.\

0 1 AVec with external capacitor at AREF pin (Cl<79) r~T~I~I~I~I~I~I~1 ADCH
(0:<78; I ADCl T ADCllT - T - T - T - T - I - I ADCL

1 a Reserved 7 R 5 A " :7 1 0

1 1 Internal 1.1V Voltage Reference with external capacitor at AREF pin

~
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Bit (3 ., 4 :3 2 1 0
\(JX7A'; Il.OEN ADSC ADATE AOIF ADIE ADP$2 ADPSI ADPSO , ADCSRA

Pedl,','.i!f' R-V, R,"W RiW RW PfW Hi\'V R/l''i RNJ
Inttial'lalue 0 0 0 0 0 0 t 0

• Bit 7 - ADEN: ADC Enable
Writing lhis bi1to one enables the ADC. By writing it 10 zero, the ADC is tUlned off. Turning the
ADC off while a converson is in pr,gress, wid terminate this conversion.

o
~
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i::JJ)
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~

~
<lJ
~-=~
d-d

~

• Bi16 - ADSC: ADC Start Conversion
In Single C01\'ersion mode, write this bit to one 10sian each wnversion. In Free RlJlming mode,
wrile this bit te ons te slarl the first conversion. TI1e first conversion after ADSC has been written
after the ADC has been enabled, or if ADSC is wril1en 3.tthe same time as the ADC is enabled,
will lake 25 ADC clock cycles instead of the normal 13. This first converSion performs initializa-
ticn of the ADC.

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

• Bit 5 - ADATE: ADC Auto Trigger Enable
When this bit is written to are. Auto Triggering of the ADO is enabled. The ADC "viii start a con-
version on a positive edge of ti,e selected trigger s'gnal. The trigger source is selecl€ej by setting
the ADC Trigg9r Select bils, ADTS in ADCSRB.

• Bit 4 - ADlF: ADC Interrupt Flag
This bil is set when an ADC conversion completes and the Data Registers are updated. The
ADC Convarsion Complete Interrupt is executed if tile AOIE bit and the I·bit in SREG are set.
ADIF is cleared by hardware whEn executing Ihe corresponding interrupt handling vector. Alter-
natively, ADIF is cleared by writing a logical ene to the flag. Beware that if doing a Read-Modify-
Write on ADCSRA, a pending interrupt can be disabled. ThiS also a.pplies il the S81 and CBI
instructions are used.

• Bit 3 - ADIE: ADC Inlerrupt Enable
When this bit is written to one and the I-jit in SREG is set. the ADC Conversion Complete Inter-
rupt is activated.

Vnv··1024
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