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$o5slm$g.scil.r

3o36co3cn6goq36o (microcontroller, MCU, pC) 5.rb66q 3.1396 36ot$rqt3
.rpbSqo Srn$goboqc'rlo.r, 6cl33qo6 q$3ts.r33b1Ror obo3j$3btJ qr $3j6mqc"rgo-

X6 J6c.r63L383o 3.r6or3oL toL$X83bot B.rts3536ot.ror3oL.

3o36c'r3c"r5$6oq363b.r 6.r3coog53l.r ca$o3"$26.rq 3.r6or3rq ln!$33310o,
Srg.rqoorrq, .r3$o3s6js6glot d6r3ct 3s6or3oL tot$f3ltso, qot$s56o36.rq 3o6cn3sq

Lot$38g}tso, trc'rgot3 qr 1i.rgogr6ber363bco $f5o;rtso, g.r8tc.rd bXqL.rSgc'r3}8o,

t$3qo6o5r'r .rJ.r6.l$3613o, rgt43cn3X 1i.r3c.r325o3J(Joc., qr tb3.r 8c'r$gc.rboqobSltso.

3o3t4o3o6$oq36X8o Xt6XS3CRgoqlt Erqrq 33o5o3oXt6eob.rt oO Sc"rSgcoboqc"rb3blis

Rr J6o63tXb3o, t4coSSqorc 3c6o3.r bo66o3qq$.r Gots6AR gco63.r3o, 3o6roqs5
o36o6Xlt 3.ror to83bt qr qo6333q3lrt o3 3c'rSgc"rloqc.rbXbor.r6 ts3q.r6X3oor,

6cn3q36tso6 OJR-GrR,JC 6$cogXSXE?Ror 3o36oJ6co63trn6o, SXbLoX6Xbr qJ
o5gcn63r6ooL 33$r6.r/gs3c.r$r5ot trtsp.rq$S".

grj$oX6.sq, 3o36o3o6$6coq36o 3t 3o5o3rn3JoX$36o.s, 6c"r3Xqo6 33j36oqo.r

A6- o6$66rq26 3o36cotj33"rtso. rfuq.r6 g.r8o8qo5rt43cobt Ooto X6o;.rq36o
cn3otSbSbo: 36o63 3.rb.l6o$Xqo %c'r3.1, Scqcqo 3$l63er3Eq36c.rls, t.ro33qc"rc"rb,r qr
q.rJ$o6Xlot 33L"rdq3bqr"rb.r tb3cqrtb3r Rr3rRldot ts3L.rt63q3bq.rg.

3o36r'r3co5$6c.rqg6o 8Aead" 636$6.rq36o 36o63tco6oL3.r5, J6c.rg6.rdX6ot Rr
3o5s6333bot 35X6goqo3ol3oqX}3q q$6r'r36r3Abtq 32q3o3o 33bto363loLrgr5,
oJX6.l$opqo qa3b1ico3383qo Sc"rSgc"rEoqcolot.r qr 36r3sq6o6bc'r3.r6o
33$.r6s/gs8r'r$$oL ScoSgc'rloqolglot.rgsS. ts3$s5.r/g.r8cn$s5ot 8c'rSgc.rloqcobXlt

3o333o3631c .r5cqo3X6-6og6Xqo g.r6q$j353RCbo, o5gc"r63q3oo1r gq.r633ot
J.6sq3q26o Rr So8qS36cnbooro r6b3bo, 63rq36o q6oot $.ro3X6Xbo, 6.r63q36-
o3J3qtX6o 3c.rq3qs$o63bo, oSJXqt3Sot q.rJ6c.r56.r33lXqo 6536c$co638o Rr
r.B. Sob6oqXqo lttog6.rqo 3o36c"r3c'r6$6c"rq363bo, 6e.r3q38o6 gr3oog363b.r o3

lmt$333EoL 3.r6o3ot.ror3o1i, t.roq.r5s6 3ooqg}.r r6.r6og62qo 3m5r6C3dn, ts3o6r3L

$.rqc.rgX6 (r6.r6q6Xq) 3co3Jc"r635$361i.
3o36m3o5$t4oq36Xbo1i q.r8Xts.r33b.r bq3br 8.rcno tJ36o.rqotXbXqo g.r8og363trotr

3ot5oor. $g3.r6rq, 0o3t6coJ6c'r631rer6Xlot.rg.r6 3o5Lb3r3X6oor, 6o3qXbo6 J36lrco5s-

RA6 3o3JoX$363btso qc tb3c X5op6t.rqX6 .rJ.r6r$XE3o g;3ero653bc, 3o36c'r3o5-

g6oqfXlo rt6Xq3lt 1iJ36o.rq36 g35j6o3lb qr qca.rqXlXlt qul.:qo

3536gco3c.rb3r63Eocn. oLoSo o5.168g53135 g25j6oX6 ts3li.rdqXlqc'r}3bt drE3ob

qoqs3ot g.rlX6ob Scoqoqo6ot 63go33o sG 63bot d.rE3ot bsSg6dqo3o ts3S6XgoL

tsa8qab. 6oq31i.r13 3o36er3c'r5$6c"rqX6L "Xdo6r", Soto J36ogX6o3qo 3q3336$gEo
g.roroBsqo ogco Rr CRS,j66o3536goo1s b.r63o 5.r6o3.r$3bt E3rq66q.r.

$g3c6.rqo'- 3o36c"r3c"r5$6c"rq36o c6o1i 3o36c"rtjX8c, 6er33qo6 3r533or35oqoc
tb3.rq.rtb3J CRC.j66c"r5Xqo SoSgr"rloqc.rlXlot t,r3.r6or.t3rq. 3o36o3c.r5$6cnqX63bo1r

do6oorsqo q.r5o35XqXE.r.r o3 r3$cc3r$o%XlXqo 3.s6or3ot tot$33XEo1i 6r8c.rg35gl.r,

I
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6co3q38o6 Br336q3b.r Lb3qrLb3s 8c'rSgc'rloqcols8ol 8.r53c'r3r$3}tso,

gcngc.rsJ;6c$3b3o, tnBA6 $aqatrn5ibtso, 3Xbo3sq26 636$638€o,

$3q6o%o63b3o, 3oq3r"r3s3X63b€o, 3oq3c"r3.rg5o$rnger63btso, br4Xgb 3o6j.r63b3o,

3o36o$.rqqx6 qx3q3b3o, qr36s3o lio36rqotr6oolr tot$38xbtso, d6r33do1i

r.rqSboti Loli$3338tso, qc"r3o8cc$o3oL aqa,j66..r3d6.r33}3o Rr baa6 Lb3'r

q.r6sq3r6x}3o. 6sts353bxqo 3.r6or3ot Lot$x83ao oaqx6.rq 3.rLo26o 3(')3q35r 3,rbqr,
6co3 3sj$ox6q Sc,rbqr 3366ox63boL, $3j5o3o1i qr x3c'r6c"r3o3ot sbrqo qr66oL

gm63o6Xb.r, 6c'r33qtq3 Es835Xtrrqo toli$X83}o (Embedded Systems) XScoqSd.r.

s6liXboor.rq, 3o36c'r3o5$6c"rq36o 36or36o1r$.rqo16o 3o33o2$36or, t4c'r33qtrg

Lb3rq.rtb3r .r3c"r6.r6ot 3sq.r$6.r 332dqos. 36oro 3o36o3r'r6$6coqX6ot 3.r3cog363l.r,

3o36c,rLj33xbot 3o3qo 5ca63bot 3.r6o36cq, 36o336xqce36.rq .r36o63lL

3o36c'r3<-r5$6cnq36XloL g$c"rgX53Eoor .lSgc.iloq t.lbmqc'rc"r SoSgc'rloqc'rlot

3.r8r6o$3bt, 3536gco3c'rb3"r63lrL qr grLL. 3o36c'r3co5$6c"rqX6X3oL rt3oro

3.1306538.1 83t.rdqxbOqo.r 3.roro so5.rLv.s6o q$6o36.r33lot Stoo 6.rq.:tr$93$o
$cn6.r5ot tsXt.rb$oL.rq.

3o36c.r3cn5$6oqX6Xbo r6ot ts.r3353bXqo tot$383}ot g;8c'ror3qooto bo6ot3o qr

3sSemgX6Xlc 36.r3rq or16183q6o33 3oSgoloqc"r6.r3o. 8tc'rgqoco?o $r63co3}Xqo
J6o63tc'r6XEot XqoqXLo S.r$oqo 1i$o63q 3o36e'r3co5$6c"rq363bor. or.r5s3Xq6c"r33

ts363$33qer 3o36co3er5$6c'rq36X6ot X36o336gqc'r3s5Xto or3ot3}.u ot, 6n3 3.roro

3Xtsxrtrot Rr'raoJr €3q.r6X8oor 3.16$o3 qsJ6r'rg6.rS3lot L.:tsX,rqXlXbt Srnoorbo3t.

.rart 3.r6q.r, 0o36c,r3o6$6oq363boL mai6t6f, ts.rts353b.r bc"r66o3qqXb.r

or.r6.r33q6c.r3x o5$3633otxboL 3.:3ogx63loor. usB o6$xt633oto r6ot b$6.g.rq

g.rS3ocns6Xbrqo t$r6q.r6$o, 6c'r33qo6 A,JAC 6.r3eng35Xb.r s6.r 3s6$o 3stob6o3o

$s63o38oL 3co$gc"r8oqolX3tso, .r6r3Xq ts3qr6Xloor 6.r3q3Eo 6u'rq35c"rloor .rt4tXlXq

Rr tJ36ogo326 JX6og36oxq .rJ.r6r$x6.rtso. 8.rarqoorsq, 3o3Jo3$36o.16 usB
o6$36g3otot tr8X.rqXloor q.r3r33o6XbXq J6og6.r3r$m6orr5 330.rob.r gs6oqXlocr

u%6.n 3mtcb36b3b3qo.s, 3oq6c 53Eot3o36o .rjcaq3 s6t3E2qo o5$3633oL3bot

6$ogx53}olruL. 3o2b3q.r3cq o3ot.r, 6afi usB J6c"r66r3s$e.r6ot r$gcobJ t?16-
6orxqo.r, 3oq6c Bp2q3l6o3o1r. .rbrqo o5$363xoLo to6cn3q33bL 36ots363qce-

3.r5$oqq $.roroqglt.
Lrb3qadq3.r53qotso do6oorcqo g36.:qq3trr xoSo}.r 3o36c'r3o6$6oq36xlot

q$6o36s3xbo1i L$.:3qxbot t.s3oorb3bt qr rSoLror3olr t.r$o6c"r aqaitb6.6tR"
3cn$gc.rloqc"rE3boli SXtsrolot J6o56oJ3bo1i 6s5boq3rt, AMTEL-oL 3o60ot
3o36co3cn5$6mqX63bot 3;6sqoor3btX.

-6-



b,
k),

b,

rt
3r
,J:

rt

(J

r)t

It
rt
)()

)o

)J

,o

t{l
r}

b
R

lo
[!

B

or3o 1. AoJ6c,do606-qa6aA"t 
"6d"6fj6a6nl, lrraadagab"

1.1. ilo36c'r3er5$6eq1d,C8"t dotarrouqo 6"JSl" q.r if.no 
"a,j"6f,j6aA"3o5:4'3o5'$t6'q36x o1r s.r63c.rxlot ot$o6or osgxb rbao g[oqc6, 6r,rq31i.,13

3co3J-r6o.r rntel-fu gsSr'rats3r i8048 q.r ig05r t36oolr-3o36c,r3er6$6.-qx63d.,.

- $g'r8rq $LSlobli i8051 t36o.rtcn.r6 SXcncairSbSqo 4".J6;,J.666cnq363bo1i 200-
%3 3a6n 8c'rqogo3.r1joc qr Lb3r a6"r3,rqo 

-$voJot 
an36--3n,-G$6..qx6o. qoRo

JedSqc6oboor tc66bq-8t E-lo$o.r6o Microchip rechnolJgy 
"gn6o.,t pIC q.rAtmel go63ot AVR 3o36co3o6$6c"rq36Xbo.

or-r5s3xq6o6 3o36ccaer6$6oq363rot do6oor.rqo $oJxaot g$boq3otst 3b3q3boor'r3 Sqrtot tb3q.rtb3.r SoSgeiloqc-rb.rt, 6..r3qxlo6 bxq8olrV3qc,roo.r
3o3b3'r636qotun3ot' fficRJ oto6o BxodqSb.r qrau.',o, acaeia i.,6no,"q $oJ3b.rq:o Erts353bqo 8-oc66o3oc6o Oo;6c.r3o66Cel[3a3an;

o 16- qc 32- a$fiogor6o Oo36r.r3co666oq3fuf.,;
o 6og62qo tsto66.:qrn J6c.r6Xtm6X6o.

3$.r63c'rdaq" go68Xlo Atsada6 drqo.r6 g.s6orcn EmB3G3q.r$X6ot BrB3E33.rq
3o36ccac'r6$6eq363sL' dsor'o fficRr tulo6o 63L36to (oxbto36xi.r,
ts3$s6"r/6.r3.$s5ot o.rsgcoloqr"r8x8o qr Lba.) g.r6ocatq38.r c6- 36ot$rq%xJ6o631n6Xq 8o6cn3o$ 36orrq. o,A 6A.ru, R" :6rJ0Udr-.'aJ.CRtSbt an3.q3q"J
3o36o3n'5$6oq36ot ts3tcl"root Bxtr3qrqstr, a"a"E a36"aq* 3.33"-, 6o0 ors
"Gm6bqqxb.r" Rr SrLor.rG B3odqcA.r axa".a".- E3x2q3l6o3, do36r"r3c,r6$6eq36o
33rqg6E.r Roqo 6-roqx6c.rbot q.rob8.r63 a.vs.I"R;axa.,t5"s, 6.',d"xq-r ox83xo6ocnbe$" 6XsqX6 totgS8.r8o dcoro 616-3.,1 ,*OAtarqgc'rgr A q.rE.rgXbooro
3cn3Jc'r6X6$Xlot 3o5o8rq36o 6urq36c"rlnt, gra-gX6C6".

.r1r3oro 3o36o3cc6$6rnq363bot ts3q336nqrb.r8n 
-B3q.,lr:

o J6co63to6ot tasgoto gc8glot tfuOr;
o grjgX6o oSJpqL3bot 6636.rgo6o;o 6X5$6.sqX6o J6r"r631n6o;
o Jt6o56.r33lo1i O3bLo36Cb" R" g$6og6.rS36o1i o6$36gXoto;
o 3cc5.1333cn.r tsX$.r6./g.r3m$r6ot trtsXrqgbgbo;
o $m33t4xbo, r4.3qx6og .rgojLo6aar6 b6dr638rr.r 6o3q3bot 6.roqx6odrt.

3o36o3o6g6oq3t6oL to6.rqo Li5ASJ6Xdrr 
-3.6X3Xqo.r 

1.1 6.rb.r%tg. 3Ltg6xi$x6'r odqx3c sc68oqg36ct o3o1r- 1xLcb33, * 6eryet6 x3caBo6q3r.r3o;6o3o6$6oqX6o 6.l6X b.r8g.r6ot.

ag6c', 6-uR tsr33633q 3o3t6o3c-r6$6coq36gab tsxxdqor q$.r$3loor Er"r,rbqo6coli
tsa0emn 3X1l.ldq3lqol33o1i 6XcqotX[.r:

o .J6og6.r0XEot B.rBX6303qo Orn6o$co 6o66o q.l gcE.l6o3.l;
o 

^Jfaettataot 
S3btox6xEot q$6c'rg6rsxbot Bo6.r ln8x.rq3bxbo;

o tb3q,etb3o S6o6oq"G F6a$dot q$2?r3d.u
o .r6.rqogX6o OoG.r6XOXAot B3$rGJ6.rOo$.rG.r;
o 3o3q136c'r8oon tsg$-r6-r/3$o$l6.r (to6j6cn6xqo qc .r1io6j6c,r6xq,o);
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o 3s6sq3qp6o ts3$$s/g$rn$.r5.r (3o3JoX$36or.r6 o6$X6gXoLot 6.ror3qoor);

o 6.l6X 33bto36XboL Br6c'r3c (3o;6c"rJ6co6Lc"l6Xqo 63go3o).

UACRJ 31i SXtrdq3bqc'rb.r 35o3353qc.r36.rq .rS.iqqXbt 3o36co3c.r6$6c'rq36o1r

3.r8c"rg63lot Scnj6oqc'rllrlr qr uq3oqSlt 3ot bs%.rtC rbrqo toli$X3ot q.:333r3Xlot
J6c"r63Lt.
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l---------------t aa

i 6DdOA6o '.
i Lo65.>q6bo ,,'
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l)il
t'.t\

-----l !
rlotn\i uDVSou oRbm- ,.

i Srdrnmdo?o 
"i B;3c.r6t6oL

f1?r uobbJRo
I
I
I
I
u

t\
:--------------J ".i aaabnt $tsdo "
t,

It

8o3r4cn3t'r5$t6c'rqnr6ot 3t6ot$.:qo

boSj<6c.r5o%.:-

6oob dqc.r3o
p.: $;o8X6o

J16r.r6,

3nL,L

4;3gbob
og6gbr

6r3m316oL
3;t4orgob
bqo3o

rC

€

a"/- ^
-zo
€\trx
LaE
4
EJ

Ev

6XBob
8,:r4cn3oL

dg,m.1o

c'rJ6t6,:$o2qo
qsSblrc'r33bN-
qo 8o$6robo-
pob,>

I

ti\
i i__________i \

,' ?n8;g;qo
'Ro

6o8r'rOrgrqo
\ brerh.rbo '

',i----------ii',1 i,

tub. 1.1. A1Jdx'ry-S5fng7Ab b6futfiJ6"

tcngoS6cno 3o36c"r3c'r6$6erqX6o (6333q386o3 16- qr 32-at56o5o$o) o653lt
Sbcoqcoq As6C 33bto36Xb.rt, 6o8Xqo6 33o6.r3t 6cogco66 J6co36$3bo1r, .lr3
glt663Xqo 3c"r63qc"rbot 3o6r6X3or 33bto363lrt, 6c"r33qo6 Lrlo6o.r
3c.r63t43$Xqo 3.r8ogX53bot.rcn3oL. .rtSoro 3o36r.13m566-qa6f}o ArAmogX6Xb otSor

Lot$333}3o, L.rq.r6 Srnoorbcn3gb.r SSbtoX6XEoL Roqo Ser6Xqmbr RJ 33qa63Eoor

36o63s 33$.r5./g"r3o$c5ot Jo6$3bot 6mq35olc. ct3or gc633Xbto363bo$o
3o36c.r3co5$6coq36ot $oJ16o g$r"rgXSXlot Srg.rqooror boL$o qotSot
(3o6BXLgX6ot) 3c"r5g6r"rqX6o IXgg6Xqo jCB (qqs6gqo) 33bLo36Xboor,

6eo8Xqo6 3t636pqgerts1, 3rn6qp33lot qoqo S<'r6Xqobot (6r3qX6o33 E6cbmgo)
ts3.rq3q2t6 tsX6rb3"rL qJ 3r366XqXlrb. cS.rlror$, ar6A 3XbtoX63b.r rtXor
3o36co3cn6$6oqX6t t.r8X.rq38.rt .rdqXjt 

"4C4".,1, 
&X"qn Lotsjr6oo.

Oo?l6"JRSr lrcto6S.rqc'r J6o61m63bo (DSP) BSqr63loor cbcqo 3o36o-

3c"r6$6oq3638ot 3"r$Xgo6o.r, 6o33qolr RrSoeJRXls .r6.rqergol6o tot$X3Xloqs6
3o3qo5r63 3cn5s6j0X'bo1i 8oqXb.r, Ac.,5.UtadoL g.XJAJAlSCbr Rr q6ocot 6g.rq36
ErL8$.r88o ts;t.$,iEoto L.rJ.rLSbo toaS.rqnt 5,'.y',%*;. o'lso6o ESqo$ ob1ao
tot$X336ot 33q65oqrnE.r8o, 6rn3q33o6 ar6a Acrggr'raoq,<'nCaot 3r6or3ot.rcn3oli

5s3oog53lc qr c6 r6oL gc533or35oqo r3$c'r5efqdro A"a-SC5Ca"Lm3ot.
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3o36"r3er5$6eqX6ot fd,d.rS1lCdr Lot$CAClo
g'tbc"r1rrg35clcq" c"rJ36r6o33ot 3.q3EoL 6o6o3tx q.r3c'r3oq3lxq3boor,

3.;6c"r3co5$6r"rq363bol E6dr63l3bot LoL$3836o et6 xa?Brq .,g.g": brsc qJ
Rrscl. o66qot26o g363o6o crsc rq6o?6r3L b6dr66,36o1r 6-iq LotgSB.rL lRr
s6oL o6gqotxr6o g.r53.r6$3boL $633o.r$36.r, 6'o3qo6 Bx8q66.ro6.rq tsro$x63b.r:
Complex Instruction Set Computer. g368o6o RrSt 

"qb.10.,3r, 
aaasjaxl"t

3X36o6XbXq tot$38rL qc S$8oj36oqo.r g,r53.r6gXloq$: Reduce Instruction Set
Computer. sO 6633Xlo1i gc6cnoq 3.r3663q3lot ijoXb3qr3.rq, .r36oqX83qo.r
.rqo6o36coL, 6m3 olrarq q.rtr.rbxqxbr 16 .rL.rbr3t Borr3s6 g.r6tb3.r3xa"[-crSC q,
Rrsc b6dc63bxEot totggSS}t Bo6ot. Rrsc .r6jogOjgUant a"aooJqo ncgt"
eoJ36r6'3bot 3c'rqxEotr otxcrro 3o0bo6.r6oxlot trgxd3qoc6'o B36Bx3.rs, 6rnoq3lo6
33odq3b.r tsXt63qqX1r g.rigX6o 63636.rg'6oL C6- gsigSo. ,r8o.,r bq06:
65$6.rqx6o J6c'r63Lo6ot,sJc6r$3qo 63cqot.:6oorr s6xo6. g.186$o331"'q.,
SoLo 3$r6SergEqX6oloL 35ots36Xqc"r3r6o gst6qot tsXll.ldqXaq-a.r.

sqt.r6oB6c3o.r, 6tt} tc'rgrq 3X3orb36.r€o CISC-ot A6- l6d$3b.rL Bpt.rb.r33b5
RISC-ot 6.r3q35o33 b6dr53b.r. 313618 3'3g3lo.r5o.r ot, 6etl RISC 

-inlr63ai"t

lis6'gj33qx8-r g.r6r3t q$.r3.r66bt ooqxbxqt 6-r3qxb.rq ot&i6a6n acdcoSajant
botg33.Lr6.r5, 6s6 nVaaatr Rrsc Lotgx8sbot 3g6cn Boqcq atij-oaa.brr, Cisc
tot$333Ecnc5 ts3qc63boo.

qqsolto3oL CISC-ot qr RISC-oli s6jo$3j$U6Cb1, 3co6o1i tq3r6o or6q.rcn.r6
otsqxds. 3rg.rqoor.rq, ATMEL-oL go6oot AvR 3o36c.r3c.r6$6mq36xbt g.uB6o.r
b6d.r63b33oL to1ig33c, 6.33qo6 tsrqad" r20 o6tg63J6.-t.rl.r6, 6"0 GISC*,L
$oJt ts3xt$-roxb.r. 866o 8.ro3s6o t6xqq36.r 36o $.ri$tso, 6.0 Rrsc-oL
u6jo$gj$26o1i q.r3rb.rtio.r-dcRn or3otxE.r.r. qqcL ts3odq3b.r B.roor3.rq't, 6mO
Rrsc-ot .r6jog3igx6ot or3otSbrl s.r68c.r.rq66L b6ds63b3bn1r ts3L6xq3b.r g.rig?-
6o 33536r$rn6ot 36or $.rj$Bo qc b6d.r63E3lot 6o6b31i B6ots36'xqc,rb.r cqr6 

",jalr.-3o3t6er3e66d,-ga6"lr ACblloS6CAdrt 6"JCA"
gs3c"r3g.ror 3o36cn3co6$6oq363o .r6t3bxqo o3bLo363bot L$o do6oorrqo

li.lb3r.rbr:

1. J6o66$26ob 0gbbo26fi";
2. 0o6.:623ot.: 32bbo26Xil;
3. 3oS6oSo6g6oq26oL 626oLg62\o.
Jrx',86-raadot aeanc6cdr r6oL B3q3o3o BxbLox638"r, 6o8xqo6 g.r63por36oqor

J6o66r32qo ;oq3bob qr 3o6tg-r6gSEot ts36.rb3oL.rcn3ot. gt 
- 

o3bto363b 16
o8RoL 33363xqolrt J6'66.r3ot B3L63q3boL J6c"r63t8o. a-6wab" aebb06ear
3'r63Xo35'oqoc 63qq3bot q.r3.rb1io363bo1i"rcn3oL J6cog6$ot SCLdaKXa.f6fr.
4fu,p66fugafub 66ot$62b OXbtoS6SboL t,rbXcoEr, 6c,r83qo6 Boo6r3t
Jt6c"r63tc'r6oL 3og.r 66oL$638L qr 636oL$6xbt, 6onsq3E"6 xs1rb363}.,
JS6ogX6oURa;-AoVgoEoqc"rESSoL 3r6or3rt.

Bpxq3l6o3, J6o36r33Eot Bx6.rb3.r1i 3dt.rb36xb.s x6or-x6oro t.rbxroloL oSqoo3o
S3btox6xbr: RoM (Read-only Memory) - Eoq$x6o oxqoo3o a3t"xa3ar, piolr
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(Programmable Read-only Memory) - 36org36JqJq q.rJt6c,r36.ro3b2qo oxqSo3o
33bto363b-r), EPROM (Electrically programmable Read-only Memoryl - iei
66aq"q J6c"rg6.r3o6xlcqc, 32qoo3o BxbLoS63bJ uR66.roolig36o Sr8q.,o, 

-.16

EEPROM (Electrically Erasable Programmable neaa-Onty Memory) - Bxq6o3o
33bto3t43lr CRC,j06AR"q BrVg6oor qr S.:Bqoor. o3ca3 li.rb3'8.:L An63-36gb"
or.r6.r3xq6cn33 Flash-3xbto363boL (o3bLox6xb.r xaatsa6o 3qr$x6o-; an3a.-
Lfu83bo' 3xbLo363bot fficqr gt L.rb3o}.r 36365coq.ra.u.qcslq"", 6"0 Gots6.r3L,
6mB tsx363qo 3co6-r6333boL B36.rb3r bqSEr Bo36e,3'G1g6c'rq36ot 63boL
3.r3co6or3ol 333q6o6.

36-r3.rqg36.:qcq J6og6.roo6xlcqo oSq8o3o EpRoM qr EEpRoM
33b1m363}3bo ou.,8r 33qoo3 d3btox638-rq, 6er83qo6 oooq3l.r tscs36ocn

xq$6cooLg36o qrtbo3xboor (3.roo 6$.B3cl.r bqSbc ao.6Jlt8o .r6t38xqo J.r1y6"r
t.r633qoor) e" Aq ,j66Aq"e 6q"r3J6o66r8o6Xl.rq A3qaot BXbLo363lq.

oc6r33q6o3x EEPROM dxbLo363loL J6c'r66roooxa"t 
- 

J6c,r$'3erq3bo
Lctsx.rq3bct 6cdq6L B6rli6xq'crr Bo36'3c-r666.rq:J6ot qcJ6co36rd3b.r
333rqecq o3 Scn$gr"rloqcob.rBo, 1l.lq.r6 333mlt. J6r"rg6$o638oL .rlr3crrfu tXeCa"
Sooqer tcbSqs.q3lc - ISP (In System programming). cB tsx8o,b333r8o ts3oJq38"r
J36oc'rq2qrq 3c6.sbqq3t 3o36r'r3er6$6oq36oL J6co36copqn 

- 
3tc263iq,g.t"Jqs$q.r5 $c"r3q3bqrq. 3L flqoqCt Bcog3l.rli "dqaa"' fr"gg"f, 

--X6,"St3

3o36c'r3co6g6oq363bot br%r%0 totg3S3bot s3sx?.rgbot.rli- .16 Buno acLV,3q"[
J6o63t3o, 6co13.r q6oot xqoqSto G.rSoqo nb,6g38.r Boto Bxtsurlot 2x6c6erloLSot3toL 3r6.r3.rq336q doxlrBo qr J6.36.ro36ot s3bto3638ot $ctsqc8o,q$6o36r8X3ot 333q36o 6o3q3bot tsXL.rt63qCbqrq.

Flash-33blm36x8oL g36i6oo6o63bc 36o63q 6.r6tb3.r3q3b.r EEpRoM-L3$.
do6oor.rqo 6$Lfu.r3x3-r B-r$36oqo o'6.r638xlo1r g"aq"r, tSt.rdqxsq-I"".
EEPROM 33bln36Xl.rtso Srtsq,.r bq3L GrR3t ger3Cqo Xgr43qotrcn3ot, hc,rqc"r
Flash-33bto3633r3o S.r8q.r - Boqo.r6" aq.4a.L.-

oJ36u$oxqo q$btoSgbxqo Bc"r$goboqc"rb.r RAM (Random Access Memory)
g$.og353b.r 3c'r6i6x33EoL q.rbLcoBS}ot.ror3ols. .ro 33btox6gl.rt xS'q3b36 ca63or33
3eo6r633or-r 3xbLox63b.rt. dcc6q3x8Slot $cao.,rb3otr Rr BcS36oL 6.,3q3bn1, *u1*
c'rJ36.r$oxqo q-roblic'roxb3qo dmsgoboqoloL.rcn3ot aaa%qaer3n", argo,3 3fuarr,g,r3o6o3ot 33Sq6 bqSbr ffiARJ Oo6.r638ot Srtsq.r.

I.2. 3q6rryo5'gr6erq161["lr *]r6o6aqo LrBpqS$"
0o3t6er3re5$e.ga6al"1r lrr$Solr aq3oa.rrfur'il.rtso 8.13og6.r

r'2 5-rb-rt%0 6$.Lrb3qo-r ts$c"rg6ot Lfusr. $ tixOot g$ogx6xb.r
Eot-r5tsxVcc5oqo.s oo tsx8cnb3x3.r?o, 6c.r6.r 6.r6r6$o63}3qor .Jsca;r, Sgce.nt JJ3"r,
ts35r683638.r t-rop8.ro qo$s%o6Bo. RoRJdo RESET 1n"a-ga"j g.rocoogx6xl"r
SoSgoloqTaiL, q$x3-r63o1r Jt6o63L3o, 3o36ecacn5g6coq36oL *Vt"r,
3q goSc6Xc.rb.lBcr- "b3qoor" B.ldrn g6ot.lo3ot.
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nor) )
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3o.;6c'r3e"r6$6c'rq363lol J6ci$o32qo 3c3-pE3EoL q6c-rl, aaa6at ts3rcrrb333.:Bo,
3;3- g6gbc 8'r$163oo60 .ilJl r. tc"rg B33orb36rtso 3,a.,nm6cb, 

-"g63o,a1 
en-:n

"1-6-!edn62%63633q-3g,tsc63x3xr}ot36.l6.l1t
336.168263b.rL, 6X6oL 8..tqC q6c,rocn g.r8c.r6cn3oL.rt.
. Jo$oB 3636goqc%c.rg3ol, J6c,rlq38.r go33qor;, rli
.rj$XcqX6o.r 3o36r,r3c,r6$6oq363bo1tor3oL. o8ot
gr8cn, 6c-t1 J6.rj$o;Xqq ffiARr orr6r8Xq6m3g 8,,.1-
6o3o5g6oq36o 8%cqqSlr CMOS (complementary
rnetal-oxide semiconauctor) $3j6cnqoSoc,o),
flc'roorbc"r3L 36o3363qo36.rq 86o63 LoSdqca6XL, .rqa3
g.l8oS3XbXq }oJoqo6Xr, ,16 NMOS (negative

@channelmetal-oxideSemiconductor)3o36c.r;ce566.-
qg636orr6 33qc63boar.

6rrj€,"d,Ca" q.! A6dr5CAaI"l, O,,;qdo
r5iiSnc'rbL 3o36.3o6$6c'rgx63lo1i $.ri$26o Lob8o6ot q"r333oro1i reJ,-:- 
^to8oL.q, Soto to6j6c"r6ot.r6ooL Uan tXJtl:

: Jo6pqo b36bo - 33663qo 63%o6c$o6oL 1.:Ocng63}.r;: 33o6X b36bo - RC 63636r$o6ot 3.r8og63b;: 331i$3 b36bo gcjg26o oSJXqt3boL 3o$e.rq3b.r Ar6C a3836.:gm6oq,6.ra 3g3c'rb333ctso €3trdq3Egqo.: Lo6j6oGo%r6r.,t 6aarlra"cao Lob3o6rr.i
RrJSCcr)r.

f.:'.--o;o0Arrb
--:6 300

L.\ 13. &4A6JbL 6o.J<o gr
a6j61/n &j6"

. -,r- --.-rl-i,.-'a,. tc.r3o b6dc63bo1.l
:,: I - l-,oo b6d.r53boL 6o,JRo.

cq1t5o36.r3o.r, 6afi d6dr63b3lot 6o3q3do qJ
Lo5j6o6o%.r6ools $.rj$3b,r .16 .r6oL 26ao qi ng.,33.
b6d$3boL GoJRo 6.r8q36o83 grjgot.rgr6 tsCq;CJ;,
6c"r3q3bo6 tlo6q3b J6c"r63tc"r6L qr3"qll"t
ts3t.rL6Xq3lR.lq. 1.3 6.rb.r%tX 6.18g636o.r bd.,dr63}oli

OodRo, 6o33qo6 ocnbo $.rj$ot.r6"r6 ts3q6X6.r.
d6dr63loL 6o3qoL 3o8qo6r63oEolrrL Bo36c"r3cn6_

$6oq36o .rl6Xq3bt L.rlo6o c,,J36r6ogEt
lio6j6ec6o%"r6ooL.ror3ot $cj$X6o tot6rq,CJ"L

ts3Lc1i63qCbRrR t.r$o6or Bo36c"r3c,rE$6ory36oL

*,oto

..b'ro:
:i0lla -
. ^o 1l-.

r-+a,

- 
- : Jd'c'ad\jAAR" 8-ARCRo qs .r6oor3A6.aAq-qr"r6o336o a<'r$gc'ilogc"ra.r
-r.-: f--,foqro Sor3qXqo (Program Counter) "Gl }6d.r63b3bo1r Bor3q3qo (U)

''r-'-'-'ri-i--' &".jAfq J6c"r36-r3-r3o oroorceC3Ro 3c'r3q66m E6d.r63bot Bp6XdoL.rcrr3oL.d =-rl-:, ':'r], 63rqo%r6o-r 331i.roB66.rq 6orxqq36",- 6.6" .31inq363q.,, Bcnj8xqo

'i*'- i-":::r3LoL 336cb3c jpJ6c"rg6$ot g$.d.rb33olr.rt qc rgs$"r, tsUoorb3cloli
1- *-1".i:': orli .16 6c"r6": L.llo6's x%6x63xqag.. Jta",,66r-a.,t gc68$c.r3l.l. Ea
1-.,: r:''j-.'r 8or3q3qor, 3o6ql838ot J.r6.rqXq36n aSigiS.r/gia.6rSno,.
'r-'f-1.-'-..',o.ljo$3j$36o.r6 J6o63Lc'r63boL o3btox63bo1r B1613.,lr- tj3ortso go_ot
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33j$o6t. xL c6 3.r3oo$3:rrt J6obqxBxEL 3o36o3o5$6c.rq36oL ox8rolot.rt,
6rqg.r5 $cRr%c b3o6.ry oL ogx6xlL x6or.rq36crr J6c"rg6so.st.
3o36cn3co6$6oqX6X33o, Lrqr6 $.r6.r$Xqo 6rSoqo 3s66rq.u 66'Ioqo, Jqaoqo
c6 -rj3t J6olq33a1r, tsaVgal6dnt pj$c'r63bo1i 36oc-rlRoao 6$ogx6xlot q6cot.

q.rtrt6xq, Ssodqx8l qr3.r3.r$c'ro, 6g,3 Loli$33x6o ftxJ6erg6$xbo 3t6arg3r6o
J6eca6s33qo 3xV6x$xlor, 6o8qxbo6 tJx6o.rq26o J6er6gtc"r6xqo 86d.s63Exboor
cbqO5t aJ.r6.r$3qo ?3$ffix$oL o3o$c6o.rt. otoSo 3$qsg3lUqo.r o3btog638o1i
63loL3o36 rq6oq.rt qr tsx2dqo.r 8oocnbo3.1r L6336$or8c"r6oLo 3"rqrt3q3Eo,
J6og6s3s3o 33q$6oLuor3ob.

6*flCd7d" .

3o36er3.5$6c'rq36x33o $m3363bo g.r8'ogx636c .16r Bs6$co 3c.r638xqo
q.rger363boL X%6256qgogoL.ror3oL, c6$3q Ag6- gs6orc"r S6oL qr3rqSE3bot
3uq"rL.rS6COrq. Bg3q3l6o3, $m3X63lot grqrtr6or"r3.rq og53bX6 J6c"r6Xlic"r6olr

6",j646 oBJXqtXbL. gso3368o 6cog3o6orXlr trSgoLo O6o836Xqccb RJ BaSqaa
33odq3lc coor3cqoL q6.o1i gc5t"rtq363qo o6$3i63rq3bo, aA o6$363.rqot
grt.rt6xqL q.rgojto6qxb.r $mox6ot 3.rqcat3b.r. btso6.rq, $.roox6ot V"6 6orcaS6

$.tj$x6o Lob8o66bot $o5stV.r6 qssgcogL o8otun3ot, 6mB B3t$qxl3qo ogcnt
q6c.rot A%6- b.r6g6dqo3o o6$363rqXboL ror3Rr. q.:Bgc.rgo St6XG3XqUm?lt
$-ro3x6ot Bogcn.r3tolr o6363336$1r, O.,j6r6o ooJxqt3bot 6$t.rtq36xqo 6o6b3otr
Soqglot tsf8qfa.

tmg.rq.rg, $m336Xbo tsXodqSl.l g.r3og53b2q oj63L q6c,rot o6$363.rq3bot
tgt$o g.63o6xbot,ror3o1r, 3o36r'13c'r6$6c"rq36ot g.rSc"rt.rt3qaqabta oOJ2qtSbot
qrr3qotlor3olr, oSJSqlsXlob or.r6l3o3q336coboL go63o6Xlot.ror3olr, 3o3qX36c"rlooo

3.r3€o6oL .16b3bot 3o3q3}-grqc3633ot $cjgo63bo1to3ot. gmE36-B6o6bpqxlt
ts3?dqo.r g.r8.'o3l8urt 83$ffix$3EoL 3'cnb'353bo Rr 3rq.r6orc.rt 626$t6rqx6o
J6cc631r'r6o (O.t) 3.ror 3c"r3lrbX6g8.r%3 3o3qX53bot Bob3q3ocn Rr c8oor

6.rScc,ror.r3oLXgqoli 6J $.ro3X6Xlot 3qgc"r3.s6Xolot J36ooqXqo 6.:dcl3oorb3otr
rXooqXbqo8otlg.r6. oSot 6l3c'r, t6c"r3 3o36o3co666-qa6$o do6oorJqrR

3$oog363b.r dr3,rq36o q6oot liot$333}3o, $m336-S6nobaaqdo S"r68r.r.rRacstSror t.r3rqqSb1Ro 3qXA36$34L. 3o36ce3o5$6erq363bot %rngca6o
3r'rqogo3.r13o.r3o $so336X8ot 6o6b3o 32 sq$6L.



Sn1,
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iln1,
ScBo

onL
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1.2 "2. aeft6XaXEot 3Xgs5.r'g.racng$.r

do6oorrqo c'5$36gXo1ro 3o36c"r3c.r6$6nqX638t.: q.r g163 3r'rSg"rEoqob3lt Bm6oL
6X.:qotq38r om5.r6X3orr 33$c6c/g.r3o$r6oL J.r6.rRARA6o Jo6$$ot 3r3qoor. b66
3o36ccac"r6$6coq363o .r3 Jcn6$38ot 6$cc3g3.r638o "lrmC a3L.rbX638.r tb3s
gSSj6oXboL 33t62q3b.rb, Sc6cq.rcrrrq: 3o3qX36oboor qr $.rqc.r6X6
33$.r5J3r8c.r$c5.rL.

Eaa6 3o36c"r3er5$6oqX63o Jcn6$Xloli g.r66.rq4ACAARo gc3o3g3s63Eo 33odq3l.:
q.rJ6c.rg6s8dlq" ogot 3co5.r6333boli 3X$c6.r%3 .r5 3s8er$$.rt3. .r36oqX63qo.r
g.r5tr3yn6Cb1R" gX6qqXbl g.r8.ib3oRqCt o3.rt3, 6c"r3 Ec"r5r633<nr ts3$.r5ot q6ot
o3ocnb3broqXt o3 to66rqot 36o3363qols, 6o8Xqo6 3o3$cnq3b ar6C as3co36"r6%3
q.r 161 0o6c6.;3or $6o66ot 3o6o.r3ttC. o,U g16g 6s3rn36c53btX Br6orXqoc tb3.:
3c"r$geeboqcoboL g$cn36c5'X3o, 3c3o6 3.ror ts33dqor qrrgXSc'r5 g.r3cot.r3.rqo Log6sqot
1o32or.16o qc'r53, 6'33qo6 $m3oorbXb.r $r6o3X63o Br$X6oqo 3c'r6s6X338oL

3c"rL.rqc'rq5'Cqu 36o3353qcnb36ot 6lg3q.:q. %c'rgo36cn 3a;6rn3c'r6$6rnqX6tso
3c"r6.r6X3Xbot S.r3oorb3obt r6ot .r6ts33r5ot 33L.rdq38q,obc, 6co3q3lo6
q.rSg.r6XbXqor $6o66ot g.rSc"rtrL3qCR%C "r5 3163 g$c"r36$13.

6cn6r 8o5.'3g8Xlot t"lq$3t3 tslo6c'rr 3.l3c"r$$oq oj6Xt '(0(( l5 "L", 3.13o6

qsLc$goLtso 331i.rl.r3oto 35o3363qc'rb3bo ts.ro$363b 3o5'"r633oc $6og363o, 8f8qaa
3,rt6or3ot $6o66ot q.rb3r633oor 6.r3r"rtct3qcq%c (gc3o3g.r5%3) qrg6q3l.r
Jc'r$356orqot tclo6o Rm5c. 3.r6o3ot $6o6x6o odq33.r 63tr.u6cn3rt lruq$xt3
3c'r5r633Xbot 3$cog3.r6oLur3oL. or.l6.:33q6ccaX 3o36o3r'16$6c"rq36Xltso 3rn6.r63338oL.r

qr 3r6or3oL $6o66Xlcrrs6 o6qo3oqXrqX6o tsaqV3a, Xt6S6pqgcngoqor,
3o1r.l3r6cn3bot tlq$ot g.r3mg35'Xbocn.

a.l6c gcScoSg$o .rg6xo33 33odq3b.r 6.r3op5Srq oj6xt tsx$$3goL 3ccorbco36o1i

3o$c"rq3loLro3ot. 31i BpXq3l6o3 63.rqo%q38.r 3.rBo5, 6c'r6c a"r3c'r3g3.r6o OXBrcolL

ts3$.r5ot 63go3tso.

g.s56.rq36C}flRo 6q6Xqo totgSsXlot 3"r33o6ot Ats6c"l da6rq

aJa6ocRcblRn trb3r 3co6r6x33boli 3o3q33t6oEooo aro8Rr. .r3 ts33orbp3rtso
3o3q38tr qr 3o5c633orr $g.l6c'rt 3o6ot toSj6c"r6otcb1qrq bqxb.s 3o6.r6383bot
bao$Xlot g.rq.1633.r X6oro licq35oL tcB2.rq3}oor, cDoorc'rAURo bo$oor. 3c"r6.r6333Eot

3o8q336c"rlooo gcql633o1i XJo6t$31icn6.l.l ot, 6o0 oAo .16 Soocrrbr.r3t 3.l33o6oL
b.r%Xlolr qoq 6urq35cob.:t.

.:6t38obt 36s3.rqo L$sEql6$URo, 3o3q336c"rlocn 3c"r6.r633cnu 6.rg.r638otr
J6m$ar3coqo. t.a 3o36rn3c"r6$6oqx6?o ct J6co$r"r3c"rqcao r6xrqotq3b"r Bogl
tj383boor, 6o3qgbo6 grSor.r3tSb2Ror 36oL$.rqt3, 6rG odq33.r Lb3rqrLb3.r
Srn$goloqcolot q.r8X8rploli gc8r6$oglot Ls8X.rq3brt.
r5.!tRs6g6o 3er3J.r6.l$ot6o

b3o6sq 3o36c'r3c'r5$t4oqX63ltso Bsts35q3b d$3ot s6rqogp6o 3rnOJr6r$rn6o
(OA). 3r'r33.r6u$cn6o $.t63co.ry3X5t LjX3.rL, 6r'r33qo6 c-,6 d.r}3.rt sq.r6Cat.
f'33Xq3b6oj, A6. 1m65.rqt a$rqabr ts3lr.r3.rqo (U1), 33o631i - Lrg6qX6o (U0).

6cSerL.rt3qSRtC QZ) g6q3ba "I", or1 33L.r3.rqo d.rE3r 33$o.r, Aoq6C Lrg6q36o
(Sobcto 1.6). .rtxoo 3o$goboqolot 6.r3cc6530.r 3ertobx6bx33qo.r
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3o36o3co6$6ecq363lot or363cn1i$s$tso, 
-trqsg 

'r36oq3b3qo'r ts33coS3q31i

63a;34.:6X6ot 33t$c3oto 6c3tm3o liogoq3, 6er33qo6 3o3$oq3bc ac'r33.r6.r$o6tso

$X ?Xlr.r3.rqo drl3ot 36ots353qc.rbot arSlrtSa6pq: qm6ot 8oRVA3.r.

5.t8-1.6. t-agqaU -6t<N'rA76o {'flJ6r6sx<nl 32lsl6gpl*:
qt gfrll$tggg<t1

1.3. 0o36c"r3er5$6eqCd,Cl"1t 3d.6or3ollc qs AC&AArSNbot bA3'rqClAI"

3o36o3cn5$6ccq363bo1i J6rn36.r33bo1i 5.r3r6o3o1isor3o1r fficRJtc a?Jcj$16o.t
tJ36osqot3bxqo, J6c"rg3to3qo o61i$t6x3360aqn 3s3.r6or3o1s trtsx.rq3b3bot

g.rOog53bs, 6o8q3bt.r6 €SodRObr 3o3.r3Xor36coo:

o tso3.rLjx336o 33xqs$o6xbo (atc)- J6c'r66$1q-.rJ.r6.r$2qo trB1.rq36s,

6r.r33qLq1 SXXdqo.r Br.r5r63qc'rt 3SXqo6Xbrqo J6o631rn6o 63.rq26

8c'rSgoloqc'r'blBo;

o J6c-r66s33qo to32q.r$c.r63bo J6cog6.r31qo llrtsasqXls, 6o33qLs6

SXXdqor 3o36c"r3o5$6e'rqX6o1, q" Soto 33bto3636ot 8l8ccoboli o3o$16o.r;

o g.r3.r6or3o1s 3o5o$o63lo - tJX6ocqX6o J6c"r36.r3r, 6cl33qo6 o$3o6o138.r

5ct$.r6oro tot$38ot 33bto3638rtso;

o 3333;1i3b3qo Jqr$3bo (Evaluation Boards) or.r3o1r3b16o

3m6tr$6xj$co63bo, 3.r3co3x63bocno liot$xa38ot 3s33$o63lotun3ot;

o 3xq3o3o q.rabtc.ra3lxqo aco$goloqcoboti (aRa) $xqJ$o6o - J6cn3t4.r3xq-
. $.r6.r$xqo tcBx.rqxbr, 6o3qoor,r6 8xL$q3b3qo.r 3q3 6.rt.r3r6aro

Sc"rVgeiloqc'rlot erqS-oor B.l6.l63q3br, t4r'r33q3og 8Xodq3b.l tslo$3o6cnc'rt

J6o36$c ao3Jo2$36oqr6 1r$s6qr6$xqo 3.r3tso6ot x6a-x6ao s6boor.

.rarL gr6qr, at6tX8c'rbt 3o3}o5o63}tRn o6t$6X33561qn 3r3s6or3ot

1i.l8pq3E3bo.
tofuq$excrXlo

6o3c"r66 Vclrn, to3lqc$c'r6o ts3q3x8J 3.r3r6or3ot 3c'r$gerboqrnlot3.rS,

65$6rq16n'.., J6o631rco6ot (OJ) Serq3qob Rr 33btoX6Xlo1s3r5' Ats6cl

L6Sq6ogoRa; LoSXq.r$co6o t3o6r31i a663or3X ts'rts3538Xq JX6qX6olq
8er$gcoboqcn8slt, 0oq3qXbt ($.ro336Xlt, Jo6$3bt, $cqco336-Go?l61q

6.r6q.r3j35CRSl, ("oa) q.r tsa$gaa$oL tol$x33lL).
{'



Lo32qc$c"r6l ?5q, tspdqcct J6cng6rfl3dot g.roqXlot ts.r$3o6ar3r UAARrJc'rJxqc6xq gc"r63 r$Bo, 3cjLo3.rqx6sq L6xq.rq .rLrb'L oig.63"r6o.r
3.rto33qot6xlxqo 3o.16c'r3o5$6oqx6ot 63L26Lr3bot 0q3coO":63cobot txtcbSl,
1363o133 $.r63cosqgo6ot Br$3o6or3qo J6og6"r3ot B3L63q3Eot toolq"r6oolr
ts3L.rdq3bqc'rE.l tb3.rq.rLb3.r 63go3tso. 6c8c6or3-rt J6c,r6xttso Bc.rq3qcr ,rL6xq3Eli
J6m36.r3r1i qJ 3c"r3Jo3$36oL 3o6o$ec6oli 66"r6t3 6.r3coo1tb3br 8c.rq3qot
3o3qo6s63 3qgcc3r63oir.

LoSXqc$o6€o J6c"rg6c3oL ts.r$3o6cn3otr1i 3o3b3c63}Xq1i tspdqo.r g.rXB3rt ogo
boSX6rq .16 AVgafO 63go3tso, 3c'r6ots6r'rt Jo6c'rlocno qr 3Jo6c.rlc'r EXB36glotr

$36$oq3bo, s3c'r6$6erqc"rL qJ 3coqogo6o63bs gsS33orcct drlmoSqo6xE3qo
3o36c"r3cn6$6c'rqx6oli 3xbLo36xlo1i xg63q3bot.r qr 66ot$63Eot tsogorr3tL.
toSxq.r$cn6o .rbq36t J6og6.r3ot tsgt63q3boL qcogo3oL L$6.rg B38c"rfroxb.st Rr
r6ocn33$o,J3Ro coJg6.r6o3bot ts3t6tq$nl, gr3.r6o3.rL.

3o8c'rgSXEXqo g$rt6o3oL ScnVgoloqolot .iqrlmb 8ob3q3oor LoSXq.r$c"r6Xlot
t-a. 8c'rqxqo blqlr xsgcc8t J6-g6.r333oL 3.r8.r6o3rt xg6c'r o.rqcq q'83%g.

to33qs$c.r6o tsXodqX8.r 33o6a3q3t q$.r$XEoor J6o36.r82q Lc83.rq3E3lt,
fug,rqoorcq, Er6c o6$x6g3oLL. .rL3oro o6$36gxotot $t3}cnl.r tc8a.rq3trst ,Jq,6,
tsxoj85-rt q.r Serj6oqrq ojSxt gs3.g63E3qo oo36m3er6g6.q36ot g.163 a.q3i.,,
6c"r33qo6 gx6j6oc'r5o6xlt qr %3aojaxq3lt g.rt.ror6cn J6c'r36.r8.r%3 Bo6383qo
oq3o6ocn3oor.

63sq36 tot$333btso 3o36o3e$$6oq36o Epaq316o3 ,,qr3r33E3crnr" 3rt%3
3o36or383qo Sc"rVgc"rloqolot Qq.rosoqot) oe6.r638xbo1i $"3no,b3no,, BoLo
q"r8ats-r3xbocn qr 3"r6cn3ot to36.rqglot g.rq"r638oo ts3dt63q3b3gl a.Sg,"snqco}.st3
(rj$3c$co6$ta). oSoLro3oL, 6r't1 3c6$o3 1ioo3q.r$c'r6tg ocobqSL gq$$."q.,lr
&3tsceo}ot 3coqXqo63lr, t.rlo6c.r.: b3qocn AOArRcoo, oB J36og36o2qo
3.$goboqc'rlot SoqSqot 3ooqo6.r63 Bqg..,or63c'rl.r, 6-B3qor.r6c6 73"q3a
lnL$38rtso 3o36cn3bxqo.r 6rq.r3Vc"rqo. 3.166.13 .r6txbolt E66., -.r6rsx(6-33
J6rn36$3qo toSxq.s$c'r6o, 6ooq3btso6 Ea6c Jo6c"rb3boli.r qr rr.,1gxcan.,1,
o3o$r6oot-ror3ot 6.s3c'rog3533r ts3t.r3rqo %38c'rjSxqSbot LJx6orqx6o BJ'Ro. xtr
BroRo odqx3s SxLs3rqo to6SsqSbot or.r6.roo8q336'ErLr, 6co8xqo6 scoqxqo63bsq
3er$gcoboqeob.rt Oo3$erq3b.r.

b-an SeeqSqot tooxq.r$co63b3o a.r6c tog6.rqSbot odo$c6oot 3L J6olq3o.r
a"es$gaA$oqor 3X3q65co6aq: to8Sqr$c"r6L 

",ja1, otXoro BrB363bXqo
ls8xcqS6r, 6cn33qo6 3o36o3.5$6oqx6orr6 Bo36orSbaRn ar6c o'sgccloq-ajant
ScoqXqglot SSL.rjSGCRrq 3%6X533qgr,?lL o6go63r6oo1i 66rgoJlRrR g$c"rtrb3st.
J6r'r36.r3Xqo to33qs$o63boL 36o336Xqo3.r6o cnr3otSbX6Xbu ot, 6coa B.rcn6o
fu$3o6oXqo J6co66.r33lot tsgL63q3b.r bq3l.: q6ooL tsXrq3q8o, 6od3qo6
rax.qx6o ' q6ootgcS 3r5tb3.r3qx6.r. 3rg6.10 q$.rqo grto qr grSgc"rbolr
aXLcdqXlqcolr, 33Lrj353qo 3c"r$gcoboqc"r8ot 3.r6$ot .r6.r6LXEcoloL ts38-b36"ts.,6,
J6ogt6aSXq LoBXq.rgco6SSt 3quj66t Oo8toq3Xq gcto$gc'il trSArRCErq.
.rg6oqSdxqor rg63o3x rqoSoBSot, 6o3 .r6t3lc'rbt BS6qecoSbot oorxqo ;qrto,
t6r'r3qx3o6 SxodqxE" .rqS..rBxSoq oj6xt Sbcoqccq tooxqr$c"r6xlot qrbSr6xloor.{



1.3.1. J6cn36$3Aot AXAXBsglot o6gg6ot6$aqn a.l633-
3o36co3c.r6$t6oq36ot b.rt.r%3 J6cog6.r32qo qJ,rJ.r6r$Xqo Xt6X63Xqgcogot

X6crro.r6obolr oqlJ drqor6 35oE363qcn3r6oo. J6c,rg6r8Xqo 2%6X6pqgc'rgot
qs32tss33boL o5t$6X3g60tq" L.r8jsq3b3boli 3.r36oro.r63b.r, .rJc6.r$3qo

X%6X633qgogoL q.r8X?r33bol o6L$633360fq LcBXrq3b3borr6, 36o3363qc"r3c5

3Jo6.:$3tol"rt .r5o$361i .rt3oro ltboL 3m$goboqc.r}3bt.

Lb3.rq.rtb3r L.rbot C.V. 3X3X3.6XJol: o5$X66o62JJ<n 6t6Xdrc s6tS}ocrrrq

":.rq3oq3bL Rr .rBj"r63}t q.r83ts.r33Eot RJ 3o36c"r3c"r6$6c"rq363qo LoL$gSXlotr

gr3.r6or3oL J6c"r63tt. oLo6o ts3o6.r336 61j1r$fA 63q.rjgcn6t t.r$goto gSjtgSbot
q.rSX6otcor3o1r, $6.r5tq.r$m638t - st33bq36oq"r6 Rr C 36oq.r6, qo6336t,
g$c6cn3oL SoSgerloqoErlr, t.r66o816o o69c.r63.r6ort 3o36m3ce6$6c"rq36gloL

ts3tsb3b qJ tb3.r .r36oq3d3q L.rtsX.rqgl3bt. $6$tq.r$co63loL, qo6336otr qr
Lb3u 3o33eo636$3bot q.rg63b.r bqglr r6.s 3o3.r6q3boL t$6ojo63o 3.rtrqX6oL Socno-

ar3boli SXorcnqoor, r6.l33q qocqcngX6o g.rSg6gbot lr.rboor, 1uql6 t.llo6co.: Sbco-

RCIR q6o3353boLr q"rlr8.r b.:$o6co .rqgoqSltX. J6cng6s8Xbot 3X3co3r3.tqn i5f,j1r0a-
doli g.r6qrj36s 3o6j.:6X6o 3c"rq3EoL groq8o bq3br X6ol,o 3qs3o3oL qr$36oor.

JFx26,frg3oL 3g373q23oL o5g66o6g37qo g;623nL ts3j36s8 Z%6n 3A0rq

',flqqc 3o36o3o5$6oq363botsor3ot J6co36.r336ot €3j35ot 3g3j$X6ob"r, 613.16

i,'ahE-,XA3qL 'LcBXrRSr 3ot6.r 3c"r56X5$6s6or 3c'r3bqo6r 6rq,rtr$gS$o qrArRC-
:..-'- -6,b; Rr SfO"qqC,r 16 g.rq":3$.r5s Soto 63rqo%.r6oot 3m6363$Xq qCOJ-

=_it_ 
&1x-,ArrraSnt ts3338.r333ot o6g66o6CltrR" Js3gg38o 8Xt.r3q3Er 6r8q3-

i-r- *.-fi&., aof . Lb3.rqo1ib3c 3$s63c.,Sqn1, JcaS$XEo g35i6o26rq 3tgr3Lo.r,

*-31-.c 6,5,b3o3q$r F"6&teaaSoqo L363oL3qo ts3L.:dq3bqc'rb3boor, 33ts.rcobot

iob'J6-'bJo"q'rrooor g.t aft'"6$lqn 3.r6j.r636o 3ogot br6oLboor.

3f\Ta6.'3ol q"$a6' Lc$goL 3$cJt3, $6.rgogoXqo SoqgmSoL SobXq3oor, bq3l.r
?33qgo toboor: ts3Lo3cqo 6ajt 6" so36og33r 6c.r33qo33 tbAjlr$A6o 6Xgcj$o6oL
q.:b3c.63bocn. ca63goli q.rli62q3lot.rt $3jL$26o 63qsj$co6oor SXEscoE.r tsg$gq3}s

Rr 6mts333c a6oLt-3erOJoq.r$m6o. 6ogo66 $Clrn, cb,rqo J6mg6r3.r ts3o6131:

1io5$.rjLX6 ts36qc'r33bL Rr 3c'r8Joqr$o6o s65cob36t Sscn tsStsbXb oJ36s$c"r6ot

3c"r6Lcnq%3. tsaSqaa bXq.rbq"r 6.:ots33}r OCJLOf6o 63qrj$co6o Rr coJ36s$c"r6o

oJc'r3ob qr 33rt$o63lL g.r8c'r3q36oq 336qco33bL. 33$gc"rlo53b.r 3.roro b.rto,rorot

tsXL.rb3b, 6o33qo6 g$c.r3q36oq oj6.r 3c"r8Joq.r$o6ocn ?.ila .rqs6 Br6L, 3o6.roq.r6
g6.16o q.:3.rplXqo.: $3jt$26o 63q.rj$c"r6ocn.

3L 6o3qo tsXodq3bl b66yX6 g.r63go6qC1r. .I J6c.rgt4c3c €3qr63boor 6orXqo.r
qr oS6obXEr tb3.rqstb3s 5"r$oqot3r6 qr Xfu33q3}"r6Xlr 63q.rjgo63b.rt r5
3oq366o%.r13or1r, 313o6 .r3 t.r$gotfu 3$"rJ3.:6 J6c'rg6.r3ot$oLgs6 33odq3b.r

Seroorbc.r3oL qoqo q6o qc a6X6goc.
6ogo66'cqo5oB6.r, 62$o52qo L$2€cc.rlr or.t3oq.r5 .r6oqglrt q.r J6og6s3ot$ob

3S.r63c'r3bqX6c.rbot .r8.rqq3brL blql, 2$goEL J6e46,:323oL 32373"g2tolt

o6g266odX37qo .gr62do (6u41io) - IED (integrated development environment).
Srqrqo qo6oL IED .rX6oro.r533t .r6LXb3qo 3$.r6o3oL t.rtsX.rq3EXlt

(tso3.rtjX8X6 333q.r$o6t, J6c"rg6s3Xq iioSXqr$c"r61i RJ J6c.r36r3r$c"r6L) qr
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2%6X533qUmBL J6rn66.r3oL$ot 3XtsrrE.:L J6cog6"r338ot $3jt$38or.r6 qo.rqogX6o
gr6y6ot Lgoq8o.

o6$66o6$lR" go6X3o Lrts2rq3b.rt odq33o g.r8erg63b3q oj62t:
o Bsts363bXqo 36.r3.rqgsoqo.r6o 6ajt 0A6o 63q.tj$c'rr6o, 6c'r33qo6

er6o35$o63l1qo.r J6og6.r3oL tcSgot $3jt$3aou5 t.rSX8ccnq;

o 36orq6o2qo q.r6ot4glr 36.r3rqg.r5g6os5 t63go3tso ;o3Joq.r6ooL gt4c'rt

g$o3qX6oqo 336qo33}oL qorgScob$o3.r%X qr S3qc"r8.r J6c'r6t6s3oL

63qcjgo636oLrr3ot tc$got aSXjtg%X;
o J.r6rq3qXt6o t.r338sc.rt $r63.r6cn3r 6r3qX5o33 36c.r3j$%3. Jt6c"r3j$3lot

3353gX6o "rhq35t 53loL3o36o J6r'r3j$ot 5"r3og36XErL S.rbqcn6ols tlboor
rbrqo J6og,,J$ot 33j35otco3ot. g.r3c'rr3636Xqo 3rn3Joq,r$o6Xbot oJ6oXbo

qr J6er3j$ot t.rSgoto g.roqSlot B.r3<.r5m3rqo qsg6q3bs qo.rqc'rgX6
335oX3o q.r o6cbXlc J6c.r3j$oli B.r6BoSBn, 6.16 g$cn6o6bs3t 81ts.rcnbot

cX6oq3Eqob.st 3o3b36b383q x.bat-g.roqXlor$;

o 3.r6rbo66oXqot 6gqcj$o6$Aqn SerqXq3boL 6rq.r3c"rdJoqo6Xbr;
o B.r$3o6orc'rL grll"l$gobo J6c.rg6.rfu c6t3b3q gr$gco8oL t.rtsX.rq3}3}tso Rr

3roror.16 o8X8.loli 3.l6toq.l5 3.r3cnt3qo1r g.t6X83l

o 3o236orc'rt g.r6tt 5X3oL3o36o J6cog6rSARn ll.lts1rq3}.l.
8c"rqc'r q6c"rt IDE gg5j6o.r g.4.rqoL Soq.rqo qo6ot 33Xqr$eo6Xlo1i.r qr

to33qr$c'r63bot g.r3r6ar3ot 8c'r$gerEogodsbot J6og6s3Xq o5$X6g3ot3b3o. .rt3oro

rb.rqo g36j6op6o SSbrdqSEqolXEo, "336c'r86.Xq" o6$36gXoLou6 36orsq,
r6LXloorrq sBj.t6Xlt J6o66r3ot$ot 3X?"rerlrt.

$g3s6rq, g.r3r6o3ot o5t$623X50Aqn LotsX.rq3b3bot .:6ts6otrli 3ot.r5ts3Sc"r-

Soqoc 333q36o 3.rB65XEq38ot 3o3Jq3jto: .ry63.r$X6o 3o36m3co5$6mq3636ot
B.r3c'r5ror3.rqo, 83%qSqpbo 3rX3gqo63b3qo/3rlo33qo6383qo 3o36co3co6$6t-rq36X-
Eot 63tX6t3ltX, 1m38oq36o g.r3.r6or3ot ts3trdq38qoE.r, .rq63s$X6o

3co8Joqs$eo636o1i BrScn6rcn3.rqo Rr t363o1i2qo 83t.rdq38qo}3}o.
I.3.2. ota8aqa6" Rr AlrgrRo qerSot Jr4ergt6Jfo6a}"t f5a}"

3o36c"r3co5g6oq36Xbot b.r%.rt3 6cn33qo33 liotg33ot q$Xtsr3Xlot q.r$6l.s3q3
drqorE 35o3363qco3r5o.r 613365cocn J6c.rg6.r3o63bot tqXd3qSbt rLXSbq36ot

35.rtX. 3o36o3ce6$6oqX633oL 6c3mgX53b3bo1r.rt L.:$o6o.r J6og6r3o63bot cO

33orc'rqoL 3.r63rq ts3t$r3q.r Rr ErES.r, ol? 6r,6n6 5"rlo3-6rlog t6XqqSlc
J6c'rg6.s3.l q.t, 13oL1 6.l3er, 6.1 bq3l"r 3o$gc'iloqcn6.r3o.

1.7 5.rb.lt%3 5.rts3X538o.s E.r5jr5X6o J6cng6.r3ot 8oq3fu rL33bqX63bot 33qX6.rq.

i----------- ----------]
i ;bn3dqn66b,:qo Jr4co6<4.:3ob 

iI 9.1<6oa3r5r\o: i _i . inti; i-l ASSEMBLER [---*i o int-i: ' , ----- ------ 
|

i:. _lT-i?tTt?lit.:

8s5iJr536o J6r'1616o3olr
g6r63n5go:

0001 0100 1111 0101

0110 1100 0001 0011
lnnn 1n11 nlnl nnnl

Frt. 1.7. ;b&At6A3ot g7fifuqb Fx<n'ry1XA
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.:L33Eq36oL 36oL
bX6bo c6t38c",lL:

Jo633qo

ts3t$.r3qot, J6og6.:3ot q.r$36oL.r Rr 6.:1i$ce63}ot 6sOqX6o3X

J6c631r.r6oor b6dr63b3loL ts3L6Xq3bot 3ot2'sqo%s6oo1s

{'
t'

36c"r63qx6ot g$c' g63b-r.

a3-43 t06a,j0r6aRn J6c.r36,r3o638oL SSoroq3boL 6r3og363br, 6.rcn.r

J6rn36.:3r 3.rbq3L ??16<', 3.16$o3o $rt.r3oorbrR qr 3rLr33bq'
aJd"S3a3ant tsXt6XqXEoL 3o%X.rqotr6oc SSCRrtA 3s63'rq bc"r66o3qR3b' o,A

5s8o3ogX6Xlor 3o36c"r3o5$6etq36oL to6fi0f6ilq tjXS'rli, 6rnaXq%36 'rqo5o353ar

3c',6"r6333boL ArARr UciAARo l6dr63bot 33t63qXbo1tt' Saqm'q 83L'rdqXb3qo

bqS" bt6ds6SbXlot 33t6pq3boL 36c"r6XLot 3.:63o 3o%3rq26o S'r63cnq5X6r'

&qaqo qe6ot Jt4erarfu3o6CA"t C6Ca"

3o36o3c'r5$6oqX6ot J6co66cSo6Xbolico3ot 33odq3br 3$mg63}Xq oj53t

Ssq.rqo qcnSot 3.r5Lb3rpb2qo 3538o. $363o6o ,,a.rgrqo qco6ot a5"" 3$c'rog35x}.r

o3 35Xbot .rq5o335oLcor3o1r, 6c'r3qXlo6 3'r8coog3538r rRSoRrR Srt'r3ocnbo

.t6c",36s33lot q.rt.rS36cq Rr 3m5p6$o6qXls (3o3Joqo6e$") 'rt33lq36oL 3618o'

€aSqCa g.r6qmj36Xb.r cnloXj$i6 3coqXlrq (bo$3b':q qr E'ro$3bsq)

3o36o3rn6$6cnqX6ot 3o36 Sroro 33tt63q3botr1i

BsSo3or3cqoor S.rgcqo qc'r5ot xSxlot do6oor.lgo 8.lbrtosor3}q3bo:

o ts.r3363b3qo ts?6j6oXlot r6L3Ec"rbr (3'r3'sqoor'rq, 3c'r61rc'rqoor

ts3$.r5r/5.r3o$.r5.r) EolqocoorxSxlcn.rS 6.r6or3ot B3t$qxlqc"rtrocn;

o 3cc5.r6333bo1i 6.r5Lb3.rpE2q3c"r63o.r5o $oJ3bo (8-, 16-' 32-bo$o.r6o Rr
36o6cao $36$oqoar);

o .r6oor3X$o,Jlqo oJ36.r6o3boL tsXL62qS" t$6ot 3r8og353boot;

o qco3rqx6o qr Sqmlaqx6o 63qsq3boL, 3.rBp53lq36ots qJ 3c"r5.r633or.s

1r06aj0163bot 6$cng5XE.s;
o 0XbLo3633ot gsSr$oR3lr;
o $l6.r$Xq 63t26LXb3o ts3q$33s;

o LoSbcoqS6o o6gco63r6ool 6'L3bob.r Lo33q.r$c'r6ots Rr

333qs$co6otur3ob.
s3 SsbrLosorSbqSbot 63rqo%.r6o.r 33odq3b.r ogot J6c'rlq33r$x6o Bs336xb3qo

3o36c"r3o6$6c.rqx63bo1r,ror3ot, 6er3q38t.ro tslSqaao or.r3ot3bx63b3bo .:b.rto.ror3bt:

o ROM J6o56r3Xlot 33btoX63IoL Rr RAM 3o5.:633or.1 33b1io363}oL

tsl%qlqlqo Sm6Xqobr;

o BIOS-oli (basic inpuVoutput system) bs%36o 33$.r5s/g.r3o$.r6oL Lot$X8oL

$ mJX6.r6oARo tot$33o1s .t6.l6tXbo}l;

o OARJqo g$b.rtg363qolot 33$.r5.r/3.r3o$c5o1i LoL$38s (6o6s 36oro qr
oAoAA 6l8co3g3l5o tsXodq3bc a.r0rng53bXq oj63L, 6o3cn66

6og6xqo/.r5rqo3x6o/3o3q66olocno ts3$.r5.r/3.r3o$r5ot a$cntrb3qSRo) .

"r3g3r6.rq, ct138q36ot 3-:Sc"rg6Xbr rlGoRSCRn", cDl 65X6o6$Xqo 3c"rqoL

t.sJ qr L$i6qj03g3lot Ooa.r6cn $rg5xb'qo.s drqocE boL$o 0oorbco3538o.

qqXotwr3ot .rtSoro tsX3orbp3X6o 5.:3q3bq 6b3qX}.l, t6q3$ J6rj$o3Xq':q

8ce8cRo",3ot 33odq3l.r rSoRfno u36cn,,t$6r3o" 3o36c'r3co5$6c'rq36o 33b1iox6xbotr



k3a

rxrlr

a2
iadt

Ro

Fat
iad"

nbo

r3o,

JR)

qoqo 3c'r63q'Eoor. 6l6q,r .r8oL.r, ors6"r33q6c'r3x "36mt' t.rtx.rqxb3}oL J.rg$3lo
tstsXrqXlcL odq;.1.r JqAoRrq qco$36c,1 BX632qo J6o36c8;bo, fr"e"6
ScnqSqSboL 6rsoqgdo q.r$X6oqo.r C 36rt3, bc.rqcn Uts6. 36o$o3Xqo t$6q_
j33q3lot 3o3r6cn J6c"r66.r3ot 6.rSoq3bo ct388qx6%1. c 3c"rsJoqr$c.rt43lo .rb-
q36L .:36xor33 J6c"rg6c3oL L.rSgoli $3jli$tso o}38bqxt6%3 o6t$t62j6o3Z,.rt B3$.r6ct.

3o36er3co5$6oq36otcor3ot J6ce36r8xqo 3t6x6gqg-gnr, qco?tsca3}ot
6.r3qX5o33 VClr" .r6LXlcolt, 6o33qor.r 33L63q3br 1i,rlo6r.r.r .,3n1r.r-3.,t, 

- 
6-3

g-r8c'rLcg36cEcR" 6gL26tx6ot 3c'r6xqccl.r3 16 grqu$.r6loL bxqdot.rVaRoa
tq3.16L:

1. Sbcoqoq 26ao tcbot o6$36g3o1iot gc3c.rg36'3}.s .rJr6.r0aq
tc83.rq3E0trcnr6 (gc63 S.SgoEoqc"rlgAo$). g.r6tb3aplxqo o6g36g3"tJJnt
3.r8c"rgX5Xb j85olr J6mEq3SXlt o3 3g3cnb333r3o, or3 8coorbo35.r oj6Xa.r t b3.r

$oJot 3.16g 8o$gccboqc,rlXlot Ba6ar3.rt3i
2. gqcl8.:R1d,n 63q.rqXloL oq36$ogo6o638r, 6co8q38o6 tJX6ogo3X6o.r

fu3J6o36$3lobor3ot Rr B.roro 
"6g$o3'6xE.r tb3r 6o8xqooS 

- 
a.qnl,

3og5oo.

3. 83tcdq38Xqo.r ffiCRAr5 qc,r3;qX6o GARrqXloL g$r,g638" (lL
ts3t$q3E38xqor Sberqoq Bcq.rqo q'6ot 36xbot g.rocog363Eot qr6c'rt). 

-

4. -z Lr3-r6-r3qos q6-36ooro 6.roogx63boL 63q.rq3loL .s6tlbmlr, 8ctso6
J6c"rg6.r3r3 X6q.r Xt6X6gqgot Oroo X6o3rq36o gs8ogg6S}.l.

,r3 SxtSboo J6o36"r33bot qcoS'dr3xbot.rt o^3L q.:3.rq$6cn "url J6obq3o3bt,
6.3q31o6 qca.r3tso6xExqoo J6ec66.r3rBo d63qq aco-t.r3q36 "6"aqa6"qtsX6qo33bor$.

33j06oqo J6r'r66r3oL ts3li$.r3otrq 3c.r$ger8oqcolsbotc qc 3o36c'r3c.r6$6coqg63lotr
qcJ6c"r66r33lc, B3x3qx66o3, 3o8qo6r63r'rbL J6c"r66.ror6-a.r, ir.r8xcq3in.,,.
J6o66r3.r$o6ot 66ot$6tso Bco$3o6or3l.r O6ots363qolr, 6-O3qn6 iUO"g.s6qs5qxli 3o36ccao6$6oq36oli g"r6trtq363q Botr8.r6ort3, BaSqm a""o-3ca"
tj33r, 6r"r3Xqo6 g.rq.ugt.r36ot .r3 t6X6ot$6ot 3o3o.r3t 8oo,.,o,3bXq 3nli.rSr6o,,i3.
tsx6Bpqo 33b1iox63loL xg63qot g"rJ6c"rg6co38ot J6o6xtot err,JrqaboL ESaqgg
b't66o3qqgbc ax6ogo3.r13o.r "Gr Bo$oq3b.r ffig6nqn 

- 
ae"a3s0q.a"[

&6o36Xqerla. 8or3qo 8r"r$grnloqmlot qcJ6cng6.r83b B3.dq38c arg6d3qqSL
t6"rdq36o3x $.r3oq$ 6.r3qx5o3x S2or$g3, 33bLo3638ot Bm63q.ln1l qr J6.36.rooL
.rqgo6oorStX q.r8coSoqXlSqXloor.

.r6txlobt tb3sqslib3.r qc'r6ot q.rJ6og6ro3bot BosgoboqcnlxEo qr
'q$363oqob.r. %.4 333ob6gr3o qsJ6c"rg6.r3X8o1oo3oL tslo6o"r d.rqo.r6 Os6$o3o
Rr b3q8oL.rs3qo8o .rq$363oqol.r. c6t3}eilt .rg63or3x Seosgmloq-a3a.,
6c'r3qxlo6 .16 tolo6oxlL -rq$363oqc"rlcL q.rJ6co36$jinb.3.,1, $ da1,fu€35xlxqo .rJs6u$xq-J6r'rg6.r83qo 8qm3o, 6e,3qot 3.ra",gx63b.,trt rqc6 

"J"r,lslor4co gs63 ', Sco$goloqob3Sot gaoc'rg363}.l, gsr6q.r 6rt6q"R., a"a3.,t, $g.r6c"rto,6c'r33qo6 tl$n6cc.l q.lJ6c,rg6l8X8ot.lor3o1r.
d.rqos6 36ots353q.3$o.r .rtJaf$o, 6o3xqo6 abdr Bcn$gr"rloqolxlot

q$t6c'r3r6s333.rL qJ 3q3o3c63c"r8t Sc"rSgc"rloqc'rloL lmt$X8rtso q$6r,rg6cS3Eot

RJ

3or.l
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k1i

futu

qr
66
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qolt

cb".

3rq
Pot{



S3tsdq3Eqc"rlot qsqgXSs?o. s3 J6cog3qX6cL 3$coq36r '3o6.rLob$X326o

qcJ6c"rg6r33b ISP (In-Sistem Programming).'orX 3o36o3m6$6t-rq36o qc2tsglL
rtgoro q.rJt4c'rgt6rSXloL 331odq3bqr.r8.r1r, 8rtso5 3t 6ots6r31s, 6cl1 of l6q"
qs3eo5$cgq3L Jq.r$rt3 6.r6o3qo J6er6t4r33bot 33bto36gloor, 6c'r33qo6 3A3eaa

33odq3}.t q.rJt6mgt4.rSallq oj63t 6m33 t6r3q36o1i g.16g33 tfu3o1i q$$836
3o3Jo6g6$d%a. 3t 35o3353qco3.r5o 3r6XBo3E.rr 3o36co3o5$6c'rq36oL .r6B33oL.r<n3ot.

ISP-L 6s8c"rg6Xl.r 6.r8c"r6o6bs3L tJ36o.rq36o J6og6r3r$cn6o1i ts3d36ot

rS6oqXbqoErt, SXt.rdq3bqertrrt odq6r g.:5.:bRRCt Sr"r$gc.rboqcolot J6c'r36r32qo

X%6363Xqgcl3r JqrgrtS g.r6qrpbSqo $.r6.rg1qo Ls81sq3b3lot 3X63qotr
g.rt633g qr baql, ?3X$gmblt 3Sc63c'r3bq3bL 33j36r6 8t.r 6rSXorc'rl3bo1i 3,16.rgo,

6o3q3bo6 rq3oqrq 3oqogo13o6eCb" 3o0qo6r6X ts6po3boL 8ob3q3oor.

J6cra6rA1bot a1bb16ff"t at qd,-b-CA"
36.r3.rqo J6.rj$o33qo q.r5.r6or3bot g.r3c'r653lX3olror3oL L.rLX6pqor qJOUR

oj63t Jt4mg6cdXqo dciqo, 6o33qo6 B.r$36oqor 3o36o3o5$6coqX6tso. o8ot.ror3oL,

6,ct3 2t6363Xqgc.lgoq oj63L .rt3oro €Xll.rdq36qmbc 166o 3o36c"r3c"r6$6ccq36o

33o6r3t tJ36o.rqXt4 t.rtsXsq3b3b1-r, 6ror.r or,r3oqo6 m6oqo6 336sbXqo
J6c"r3t6r33bot $.r3oorb3r. btso6cq .rt3oro S3tcdqXbqc'rbs 63.:qotq3b.r
J6co36.r3o63loL J6ec63tEo 3oSgogX6r6olqo bo$ot 3.r6tc%q36Xqo
35'ots35Xqc.rlot qugX6Sbot g%oor. B3XXq3b6o3, $ bo$oli 35ots363qco3"r tsXodqXl.r
ts3o63sqert Sbcoqc'rq 3o36cn3c"r6$6e,rqX6ot 33bto363bot Sogorr3boL

6q.l3J6c"r36s3o63bot J6co63ttso, S.rg.lqoorJ{: EPROM-o1i Sogorr3bot

Xqg6.roo1ryg6Xqo $r8qoLrt.
Jt6c'r66r32qo Sr.rqolr Sr3ocnb3ot ts3t"rdqSlqelbrt Es3353bXqo qJOAr AC6

s63#oq3bt. clr3on $.r3ocrrb3c CI3odq38s 8c'rbg3L q.*co6.r$r'r6o3b3o, 1lrq.:6 bqXb"r

3o36c"rtj333bot 3$6X53trot 3ot3%xlot .r6rqoto 3.,jRc q6c'r3o. o3oL.:or3ot, 6cn3

gs6oXqqXt Rr, 83lscb.r8oLrq, S.r3oorb3oL c'rJX6r6or ogc'rlr 6.:3q31 CfljtbA6n,
%cngox6crro 3o3J.r5o.r .rbqX5't J6og6.r3oL 6.r$36.rt qs3og36oor, b6dr6xbS}ot 3366oL

6toor qJ 6or.:3b tJ36orqX6 $"r6.r$3q bqc'r3Xbt, 6c"r8qXlo6 6a6a1q
3c'r6r6X33Et grt4q.rj35ot J6c'r6gtc'r6oL l6dr6xb3bo1i 5.r3.rqtso. q.r63ot bo$otr
qs653Ea BC6 3o61333t 3o36o3c.r5$6r.rq36tso Br$3o6oARo J6c"r66r33qo 3cnqotr
.rdtc.rqX$X6o q.rg3ot gc6a5$ocL.

1.4. ifo36c.r3e6$6erqC6olr R$drc',adrrACbolr trrAArRClCAo
g363o5tso "J36tc.r6rqX6o 3co3Jo3g36o" og3qtb83b.r IBM PC .r6jog3jgX6ot

$oJot 3r.r3Jq$X6o. gAARr .r3 3c'r3Jo3$36L X6ao qoqo 6r3qo ,,jalr. oLo6o

.rt6uncaL36rqo.r Rr BCA Jc"r3.r 3rtc.rb6o3o g.:3663q3b.r. IBM PC 16 ogr, 
"60

$CRr%O 3$.l63o3lqX6o J36tco6"rq36o 3o3JoX$X6o, 160 ffiORrtl or3o, 3cg6$
3jm5qc RoRo 3Jo6.r$Xtc.rb - Soto .l6jo$3j$36"r Rr 3Xtsx'rEoli J6o56oJo ogc"l

g33qsb.ro3oLr qos. 63lot3oX6 3tX633q 3odJ.iSort SXXdqm 3o3go .r6jo$3j$36oL
qcn3X335$.r6o"r Rp 8ot t.gXd3Xqt3 .rbrgo sJ.l6r$Xryo or1 JCocng6.rSXqo

J6oqSjgo tsmj36J. $ot g.r3cn, IBM PC $jog$936.s3 qcoSgeo LS6qo
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.5
6r

,if

ao'

Jcl

a.:i
cra

qr
LA

.5r

Jct

RJ

3&

Jq

.t

.tA



gs63ocrrr63bs RJ qR3lrr6 6E3bs RoRC6+q l:.r3c"r8b3r6Cbq- J36ter6rqX6o

3m3JoX$36gbot .:1rJct6At%C.

$q3bot gr53r3qcebc8o q.r8Xts.rg83q ojSc t.r38.rc"rq b66o tu3aqrtb3.r6.ro6o
o5$36g3oLo, 6coSqot tr8S.rqXlocn qs3.r33o63b bq38ceq": J36to5.rqX6o

3oBJq$X6o1i t.''t$X8Xblir qr g.u63, ;;6og36oXq Sce$gc'rboq.,rl3lt Bm6ot.
o6$g693ot36o 3oot6q38coq.r ol3oor J361in6rqX6o 3co8Jq$36ot Jq.r$go63ot
3$3oorst63bot J.rcrrq3qX6.rq. 33oj36.r o6$X6g3ot3lo, 6coS3qcrrs o8Jq33g6$.r6o.s

6orXqos gr 33q.r63boo d3ot6o, 3ca6$ Xt6XSpqgc'rtst grq.rtr633o o5go63r6oot
tS6.g Rr 1sso33qo gq.r6g3.rt. .r36Xcn3X ts1oj35r o5$36g3oL3bo, 6co3q3bo6
ts3qc6Xlocn 5Cqn, 3rg6.13 t$sgo36ccr: 3.16$o3o Rd or3or. tb3rqaLb3.r
8c.r$goloqerb.rt rn.r3oto Soorbo3Soq$c 3jo6q.r 3o8Jq$36crr.s6 3r33o6tX qr
SCqCA"R RRAL .rt4tS8mEt (qr rj$o16q 3.r3c'rogX633.r) s6r26cno o5$X6gXolio,
6c'r33qoc 3co6ot 36or-36oo $CRtC J36tJ3j$oARor USB (universal serial bus).

USB g.r3cng5$ot.rt 3ot l.rtrt3 8o$goboqcolXlot rESr 1t33rc'rq 6orXqo

$3j6o336o .r8cn6.r5.rc. RqAl, #t$r"rbt 36.r3oqo 8t.r $Xj5op6o Arqr$$C6oqX8.r,
6.3qoL t.r€3rq3bocn tsxt$q3b3qo.r .rB o6$36g3otoli 3.r3r'rgx6xb.r .16 t$6.rgo
o5g3g616o.r rb.rq, r5 U.JAC .r6tX61q XqXjg6oSlq 3cn$go6oqc.rbXlBo,
6c'r3q3bli.r13 tlot6q38.r J3t6lie6rq34 3cc3Jq$36ou6 orgo, tS6.rgo Rr t.roSxqcn

3.133o6o.
qoqo b6ot g.rSScaqcnlrBo otSoro J36og36oXqo SnSgotroqcol3bot

3o1u36cnxlRrR, 6o3cc6o6u J6mgt4.r3.r$m6o, do6ocnrqrq COM (RS-232) s5 LPT
Jc'r6$3bo 3c3c'rog538oq.r. oSot gr8er, 6c'r3 3li cn6o o6$g6g3oto 53q-6Xq.r

ArqJAoq.! "8erd33q3EXqot" t$.r$3ttso, qqAL t.rlo6cn bqS}a USB o5$X6g3oLot
o8Jq3335$.go.r 3o36o3r'15$6oqx63EoL J6e'r66.r3r$er63bot 3ec33o1$x6xlou5
qr1is3.r33o6Xlqsq.
I.4.L. ,J-AJ"AOC6"II Jc'rd,618ol, 

"q$a6" q.r 3.roro a"a-SCGCb"lr u13ogo3.r

3c'r3JoX$X6aq $gj6o3.r3o Jrn6$o goto336rq q$r3r33o6X83qo
o6$36ggoto.r 06 3r'rOJo2$36L 16 3c"r3JoX$36t"r Rr ar63 3co$gc"rboqmb.rt 3c'r6ot.
Jc'r6$o, 6'g.-66 goto;X6o o5$36g3oLo, r6ot tb3.rq.stb3r gc"r63ot Rr
qs6ots5Xq3l't. 3lg.lqoor.rq, "qXgsqo", "8r8rqo", 36g3.rqo, coorbsSorbXqo qs s.3.

&3CRr%C arA6OCRCEflRn Jc"r6$Xlot (6rngc'r6o6.r.r, 3.rgrqoor.rq, 3c"r3Jo3$36oli
Sq.rgosgj6ot Jo6go) tSEXqo.r

6t6- 1.8 6rb. 1.9

1.8 6.rbctt3 6o3ot.rb3qor 3o3Jo2g36ot 3qo3or$26oL PS/2 $oJoL Jo6goL
"8,r3.rq'o", 1.9 S.rblttx ,Jo - l3ra0 Jo6$ot "qcqlq.,".
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3c.r6s6X3or.: 6rqr633oL 3Xj.r5o%3o1i 3ob3q3ocn,

J6cj$o3Xqrq $AR.r ts33orb36.rtso S3odRCbr m6 ggXg.rq
o 3o3q336c'rbooro Jc"r6$3bo, t.rg.r6 q6c.rot 16-

cDoo)m bo$o, X6ao V$nRn trqX6ot 33333oloor;
o J.r6aq3qX6o Jmt6$3bo, li":qcA q6c"roli C6-

t6.r3qX6o33 lo$o, 36r3rqo Lcq3SoL 33ts33mboor.

sJ6.r$Xqo Jc.r6$3bo

q.rogc.rL:

3c.r6.r333or3o 3.rq13633.r

3o6ca3Xor3o grq.13633r

5.r8. 1.10 6{b. 1.11

1.10 5.rbrtt3 5.rBp63bor IEEE 1284 (LPT) J.r6rqcRa6o Jm6go, 1.11 6.rb.r%%3

3o - COM (RS-232) Jr"r6go1i 3o6Xjgo6o.
g6o,o 36orxxqo goto3x6o Jo6$ot tcB?.rqx8oor ts3tcdq0a3qo.r 6.roqS6o8x

Sc"r$go8oqrnEot 36o1 3c"r3Jo3$X6crr"r5 q"r3r3tso6Xl.r.
qqct 3o8Jox$36t.r q.r gs63 3r'r$goloqobsbL ts'6ot 3.r3ts.6ot q.rb$g6x8R"q

ffiARrtA b3o6rq g.:3c'rog53b Jc"r6$38ot c.r6o t.rbSerlc: SoSq66cobocrro COM (RS-
232) q.r ts3q.r6XEocrr rb.rqo USB o6g36gXoL3bo.

RS-232 s6oL DTE (Data terminal equipment) 3rn5"r633or"r $363o6.rqo
SerSgc'rboqceb.r qc DCE (DataCircuit-terminating Equipment) 3ce5.r63aor.r S63qot
q.r3$mqmCECR" 8oSgoEoqo8.r, 6co3q38o6 ts3XL$$38.: 3rn6.r633ar.r 3o3q336obocn
c'r6.bocno 3rq-r6g3ot t5aqaa.fu6o3.r6o26 t$.r6q":6$3Et. B'S6c'rloq'b3lot
DTEIDCE 6oJ3b.rq 3q.rtqodr(Jor 3ooJ.r6'o.r IBM-d"r BSocooqco qc, 6c,rgr.r66 $3to,
DTE-cno 3o3JoX$36o rqo6o363bc.rq.r, bmqco DCE-cno - Boq3do.

RS-232 t$.r6q.r6$o g.r6t"r%q36"r3t drE3oli qo6plL, 6.oq3bo6 Bpt"rbc8SE.r
q.go336 "36oro.151r" q. "5UR1r". 3c"r6Xj$3qo tog6.rq3bot d.rb3r l6qr
3366cobq3L (qrq3boo, r5 3.:6gcngocn) 3-q.55 15 3c,rq$.r8q3 o6$X63.rqtso.
Log6sq3bo, 6c.r33qorc dr}3.r 53qoc6 .rbq'L.r.r .16 $r68c"rsqgX6t ;-6aCtbfq RS-
232 tog6sqSlt. qergo3X6o X6orol6o g.r5ot.r%q363b.r Sr6gc.rgooro d.rb3oor.
Lro66rqot .r3 3qgc"r3.r6xc'rb.rt markingi 3Scoqxlr qr Ooto gx6j6ox6o 36ots363qcnb.r.r
oFF (6$er6c'xRor). qogo3x6o 6xqo q.:qxbooro d$3oor gc6oLrtq363b.r.
1rog6.rqo1r s3 3qgo3.r63c.rb.rt sfeisingi a$,"qr8" q.r Ooto gx6j6o26o BGoB3GSqobcc
ON (tsr6or1Ror). L$.r5q.l6$o 6.r51ntq36.r3L qo.r S63qot BrjtoSrRl6 d.rb3rt 25V
g'6gq3ltso. x8xg3L.rq g.rSoogx6xlc +5v,+10v,+r2v qc +15v d.rb3ot to66.rq3bo,
6"0 q.r3c'r3oq3b1qo.r 3er5363$1qo Scnsg.boqcnboL 63bo1r Sg.u4cotx. V6aqlr,
6er33qo6 o3Jq3336$s6ort X33or3bt RS-232 or.r3t3l.rq o6gX6g3ott UGqs
Spdqcnt g.r6gtctqa6aRo J36oc'rqoL g$3.r3qc.rlr3o g.:ldqc"rt 

-a.3ga 
8.r6o,3.ilr

SoSrb q.r 25 V 53boli3o36 d.rl3.rt 3o6oL.
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r$3do

l0c3r

1033J

r.lt%3

35o33

oSot 6.13o, 6":,E 3o6.r633cn,r 3.rq.r633ol d$3ot qc"r6plo lB6- 8.rqsqo.r, JoR6A
qc"rgo3X6o licaScq3bot d.$3ot qo631lo, 6<-r3q3bog 3.r8mog36^b.r o6$66.rqX6
tj33383o, Lc$o6c"r bq3br tJ36orq26c, 3ro6336$o63b3qo q.r8.,$Slooro bj333bo,

6c'r3q38o6 d.r}3st g6q.:j35os5 qcogo3oL d.r}3ot qc"r6ploqs6 - 6.:q.r633oL dsl3ot

qc"r66btso Rr Jo6ojoor. 3t 3m6336$oci3b3qo tfu83bo .sg63or3; o13r3L do6oor,rq

1ifu3s1r RS-232 o5$36g3oL%3 ?3t.rdqc'r 8..JRC Br6cnpbotg.r6 J5 S.sqrqo d.rb3ot

o3JXqt3boL3.r6.

j333cocn 6b6oqtso 3c"r633Xqo RS-232 togS'.rqXboL.r qr Jo6$ot 83L"rb.r3oto

3m5$.:j$3ao1i 6.r8co6.rcn3.rqoi

6b6oq'o 1

to35.rqo DB-25 ; DE-9 (TIA-574)

Data Set Ready DSR 6

1

t
I

R"R
(RS.

lReouest To Send I RTS 4 :

l '---1--"- 
I_l

iclear To Send CTS 5

lCarrier Detect i CD 8
,5,rr*to

rSqot

<'rloot

bSboL

S3lrr,

r$3lr

aSqr
Rtsn.

RS-
J3oor.

ncob.r.r

P3dc.
'rc'rI.l.r

25V

Rcbo,
6cR1,,

a6qr
6o13rt

.{

iRine Indicator

lr"a5"qal"t q$X6r:
o Transmitted Data (TD).
3c'r5.r63338o 6mg%.r3638r DTE-q.r6 DCE-1r;a5.

o Received Data (RD)
3rn5s6X33}o g.rog%.r353Er DCE-q$ DTE-1r,1a5.

o Request To Send (RTS)
q.rg6qXb.r (tog6rqo oqXbt 36o3363qcob.rt 0) DTE-L 3o36, 6.ror.1 3c"r.s3%sqcnlr

DCE 3rn6r6X3o.r 8oq3lot"rcn3oL.

o Clear To Send (CTS)
q.rgXSgXb.r DCE-t 3oX6, 6.rcrr.r qc$$3o6o1i RTS Rr 6Xls 3ob63t DTE-t
qso$gc.rt 3er5.r6333Eoli g.rqs6X3.r.

o Data Terminal Ready (DTR)
qagXSqSb DTE-t 3oX6 oSot t.r6g53bqq, 6n3 of Strqr.r 3.r33o6otr
qrlro3go63lR"R. o3 3X3orb63c3o, orX to65cq" tsl$gqc, DCE-8 USqa 6.rS6o$cot
g.r3g.r638Xqo 3.138o6o.
o 'Data Set Ready (DSR)
qrgXSqXb+ DCE-tr 3o36 "rj$oX6o 3.r3tso6ot Sotroncn3bqrq. oB tsX3ob333r3o, cnX

DCE r6.stt 6Xq-3cnq3326o d"lcRn .16 Lb3r 3t6.r3to 3c'r$gcoloqerb.r, Log6rqo
3Xq3o3q 0-ot 6rRn ASRc ogot (.r3oL 3oq$64 €3odqXlc aerSg.rjgot
q.r3r3tso63loor tb3s 3c'r6$.rj$cn.r6 g$JX6ot ts8Xcqslocn).

22



o Carrier Detect (CD)

3s3erog35Xh DCE-t 3o26, 6o6s 3<.r&r636Xq 3o$gc'rloqolrLcn.r6 3.133o6o

qs3gr63dlqos.
o Ring Indicator (RI)

3.r3cnog363l.r DCE-I' 3og6, 6oq3Lc6 of tc$3qx3eo6c"r bctoqr6 (3cnq33oL

ts38cnbp3.r?o) %.r6ot Lo36rqt rgSc'rcBX5t.

So8q6t6colooro Jc"r6$Xlo o66XlL o6qo6o.r5 (bo6r6aq) lmg5.rq3loL 6r3.rqL, 6ot
tslqCatq 3c'r6.r633or.r 6.rqs633ot toBj63 8o$/$.r3Xb3o g.rg$c"rqq38.r to36.rqob

63qoqXbot toBja6sh bcnq-Xltso. cto6j6c'r63qo t$-r6$/t$c"rJ $oJot
3c"r3X5o3.r13ooL.rt ffiCRrtC ArB6OCRCbf,Rn lnBj.r63Xlo.r 300, 1200, 2400, 9600
bc"rqo (baud - r6ot 1mg6.rqoL 33.:goc.rq 3.r6br%q6Xqo 3qgo3s63olob 63qoq3boL
totsj$3). b3o6 333orb333r3o, 3o5.r6333}ot 3oqo63b.r bq3b.r oLx, 6cl3 Lo3Srqot

X6ao 3qgc"r36Xc"rb €33b1$3}s 36or lo$t: 1 - r6ot to66.rqo, 0 - .16r.r LogS.rqo

Rr lc"rq-boBjc6X 33cnb63.r bo$/S$ toEj63t. $oL1 3oXbXq.r3rq, lr"rqo 16 36qr
s3Xt6ooor 3rn6.r6X3or.r grq.r6XSot toBj.r6X1sors5, 6o33qo6 }o$/S.r83Etso otcn3X}.r,

6rqg.r5 3.rqc6333qfu tog5.rqfu 33odq3b.r grqoo$$cnt 36cnt3 33$o bo$o.

Jo6$ob qr Sc.rSger8oqc'rlob totsj.r6plo 36or3.r53orL ?5qa qr3Sorbpt, otX36.r

%c.r3o 8cn$gc'rboqolocn 83L.rdq3Egqor Jer6$o1i Lo6j.l6"l, ea0ai$o63b.:. 8oXb3q.:3.rq

o8o'tn, 6c'r3 gc'r60.rqX6sq RS-232 L$.r5q.ldr$o tqXqr3t Jo6$ob 1m6j"r63lt

20000 Ao$/$a LoBjc6oor, or.r5.r33q6c"r33 3o3q336erlooro Jo6$oor tsXodq3b.r

3c'r5.r1p3o.r grqr633.s 115200 bo$/$A btsj.r6oor. . UACRT t36oXq Jo6$b 16

ts3Xdqo.r 6XbotSoX6o to6jrdoor 333u'rb.r, o1616 tcn6oX6or tJ36o.rq26
J6cn$c"r3c"rqt (6o3c.r6o6.r.r Sog.sqoorrq, MIDI 3Xtn3rq36o o6t$63335$Xbor"r5

L$28cer J6o$cr3oqo) ts3odq3br tlo6qXloqXt 3co5.r633orr grq.r633ot
.r6ctg.r5q$gXqo toBj.l6g.

gcqutr6SSo 3co5r633Xlo 33o6r3t t363oLXq lo$Xlt, 6mdq3Eo6 trlo6o.r
gt63o3o6got.rcn3oL (tOr66-tOc.,J Eo$3bo, qX$olot bo$3lo Rr r.A.). .r3g3r6.rq,

3o6s6X3or.r grq.r633ot Am,j0l6n toBj63 t?16. 5r3qXEo.r, Boq6C Lo66.rq3bot

tobto63/1iotsj.r63.

So8qS36cnlooro 3o3X5o3.r13o.r c6o'ls 3o6.l6X3or.t 3lq.:6X3.r X6. Xf6%l o)ocD('l

bo$q. 3cn3Jo3$36o r33or381i 3co5.r633cn.r rq63Lrr6ort E.:o$3bto 16A 6"r3q35o33

Eo$oor.36oq6c'rXRrq. bo$o .r6ot qo6o3X6o 1 .r5 0. tcn3;q.rq, E.ro$o ts3q33lc 8

lo$o1o6.15. SoSqg36cobooro Jco6$o g.13oo963l.1 3o6.r6X3or.r b.ro$ot

3co5p6$r6ooto3ol-r bo$XboL 6.r3rqBo, Sroro 333qgc.r3o g.rqr6gSoL.ror3ot 6r'r33qo33

.r6bocn qr bo$3bot 6r3rqoq$ nltC3 bm$ot a"UXd"e. 3o3q66mlooro Jrn6$o

ts3o6r3L 3q3jg6c"r5Xq So36oLjXOrt UART (Universal Asynchronous

Receiver/Transmitter) - f,5nm61oqX6o .r1r6j6xn5Xqo 3o3q3b/gq.r3633o,

6c"r33qo6 rt63q38t tg8c"uq5ots52q 3r'6g6$q3cut.
g$3oboqcoo 3m6.r633or.r AJqrOCA"t Rr a"R3l"lt 3$.r6ot3o. Cqa,jt56-6ARn

$363o53boa 6h3 3orj3.ror, 6erq31q3 &€Rcad)c)lffxr Jc.r6$o 3tr35ot qc"r3o3xt6 1-L,

3.rtso6 X.r6ge,{oon d$3.r gcq.r6Xfu 3"q$OCA .p6$piStX, 6mq3L,rg grqr3633,r

qogo336o 0 - a.rec8Cld dc')56eJOtA nR'dCL q.rqXEoon d"rb3r. 6coqXLq3
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Aot

6o

iolt

?nt
Jot
;00
loL

3rr1,

Ro
5q-r

3b,

30,

3rq
6al,

:car
.r6

ia6',
g)16

fut

6c'ls

i"R,

Pot

xDct

inBa

s8
0n1,

3noc
66n
lous

dn,

3Ro
1-11,

SCar

ft "O
{.

3c.r6r6333bo s6 grq.r3633.r, 3o3q336mbocno Jco6$oL 6.:q.r3633 3c'r5$.rj$t3
.rq3c"rts6qgb.r Ss6gogooo drE3r (1) qs' r3bob36, 6c"r8 J,.6$o ,r6ot Mark
3q6c"r3l6Xc"rlo3o. ASql lqo6o36c.rL, 6c'r8 3o3q336c'rbooro Jc"r6$ot g.lq$633o

3co6$":j$o 33odq3l.r q.r6B3t qrqXEoon d$3oL 3q6c.r3a63cn6.r3o, 6co33qt.r13 Space
3q3co3c63c"r8.'t X$erefAf 6.

Mark -l 
Tr-rolaainryoT T

o i r i z i r i + i s i e it

6rb. 1.12. 8,ngot gryqpefi W6il67t^

b.ro$oL 6cqc630oliat UART (3o3q336c"rbocno Jcc6$o) or.r3qsJo63Cqrq 6tr36ot
'1ot$st6$c.r 6o$L" (A) $1 qq3Eoor d$3at (0) qr ts33q6el3 g%ca5oL 3o516g3or.r

E*,61t (to3"rrq.rq 8 bo$t) qJ Arqr633.rt .rSorS6CAt X.r6gccaocndrb3o.rSo (1) "t15mJ

lo$oor" (B). 3t So8qXj6c'rlr 33er6q38.r UclAARo l.ro$otccn3ot. t.Iz 6.rbrttg
3c'rg3.r6oq qor36r3r%X LjXAs$36rqo.r 5rBp638o 3cn5s633or.r bso$oL 3.rq.r633o1i
Jt6c.r63to.

J6c.r63tot .rS.rqotoLrt tsXodq3l.r 3"r65q3t E33ocnb3r, 6s toqoqotrc "bo$olr
lrS36dqo3c.,E.r" "51 6.r3q36o b6ot 3.r58r3qcc8.rtso o6s6BX638t aqAj06-5ARn
lrogS.rqo 3c"r5363$Xq 3q3er8r63c"rbo1r (e"qS"- .s5 Xr6goSoor qo63t), 6cor.r

a-l4qfl, togSrqot 8"6"q cqj8s. JrtXbo 3c6$o3o"r - q.rSo3oqXEXqo.r boq-toEjs-
r6CtA. 6elgcn6g A,ilC rRA5o85Xor, beq-toBj.r63 .u6oL 36or S.r3"3o togSsqot 3qgc"r--

&63r"lbot 63qoq3l.lou 6v'rqX5eilr. 33t$$o1nq, ot2 brto 83ts.lolL 9 600 b.q
ln8jt6S%3, XL 5o86.r31i, 6c',3 Log6rqo 3q3c"r3.r63oEst o63qot $.r33o 9600336
rGX cnoorc'r bo$oL b.r556dgo3mb.r tsX,rqp5t $.rOot 1/9600, 616 q.ubqo3}oor 100
3o36c'r$$or.

3c'r6s6X3or.r sh.r-5o35oL 6rq.r633otrL Serq-toEj.r6ot gr6qs "l6b3lc'ilt tb3.r
3.rb.rtom3bqCbn6, 6rn8q3bo6 5.r51otq36rp6 3o6u633or.i 5.r3rqot LSo6
o5$3t6J63$r6o.rL.

Jo633qo 8cb.rlmmXE3qo - .16olr g.rqr1r633o b.ro$ot tog6d3 bo$X}8o. XL
lng6d3 togqoq ts3odq3l.r ogot 5-q.r5 8 bog.r8q3.

3fn6l S.rhrtounSlgqo - r6ot J.r6o$3$o (partty). J.r6o$3$o ts3odqXb.r ogcoL

RAVo, .JC50n, mark, space .r5 6"u6oXqo (none). qtV" J.l6o$3$ot 3X3orb333rtso

l-R. gsq.r6X33qo }o$o oj638s qogo336o L, cDU g.rq.r6333qo 3c'6"r6XOXEoL

&-6" ?Xo6.r3t 0-o.r5o bo$3Eot RUS 6cr"rq35c"rlr1i. 3X5$o Ju6o$3$oL tsX3orb3X3.r8o

LR- g.q.l1;XSXqo bo$o oj6XE.r qogoSX6o 1, olf 3.rq.r6g3Xqo 3co6.153XloL

l*6n 3Xo6.r$ 0-o.r5o }o$X8ot .jC56 6.nqX5c'rb.rt. Mark J.r6o$3$oLrt loqr"r

aTRTOCAARo 
:3o$o gcnpqo3ot r6ot qcngo336o 1, bc'rqc'r Space J.r6o$3$ot.rtr
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bc,rqcn 3q.r63a1qo bo$o gc.r33qor3olr 0-o.r. 6.r6oXqo Ju6o$X$otst J.r6o$3$ob

bo$o L.r36oroq 16 3rq.r36X3r'
33t.r33 3rb.rto.rcr,3b"xR"":- r6oL t$oJ-lo$Obot 6.rc"rq36c'rbs' 3L 36ots363qcnls 1-ot

16 2-oL $oqol.
3-fu"-, trlo6c.r.l 3o3q66oboon Jo6$oor 3.1q.1303cr, rt(n "A". $ .:Lcob o6c'rbo-

o)o $.r63c"rqp5.r .r6ot 01-000001. oSot 3.ror3.rqoL$o63Eoor, 6c"r3 lo$3bo 3'rq'r36x3'r

3o3q336colocn, 3366rnLo 35o3353qc.r6ot bo$oqs6 (least significant bit - LSB)

,*A-t n 35o336Xqc'rboL bo$s8q3 (most significant bit - MSB) 3c'r3q335c'r b'r%oL

Js6"r33$63b.,L".3.,ir - 8-An15n$t' b'n6o, $'rr6o3qo J'r6o$X0n' 1 L$c'rJ-bo$o' 9600

}c"rqo, 6q.r633Xqo 3cn6r63338oL 6r3'rqo oj53lc:

LSB(0 100000101)MSB

3b c6oL I t$c6-$bo$o, 8 3o6r6X3ou bo$o qc a6on b$c"rJ-tro$o'

bctot 63rqx6o btsl.r6o1 6.rLc$3.r6o3x1q.ry, lc"rq-1iotsj.:63 L.rlo6or ar''.no.)

x6oro bco$oli 3q.:t.r633"q lr"3nd-rco tro$xloL 6.roq36ob.rt3. Bp6 3s6.rqoot3o, 36cno

1.r.,$.,1, g"q"1r433"q J"a..,ffi638'r 10 bo$o, 6s6 9600 Ec'rq-totsjs6ot ts33ob333s3o

6rdq6t 960 bm$/S8 toBj.r631i'

b33m8c'r6.r5oqo o53co63.r6or sg$36t

ao.JU6 3rb.rLo.ror3lq3Eli. 6"0 t6bXd'r

3er325o3s13o.r ts3odq3L.l ogot 5rb6.l6 rG

6ots5r31i, 6co3 8co$gcoboqoEsL ts32dqo'r

8oq3ba. 6.rb33.r6o qSJqXjto 5oB5r3b,

3t6ory6cnpq.rq 3r'16.1633o11 3.tq.r63fu qr

3c.r5r633or.r 6.r3.rqoli fqa,j66t61R-Rt-
bltoL J6c'r$c"r3cnqt, 3o3qX36c'rtrooo

lr6AqeA&3jtos5o. l6Xqo qXJq3jto

X6oq6c'r2qsq 3o6.r633cn.r 3rq'r633r qr
6c'r3 Sosgc.Boqolst 16 83Xdqol

3oq38.r $0 g.rq.r6X3.r qJ SoqXE"r U6Rr

bqCAoq3lt 3c'r6o33c'rloo.

G"tm"6q3Jq3jLn'6n So6qx36colocno 3.r3tso6o 1olo6o3l1i 3o6o3x3 o6 tq36L

t.,35.rq.,t ang"t 
'q" 

3.5.163-3-.r brtL. t62qq3Jqxjto.r5 3o3q336coloor 3J33o6tr

L$.,6q3I.\ 3o5o3x3 L.rao Lq35o - 1n65.rqot 3o$r, 3.rqrtc633o 3rn5.s6333}oL b'rto

q, a.,i"q3an Bc,r6q3333bob b.:%n. RS-232 L$"r5q.r6$o gr6t.rtq36r3t 3o3q336c"rlooro

3r3tso6ot g.,t.,3XZ 
-q, 

aqa,j66fq 8lblto'rorSbq3bL' 'rB L$':6q.l6$3o rtffiC

A,',6Xa3q.,.r 6$q36n33 q$s$3booro to36sqo, 6c'r8Xqo6 'r3co6$6oq3bt 3c'r5r633ors

g"q"6ja"f, J6og3tt. 31i to35rq38o t38oor 3.J3C ogo q$36oqo'

1.4.2. Jo6$o USB

usB (universal Serial Bus) xSop6Lsqx6o 3o3q336c'rbocno 1r"q6l 6'r3cnog363a'r

Ecn5.r6x3or,r 5sq.r633ot.ror3ot. 3erSJox$x63botor3ot ts3j35oq3.r c3 t$.:5q.:6$3'r Roqo

J.JXqu6-ls a1"n.1",3, PDA-38tsn, J<-r6$'r$o3q DVD qr SXqo'r-Jqp63btso'

3.boqXt6 $XqXgo6Xb1l.l qr oLXor $r6'r$X6'rtso6 .Jo' 6c'rAc"r6o6c'l r1qoct qr

3.q3.0C4S..J" *"- 3",5.:63-s ts35cb3oL 3o$goloqobSbo' UIB-t o0Jq3336$'r6o'r

it"*i*; lr33.,6.,tsor3oL 65eiloq*r, 6c'r3co66 Wireless USB'

.,:
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c6n1,

1-ot

xrlo-

l0a3J
LSB)
utoli
)600

St('o)

f-n
33sBo

-Rr)-
l}ocno

la,jltn
JRJ
dRo.r

?6Rr

161,

3o6L

b.r%o

rlooo
rlrmC

p8cn,i

6tb.1.13 6tb.1.14

1.13 Sobrtts 5.rBg63Eor {.ISB Jo6$ot toSb-Rr,, l.l4 5rb.rt%3 6.:Bg63bo.r USB

$oJolr 3co5Xj$c"r6XEot Lft3.r$16o g$c.rtrb3q38c.
USB tsgoj85.r, 6c'rgc'66 g6a-X6mo do6oc'uqo 3c,r3Jco636$o, .rb.rq, 3erd33q3b3qo

L$$q$g38otg.r5 ot3ot2g.rq, .\36Lc.r6"rq316 3oOJoX$363bt3 3rqrt3qot.ror3ot.
USB-t ASqo 3XX63"rqs 3c"rdgq3Elqo COM So8q66c"rbocrro q.r LPT Jr6rq3q36o
Jcn6$38o J361n6.rqX6 3e€JoX$36C1%C, 6rq3$ oLo6o 16 o6c"l t$co6":q
L$.r6q.r6$otXb2qo q.r Lr$o6rnXbq.r 3o$gc.rboqo8ror.r X.r36.r3o q6m3g6oti tsXj36.rt

qc 3b.r6pr$Xt6st.
USB tot$38ct 

",jal, 
rLo33$6o3qo qotmSo, 6cn33qo6 33q6l.r host (Jot$,

Jc$6o5o) 3c"r5$6erq36otc Rr 36.r3rqo g.:q.rg.r$3Xpo SclSgoloqc'rlotgs5.
q.r8r$S8ooro USB 3cE38o (USB ScEo (hab) - A.Vgoloqob.r, 6c"r33qo6 ta82.rq3lsli
.tdqffi" 36o host USB Jm6$%X 6.:3q36o3X 8c"r$gerboqcnlot s5 tb3s J$ot 3o3t6or3-

Iot"r) Sgodqsbc ogr'lt B.r6or3qo r3 3r$3tso, 6"G t.r€X;q3b.rL odq33.r 3o$golo-
qobSbot bot3l6 1rib6A.j$f6.rBo grt.r36oro.r638q.rq, orX36.r Sc.rSgcoboqcob.rorc

g.1336o 6u.rq35erls X6or 3o6$6c"rqa6%a 127-b .16 A6qr .rqX3.r$3}c"rq3L qr
"&r$g.loqcn8rorc B.rq.rgXlot" 3.rj1ro3.rqX6o q.5A ?3tqSqXqor 5 g.r6ts$co3bocn.

ors5s33q6eo3X 3coSJoX$363bt, 6ogo66 VC1m, grcB6os 6s3qX6o33 Jcoli$

3r'r6$6c'rq36o, 6"0 1.n36oro g.:33o 666o USB 3o$gcnboryc"rboL 3o36crr3lo1:

lsEX.rq3b"rt odRX3"f. USB 3"rb3qXbo 16 t.rlo6c.rXbt g363o6o63l.rt.

6tb. 1.15 6tb 1.16 6.yb. 1.17

1.15 6.rb.rt%3 3o633Xqor Jc.r6$ot gc"r53j$co6o (3.:3rqo), 1.16 6.rbr%tX
Jc.r6$ot 3er63j$o63bo (q3q.rqo), 1.17 Erb.rtb3 do - c"rorbJr"r6$o$o USB 3$o.

8oXh3q.r3sq o3otc, 6efi X6o' USB Jmt4$t3 36r3.rqo 8c"r$goloqobot 3o36or3br.r

SXll.ldqglXqo S.rbXlot tc8Xcq3boor, Lb3"rqrtb3.r $3j5o3X6o cDA 33c.r6er3o3X6o
SotStXEot 6.18o $ J6rj$o3.r8 BC6 Jo3.r 3rLc"r86o3o g.r3663qXb"r. USB 3$33ot

a"8-SCSdot rX6oq38qolot 33b36o63lRJR, cn.r5.r3Xqt6op 3cn3Jo36C6SAt guBSo.r
8X36o USB Jcn6$o (r4er6co66 VClr., 6 OJRo). qXli3$e* Lot$X8scru 236r3qX1io-

n6$,
qoRo
rXb3o,

D q.)

!16o.r

.{



.f

a

bsL 6s8q36o33 USB Jc'r6$o $o5'r J'r63qtg ",jalt 3l$'r6oqo Lb3'rq':Lb3l $oJot

Jo6$.r$o2qo USB 3"r$g.,boqoloL L$6':3o 3336or3bot J6o63tot

g.rt.rsq3oqClRrR.
USB q.rJ6o3j$3bXqo.: o8oLor3olr, 6co3 J36o336o1qo 3c'r$gc'rloqco}36oli

3o3Jo2$36nrc6 3o1i.:36o3aqq cq.r6.r.r i$$o6c.r q13r$360oro Jqr$3boL 8':3363b'r

ISA, EISA, PCI "S 
t U3' tqo$3b8o. .1363o133, o3oli.ror3oL, 6c'3 3rx33cob31',qa1'

Bc"rSgoloqcob.rcn.r plug-ind-play- 
-ts21stdq,3bqolr. USB 3c"r$gc'rloqc"rbSbo s6oL

"ObR"R BX63q.:qo" (hot-swapped), 6"0 6oB5l3L, 6c"r3 3'roro 3c"r8JoX$36cn's6

3o36or3as .16 gsSc'r6or3r 83lldq3bCRor 3c'raJoX$3t4oL 6rto33ot r5 63L$Jd)$o1t

a"6aar.. 6-qj1r"6 us"n a.qgc"rboqc.rb.r Jo6pqsq ts.so6cn33b 3o3Jox$363o, 3c"rt$o

ItqCSlr-a"L 
"qAJ6t3"t 

r q' s6c.r66olct qr 3A3qaa $3o6or.r3t 83Lsb'raot t'rlo6r'r

q6.ro3361r' 
USn-tX 83lisdqXb3qo.r ot3oro J36q36oXqo 8o$g<-iloqob3boL 3336o3br'

6-g.6n6.rc 
-3.lXlrnr 

J(.rfo,r$26'r, PDA, 3c'rot$o3o' 1i3'1636o' 6o36Xqo

gco$c'r3.rE3t6.r, .1J.,6$XtAn, 3.61633-'r ar6C ts385rbpqo cJ'r6r$16r Rr l'ba'

a.gg.i"qcnlcors alt3rq., lscb3o6oLor3oir, 3'r6lqoorlq' t3's5X63bot Rr

g-$",3"S363EoL.ro3ot, 
- U'Sg grbq" 3c'r3Jo2$36cnr6 S.rcrro q't3'r33o63lot

Lgs6qs6$1qo t3Otn. USB l'tq Aql6o b3o6sq 3'r3coog363b'r s6rjL3ql6o

*"e6Xaja"f, 33bs36o,33qsg qr 03Ro1' LPT Jr6':q3q36 Jo6$L' 6o33qo6

.rq6c a.r6oroq 6"d,"ngcs3ic1Rr. us-B .rSr6goglt 36. 3o3Joxgxr6t3 6$q35o33

J6.,8$36.,t apA-p"fri6.-USn-f, h:SXsq3loor 6s3q35o33 3o$goboqcolr 36oq3d'r

36o1 3c"rL$ 3c'r6$6oqC6tl 3.rE3bot 3r$3oL Sstspcnloor'

USB gX63o5e,qti.tA" 3o$gc"rloqcnlSbt X$coqXE35 3X5j6oXbL' 6'rq6l5 36o13'r

gotn32t43.r a.Sg-i"[c'rb.r3 to6s3q3oq33o tsXodqXb 33rL6Xqc'rt 6'r3q36o3X 326j-

onr, 3.r6.rqoorcq, 6c.r3$x6S.r (3r6ts6x$otr$co63.r) €xodq3l.r or.r3oL do6oor.rq

3j5if6nr1ror.r5 36or.rq qir3"-t-l, Secure Digital card-3do (33btro363}ot 8r6Jo')xlo)'

J"aCt; tJ36o.rqX6o S",$gc'lbnqc'r}3bo'r, 6co8q3tro6 326j6o3dsq 16 oor3qSb'r'

USB-b g.33q-3J .rful, X6on tsos33 J'rlo, 6c,33qo6 233aqelq 3o36or3b1qo'r

3co1sg 3cn5$6oq36ta.
a.nqg-a"R.bC6fu 1gXO36.3afr; guB6o.r Srcnors6 sln6o63lXqo JroS3Eo (pipe) 162

q",5.,jx6o .l6b3ln.- 
-.lr.,.t., 

b.ro$-5l3.rqo.r. 3t r6oL 3r3tso6o1s r6bo Joli$

3c.r6$6c'rq3t4oq.r6 tspt6orXbXqo 8c'r$goboqoboL qo3o326 1'06A,j$f6r3q3'

6c.r3XqL.r6 X6qJcnoS$o (endpoint) 3$mq3lr'

c], 35qJc,ro6$xlo q.r 3.roro 331r.r}.r3n1rn J"roJ3bo 6.:qs5o36oRor 0-q.r5 15-3q3

-6t3X 3o3r6o,3[3E.,o, ,53 3c"r$gco]oqoE'rt (g25j6oat) t,ial' 32 'rj$o16o JsoJo'

16 J".,J. Jot$ 
'j.SgO.q36o1i3X5 

Rr 16 SroJo JcoL$ 3co6$6cnq36oq'r5' o'oo'cn

36qJrno6$L A3xdqor 3.5.1633-r 
-arRr(]c3,r-3oq3b.r 

Sboqoq 36oro 3o3,r6orxq3loo

"sa 
gaaq.r JroJo iant 3amdu6orxqS6oc6o (unidirectional). 3.rg6.13 0 x6qJ-o6$o

"5lL 
""*]63%g6pla*o t.rq$oli 3s6or3ot.ro3ot c.r6o33 3o3.r6or3q3loo, 6.0

EoBGcaL, 6-.4 
".rr" igx631t 32 JmJoqc6 c'r6t. slc*' USB SoSgo.rtroqob'3

.rg6oqX}3qo.r .a:qXb3e15o63br 5'rS3XorcnL 0 CERJc"ro66lt 16A 53loL3o36

a-qg.a"qc'rblt .rj3t Bo3.r qs 6.163 So8c6oXqo J'nJo 0 5co8t4oor'



bli
nlt

s3 3.roJx}tso 3c"r6.r63331o 3.4.r3633s o3RrRo LoS6doL Jr33$3}ocrr. 8ca3JR JroJL

sbcto.ror.,bt Js3X$ot 3.rjto3rg'36o liogbd3 (6o6c"r66 V3ltt, 2n b.ro$o),

a3L.rb$obsq USB J.rg$o ts3o6.r3tu 8, 16, 32, 64, 128, 256 $ 512 bJo$t'

grq.r1;38ot $oJolr 3ob3q3oo J.roJSbo oorb 3r$3gcn6org (transfer type) ogcng.rl

o 3o3o6$6r'rqsaqn g.ryr633" (control transfers) - g.lloog353}.r 3c'r$gc'rboqc'r6o-

tcor3ot 8-dqc qr 316$o3o l6dc53lxbo1i s5 3q5efs63o8ot 6xJo6$3}ot

goq.rLr633.:q, 6c"r33qo6 og63lL Lrq$ot 3.r3c'r5$6rn{$3q 0-3s5 JJoJL'

o o%c.rj6o52qo g.rys633.r (isochronous transfers) - 6c'rq3L-:13 3cn6c6X33bo

grq.ro633.r Au6$ClRo (16.r.r -r36oq3b3qo, t4co3 3rjLo3sq36o)

3s6r5$o6claRn 1nBjs6oo,, 3.136.13 Sxlodqco 3co5.r6x3or.r q$.r3.r63oor. rlrc

bqs" rlqoc.,- .r5 3oq3c"r1r$6o3o53o (63.rq26 q6c'r3o a":Sotrbxq3boL .:6

bSot 3rq.rOa3.r).
o Sgaa6"1, grq.r6X3.r (intemrpt transfers) - ogX6C335 SoSgoloqolXlo,

6o33q1-$6 tlo6qxl.r t$6.go Jrtxbo Rr 63r3o63br, 3.r3rqoorJQ,

3q.:3or$26.r .rG 8o8oroor3b3qo 8co$goloqoE3bo (pointing devices).

o 3rto26o 3.rqq13.r (bulk transfers) - og53Et r6bot a-cR qJd)B36oq

o,r3ot?grq 3.r3$.r6obcL (3.136.13 33gco353}ot .r6.r6t33olot qJ 03q3o3o

toB$6ot 3.r6c5$oot 3u633$. rL3oro 3.rq.r633.r 3s3c"rog633.r gsoqxlot

3,rJo638oLst.
6cnq;1o6 3c"r$gc"rloqolr .r5 gX6j6o.r 3o36or38Xqos 3o'L$ 3c"r6$6coqfta 3cboL

r5 t.rq$oL t.r8XrqXboo, 3.r1i Jc'rL$ 3o5$6coqX'6ot 3o36 Cdqmr 36o3rqX6o
7-8o$o.16o 3o1o3.16oro.

OoSg.rbqrnbs, 6c.r3Xqo6 XX6oq3l.r USB-II 33odq3b.r ogolr tJ36ogo3X6o qJ

c6stgr5q.r6g2qo qr Scoocnbo3q3L $r1i$c6qt66Aq q6rop63bt 3co63j$Xqo
gj5j6oc.r5o638oLrr3ot .r5 3t 3r'r$grnloqolc ts3odq3}.l 3ogXor3638c"rq3L C.V-

3r'rSgo8oqc'rl.ror.r 3q.ltt. 3c'r$go8oqgrb.rsr.r 3qrtXlo g.r5tr%q36r3L 3ce$gc'rboqcnl.ror.r

3X6j6oc"r5o6xboL $o6stvr6 SertrqcoqsSq qc'rao3.rt Rr gx5j6oer6o6x3o1m3oL

lslo6c"r o6gX6g3ot3lt.r qr q3t36oJ$o6Xbt. 83t.rtrr8ot.rq, ts3trdq3b3qo bed,
Xfulo qr oAoAC qt4rog6ot g$ogX53}r ffiCRJ 3c"r$goloqc'rlo1ocn3ot, 6c"r33qo6

f-, 3qatt 3o6Xcn363bs. o8ot.rcrr3ot, 6er3 c"rJ36.r6oXq3.r toli$33-:3 it6$afqg-1t
usB o5$363Xo1iot 3x6j6oer5o63br, liclo6o,r 6c|,3 SctBo $a63oq65oqo oSot

8o$goboqobroc gBCRr 3qrliot gX5j6oo6o63botor3o1i trlo6c"r q6.ro3363do.

3c'r$gm8oqc'rb.ror.r 3qrtS}t qgX6t Device Working Group Xa1?lo, 6co33qo6

USB implementers forum-ot 5.rSoqor. 8c'rfgc"rloqoloL 3qrtot sqts5ots6.r3sq

q6.n3x6ot o5$3633otot qxL36oJ$co63o 3.r3ogco3oqo.r 26C',o b.ro$o to36dob

&Ro, €3l-r$r8otrq, SXtrdqco.r 3cjLo3X3 254 3qrliot r6tX8cob (0x00 qr OxFF

frots363qo}3lo qot63%36gbpqo.r) .

&3CRr%C b3o6rq gcSc'rg53lXqo 3cc$gcoboqoE.ror.r 3qct38o 3m633Xqo"r 333qX5

6t6oqtso: ,,
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q.16X%363XblRn 35o335Xqcnb.r

q":fuqcL$363Eq.sq, 6o3
gc8<iogX538.:

o6g36g3oLo1r

8c'r$golrqr,IoL
qXt36oJ$er6o

q3t36oJ$o63o
o5c6836Xll:

oSolr

o3

L -rc"sLot bSoL I.16

lr.r3cn3X6o3l6ocn 3c'r$gr.,loqt',b3loli 3qrlroL USB. 5.r&'ro65Xb.r ScoqXSXlot.ror3ol-r,

tt J.O.
b.16.:crr tsor3o1r, ISDN

3c.r6r633or.r 3c"rqo63lolrwr3ot USB t$.r6g.r6$0o g$oo93638.r NRZI lioL$38oL

3c,rqo63b.r. Non-Return-to-Zero Inverted (NRZI) dcnqo6C8r .r6ob 33orc'rqo, 6co33qo6

t.rtsxrq3a.rt odqx3.r qo6o336o bo5.s6xqo Lo66rqoL 6$q.rj35ot.r 3oto316
to66.rqrq qr aot 6.:q.rb.:633"rq 3c'r5r633o.r 6m33 3r$.r63bqot a3ts3xoboor.

co6qcnSosS NRZI 1so35cq3o 26ao qo5oq.r5 33<-163%3 ATRTLSRJ bq3b.: o3

333orb333.r3o, or1 6sq.r6g32qo 8o$o qo3o3Xt6o

1-o.r, 0-ot g.rq.r6X3oLrt qc"rSot tsC63R" 16 bqX8'r

(5sb. 1.18).

6sb.rtt3 6r6p53}o.r NRZI 3c'rqo6Xbot 8r6'rqo-

o,o, tcq.:6 "36oro,s5o" .16o1r to66.lqot 3obo3X6o
qc.rSot OARoRST, boqo "53Rn"-qoSoli

ts35r6ts3636.r.

USB LogS.rqo g.ry.ro633,s q.rbpSqo V$nRn 3$3qot tl8X'rq3loor, 6c"r33qog

sqo5o36x6.r, 6rn3co60 D+ Rr D-. .r3 3$xq3b3o 3.r3oog$$" to65"rq3}oL 5.rh66.rq

qpJqSjtX6o qq36356o6XbXqo ArRrGS, fqf.j66'3'r35o$X6o bSsX6ot

agalO-"S t.rb6doq33qrq. D+ Rr D- a?Arc"}t f6-te' 3t 16 'r6ot o6o

i"Sft"&.lla$Aq" to8JqXjL-brto. 3.4s6X&3qo 1n35rqoL qmSC tsXXL'rls83}'r

o.o- - 03 3-q6t q$rqo qc"r6o326o aSoa3SgRf"noLn3ot q; 2.8 - 3.6 3c)R6L
Srq.rqo qclio3X6o 35o3353qobo1sor3oL.

6tb. 1.18. NRZI {ryxlr7dr

,l
&

@ur, acn$g.loqolxlot 3q.rtot (HID) UsB, 3'r3'rqoor'rq,

oq21r$6cAoXloL ?X$c5ot 3o$gc'rloqeil36ol 3qclroL USB. .:6.rqc'r5oX6o,r tXt4cotslot

Lo &n$sclboq'oErlolr,1g1,.)lroL USB

3cr$goEoqroEx}oL3q.lLoLUSB.3calqool.rq,?]Rc€-

a.9g-a.,[.aXa", J.r6$r$oXqo 3oGB31i$36X]o, 33btoXt6X]oon br6rorSbot $'rSSoorbcao

3oqgcnBc-rSgoboqerEglot, gA-3"qA3Ut 3t3r3to 8o$SoloqcnlSEot, 3ed6cc"rl3}oL,

t, lrot USB

USB lrJc0.tR[6n-3.gg",boq'b3]ot Sqrlot'rcn3ot, 6-3q3Eo6 16 s6ot

q"3.3nq3EXq., t 5r5qc66lqn 3q,rtot 8o$ScnloqoE3btX qr Scnootbo3t 1rJ36osq26

A-5"GCa-r arqr6$

- lt-
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USB tsts2.:q3}oor 3c'r5.r633or.r grq.r6g3.r L.rBo 3$tb3.:33baqn LoBjs6oor.r.r
ts3trdq;}3qo:

o Low Speed rate 1.5 slo$/$a-8q3. 3L LoBj.r63 gs3rnog363bs xocn.:36xL"rq
Human Interface Devices (HID) 3c'rSgc'rloqc.rb383o, 3r3.rqoor.rq,

3q.r3o.:$X63d3o $ 3rXL333o.

o Full spedd rate 12 a6og/Sa-4q3. xt 1ioBj.r63 oucl $aRrta B.rq.rqo
USB2.0 LJ36ogo3.:6oo1-r g.r3c'r836r3q3.

o Hi-Speed rate 480 Abogiga-8q3.
usB-L 3'6xjgcn6xb3o (6.rb.1.19) 3c'r6g.rd<bab1, "jal, B3Bg6o q$ots63qxlc

(6b6oqo 3):

6.rb. 1.19. ASB-lt f?S7Jir.'in
aJ

y'r66.:j6o qt6o06gqpCbr

I VBUS (4.75-5.25 s.)
2 Jl*
3 D+

4 GND

3c'r6J2ln IJ6"trr

USB 3c'r63j$o638o ot3.r ts3OXBr3XbURo, 6<tO q.rS8.rgogoRq3t $ARr
$qp63a2qo 3.orbco36.r. 3.r6qr .rooLr, 3.ror3.rqotVo63b2qo" 1ri3" oeoqxq3Eoli
f5a16-636oL 3jtJq3.:$.6oot g"r8c"r6qoqXlr:

o 3r"r63j$c"r63bo l6qs ogc,rlr g.sddq3 qr d63q"rq O$366.rqo. 36r3.rqo,
3s6r8q3 ts3j35oqo 3o6fi$c.r6o ogcr Ogr?lC, g.r.rts6q.r 3o6$.rj$Xbo,6o3qXlo6 rq3oqrq oqS6Xberqr qJ ggq3bcoqc LXtgo t3a.ja3qCbnl,
g6c.rt.r13 do. USB 3m53jgo6ot fqa,j66aq" 3co6grjgSbo qr6Xq.,"
JqsL$8.rtot tcar633qoor, BrlrSxqo.r qoor.r6ori 3cn6JxLBo. Saqaarq
3Xb.rdq363qor 3c.r5Xj$c"r6ot Xt.g6ober 3jtJqX.r$r(Jor. qrOARo
3co6J31mt glSc'r, 3c"r63i$c"r6o 33odq3b.r RJrERmo, q.:llogcnor, 0.166.r& 3t
j83qX}"r to.r5L g6 8o.rg5gtrli.

o J6.rj$d;Xqcq ts33dqXlXqoc USB 3cn63j$c"r6ot a6.rt$o6.rq 3o36<nXb.r.

-r3.$6o.rqsaq 3qgco3-r6xr"rb.r8o 3o63i$co6o 16 Bc8" bxq38o. -3a6"

ffiH



gs8oX6q3qo 3m3b3r636qo1r.rorgrL 16.r.r cn3.rq1sBo5c.r 3p6or36oL t$m6o

3s6o.r6$o, r3o$cn8 1s.r$o6co bq3b.: r'16o336.ro6o ts3X6or3boL 3oLo6g3.r.
o 3ce5Xj$c.r63bot $163o3l.r d.rqo.s5 o.rgos.

o 3co63j$m6ot qo%ro6o 3c.r3b3s63l3qL .rodSqXlt L$c.r6o $c'r3c.rqc'rgoo'li
q.r63rt.

o 3o63j$co6o1i tsgL.rX6ar3bqcq qr g.r3o1i.r6or.r3rq Lrlo6c"r.r 36o63 d.rq.r.
USB 3co63j$o6o 636q36c or.r3ot }Xq3tso Sc"rloq3}oL d.rqot 1r.r€X.rq3Eoor,

83liaEc8oli.rq, .16.r.r t"rlo6c'r b6rb5'3}o1r 16 tb3.r 6ao33 3cn3$363bot

6$c'r6631.r.
o 3cn63j$rn6oL 3c'r5t$6gj6o.r 2%63533qg-tsL o8rt, 6co3 3o53j$c.r6ot

3o36or36ot.:1i Er6C q.r36r3o So6JXLo-3oSc 23.r33o6q3b 8Xt$.r8oL

3cc6$.rj$L USB 3er6Xj$c'r6ot 63q33o A%6o .rq63, AoR6C 3c'r6r633or.r

gcqq;XSot Rr 638ot 4 3o5$rj$o, 6"0 o13.r3L o6o33 3b.r6oL g.rjo%

aqa,j06.6o3.rt fqf,j66-t$r$o3X6o 3Xb$otgr6. Solio 33ts33<-rloor

ts3tsdq36lqor a.l61 3c'rSgc'rboqr"rloL 3o36or3bl 3or.1316 3c,r$gt-rEoqolclrcrrr6
ts.l6cn3q 3q6e"r3.l63c'rE.r3o.

USB t$.r6q.r6$o 3;.r66.rq g$1stq36r3t 3co63j$cn6X8oL goto336
Ssb.rLoscn3bqSbt, 8r3.rqoorrq, %.336t, 6"0 3o%6.rq ot.rbr3t Bnq$'arq oj63t
ts3xor.r3L3lqcnboL 3o6o3otr6o.r Lb3q.rtb3.r 3$a6ScoxbqoL 0o36 qc8%.rq3}3q
3co53j$co63}t tsc'r6oL. t$.r5q.lr4$o g.r5L.rtq36.r3L, 6co6m66 3m63j$m6oL tmOXEli,
tlrc ac'r63j$o6oL 3cc6J2tot te,333%3 33tq3q3.r1i. 3t arJccDqr o3oL.ror3ot, GmO

t3q33$q qoqo tcnSoL 3c"r6JxLL 16 q.rxlqc'r3.r ors3olro 3cn6xj$c"r6oL }xqoli
gp6qocn 3q3363 3Xq3Xlo.

USB 3$gq3EL g.r.186o.r Shoqc"rq 8.r3.rqo 3eo6Xj$o63lo, br.rqc.r Sce$gcoloqcobSbtr
- 8bc'rq'q qaqrRo. USB 3$3qoL ScjLo8rqS6o to66d3 B3odq38.r og'b 54.

l?16c1 a6daq 3.r6doq%g 331i.r36or3lq.rq USB 3sb3bo g.r8ceog363br.

&?Cd"l' hf-qal"
USB-t LJ36ogo3"r6oo1i orr6.rb3.rq, USB Jc.r6$1i ",jal, 36oro b.r%o, 6r'r3qot

t.rtsX.rqxloor 3rn$gco3oqc"r8.:t tsx3dqo.r 53 638ot d"rb3r Jc"rt$otgs6 Booqrnt.
L$.r6qs6$ot or.r6.rb3.rq, +V Rr -V drl3r 6x6oL brt36L tsc.r6ot .16 l6qr ogc.rt
5-25g Satbn qr 4.3$ 6.r3qxbo. 366or3bot.rt 3c"rSg'boq.6.rt t3xdqo.r Obc'rqc.rq
1004J q35ot 3ob3"r63b.r. oB 333cnb333r3o, orX 3c"r$gmloqc.rb.r S3$ q35t t.r$o6c.r3bt,
ts3Xdqo.r Soocrrbc.r3cnt oL 3coL$oL6s6. 3.:jLo3.rqX6o Rc5.,, 6c'r8qoL Oo$oq3E.r
ts3xdqo.t USB Jc"r6$L .r6oL 5003.r. 3.rloL 6"r8.g6xloL 838orb3x3.rtso, BrLt3
3o36orr3bxq3s Sc"rSgc'r8oqcob3ESr ts3odq3}.l gr3coogx5c"r6 s6.r aaa6al, 400ds Rc6o,
6.16 .:L63 tqXqs3L 3"rLt3 Jer6$Xlot 6rc'rq36c"rl.rL 4 36orCARrARC.

1.5. Ao3dm3e6gr6c.rq361A"t a"6f A-SS',}oRclAdrr

3rq.r36cn6q3bot B.r6or3o1ic Rr g$c.r6or3ot.rL $6gq3o ts5q3ls oSJxqLx6o
q.r8sboSg3ldn, 6c"rBqx3o6 g.rSerS33xqoc ;c"r6$sj$3lot q.rSoqooro q66.rqc"rloor
(b$o8ocn). $ q.r3rbo6g3E3bt ,,flq6o.sqb" XScoq3b35. .rtgoro 3ccaq36s b3o6rq

6b3q3bs 3o36cn3c'r6$6mqXt63boL brtrt3 tsXj36oq tot$g83btso, trq.r6 3c"r6.r633or.r{
aj
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tsXg3.r6oL.ror3oL 3qr3or$26.r gr8c.rog363b.r RJ ,,gq6o,sq,o" 3XodqX3.: sqoj3rL,
6r.rgc.r66 ;q.r3o8t3 36.r3.rqg36rqo qs$c"rqs (6,sb.I.20). ,,fe6orgo" S.r63r.roj36Xb.r

3c"r6$rj$oL q.rg6XboL.r qs g.rS$3$otJ.r1i 3qr3o3tX q.rlX6ot gtoor.
o8oL.ror3ol, 6o3 r3o(Joqocn Xt Cq3C,j$" gr3coog363bs tJ36orq26o Lfu33bo .16

J6cng6c33qo 33ormqt, ,,gq6osq,ob" 8.rb8ob.';li,ror3ot. X6or'-26oi,o tjC8.r0Sj6o336o
1o?3.rq33t ,,gq6osqo\" BsbB$boLcor3oL .r6ols 3cn66"J6%f RC V6CRoL B.r6or3a. .r3

tj33.r3o 3rn6qX5Ls$r"r6oL %qa6lq dsE3.r8qX q$Xb$3ots Rr g.r53Xb$3oL.ror3oL

li.rlo6o q6. ,,gqt6osqb" 5oql.r3L 3o5$.rj$3}ot grq.s6or3ot 3co335$3o. r663or3X

ts3odqX8r q"rg36q3b 33ogot g6op6o 6.rt.rq3oot tjXS.rts qr 3o36o3o5g6erq36t
Brr6ot, 6ror,s g.rdqoS6qgt ,,tq6orq,ob" tsX36o6Xbot C?lC,jOn. ra SSorcoqoL

Xr6gogooro 3br6X3los q$a$Sbooro b.r6g38o 3o3Jer6X6$3b%3, 6co0q3bo6 U6Rc
qcg6q3L Jqa$st3 Rr q.r3.r$Sbocno R6., 6cn3Xqo6 L.rlo6mc RC S63qot
e"&Cb$a"i3s6fubg3oloor3oL. 3t ffiCR.l3C6o r6orXR1bl, 3c'r6332qo Lfu8ot

3.:3rngX63Ert, 6.rqg.r6 togo g.rtrgXtrot.lor3oL b3.r36ot Orq.rqo qo6oor q$c$3boor8.r
q.rgo3636"r3 tsXodqXb.r 83.rqgo6cob 6c3q36o33 mX2qo Sa0o.

6;6- 1-20. .;) 6;bry2hb bhAt, d) d*rfi&tjfifi.t ,,g6<>ryo"

&r$gcrloqceb"r, 6'33qo6 Sorqo$lq g.r3'6o6b"131s ,,gq6orqob'( 3c"r3q36.rt
5.Sp53bor L.zI 5cb.r%%3. $rL 6r6qr, 3b 8rn$goloqml.r 33odq3br 3co33L.:b26c"rtr

3e6$rj$3bo1i 3x3%qxq.r3 6.rc'rqx6oErti qr 6-aR tfu33}3o 6.r3ogx538o1oli
i5o336Xqco36.rq t6qoL Sror t$6sgjAXq3}.rt q.r tmSSqrnc.rlrt.

&n$goboqmls 33qgX8.r K 3c"r6$.rj$otsgs6, 6rn3Xqo6 3o36o13bXqo"r "16"
pXA36$oL Jo633q 33t.rt3q3Ror6. rOr3X 3q3335goL 33c.rt63 ts3t.rL3q3qo
ilq6or3bXqo.r "8o$otr" Lsq$3tcn$ (GND). "J6" 3q33X6$ot 3$otrt3qXqo
ibX6orS8Xqo.r C Scrr3qXqoL BrSrng6ot R 33Lrt3q3q%1. oAoAC a$ccLr1i3q3qo
oSg6geo6ot (qrgo363bot 3q3A36got) ErARoor 3o36o3lXqo.r td?3t"rt3qXqo.r5
'q.t" 3qX335$ot X6o,-X6a 33trt3q3qor$. .r3 XqX335$ot q$r6BX5

%lr"Laq1q3}or.r6 SoX6orX8pqos G gX5X6.r$er6ot g.rScolrt3qXqo Rr C
ibr3q3qotr o63,j16to6Xfuqo g$otcL3q3qo. "qr" Xq3S36$ot g.rScotrt3qXqo
aoXr6oXbXq".r Sir3q3Rot S ts3t.rt3qCRtC.

.r). E).

an- )t -
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6.tb- 1-21- "g4t**ryaL" Brb&tAr

3r'r$gc.rloqcc6.: 333q335.ro6q 82ts"rc'rlL: K 3c"r5$rj$%A C6o,XA6rqo qc$36oLrt
togSrqXEoL or.r5'$o8qX36c'rl.r, 6c'r33qo6 B6qAl.! ,,gq6o,sqob" tsCq3a"q "r5"
3q33X6$ot qr q.rgc'r363bo1i XqX336$oL ArBRoor 8o3$c.rqXb "R"" 3qX336$ot
33t.:t3qXqt3. .r8r33 3qg335got q$6835 83t.rt3q3qab%a 3o3$coq3l.r

,r3$ert4b33ooro gX636.r$c.r6ot o8J2qt3bo qr tog6rq3}o Scn3qXqoli

o53X6$o6SAqn g.r8ot.rli3qXqoqs5. So3qXqo r1io5j6c"r53qo oorbcnsS6ogosSo

rn6obooro $g$cao 8or3q3qo.r, 6c"r33qo6 r33b3qos SK-66ogXt4Xbt3. 6c"rqXts6
"q"" CROaXS$%3 333.:3.rqo $ARr liog5.rqo q.q3}ooo.r, 8ot 3.r8cntrt3qCq%C r1rffia

B6q33s q.rqXlocno to66.rqo, 6c'r33qo6 3o3q3qt 8o3$coq3b.r 8ot t3t.rLARCR%C qr
BmS363L Jo63Xq $6o636tso, 6.rq6.r6 Sor3qXqot tsr3c"rg6ot ts3li.rt3qXq%3
o8gog3}l SXbr6or3oL Xr6gc'rgooro tog6.rqo, 6m33qo13 "r8' Xq3335$oqr5 3ooqX8.r.

3o6mqr5 ,,!e6osqo&" €3qX6rR K 3c"r5$.rj$ot gsScoL.rtARCR%C UcnACR 6$X5oq
oOJXqt tso6oL bqXb "c6" 3q33X6$ot ts3li.rt3q3qot gooro?3.r, .r3 BXlqXq0o ".16"

Xq3335$o 333.sc.rbt, 6t't6n66 o6p6$c.r6o qr .ro5336$o63bL 33e63 33LrL3q3qot

X.r6gergoo tog6rqL, 6ot 83qgarqJ6 Sor3qXqot B.r8c"rg6oL 33trt3q3qt3 3o3$o-

qSbs q.rq3booro tog6.rqo, 6co33qo6 UclACRo 8.r$X6oqo oSJXqtot Sdem B.r8c'rg-

6ot 3or3q3qt tr$goL 3q3o3.s6Xc'rbrBo. "r3r33 8X.rq3q8n "Rr" 3q3336$ot ts3tr1i3-

RCRTA qrgo36'3bot Xq3336$ot 8X8.rc"rbot tsCqCA"q 8oX$coq3E.r .r36dsq3ot

X.l6gogooro to35.rqo.
%33c'rsq$36oqo J6er63to SXo6qXbr 3c"r5$.rj$o1s ,gq6osqo&" Scrr3qo JX6ocoqot

g$3.r3qeil.rBo. K 3cc6$sj$oL li$coqcoco 336or3ot ts38qm o'gr" 
Xq3336$oL

ts3trt3q3qt3 EooqXl.r qrq3trooro to66.rq3lo, 6ot tsCRCa"Rtt_: oli .r8Xts.r3q3br qJ
g.ro3Xci63bt 635X6.r$c.r6ot oSJSqt3lot or.r6r3o3g336c'rbs1i, 6c"r33qo6 3o3$oq3b.r

3o3q3qot 8glrtr3qXqt3 Rr .roor3q36.r 8ot 3o36, 6rqgr5 B.r8eog6ot

33t.rt3q3q%3 oc,r8gogX}.r 53lr6o3ot p6gogooo tog5.rqo.
8or3q3qoL tsgtXlot tsX3q6, 3o1-r Jo6q.rJo6 g.r3c'r1l.lt3q3q%A (Q) ff5qCa.t RrRC-

looro lmg6rqo, 6c"r33qo6 3oX$oq38.r tb3r 3o$gc"rboq"ilCAt, berqc"r Xr6gcogooro
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1so55.rqo, 6o33qo6 r3s3X q6oL 86qXL o6336$o6dlq 3'r3otlr1r3q3q%A (0 )

aqc'l;.laf, "Rr" 3q3a;A6U' K 3c'r6$':j$oL lrslc'qc'rc'r 3$cn6or3ot ts33q36 3or3q3qo

Br3c,rog63bs, o"q3i['B.rl.g6nt-tclrrlg*aqta 3o3$oq3b.r qsqXlooro Lo36'rqo'016"

3q3A3"66lnqr6. A-.$g.An{",b, b6X6q3}'r Lr$goL 3q3c'r3":63mb'rto Rr 8%rqu

tsg8qgc'r8o 82Blobolrlor3oli'

3oRCA 36oro 3r63n" ts?Xlq38 s ,,Xg6osgols" ?336o6Xlo1i'ror3ot: oll d":33oL

R",,64 g.:t.:q3loL" Sra.U3q3iqta tJ o63q3bs 20 AVa 6':53r3qolr3o' 3'stso6

ts3odq3b.r Bloor3sqot, 6c'r3 ,,gq6osqo" q$or'l36qr qr 3c'r6$':j$o1i

aq3-a"a3c'rbob 310" Oaqoq3brl6sl 3c'rt'rqrnq63qo'

1.5.1. arO6.OAR. 3q.r3o.r$36ot 3'fergXSCAr

b66o J6.rj$o3X[' "a.6'6; 
Scono'bo3t 3o6r6X33Eot 3q'r3o':$36oor ?3g3'r6":t' 31i

33odq3}s 63.rqo%3b1q oj53L 3''66"q43CEAqn qoq'r3XloL qrbSc63boor' 3'156$

oi3-n-- 3.,q3",3.r 
' 

[,littOtj5.3x6.:q 3r33r61e3]3qos' 6'rq3l5 Sceoorbc'r3L

0.,36.3.6$6oq36of, a36rer/5.r3c.r$r6ob bs%3EoL 5.r8c'rg5Xtrrt. 1sr23X'n3lic"r arqr-

Egm6"q3A* 3c$6ogXqo 3q'r3oq$16o1i 6'r3c"rg6Xb'r' 6o8Xqo6 Cq':C66-6lRn
rli.rt
"J5"

6"1,
onb,r\U

Rnt
,o.r6o

llsCl

'La33
CRJ
g%t
!.:.
fnq

JO

.r-o1r
IJ\

r.rSet-UY

cScog-

:lt'lra-
q3c,L

x'rqoL

35$oL
bJ q.)

,-,R$.
n96oL

RJRC-
nSocr}()

.l

6"frrq3a3a.L A36.r363ini,-3.X4-o'r6Xb3qo 6naS"e e' 1'aa$$lq (5lb'1'22)'

6rE. 1.22. A$A4S7qo 6g.t3o.t$76olt
erdtufer66&'ryd'n .6 hetue&t

3"6Lotq361qo5.lL.:q3}o1i3q6o3.163obolisl3oolb3oL.lor3oL1,aa61,3o3$c"rq36.l-qaqn, Ara*r3 "i".t3f, 6n33bnlt 3q3o8r63cob'r' ts3XXq3tr6o3' 6o33bo Bro6o33b'r

{*- :.$3e6."qt4, b.q,n Soorbco36oqo 1'aa6n ts336orq3b q$o$3}'r%3' cnl

iii3a"fr""fit 
"tqXi, - qrl"qo qc.r6oL to55.iqoli $.s3oob3c, 31i 6oa5cati, 6c'r3

I'XSo J-t.,6.,r-3o 6'3o-tp$o Bc6orfR";' l'22 6$'sb%X 5'rB3X538or co6o MOS-
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$6.:6%o1r$cn6o, 6c.r3qX6o6 6s8coog63l.r 1ip$3bo1i q$o$3b"r%3 ts'r6or3o1sror3ot'

a-"gAra 1.U an3a.3.O1qA-q3OA" gs3o36$3b3.r 33odq3bl oa,B'rc"rt Ror

;cnqa,j6-636ot i3g"[An Rr, 336.rb.r3ofu.rq, So.rbqoSrnt r3 $6.r5to1i$'63bot

SXai-a"f, do$.r6o.:, 3r?o6 Sscno Br6cn3r rqs6 oj638'r tslo6o'

3r$6o63qo dRrSo,r$x6c J6sj$n32q.rq 63bo1i3o36 tco3.:3q3 €3odq0b'r

3"gri.-3qX1r, "ait"-3"f, 6$(rngX63}':- 3t'36t3o5$6oqX6ot 5'r3c'r36'r63boL "166o11

;;. 6""-!36-b.r. O.r3.rqoor.sq, J361r-5.tqX6n 3er0JoX$36oL 104-3qs3oaos6o

3q"3.,"6X6, lLr" 3r$6o6.r, 6m33qo6 13X8 SrtrqSboli':3'r5 33q6X}.t'

r'5'2' acJad.'o r6qo3't13cu 
fl^,d-rq.,-6r&6rnr,' LED (Lightb8"6rq- a.S"6XaL. 6,13og3':5'1 3o36c'r3o5$6cnq3t6oq$ hqXb'r

Emiting Diode) tsXjqooq3lot L'rBXrq3boor' 6o8q3bo6 or?Jor qJ rRSoRrq

ot4o3Xb.r 3o36o3er56i.q3atc5' Bg2q3b6o3 €XjrlooqSbo'li 5'rorXbot'ror3o6 tc$o6co'r

163.r-%3 El6. qi6n, 
- 
O'U 3n36'3-6$6oR363bot X8X$Xto 5'rSoqoL'ror3oli

3.-.:31r3bXqn" 3"3.,tst3q3qo q353bot qrtl8p} qosJltcl5Bo'

3o36co3c'r5$6oq36ot 3r3r'rt'rt3qXqorrS Aai-

qo.qnl, 8.r6.3.,L $oJ16o Lfufu 6r666Xlor l'23

Stbrtt3. .rO tft8r8o tsSjqooqo 'r6roXbt 3'r3o5'

6o6.1 0o36o3er6$6c'rq36o 3'rt633t 
(60'r l'na-

Srqt (q.rb.rqo d.rb3.r). 6o6'1 3s3c'rtrL3qXqo
3Xts.rc"rEt 6c"rgco66 3o5r633ors 33t'it3q3qo 'r5

AINO

6rb. 1.23. +yfunaotr

3.rLt3 3s3c'rqols "1", 3.13o6 SXjqocoqo

g.l3c'r6otXqos.- ZZO-U So6.rqrnlolr 63%ot$m6o (R)

g$oog53bs q36ot 8X%q2q3ot'ror3oL: 8'rqrq3'r

q353.: ts3odq3}.s S$gcn[6oq'r6 3$oog3r6c'r1r
elddx.rJo66lx'rq0furt5 Arf'-,eet 6o5c"r66 SXjqocoqo, rLSAO 3o36cn39666tq3-

6.0. togo36oro 3o36cn3o6$6oq3t6o €Xo6s3t qXSoL ts3S%qXq3CRAlt 3'r3c'r36'r6

br%3bt3. ,a a3a.f36rt. tsOatqXq33qo 6Xtot$o6o 'rqr6 r6oL L'rlo6er' 3'r3t6':3

s".,G6 Bot$€3$-sI[." "a 63tn1r$.6n1t 8.16o13.r, 6.rors 3o36c'r3co6$6c'rq36o

qr3n133rol 8..JRl 6r6tn3o1ss3r5 3o$r%X r5 63bot Sgs6coLor'r5 (E)'

ts3oqt6335$o$o o5qo3.r$o6o

.rcrmlooro qJ oo3fulrAXgp"bn-n t4o6b3ooro 3o6q3333bot 3$c'rt'rb3oLsor3o1r $CRr%A

ScntrbX6bCl'Rn 
*id;R".r 

ts3oq136336$o'r6o o6qo3r$c"r6oL 5':3o''63br'

06"3"q-.r66ogo.r6o 6o6b3XboL 
- 

"r1r.rbfn1r,o.,3n1, ogX53b36 orb6.rq36oL$'rqo'6

n5ql3.\g",63u, LCD fLiquiO-Crystal Display)' tsXjqocoq26o ts3oqtX5335$o'r6o

.,5qn3r15.63b., bjX3383o 8.ro6o1338.r qoqo 1n6orlqoL 6'r63ts3 RJ 16 33j35ot

J6",bqfSot A"d6;;",S64",q36ot 3t4c'r36'r0Xqo Xt6X6pqgogot'rL'

"8q.1.r6,"64" g.r6t.rtq362qo ts3jqo.qca"t B.r6or3otrb (r6a L63x5$3bot

$o38.r) Soos?3dr .i,c)bn-n- 6o6b3ot 6"a.utlRClr (6.rb.1.24). 3e)3cR Ssjqoc"rqt

"j31r" 
-r3ntq,:63Lsb.r3oto stc'r-oq36$ogo3'r$o6o (A, B' C' D' E' F' G') R" DP (dew

point) SX6$oqot 82jqoclqo' B'rdcocn3qoqo tsljqoc'rqSlot X6oi,o tsCbo

3o36o3d3qo.r ndqn3"5-Ant ts3lob'r8ot Ar6C a'r3c'r36'r6t3' 83CRr Sljqooqoli
rt
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ot.

?oJ
tot

3b-r

o)?

c5o

5ht

?rq
ic'r.l

3nL

3i-
..23

lo5,

rla-

Ro
,s6

')qo

(R)

-3,s
5<',t

rDq-\U

U.3r6

,613
g6o

:r%c
iS".
no.r6

o16o

ffiot

ab"1,
.',RL

dew

mbo
qil'

33cn63 tsCbo

5s3co3gr5t3.
dJo)C'qoo) RJ

Sp6or38Xqor 36cnrq Rr Br6orSqo.r o6qo3.r$o6oli
'Lu36oro g.r3e,r3g3r5o 6.r51'.rt{36.r3t o5qo3.s$o6ot $oJL:
blS6oro .r6oqocn.

lis36orc'r

tca6orc'r

tr36oo 6UeQpSo

6.tbJ-24- A6ql'A&J56&fr, .&v'dtr6p6

o5qo3c$co6ot 6r6or3c 3o36c'rgcn5$6mqX6o.r5

83X3q386o3, o5qo3.r$c'r6t t6cru3X5, t6o3cc66

.rcrrolooro $X6$oqo) qs8.X3oq$CR SXjqooqt.

$

U

PW

cg lt2?

c6 il2?

FIP

+

UIFF

rc3 PDO

PC2 PDl

PCI PD2

PCO PD3

xrALl Po'l

XTALz PD5

pB4 PD7

PBs PC,l

pBo PC5

pB1 VCC

GNO AVCC

GND AREF

++
r-I' I*T'

6tb. 1.25. Arfetf-66dx'ryfpr6 rr.<n c&"oJ$oinb er7in CAt

U{}CRJtC 36ots363qo3,r5o L.rSoobo 3o3t6o3o6$6coq36or.:5 6.r3q36o33

?alo5qo3,s6oot tot$33ot B.r6or3olnt .l6ot 3X$.r5./3s3o$r6ob br%ot q$ots63qXb.r

Uc',ACRo €Xjeoeqot.rcn3oL. .r3 t.:3oorbot arqr$ffiC$.r J6oXj$ot tsXtit6pqSEot

ls$got a6"Jta $l6gogEt 333ggc"€3o 8er$goloqco83EoL ScoSgqt q; 3.r3.r6or3sL.
6$qX6oOX o6qo3.r$o6ot Br6o3ob $oJX6o trts3.rq3b.r o3.r3o 3q3co8c6Xeilt, 6co0

oln6o B.l36ornor Jl6.rqXqX6.rq Rr tsa8qm 33s6orc'ror 6.r3.r3.rqo q36ocn SerACRo

tcaS.rog 346$o3.:q bcn66o3qq1lr.
tsA"q 16 6A" (-A g$erog35Xl"r



3s66sq33ACAlqoo5qo3.r$c"r6oLrts36-orc'r3s3o36":6XbotarSRoo):3o6'roqs6'r3
q35o1i Loqoq3 "qia"153a" 

a"3alj'e6O' qXa"t 3$ef6':53b%3 qct'r833lo

3rSoLr3rqo q35ot 
'l"'qt'q3t', 

"a"6"'a 
o5qo3s$o6ot 3s6o3oLsor3o1s tss6or3X5

q$r$3bocn $6s5%ot$.6341,, 6cn{qt" L'r81sq3}oo' so6BX3'r' oll 6o33qo

.,5qnj.r6",t4o.r .rj$o36 3q3er3c63obr3o'

1.25 5.rb.rt%3 5.16g538o.1 3o36c'r3o5$6erq36cnc5 c'r6o o5qo3s$o6ot 3o36o3trs' r3

Ljx3.rtso Eo36co3o5$6ccq36o 3"rt6ar' ac"6s63A3lt o5qo3'r13ool$or3oL', 36om

o5qo3.r$c'r6oq.r6 3Xc'r63t3 -"5"3o3q663Rn 3'rqrt3qols':L' 8el33Ro 6o96o

g.r3cntXjq3br qOn,nl, 
-oO 

n6$3r63.rql"E'.', 
- 6rn33qts6 3$1s'rtq36r3L $so336ot

al$gaJ6.t 3o8t.rbl63bob j33J6er36'r3s'

o3oL.:or3ot, 6o3 or;3oqr5 .3e3rr r6oRXbXqo S.rSotnbxR3bot 6o36o3o'

fu3J6co3t6c3rBo 3"-3"[niV'5CE;R"r 'l'Ct" t$6qjAXRC]c' 6o33qo6

j%6X5gq,n,tslt ne[.,3J6n,ant' A'i-i3'f' 36'" $'raot 3r53s3qo]r3o 1'tq 36o63

50-yXt6. 6"G ?ts6o 3C0n n5qn3"["'6n" 3oX6o3b3qo' Soor 3ts6t 1i$6'r3'rq

Bo3$coq3b" tsrqgar6.r $.ro336.,t 6"6." il."qn-rq, aa, o6qo3s$'6ot 3'r3c"rgx63bo1'L

6qO3an 36or $s33o 400336 3cSoqot'
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ro
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'rtO
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fo,
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6X

rq
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ols3o 2. AvR qsrbot "r*il:}ffi$3ft 'rsxlot e'r sastboerso6sEot

2.1. AVR ergsbot a"e"RAS"6ac.rClR"d'" RISC 0o3r6c'r3c.r566'efff"

3o36co3c"r[$6clq36Xbo ]6d'r63]3]o" tot$333]oL SobXq3oor et6 $oJq ogc"r3'rl

C15i (bomplex-instruction Set Computer) qr RISC (R.educed Instruction Set

computer). $x63o6o CISC rq5oa6.r3t 3o36o3c'r6$t6c'rqx6;8ot 6o11(, bc'rqc'r

RISC - 8a%qAqXq b6d.r63l'ror'r toL$38'rL'

RISC t'b$fo[ n*r" ,6n1, o3 t6d.r53bX]ot togpd3qo.r6o 33666s, 6<'r3q3bo6

€3odq3bs 06. OtjOA" tsXt63qq3t' Sfqaatq 3':6$o3q3}'s J6o631ro6ot

S"6"6Xq" 
- 

63"q.,%"6.,o, a'"aqp" 3qX335$XEoL 6'rog35obr' q$qqXb'r

3erb3.l63lXqo to3dq.l36X q.r g'r1-ro'

L"C6;; g$Bo XA- 
"Cfbc-ma"Saa"t 

AEq" SpL$sSSb.eqAb 6.s3q36o33 RISC-

aadsOSa"r. 4.166$ nfSC-nt, t$6sgjaXqdnl' 3Jo6'r$3Lob gs6cat sq6ots5Xq

qS"3"agt. 8.r3.rq.,.rq, or1 $CRrtC t$6'go b6dr6Xtrl 3o36co3c"r5$6cnq363o

CISC-oL "o3.$66xen. 
" n- 6d64" t6sqqxlr qr $cqr CISC-

.Glr66A,jO.,n1r"r3nli- t "$n6-r 3X3rt63qoor trSo RISC-o6t$6Xj6o.r, ao3oq3bor,

C'lc,A- RISC-6jo$Xj$16.r ojSXls 43X6 Aa6"e 3$'r63c"r3EqX6o'

qq,l, RIS-C 
-" q:- CdC 3.6n1' tq3r6o otsq,bs. 3r6sqoor.rq, AVR

so36-3.5$6erq363bt 3.$86o.r I33 l6dr63tr.r' 6tG 36L$.r33b cISC-t, 3156$

iLron 236.r3q31,-b.r 3a- 5.1363o t63qRs", 6.16 RlSC-oli 3.r6ots53b3qo.r. .r3o$ro3

RISC-ot do6oor.rq S.rtsp636qrq 3oo65x3.r }6d.r53bob ESt6XRCdr 36o $.rj$ao.
A\rR Bo36o3rn66A-q!a3a"f, XJo6r$3tc'rls.rl L$6€jS3qo RISC-J6o63tc'r6o,

FLASH-A3bb36XE.r q.rJ6co66.r3xlot q$.:q3oq$o$o d.rE3ocn, Bo3.r 5.rqs3S36o

OtshROM, dq.,X6., 6s3c'r3r3.rqo Jco6$Xlo, 33338'13o d$3ob Ss6cner qo$s%c'r6o qr

xt xlqlg36o qSsnt'- E6o63 3clb3;633oo, S.iqrqo toBjl6oor RJ, 6'0 3ol.13.16o.r,

q"ttR" g.rtoor. €3g363lXqo o6$66'rq36o 3':6r33$6oot "X5X63o3c"rb3r6Xb'r-

f"aarq.a"-g.rto" AVR Oo36c"r3er6$6oqX63bo LrX33or3lrn.r Stergqoc'r8o.

-llRab Sq;,slngoS,t6os

xr6-.,s5o 1r$s%n1,", 6jo$3j$26o1i 3s63qx83o AVR 3o36co3c"r5$6coq363bo L'ra

c?gr\ ogcogsi

o classic AVR do6oor.rqo 3o36co3o6$6c'rqx63bo.r, 6o33qorJ oJRdCflRo

3c'rqogo3s6oXEot 3$.r63oXbqX6o8'r 16MIPS-3q3'r' Jt4o66'r33}o1t

fiashRdM - 2...8db"n6n, 3c"r6s633or.r EEPROM - 64...512bmgo, SRAM

- L28...512b.ro$o;

o mega AVR Si63.:q",En- 1-16MIPS 6orlqo g.r5,r6or3boto3ot 3c'roorbce3t

qoqo So6Xqcnlot 33btoX63b'rt, J6c"r36's8Xlot flashROM

.+...i2a3a"'6;, 3o5s633or.r EEPROM 64"'512}':o$o' SRAM

.2...43b.1"$".81ts353Exqo10-ou56o3ol6o8-s6bo.l5oJGE,sJl6s$3qo

A"A6o3p3b3qo SiS. 3X6.t AW dqoX6o 3o36o3co6$6oq36or' 6o33qLr6

3t"Bffil'JX6qX6o3boL .p6an 51363[o' 'r3 cogrbL "ial' $CRr%C RoRo'

36.r3cqg36o3s5o 3.eaq$"L s6833'r5o'
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o tiny AIIR - q$.rqgrto.r5o 3o36c"r3c"r5$6c"rq363Eo.: 8 3s3c'r36.r6oot, "Ca]'

33Xlot dc83oLr 3r'r6$6coqot" ts'r€36Xb2qo tj33c' 6"0 tltsXrqSbrli

.rdq6t o8Xts,rm1s 3163 LXJ363oto6Xqo 3o36otfu33bot 3l63ts3'

S.r6boqxqo c,rS.rbxbo 6$1ib3r3q3b.r Jx6og36oot 3$3ocnr63bot bs6olibocn Rr

3c.r6l6x30r.l ql Jt6056l33bot 3.rb1ic.r360bot 3co63qc'rlocrr.

fU-fbn ergrbot 
- 

3r'r5$6mq363bt ",ja1, 
b.rX33or3trn 3.r6p63bq3bo RJ, 13.11-ro116

36orsq, 6cn33qo 4"36-3-6$6coq36o6 .16 aSRr c3o6Eocoor, 33CRr n3.rbolr

iaa"s3ant l,nL$xas x6or8c63orot or.r3txlrqos t'L$oq.r5 adq.136 3o36'3o566.-

qa6%a 36co36.r3oL gsqr$r6oL q6ot.
oDoo)cDcaRn -K"bn1, 3o36r'13o5$6c'rq361i ",ial, 36x66c"r3cnb3.r63loL 6.raq36o33

63go3o, Sga,l6ni bqo3o, 3oqr6ca3 $"ro336o qr tc8XrqXlrt 6adq6t
ts.13c$l6c'rcn q.lJ6c"r66.r33b.r 333lqoq 3%.1 3o$gcoboqmd'sBo'

art*t3 g.rSboqXqo oj538.r g35j6o36q $CRr%C t6Xqgc"rSoqo Mega oSrbot

3o36o3c.r5$6mq36X6o.

AVR 3o36er3er6$6c.rqx63bo x6or36oL$rqoc6o, 8-o.i56o3or5o RISC-3fi'506-RC-

6xbo.r, rj3lr er6o $oJot 36363oq.r3cox3oqxtrxqo J6o36r3xbot flash-33bto363br q.r

a."5r6ao)" EEPROM-33bto363b (Erasable Programmable Read only Memory

$s8q.rqo qrt.rJ6o36.:338xqo 3xq3o3o qsSblFrSSlxqo 3o$gc'rloqrnl.r). s363cn33

"jal, coJ36.r$oXqo 33b1io36Xls RAM, tsXtr3':q/3$otr3rqo Jc'r6$3bo Rr
1rb3.{.r1rb3.r JS6ogX6oXqo o6$X633olr3R. lifuA3Ao' c3 3c'r6$6c"rq363}L Xtsp}t
go63.r ATMEL (Advanced Technology Memory hnd Logic)'

3m3Jr6o.r ATMEL - alr'}?Jqoot 36o-3t6oro qoq36or, 6c'r33qo6 ":s-:63co3bt

x6x63oqr3ox3oq3b3qo S3btox6xlot 3s6oro tJSj$6t, FLASH- 3o36c.r3c'r506.qc-

63lt qr 3o36mlrj333bt qctcJ6o36.r33b3qo RrlAodocrr roRo t$.l6$o RISC-

3o 6c'r3c"r5$6oq363boL qc333r3Xbut3, trq.r6 6r3ccog35c ffiCRr $3j5o326o
gs8er6qoq36c, 6oor.10 qRAAqC 3o3og.r'- 

"S3an3gqa" 
3.ror33.r$o3o1r3r Kon6 ts.6 6Xo3r53s B.r3c'r.sg.rqoE.r or.r5.r3Xqt6co3X .Jr.r3-

Jox$3t6xboL Sxts.rcoaoL do6oor.rqo J6o66oJxbo. 3r5 333cn33cn.r3.r%.r J6jo$3j$36-r,

6c'r33q3r6 OoLo L.rbXqo q.r36ftr (von Neumann architecture) qJ 6co8Xqo6

ocn3.rqoLSo6XEq.r J6cog6r33boL.r qr 3o5r6X3Xbo1i ts35,rb3rt 1r.rX6oro 33bLo363Ertso'

RR;t ,r1r3oo .r6jo$Xj$X6,r q.r3ubrto.rcn3bsqo.r 3co3Jq$X63b3o gcScogX63bot.ror3oL.

.r6jo$3j$16r, 6o33qo6 33o.r3.r%olqr J6c'r36c33boL'r RJ 3cn5'r633Xbot

aCbL%6;t;1, GrR-6rRJC g$c'rgSXbst 3SoqSbr 3':63'r6qXqo (Harvard

aichitectwe). Jc63$q2qo Gjogxjg26r 636g6rqx6 J6co6Xl*r6L trts,sq3b.rL

.rdq6t 3t6orq6oxq"rq o8[tssc'r1.r 6c'r3o66 J6o36.r336ot, rlrmc 3c"r6.r6x3cn.r

a3tf,"3aXajb."5, 6s6 35ots353qo35.rq t6qot 3'163o jA3q30o1i 3cn3go6o36$L'- 
3"ra1,s6notso q$XtscaXb2qo AVR-.r6jog3jgX6c cX6oocS3IL 3dq.r36 J63.r6qXq

RISC-J6c"r6X1sc'r6L, Jr4cog6r338ot.r Rr 3cn5.g333bot 3XbLo36Xlr3o OrR-OrR,JC

tsfq$m"ecoloor Rr t.r36oco q$o351q3]oL 32 66oL$6L, 6c"r8Xqcnl3l5

-;--;ARo; 3X8lcllt, 6m3o66 636ot$6-'r31&3qr$e6o' AVR-.l6jo$3j$16"r

A%6U5tCRUr,tst g.rS3oos6XbXqo b6d.rSXboL tot$3Art Sojto6XbXqo 16 }o$o

fr"gAa"f, aOatOSagaan. b6d.r6XbXbot X8t4r3qStcol'r l6aqq$r X6oro 3'r6j'r516oI
L -44-



,iriJ

F"1,

qr

o.16

boL

6c't-

inSA

'x3L

bot

w'n-\U

RJ
r-
m33

RJ

|,at

'dtt
rrrq-\U
tc-
l6n

c"r8-

Fr,
3f)(J
r3o.

tr.

Pot
'ard

PrL
por.l

UR
R.JC

)a16

u6"
o$o

Jtr

$rJ$oor, "1rffic a6oq6c.r3qlq t6xqq3b.r. ts38qgc'r8o 36d.r63b38oL .13o6833.r, 6"0
Xt6X6pqJm?lL g.rjgX6o tob8o6o'; gcoAAR 336.rJ366%3 lMIPS-Sq3 $$Srqc.rlcL.
2.1.L. AVR 3o3t4c"r3o5$6oqX6ot lo6or3olt 

"6it"OSjOa6"Jt6er6Xtm6o

6e4o66 uqo5o36r, AVR 3o36o3c'r6$6rnq363bo tsxj85oqo.i 3.r63r6qoL s6jo$3j-
$X6ot 8ob3q3ocrr, 610 62qolibSobt 3.rbtco36o8ot Srgogst n6 do6ocn.rq
S.r$oqrg: 3cc6r6x33Eots Rr J6c"r36,$3loLsor3ot. oroorc"rxSqto saq$aa" Lr3xorr6o
l,.lq$oor bc"rt66oxqqabr. 3o3r6'3cn5$6ccqx6xro og63bt 36orLq3bx6o.r6 3c"r6po3-6aq q$x8r3xb.rt, 6"G 5oB6r3t, 6cn8 3o3qo6r6g b6d.:636oL Bxt6xq3bot.rL
t63qq3b.r 3r'r3q335r'r 86d.r538ot ts.r$3o6or3r J6c'r36.r33lot 33btoX6XEoq.r6. .rj3q16

6$r'r8qo5o63, Sooq$6o b6d.r6Xbot ts3t6Xq3bc a6o Oo,j0,:6 6o3qtso. c8o$o8
lroL$xfu6o $.rj$o6xEotrr3ot 6.r662qo",t6oq.r$m6o"l p8x.rqcoq ac636o6383-
R" 6r,j636o tob8o6ot 6.r3.gf33obrt (x36raRc1, J6co6xt,.6lr q.s 3c'r6$6coq36-
Bo toli$g3x6o $rj$ot Soqxbolnb 6.rt66xqo cnt6oq.r$-6oor 6636o63b2qo
1mbtso6ot Arg'gr 3cn6X33q dcnC3o(JoC6$t$, Sooqgbc t$6.gjA3R3br, t6co8Xqo6

AO-qeAAr 6a3c"rg363b1q" 6l66ot tob3o63L.
8rg.rqoc",rq, 7-36.rJx66o.r5o 6.r66ot Lobtso6xt3 338,rotrolict 3qSbxqc'rlor

q.r.rbqc'rSloor 7 8oqom5 ts3t62q3f3q b6d.rSxbrt 16- $cOBo (0,14 Oo36coSr8o
g6a lt<rdr6gE.s%3). 36o6xqo 6r3c'r6rSqotolr 6.r6q.r, 6oq3t.r6 3ar633o36o o6q3x3.r,
AVR c"rg.rbot 3o36c'r3o5$6oq36xlo $33r3d1, gaaqr b6d.r63E.rL xilo,o tot$38x6o
$sj$ob g.r53r3qc.rbsBo.

AVR 3o36o3c'r6$6mqX638ot "g3qo" 8-bo$o.r5o 3o36oJ6c"r63tc"r6Xqo bo6or3o.r

"6r ctaS6dr-rqx6o J6c"r63Lo6xqo 3c"r$gc'rloqerl.r (oJd. A\T.-ot $cRr ocoqxqtso
of g.rj$'b6o3rq 36o5m6os, 6.113 qoRo JqxLor. LS-63q .r6jo$xj$x6oL x6or6r-
o6c"rlc 6.r6rJo6r.rE3bt Sc"rqot rqaoR 6.rqr$c6ct xilao rng.rbot BcnqSqoqc6
3Xo63tX. Jo63Xq 6og3o, bo6o3o Sl6SoqgX6oqo.r r6oor83$o3tR-Roao336o
So.rSgcoloqc'8ocn (ALU-sqa), J6og6.r83lot BxbLog6xloor (Flash programm
Memory), 316o13olr lqcnSoor qa J6c"rg6oaaRo Bor3qSqoor (program Counter- pC).
€3o6.r3t 6t,jtbr6 66x6.r$o6t, 6c.r3qo1s ooJSqL3Eoo BxB.rcobL oo36o3o6$6coq3-
6glot bqo338o.

J6co36.r33bot 3XbtoX636oq.r5, b6d.s63bofu 3cn3q3qoL Sogor.r3LoL 83t.rlsOot.rq,
tot$3fu6o $rj$26o LogS.rqolr 3ob3q3oa, E2oGB33r Bc.r6ogo b6d.r63b.r qr .rqo-Bo
1r6aqqd". b6d$3boL tsx6B6ot.rL J6cng6"r33lot o3btn3638.q.r6 bqxb.r So6.r
ts36tsgxqo b6d.r63bot ts3t63q3b.r. 6rG tc8srq3brt odq6r oo3.rqSocnor
t$6.gj3Xq3lrt 1MIPS - 1 36$x6Ota.

3o36co3r'r6$6oq363bot L$.r6$ot q6oL J6og6$xqo Bcn3qxqoL BGoB363qo

3q6ot "0000". 3t c6ot Jo6pqo 86dr6Xlot 3ot,r3r6cno flashROM-tso. o36m3o-
6$6cnqxbo ojoq.rS' nRcat o6 E.n$t (b6d.:53EoL 3.nqo qr ooto .r6gxs36$x1.,) 

-q.t

Sxtsli6Sqdqq rdq6t 66d.r5xlot q33cnq668o (InstructionDecoder).
3o6r6x3oo :0o0r3,rRo bcqn q$cn3oqSbuRor b6d.r6xb.rt3. az 3t xl6.rqc'r

66d$3&t 6.ro33 aojasqx8ot 3xt.rt62qxlqr{, olr ts3t6xqq3l.r. boqcc tSoqg'O
6",j6%a J6cog6o8Xqo 36o6b3Xqot 6ots5Xqo gcot6qgbr qr BXOq36o



3.:bL'36cnEot 236Xq3}ot sgoqoe.r6 $c'roqxb.r E6d.r53lot ?33q36o 2 Iso$o qr

"lrffiC 6.rogtl363bs 3Xt63q3b.rt1
oO ts334rb333stso, 6oqXt.56 aabaq$r 3rqrls3qoL l6d$3}'r' J6cn36'r33q

a6n6b3X[&, ts.rn63o6or3bs- ma"O3a"ao SoorocnC]A*n 0otc0.r6oro ($1r'rqX$X6o

g"q"fr3q") "5 A;lrt 35o3363q-6": 3aot6qXb 16r X6o,oo,' 'r6$3q o3q36oor'

6"Sq3i.,G tclo6cnr. axSq3.i 6",i6ta 3o36c"r3o5$6c'rq36o b6dsSXb.rL 233x .rb.rqo

3oL.s8s6cnoq.r6 mq3lt.
b6d.r53boL quc)"q36nor bq3b.r b6d$xboL "tsr$.1331s" q" Soto 6rqr6x3.r 3'r6o3ot

bsi,cn3ot q.gn3ntil3nL, 6o33qo6 A,ilA %33c'rj33q3bL g'r6s66X5 bqco4btX'

sodSqXEL ts3rt63qot liclo6o i8CqS", 1olo6c"r 6o6ool,'

gilq" 3c-X3a$rr3Xr6., ..1344"" q" t6o6bploL q'rOX€caXEc t63qq38c ALU-t

A3AjX",bn-. Xl, "anils- 
-.r3.,1rj116., JrRJ?Rr6o6o, ?Xldqo'r 3oal$X}'r' Ssac'r3q36l'

a3q"63a",6o6b33lot6qssq6oqXlrlrb3'rqstb3rS3orcoqoorib'r5q;bqSArUCDqJrqr
g$6r3qXI.r.- 

6rOir33o63b3qo l6jo$Xj$36ot 3X333eiloor (5rb' 2'I) ' 3'r3oor3q3b3o

ts3336er3Xb0R. .rfog$r3ot- 3r6qr, 3coj33q3b.r3o.r 32 orSrL$cot4o 313s t636ot$6o'

Ac'laq3A"6 qca.r3-tsn6Xb1qor r6oor33$o,J3R-Rtlao316 8o$goloqerlrtor'r5' 6'0
g"A.An6t"3l, .,SJ .aOoqdqerlst, 6o3 g.rac'ror3qoom erJX6r6o3lot qrL63q38oL

scaeaa 
- 

3.,36.3-6$6erqx63.r 3o3r6oot qs3b3r63 66ot$6xb1i .r5 tr€?.rq3qc"r

q$blm83l3q SerSgoboqcobS8t.

ALU S66o3bXqnl 1nX6cnc.r q.r6o€6Xq3bot' 66ot$63bor.r6 (General Purpose

Registers - GPR). txq L.ri6oro q.r6o363qxboL 32 6x6o1s$6or, 6c"r3q3btr0 r,fu-

Ic.,$X6., gcn63.r$o r5U oroorr'rC1Ro 3.n3$o Saea$t 63' Eo$otl3'r5' GPR

o3go3x8.r oJx6r$oxqo 3xb1io363lot SotsSr6orot Lo366ot qrL.r$got€o, 3r36s0

3oto316cq .16 .,-3q31" 8ot 6.r$oq"rq. rao$c"ra S.scncn;6 o6o $xtoor 83odqxa.r

AXqg6tt 6cngcc66 635ot$6or.r5 Rr 6o3m66 SXbtoX6S}rtor'r6' rL3oo

a"eSUSaO"RS; r6ot AVR-ot 5.r5tr33o638Xqc'rb Rr s8'rqq3bt 8X8'rolols

Cql3j$f6tb.rL qr 3o36cn3o6$6c'rqX6ot $.l63qcobrL'- -- 66ot$6xlb qr oJ36.r$oxq 33b1ro363tr.rt 3o6oL 3$th3rgl.r ol,r.rc, 6c',3

66.'t1563E.r5 33odqx}.r r$s63c'rco 53lot3o36o o336.16o.r (r6oor33$oduRoo

q.g.,336.,, lo$3lo$o), oJ36s$o3q 3Xbto363lr3o do 83odq3tr'r Sboqerq

Bro$36cnt 66ot$6ot 3co6s6333bo.

U3A-. q.r6otsGXq3bot iZ 66otg6o ifSSot t$6.go 3o$3qc"raot Ls66o1i$6cn

gmqt, L.rq.r6 g.iAR. 66otg6o Jo6q.rlo63r33o6tsoc ALU-tcn$. t.rt635ot$6o

g".,q.,q"6 X6ao $cj$oo r8c'ro6BXjc m6o -Jad'"6e", t6XqqX}.l oJ36'r6o'r Rr

Cr*tO" l635qSEc tl6X6oL$6o 3.roq8o. ALU at635afqScntsL l6oor33$o32Ro Rr

q.f.3XAo oJ36q3"CI;[ 636otg6XAor.r5, t66olgt6alt" e" 3er5lig.r5$XbL 3o6ot c5

Tt"d-; q"5"A5XRCAnt 66ot$6Xlo$' drgo\$fuqo BroRo "l'mC 
3oL*$3qo3o'r'

6,i6-66 ,AXbk3fuI"t Ac"r5"r6AXlot Sr$oqo' 32 6X3ot$6oq$ 6 tsSodqX}l

Ora.$eAAff n3i3[, 6.g.66 b3o 16-1156%0,S0 66otgt6-3$p63b3qo o6o11

rqacbo";1r"o)3n1.-AvR-n1, -3g"tt,lr as6cDto RctSolt 3o36o3co6$6c.qx63bot ALU

33qgX5oqc"l8.r3o 33qot $.r6c$Xq"o Ugargqd6q"'
ll
I -6-



]R
16c,

3Ol I

qo

U-L
,sr,

RJ

3nt
r%x,

SEn

\6n,
6rG

Snt
lcRco

pose

,d3-
GPR
>36.:3

lqab"
:'ls3oo

>t'rbo1r

6o3

JIRO,
DR(')q

rli$6c'r

rL$6co

,OJ qJ

RO RJ
6oL .:6

;qcn3os,
odq3b.r

o6obo

r ALU

5,>b. 2.1. AVR AtS&tSoA6a"XfuL ffiryot 6hfiCi67tub agery-bfua

&lrqaet6 c"rJX6.r6q3b.rq 3$coog353b.r 32 l361qo - LrS6orc'r qrSo€52q3boL

-.:frgoSqo 63got$63bo GPR' tslqVaa' 1i$6'gsq bqXlr, boqm c'r336'r6o3botu

'r;b3; -.3nlrn 
- 

SXqgXSnqc'rboor 3S6o 3qoq.r6or' 'rL33bq36tso 31i 66ot$636o

-.1'r5o'35Xl.r 3.r6$o3.rq: R0,R1'R2 ... R31. orsSl6 oScr3r L$ 33Xgq:
- ?406{.,to R0..R15

'-c(r)-. 3c"rb3.r63boL ts3xaq316o3o 636ot$63bo. a.rcrrcn,r5 .16 323;c"rlL d66o

:Fc.$Xb.r, 3.rgrqoor.rq, 333.rqoq 6o6b3ob B'r$3o6cn3':' C'o' J6 tsXodq3b'r JSoRcncn

:,-j 3o!a6olc'ro 66ot$6t 6ogb3o. ts3.r6o36coq 363odqo'r 3sq3c'r3o$r6cnor

:.-ar1€o36o Lb3c 635o1i$6oqc6 "3c'rJo63boL" 6%oor'

- ffidlc',lto R16..R31
',6jqgr1rrn3.r6o 63got$63bo, 6co3q3bo6 33CRr l6dsS3EcLcn'r5 313sc"rb1t

:'or.r6.r3qotot g.163ts3.

ARAR
I

b6du53b6doti
p33r.rq'1<6o

3r14ar3ob
dqr.l3o

GJA

3oOpn314c'rdocno

J36og6t1o1qo
o5g363nobo

Lrrl6mc'r
p,:5o"d52q6doL

1665oL$146bo

-Lt -



- 
"5q&t1'A6o 

R26...R31
a-R; ,j11U" 636ot$6o XS6coLo XaAWe"6 3':61sr33or63b3qo'r' %cl6'rqlq oLo6o

3.r3.ng538.r, (d](ra('60- trX6cnc'r q.r6ots63q3bot tsp3q3l6o3o 66ot$6Xlo' 'rarir

6r6q",- 
-ts'xdq"" 

Al3aS.t- 66oLg63qo ggoqs6o X(R26:R27)' Y(R28,R29)'

ZlnlOtn:f;, t6co3q3bo6 33odq3b.r 5c3.3o335'or, 6e4n63 3o83X53bXqo'

33bto363lrtorr5 8X€rc'rlot q6oL.
a3b1loX6XEs

AVR-ot 3o36er3m5$6oqX63btso 6X'rqo%SblRor J':63'r6qot ':6jo$3j$16c'
.raot 3r3c], 3.ror3o qrSmqloRoJ 6c.r3co66 J6co36$3bob Rr 3c'r6r633or.r 33bto36X-

8Xbolr, 3oLr3.r6crr3bot to366plo, oLC Ssorao 331JJq$6o LJq$pbo' 3rn5'r633or'r

3jbb363bot g.iaqn r6c (oJS6cgoxqo Sxbtog63br Rr EEPROM) 
"l'ma

6i6-.r3t3b,Ror -"3n1, t.rSot.r8r6oro 1io366Xtso. UACRr AVR 3o36c'r3c'r5$6coqX63o

a"A3S3Apq"t nastrnOU, 6o33qLs6 333dqo'r 3o3rLjX336o q$6er66u33b'r

3o3q336c"rbooro 4-g.13$,16o15o o5$36g3otoL 3s3og36Xloor'

J6er36.r83Aot 3Xblm363A.r (flashROM c5 flash fuA)
JJc,,g6.rO.,1i fub1so363}ot q.r5o36Xq3b.r.r, B3oSrbcnL b6d.r63b3boL cn.r5.r3o3q336cnb.r,

6.33qn6 3r6ors31s 3o36r'13c)5$6coq36oL g26j6oer5o6xb.rt qr t,jal, 16-Io$o16o

-Ag"Sntlb2qc"rb.r. 8ACRr AVR-t g.r.186os J6c"r36.s33lot flash-3Xblio363Es, 6c'r33-

R.a tb3sq.rtb3.r tc"raot.r.r - 1-q$ 256-aq3. 3o1io 3cn.r3s6o qo6L3b.r o'lr.rs, 6cn8

ts3j36oqor CRC,j66flRn 6qs3J6c"r36,r3ot63}ot J6o56oJoL a'r3ogX5Xbocn, 6t0

0.,4G.t31, Oo6.r63a3bot O6r3rqg36rqo $rtsqoti qr B.r$g6ob a3t.rdq3bqolst.

J6og6r3.r ts3Jgr3cn AVR-bL flash-33b1ioX63br3o 6o6co66 B3XXq3b6o3o J6o66.r3.r-

$er6oor, .tlr&3| sPl-o5$3633otot qrb3.r63locn, 3.ro 3o6ot Jq.r$rtx ?tsxsqc"rq
rsgoloqo sPl-o6$3633olroor. 33cRr AVR 3o36cn3c'r5$6coq3r6t ts3xdqos 3o3c-

tfufu6o qcJ6('36r3x}J 3c"r3x5o3c6o26o o5$36g3otot t.rtsUsq3boo, (ISP g25j6os).

flash-3XbLo363bot 6rq.s$X6ot g.r6r6$o6Cb?Rn 6o3q3bot t6roq36c"rbr 3Xco6X

,.rcnbnl, AVR 3o36o3c"r6$6c"rq36xEtso ts3.rq661r .r6r5s.JRcA 10 uorsl.r oo3Rt, 100

ror.rlro 6o3qot $oJX6o 6ots6Xqoor.

UACRr MEGA og.rbolr 3o36ce3co5$6ccqX63bt .rftt or3oorJ6m36r3o63bo1s X6,r6o,

A.o. qrScoX3oqCbqrq 3363.rqot J6o36r33lot 33bto36XloL 8o3cn'r3Lo' 31i

3$t.r33o63bXqobJ tsaUcq3b.rL odq6.r 33oj35.:t SojSoqo Lols$38xbo' 6c"r3xqor.r

818.rc'rlot lqgc'r6ocn3o og3qXb.r Rr 6co33qo6 q$co3oqXbSqo'r tb3'rq'rLb3s Bo5l

Jot4c"rb3blr.r q.r g.163 3eo3q353bt3.

3e6.633orr AXbbXt6Xb.r

3c'r5.r633or.r 33bto363bJ RJUcrBoRor 3 5.r$oquq: 636ob$63qo 33b1io363b'r'

oJ36.r$o3qo S3bto3638, (-q3 c"rJ36.r$oxqo q.r8bljcoaxb3qo aer$Sc"rloqcobr c6

RAM) qs X5366c'rq.rSoX3oqClCRn 33bto36Xb (EEPROM)'

t66olgtfuqo 8Xblmad,S"

66ot$63q 33bLo36Xbrtso Bs6or2qo.r 3soq0o 3r36oror53b3Rn' brS6orc'r

qrS'A5XR6a.t 32 66oL$6o (ttq6 $ GPR), 3rX6oor63b1qn 3loq8o
tsxt.r3.rq/3$oL.r3rqo b$o3b3.r6cbR. 66ot$6o (Aad,). olio5o 3r5q.r33b1qo.r
rrRa-oL L$ot$.u6cnc,r Lo366xtso, 3136.13 16 $.r63r'r.rq3x5t aot 5.rSoqL.
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o6o

3sli

!e),
YDO.

f.r.
6X-
3or.l

r&3c

6Eo

lal"

nb.r,

rc6o

t3a-

dx"la

6"0
i.rt.
u8c-
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{

ts3Ls3.rq/3s3olr.r3.rqo 66ot$63EoL .r63tso g.r6qrg3E3qos Lb3qsLb3s 3c'r3L.rb3-

6X 66o1;$638o (3o36c"r3c"r5$6oglX6ot 3.r6or3oli 636oL$63bo, Sqgcn8r6Sc.rboL

66ot$63do qr tb3.), ,1rAAC J36ogX6o3qo Sm$gcoboqc'rd3bot 3r6or3ot 66oL-

$t638o, 6o3q3Eo6 ts3qot 3o36co3c'r5$6oq36oL 33q336oqols8o. g.rj$col6o3.rq
3o36co3c'r6$6oq363bot 3.r6or3c c3 536oL$63bot 3c6or3c3o Sqgo8ct6Xcolt.

8rr6q333ol.r f5a6a-e"Aq,pR$Aqo 83blnXt4Xb.r @EPROM)
Xt .r6ob b.r636dqo3o 33btoX63dr, 6o33qo6 .16 o3.16338.1 636ot g.rcrro83ot

AaaqAa. 6co6.r flash 33o6.:3t 8bc'rqc"rq 3cnq3blrs qr 3m5t$s5$3bL qr 3sLtso

tuS36r d6dr6XlSEot SXL6XqSbob q6c.rt ts3odq3}l (f b .r6ot Read Only
33bto363bs), c1i3o q6o1i EEPROM-8o 33Xdq3b3qos 5,oEot0o36o 6rccqX6cnlotr

fuSX6ots q.r $o3oorb3oli oJ36r6oXAot 33t6XqXEr, .r3o$r.r3, 6et6c',66 coJ36.r$qq
33b1ioXt63l.rt, 3rt 16 og6XE36. t.rj33 o3r3o.r, 6nO EEPROM-8o B.r$36oL Oo.JRo

a6dfqe$r d.rqo.r5 qoqb.rSL - 3oqoL6X5qXl3o. $r3oorb3r6 .r6ot d.rqo.r5 5CRn.

gcq.rS36ol 6o3q3lot 6unqS6cobr 100000 1$c"rqq3b.:, 6tG Roqo .16 .r6otr

<'dX6.r$ olqo 33bto363bot 3.rt3$.r3o1iwr3o1i.

EEPROM-3XbtoX63b.r g$rnog$$, 1rb3.rq.rtb3.r 3o6.1633o.r brSg6dqo3o 336rb3o-
lscn3oL, 6c"r3qXEo6 33odq3bc 33o63cqc.r1i 3o36co3c"r5$6oq363Rn toL$33o1i tsI5.j-
6rm5o63Eot J6er63t3o. gACRr AVR-t 

",jAl, 35363oqs3co23oqXlXqo EEPROM,
ma,j66Aqq g.rq.r3$36o 3c'r6s6X3or.r 33bto36XEot Eqc'r3o 64 lm$oqr6 4

Soqc"rbo$"3qC. SgbtoX63Eot Xt $oJo "S3qo3.rqo.r" 3o36c'r3co6$r6ccqX6ot
Jtim36s3o1s.ro3o1.r (3oLo €3t62qxbot q6ot) qs ScoLrbS6bXEXqo.r tb3.rqsLb3.r
cSgnbot J.r6.r33$63boL, So6.rtS.r6o q.rgX63lot, 3663boqo Rr 33.rqXqX6o
3r'r5r6g338ot, 3-5t$$$38oL, dceABoOoA6$X3oL, t36oXqo 5'-363bot, 3ct.rq3l3bot.r
Rr tb3.rq.rtb3.r q.r3b3.r63 8.rt.rqot 8X6rb3oltor3ot, 610 Lllo6or $.r3ocrrb3oli.rt
6xloL Ba6or3oL tsaSqaa.EEPROM 33odq3Ec q.ro$3o6orc"rt gc63q.r5 6cogc"r66 SPI
o5$X6g3otoar, rt33f Baafqd6o3o J6c"rg6s3.r$m6oL t.r8XrqSboor.
elJX6rgcryqo aXblloXdrX}.r (-q3 .16 RAM)

8o6.r c"rJX6r$o3qo t$.r$o326o 3Xbto36Xl.i Static RAM (SRAM) €3o6caL
e-6A6 ger63.r$t qr 5$c"rogX53br 3o5.r6333bot coJX6.r$oXqo ts35.rb3ob.ror3ot.

FnJ3ESo coJX6.r$oXqo 33bto36XEo1i 3o63qc"r8r oOARS,s 64 Eso$oq.r6 4
Soqc'rlco$r8qC. a3 Xg63qX}tso o5rb3b 53lo1i3o36o 3c"r5r6X3o, 8.rtorc5 tsaq$aa,
te66o3qq38.r Load qr Store l6d"r63lXboo, A.o. .16 ts3odqgE.r 33bLo36Xbot

ag6aq1, q.t3"r3.r$oor X6or3Xqo. ors3qsJo63Xq.rq t5q" 33t6XqqXt oJ36s6o.r
Load erq8-oq.r6 \6-3o, tsa8qCa 66ot$6tso q,r3$.r$c.ror 36orXXqo qr Store
erJ36.r6oocrr qr3.r}635c'rcn 3XbLo363br3o. RAM-tso Ss3oorb3otr Rr B.r$X6ot

6o3q3bot 6croq35c.rbc 83X%qXRrAor, 3rg6s8 363113o d.rb3ot g.rom83oli ts38orbp3s-

ao 8or3qo 3o5,1633o o3.l66b.l. togo36oo 3o36c'r3o5$6oq36olroo3o1r tsXL.rdq3}3-

Ror 64 3oqc.rlro$.r3qX ga63 t$c$o326o c"rq3-ot 3o36cn3bot c'r6gs6o%Xb.r.

27-2. AVR Aog6er3er56f-qaa"t JA6qtC6ml' .d'd"6Cj$ad,"
J3 qS6oXqri 8o$goloqco}SSo (JA) ,r6ot 3o36c.r3c"r6$6ccq36ot 3og.r

'c1r'rt6$o3A6(5n", 6cn3gqo6 8oL X6o3X6t.rqc"rlct gs6.rJo6c.rbf01r. .A ALU-II, RAM-
ol FLASH-ot qr 3r6or3ot Eqc"rSot 3c6333 3o36o3c"r5$6c"rqX6o .16 Bro6or3Xb,



J36og36oJ ?.JBC mJ13os.r, 6c'r3Xqo6 6"r6Lb3r3Xb?Rn Lo6orXqoL br6otbo1r.r.r, 
"1rffi4

6ogoorc.rbot 8ob3q3oor 3er36o6ot63b3qo.
LSco63q 36ot$.rq%3 $.r cDA o3 J36og3t4ools .r6L33c.rloL 3ob3q3oor bq3b.r

3o36cn3o6g6eoq36ot 33686.r q.r3"rqXbot ts3Lst63q$q"q.
AVR 3o36ccam6$6c"rq36ot J36og36or €3qg3}l $m336-36o6b33qo1r.rgr5, ArSl-

qX6-oSJXqliX6o SmqXq.r$c'r6oL.rg.r5, Ar6C Vgaa$"1, 3b.r6qs$36otrgr5, .s6.rqc'r-

a36o 3c"rBJ.r6.r$c"r6XEo1o6.16, 10-cn$6ogos6o 8-r6bo.r5o .r6g-tr6.r6, Jr6sq3R?6"
Jm6$3boL.:g$ (3-q$ 48-Aqg 33t.r3.rq/g.r3c"rtr3sqo bl%oor), UART, JTAG Rr
SPI o5$g6gXot3bot.sg$, (16rgo $.ro336ob qr B.r3c'rg6ot 33.r6doli.rg$, EX36o6X-

EAR" 6Xlob gojto638oLrr3ot. $CRr 3L 8o$goboqcnb.r A\IR 3o36m3c"r506.-

R361, gsqc.rj66L dqoX6 o5t$633360"g or.r6c33q6o33, 33c.r5c'r3o326o Rr
3rq":q3$c63c"r38q26o tb3q.rtb3r qrSoE6tq$"1, 3co5$6coqot.r Rr 3.r6cn3ol

3c"r$ger6oqo}38ol 3Xtsj353q.rq.
jpScoor 3rng3.r6oqo.r J36ogX6o3boL 6.13638o, 6cn33qo6 oroorj8ol-r $CRr AVR-8o

qr ors6.r33q6-A3 aerS$6c'rqX63b3oc.
331o3rq/g.r3ert.r3rgo J<"x6$3lo (I/O)

33Lr3.rq/g.rScolrcacqo Jer6$3bot gl63ts3 33pdqX83qos 3m6$6oq36ot
A6or,oX6or'j33q3b.r ar63 1-rc8g.r6otor.r6. ltsp.rqc"rq Jco6$3lo 1%62633qgmgt o3

"3X3r3sq 3s6or6oXlL", 6c"r8q3Eo6 tj38ot tb3r Xq3A36$Xat 3.r6ors3t.

3o36o3c'r5$6c"rq36ot orocrrjSot ffiARJ g$co36.:5L 332dqo.r oSX8rcotr

tsXtr3.rq/3$co1t3rqo Jo6$3lot 63go3tso.

AVR-oL tsXLs3.rq/gsScnLr3rqo Jc'r6$3boL q.rSo33oq3lCqn 33Lr3.sq/g,r3c"rL.r3.rqo

br%Xbot 6.roq35c.rb.r 3-q.r5 53-3q3.r. Jco6$ot ffiCRr br%o 83odqX8.r ogoL

q.r36cog6.r8$lq" ts3L3q.r%3 .16 gs0coL3q.r%3. dsqX6o 6.r3c'rt.r3.rqo q6.ro3363Eo

2t6363Xq6r,tst 203s qX6oo q.r$3o6or3o1i SXli.rdqXbqc"rb.rt Jc.r6$ot br%tX
(tsXqo53bot qlSn) 3"rjto3rqX6o 6ots5Xqoor 403.r, 616, Sr6sqoorrq, L.rts2.rq3b.rt
odq33.t 3o36c'r3c,r6$6c'rq36tX X8X.rqe.rq Br36orc"rt SXjqooqXbo qr boJcoqs62qo

$6.r6to1i$er63bo. qXSoL L.r36oro q.:$3o6or3c X6oro Jo6$oL ffiARr b.r%%3 80fu .16

lSqr .:q33.r$3lc'rqft (gafqc 35ots353qol.r 3co633Xqor 53 638ot d"rb3otrr3oL).
AVR-ot tsXtr3sq/5$c'rLr3.rqo Jc.r6$3bot s6jo$Xj$A6ARn gs6t.r3Xcn63l2qc'rb.r

o3":3o 3q6oOr63c"rbL, 6coB ffiCRr goto3X6o 6.r8oL.rt3q3qolirr3ot (Jo5ol-r.ror3ot)

s6tXbcnlt 3o5$6ccq/3r6or3ot 3 bo$o. $ot gr8c.r, rq.r6 r6ot r26oq3b3qo
EXblioS6Xb.rSo .r6L3b3qo Jo6$ot Bogors3toli rtqot r6t3}c'rbr, 6oor.16 o%6q3b.r

3o36c.r3r'r6$6oq36ot SXtcc"rlot LoBj$3 A.16C bSqLr$goXbo.r6, 6c5L.r,33or63}oo

A.r6C lR3,j66fq" q.rb6Serq3bglot 333cnb36.rtso.

Sur6" GNTERRUPTS)
$gaa$nl, Lot$38.r - 3o36rn3o5$6c"rq36X3ot X6a-26on 235o3353qc"r3$Xto SsSo-

RoJ.' gACRr AVR 3o36c'r3r'r5$6mqX6o ts3o6.r3t 36r3.rqqc'r5o.r6o Vgaa$nl,
lmt$38sL. $gaa6" $363bt J6c'r36c3oL 6o63rqX6 8L3q3qcc}.rt J6occ6o$363qn
qo3.rq3b33ofu ts3lr6Xq3bot.ror3oli, 6o8gqo6 g$oliatq3638c 3og.r Rr Ar6C
3o3qX6X6oor.
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gACRr rLSoro 3o3qX6ot.ror3ot 333r3q38r OJRJCIRo J6c"rg6.r3.r, 6.AXqb6
$gaa$nl, 36oorb3oli .ro.r8Xtsr33loli j6J6o36.rtrL X$oq3bX6 (333m3r'3lUR"R

Sgaa$nl, ft3J6m66$r) q.r mrr.:3t3135 J6o36r336oL 33bto36g3.r3o.

Vgaa$nl, g.r8m3S36o 3c.r3q363EoL S.163oBololi.lt 3o36co3o5$6c'rqX6o o6.rb.r31r

Mdr6Xbot 36o6b33qo1r tsogors3LL, Vgaf61, 63696.rq26o J6c"r63Lc.r6ot ',33Lrt62-

qal3q 3o3qo6.r63 J6erg6r3.r1, q, grqrqot Vgaa$nl, J6c"rg6.r3ot 3Xtt43q3b.r%3.

Vgaf6"1, j3XJ6m36r3ot €31i6Xq3boL tsa3qaa bo66oXqq3ba 36o6b3XqoL 3o26

SoS"rli$$3X5.rb3qo b6dr6gbot rqq6X6a qr J6c"r6Xto6o pb6X6qXE.s ts3Sffi3$oqo
J6c.r36.r3ot ts3t6Xq3b lr.

omcDcaC1qo 3c"r3qX6oL.ror3ot tsXodq3br qrS3tqgt J6oc"r6o$3$o. J6orn6o$3$oL
r6to o3.r3o 3qger3r63cnbt, 6e,3 SXL.rL6XqCbCqn Vg5ftbnt J6og6c3c tsXodq36c
Af$geal, tb3.r 3c.r3qg636ocn oO ts38orb3X3rtso, ol3 3s1i "jal, Ats6cn Srq.rqo
Jt6cx"r6o$3$o, Aoq6C 3o3qo6c631i. So6.r.rq3q6 333ob3X3.r3o, 6X6$6sqXt6o
Jt*r63Lco6o 3.rqrqot .rb.rqo 3er3q3538oL q$xtso338rt3, So5.r qasx8caxlot 8a8qra.

6xfrg6l?li,o6b36qxb" OIMER/COUNTERS)
$m336/36o6bpq38ot s3o6.r5r "So3$o3ot" sor3q,.r.r. S.sgoqooroq, ola

qs3.r3rqXEo RroAJRc'rt J6o63to6o1i 100 O",jOn, o$gXbt o3q.rli qr 6c^gcl66 do
qnar3qoL lmg5.rqL odqX3.r. 3olso tstsl.rq3boor 33odq33.l 6r6ot.r%q36cot
Qilntxqo to6Srq38ot bs6g6dqo3c.rlc q.r ts38c"rtxqo oSJxqtSboL 6.rcoqx6ob.r.

AVR 3o36m3o5g6coq36Xbot 33qgX6os?ob.rBo ts3qot 1-qr6 4-Oqa

6rr:fr$la6o6bpqo 8 ,s6 16-lo$oc5'o orcS6ogoor, '6o3qxbo6 Sx8melt 6o3c'r66

$'rr33t6.rq $sj$36o 1mb3o6ot Bo6c $g.r6.q$', r]rCAC E.l6A J6'63t3bot
.lqa6o0bmqJq.

g.so8x6/36o6b33qo 33odq3bs 6r3o3ogg5coor q6cnoL o6$g63.rq3lot tpt$o
Bo(dlao6clotror3ot, 3o36c'r3cn6$6c"rqX6ot g$c"rt.rl3qCR%C oSJSqtSboL
q,.i$o,3q3Rrq, oSJ3qtxbot or$.r3o3q336olooo gco6So6xlot.rcrr3ot, l6boL
roaqca/gsq.r8g33oL 3o3q336olooro 3.r33o6ot .16bot $rj$o63lot.rcn3ot. gr6xq26-
otlaRlr'c6o Soqxq.r6oot (ad '5 PwM) 63go33o $m3x6/36o6b33qo .r6oL

6^r5NX6-oOJXqtX6o 3oq3q.r$c.r6o RJ g.13r'rog3638.r tog6rqot 335X6o636ot.ror3otr
qrJ6c',66s3xb3qo lrobBo6oor Rr to8xBb6ocn. $co336-36o6bpqL ts3xdqos
.fst63omt 8ocnbm35c VUaa6"%C, J6m63Ler6ot 6rq.r6or3oo 8.rcn 3o3L.rbX63b.r%3,
lngR353bo1r Sobxq3oo q.r .ror.r3ot??lRcblr rx6oq3bqolot.r3r6, t4c"ro Jx6ornqpq"rq
atea1, 333oorb3.r $m3g6o1i 3qg'3c63c"rlrt3. 3o6,roq.r5 3o36o3co6$6oqx6o

1snmfl63ba 6xoqx6o q6c"roL tot$333b3o, $.ro336-36o6bpqo $c63r"rqgx6L 3.ro

7Fm-t6a X35o3353qer3.r53t 3qX335gt.
6pv6o 6*,aCd'" (WDT)

gXtsrao $.roEX6o (WatchDog Timer) g$emg63l.r J6mg6$ot SXgXt6b3troLrlr
j{pt$6cog1Ro 3Xq6ot or.r3oq.r6 rt.r6oq3}RrR. ",jal, 1sr3go.r6o RC-
jfo6.r$co6o, 6co8gqo6 313colt 136.rJ366 tmbtso63tx. RC1x6x6.r$o6oto3oL
B5.r]366ot .6o35'Xqo 3o.rbq'3booo.r Rr, Jo6pq 6o63o, q$cn3oqXb1qoJ

ft!futtugX6.rtr qs 638ot d"rl3ot lnqoqX%X. gXts.rgo gao336ot 3$ogX5X8ot oqX.r

tqaS}.t 8ot 66XRo6UR B.r3rng6.r3o J6c.rg6.r3ot 3r6or3oL s5 gs63 %3SerjSXq36o1i

-s] -
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,fu13, 1-rr6s3 .16 q.r3or.r36q3E.r SoLo q6c.roL ts3gco363b.r qs 16 8c"rbq3b.r J6cn63tcn6ol:
Bc3cog6.r. ol1 J6cog6.r3.r 6c.r63.rqX6sq 31'3.rmbt, 3.rBo6 g2ts.rgo $m336ot 66d.r636.r

B.r3c.rg6.r%3 t63qq3b.r 6CAARr63qrq, 6ocn.r13 o6131r J6co63tc"r6t BrSc'rg6ot.rg.r5.

or3 3o36cnJ6o63Lc.r6o ts38orbp3oor g.r8c'r3oqr J6o66s3ot g.r6gq3loq.r6 (8r3rqo-
orre: dqoX6o qc3.rbo6g3bot €CRAA"R 333Eot S63q3o) ,16' B,ro6o3qr J6o36.r3o1:
6c"r33qoq.t6 3o5.r333ort3, 3Xts.rgo $m336ot l6dc53}.r B.r8cog6.r%X .16 ts3L6Xqgg}.:

Ec6,ilCURo q6cnoL g.r63s3qco3.r3o, 3c"rbq3b.r J6cn631m6ot 3orqo.r6o ts.r3c.rg6.r RJ
gAARr 636oL$6ot o6o6o.rqotr13o.r, 6.rL.r6 tot$3fu ScnJgr3t 333"1 3qgcn3.:63ol.rBo.

c6rqc'rgS6o 3er3J.r6.r$cr6o (AC)
.r6rqog36o 3r.r3Js6r$co6o ,l6ot 3oRCB 36oro .r5.rqc"rg16o o6$36g3o1io, 3.166,13

.93-t3.r6 6$tb3caXloo of .16 to8cat, c6r33q .rqr63bt n6 c5rqc"r6Xt6 Lo66.rqlr
qr odq6c ts3q6t A>B .r5 A<B m6c'rbocno lrboor.

s5sqr"r626o 3co3Jr6.r$c"r6o (Analog Comparator) .rbq36L dsE3Xloli tsXql63ba1i

3o36co3c'r5$6oqg6ot $6 g.r3c"rt.rt3qaq%a (Jo6b3). 33q.r6X3ot tsCqCEn 8ooq3ll
qogo3X6o 36ots36Xqeiloor, 6co8Xqo6 33odq3bl $r3oorbXq oj6Xt J6c'rg6.:3oq.r6.

.r6.rqcngX6o 3c'r8Jr6c$c'r6ot gr8c"rt.rL3q3qo €3odq3Es E;o6orc'r1r Vgaa6rta
$cqo636o 3c'r3Jc6c$c'r6oqr5. 3o3b3.t63}3qt ts33dqor q.ug36oL Vga36nl,
s8X8r33ls LogS.rqoL 3%r6qo $ 3q38sqo g6o6$o1i q6cnt .r5 Soto 6sqrt4cn3oar.
.r5sqer3Xt4/6"ts61R" a"ae"AjtrSqo (A/D converter)

rOA-1, $rqo3X6o tsXbt3RCRo UACRr 3o36c"r3c'r5$6rnqg6t 16 rj3lr, otr

-r26oq3l3qor o3 333orb333rBo, 6c'rqxLq; t.rlo6c't.r u6.rqo3x6o lrogSsqot Soqx8.r

qr 6ctcn33r. .163 6c3erog63b o3o1smr3o1i, 6r-13 3oqg83q oj6Xt 8ot 8xb.rb3q3q%x
8o$c'rqglxqo d.r}3ot 6og63qo 3c'r5r6x3xlo. 3t tscqlEn oS.rbxbr r6a-lr Bo6.1633or.r

66ot$6tso. 3o36o3c"r6$6coqx6ot 6'33qo g.rSol,.'lraRcRn (J'63bo) oj63bc rGa-
lo3oL tsSLrt3qxqo gc6o1ictq363br E3t.r}.r8ot 636ot$6tso 33$c6oqo 6o6b3oor.

a6oac6t lR3t4o oc5"r&trq&3dxdoo,o aoa$y3.rq"aoaa" OART an USART)
UARTruSART 3o3qxE/g.rq$6x3o 3o3q336c"rEooro Jm6$o.r qr Bx8.rcolt

.lto5jt6o6Xqo J6c"r$o3c"rqool. 3t.l.l 3"16$o3o ql t.lo83qco J6r"r$o3r'rqo, 6c.r3Xqo6

3r8oog3Sglr 3ceOJoX$363Itr q.r 3o36c.r3m5$6coq363bcnr5 3.r3Bo6ot.ror3o1s.

36o66trqx6o rto6j6'5xqo 16 36o336trq26o to6j6oGxq-rto6j6c'r6xqo
3o3q38/g.:qc3633o (Jniversal Synchronous/Asynchronous Receiver and Transmitter -
UART r5 USART) 3obx6b362qo qr 3.16$o3o 3o3q336cntrocno o6$36g3otoc,
6cn3Xqo6 .rbqX6t 3o36o3cn5$6coq36ob 6s63 Lu3g.r6c"rtorr6 X6oro36orcnloL co6gr6o-
t3brt. ts3xdqo.r o8xtsu'rt qxJq3jliot 6xgo33o (Eeo5qp83lot S6orq6ccxqo BoqSb.r

qr g"rqr633c) qr RS-232 Lg$q.r6gXq J6r"rgo3oR%C, 6"0 Xtt6X53gqgotsL
3a3tso6t Jg6toSrqX6 3er8Jox$36or.r5. 3o36co3rn5$6erq36oL qr 3r"r8Jox$36ot
q;tr3.r3Bo63bqq c26oqxtr3qo.: Lo6Srqxlot qoS33bot 8xorr3L3br. .r3olicor3ot

6.r3erog35X8.r tJX6o.rR?6n 3o36cotjX33Eo. 3.r3"rqocnre, MAX232.
AtrR3Sdmaooo JSt6ogXt6oXqo o5$X6g3oln SPI

SPI 3oq6. 36oo 3o3qX36c'rlooo J6o$co3oqor, 6co33qo6 IIC Sugr3L, 3rg610
16 Apdqiij j1i3qX6o o6g.r6ot36.r. 32ts.rcobt Sbc.rqoq $.r3g.s5-.r3goqot
(Master-Slave) 6Xgo3tso q"r drqorS t$t6sgoc.
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6otr

iAA"

BJ6.

Ro-
$olr

RSJ

RJ
l3o.

56.r0
sqt

3o3q66c'r8oom JX6ogX6o2qo 3-g$$.r6os6o SPI o6$36g3otot (Serial Peripheral

'nterface) q.r6o36Xq3b.r.' o6 3c"r$gc"rboqcob.rli 3o6ot 3cn6.r6333Eot 6.'63qo1r
o63.r5ot3b.r. 3o1io qob8r63Socn 33odq38r dc"rbq3t 3o6.r6333boL arOARr
3o36c"r3co5$6coq36LJ qr Lb3.rqrtb3.r ScoSgc'rloqcobsL tsm6ot. rLXoro

.-o$gc.rloqc.rE36or: 6og61;qo Jc'r$366oc"r33$6o, Odr6a, flash-8q8 qr Lba. ;3
o5$36gotoLr q.rb3r6X6oor 8r'rtrbSt4bdCq"t 3c'r6qpSXboL 6.r63qr 6.r3q35o33 AVR
oo36co3cn6$t6oq36t 3cn6oL. .r8rt Ar6qr, SPI o5$36g3otoL AJARool 33odq3E.r

3.r5bo66 o ARRCT 3o36o 3c.r6$ 6c.rq363lot g.r36co g6o33b.r.

cr6arA$r6oJSo aoAR336crarlcrro o56AfuCoto TWI
I2C(TWI) o6$X6gXotro r6ot 3o8q336eilooro lrrqtbA IIC. Soto ar3qoo)

bc'r66oXqqXbs 3.13€o6o tti3.r 3c"rSgc"rloqcob3bor.r6. g6oto Ser$gcnboqmEot ga6eq3b3o
3o36c'r3er5$6ccq363boo IIC-tX 33odq38r cnr3olr3826o RmdrRA6o jtXqot
c'66a6otXb.l.

o6g.13$16o.15o So8qX36olooo o5$X6gXoto T\YI (Two-wire Serial Interface)
to?ScqXlrt 6cdqX31i 36ory6c"rXq.rq g.r3.rX6oror6mo 128-3q3 lib3.rqcLb3c
ilrr$gm8oqrnE.r c"r63o3r6cnXq3boc5o trq$ot qsb3r63boo, 6c.r3Xqo6 tsgqgX}.r

lp.j$A6n tn6Ssqot brtob (SCL) q.r 3rn5r6X33bot brtols.rgr6 (SDA).
oS$Afucoto JTAG

JTAGlDebugWire 6.r$gcnbot t.r33rq33u, 6co33qo6 6Xbrt odq6.r Br3obSqc"ror

3o3t6c'r3c.r5$6c.rq36ot "$3o63o" tJ36orq36o .rq$$X6ot 1ic33oq3}oor. o5$X6-

31ol,o JTAG q$X8.r3q,r tJX6o.rqoL$3lot XAA?o1, 3o26, 6c.r33qo6 o,J,'rRffiqr

Cqf.j66.6f,Rn 3er33er636gXbot g3tgo638ot J6cnbq333bt (Joint Test Action
Gtotp) RJ q.r66oL$6o6qc, 6cngc"r66 tc$l63rn.r t$.r6ql6$o. ocnbg.lS$.r6o.r5o

"563t4goto JTAG g$c'rogX53l.r SrlXlqo Jqr$3loL $3t$o63}oLsor3ot,
3o6.rtfuAX6o g.r$gc"rEolr.: qs 3o36c"r3o6$6oqX63boL q$6c'r66.r333otro3otr.

Mega c"rg.rbot bfa6 3o36r'r3c'r6$6oq36t 3o6Xo363b IEEE Std I149.I-a$
r6tXb.rqo o6$36g3oto JTAG .r5 debugWIRE B.rts35XlXqo grSgcololicor3ot. .r3.rlr

3l6qr, UACRr Mega 3o36o3o6g6erq3t6o 163}.rogo qc 33go FLASH 33bto3636ob
lryXqc.rloor 8Xodq3}"r q$t6og6.r8q3L JTAG o6$36g3oto1i gr3qocn.

CtbA6o gX5X6.rge6o

Cpj6a6n 6636.r$m6o 6.r3c"ro8Xts.rgb1i o8JXqt38t 3o36o3c"r5$6oq36ot ffiCRr
8!5dot to6j6co53qo 83B.robotrcn3ot. AVR'ot 3og.r $rj$X6o 6536r$c"r6o
Qpdq3a.r 6.ro33.rt tcg6q36o Lob8o6ot 6.r3qX5o33 Sg.r6oq.r6: 3.r6X 33536r$cn6o,
tfl"J 6.r66Xqo 6Xto5c$cn6o, Bogl $ Ao6A RCSo$3o. 0o6oErqX6o qcL.rts3Xlo
Lltad6C s6 o%ggq3l.r (logX6 6ggo3.r3qX6). 3.rjto3.rq16o t.rSX8srn 1mbtso63

15olstq36X6.r 3o36rn3co5$6oq36ot 3ec6363$Xqo $oJoL 8ob3q3ocn qJ
arooXbsqoc 3ot 3.rb.rto.nX8qabtsn. J6rj$o3Xqq ffiCRr AVR-
Lgtcrar3c'r6$6oq36ot 3o6X32qo t.r82tslc'r tob3o63, 3.lg.rqocn.lq, 1036.r33t66o
nbob gX3JX6.rgX6st3, 33odq3}.r m$ooL 12 336aJg66.:3g3 qr 339o6.
(*qh e6dl' lnlgxAc GTC)

RTC 63Jqo%Xf?Ror g{}CRJ Mega 3o36o3o5g6oqX63o. RTC-ot
6frJ6ll6o6b3Xqt ",jaL OTR3C So6rgsSgcngo, 6el33qo6 J6cog6$3qo
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lots2rqXEocn 33odq3E.r 3oX36orq3t do6oor.rqo $.rj$36o tob€o6ot .r6b1i 16

L.rg6qX5o tob8o6oL q.r3r$X6oor r1io5j6o63q Sg6c.rt (6.:66Xryo 63%o5.:$c.r6o c5

a.r6C to6j6otog6rqo). .r3 3ot5ot.ror3oL q63t36pbXqo.r 3o36coLj33ol cn6o

5$c"rt.rL3q3qo. Bogs ot6oq.r$cn6o arot3qoqoJ 32,768 3oqarJX66o 6s63
"Luormb6o3" 33.r66Xq 6Xte6l$c"r6orr6 tc8X?coq.
PWM (a"a-af5a6rge6o)

3t 16 .r6oL OTR,JC bqrnSo, ogo .rli6XqXlL $.ro336ot q.r3c$3}oor tslis6g3bqo
gX6j6o.rt. a"3-aA636.r$co6ot qcbS.r6X8oor rRAoRor .:5.rqco3X6o liogS,rqot
go63o6X}.l, 6c"r3qoL SXS3Xoloor 8X1s.ldq3blRoJ, 3.lglqoor.rq, BX63.lqcoor

SSjqocoqXbot g$mtbopbot to3.rts3.rts3 .r5 d6s3rt b6X53oL LoBj63. 6o3-ot
"r6b38ot 6o6b3o Lb3q.rLb3"r.r 3o5$6roqX63o tb3.rq.rtb3c.r.

J36og36or3o qr8.r$Xloor Br€35333qo": USB, Ethernet o5$3633oto, 6g"rq26o
qt6c"roL turoro, LCD qoLJqpbob 3co6$6rnqg63bo qc tb3.
Io6or3ot Tttotoliw>, axqA}" J16r€A6orlrorS

bo6or3o trS6oxnr c.rg.rbot ffiCRJ 3o36o3ce5$6coq36otror3oL, JX6og36or 3o
tb3rq.rtb3r. 3.ror €o6ott 36onX6orn8.r 3Xb1ioX6Xbo1i t.rS1sqXEoor bq3l.r, C.o.
JX6ogX6o.rt ,,ja1, or.r3oto 3Xbto3633ot aX6aeCAn J36og36o3bot 636otg63lo.
gr,ACR J36ogg6o2q 3c"r$gc'rEoqobrt 6.r3q36o33 66ot$6o 

"Jalr. 
rA 6X6ot$t63btso

o8gogSb.r 3co6go3g6.r6oob bo$3bo. oSot 3ob3q3ocn, or? 6ril'l,6 .r6ot 31i bo$38o

qrg63bXqo, o3.r33 6ggo3tso 323.rrnlt J36og36oXqo 3er$gc"rloqc'rbr. .r3r33

66ot$63E3o tr$o6c.r.r B.ro$36ot oL1 3c.r6.r6X33}oi 6o8qX6o6 3o36c.r3co5$6mq363.r

A5R" 6rt63L, 3.r6aqoor.rq, or.r6.r3o3q3a6lq Jco6$%3 .r5 rScoo3oorbc"rt 8c"r6.r6X33Eo,

6c'r8q3bo6 q.u3X3.r3.r .163-3.r. J36og36o3bo.r6 LrSXE.rcoq .r6ot tJX6}6d.r53bglo IN
qr OUT J36q36o38oq.r6 S.rLr3oorb,rq 1llq6 66o1r$6tso qr 8.r$36.1 1ryt6-q.r6

ts3t$$oL J36og36o.r3o.

oSot g$o, 6etl bo6or3o X6oro ql oao3Cr, bc'rqo J36q36o.r tb3rqcLb3r, Lbg.r

8<"rq3qot 3o36co3ro6$6coqX6%X 3c'rqot 6.rq.r$.r5oL.rL tr$o6co.r 3bc'rqc'rq tsXt$c'r6-

qCl, 3t 3o8c6or33bo, 3o6.roq.r5 JX6q36oXqo 66ot$63bot q.rt.sb3q3b"r Scoq3qo-

q.r6 8c"rq3Rr8qC ts3odq38.r 6.r6tb3r3q3lc'rq3L. 3rg.rqoor.rR, o[ 3cn5$6coq363o .s6ot

36oo UART So8qgb/3qs36g3o, 3rtso6 3m6r633or.r Soq3boL 66oL$6t X$c"rq3b.r
UDR, bcoqc"r or1 rn6os, 3":3o6 aa.rjaL UDR0 qr UDRl. 3.rg6$ y$8o
UACRrtsA6o g$$o6ArRC qr qc'rgo3X6o.r Rr, 6o3o66 Vtlrn, 3oqo1r Jo6$o63b.r

26a,o 3o36o3co6$6cnq36oq.r5 3Xer63t3, orX6q.r6 qr$36oqo ogc"rt .rLX38q36t3,

qoq to6oflRCt .16 $63orqAC51r, g.r6t"r32o63boo 3r€o5, -[ tSco6.:q.r.:.

AVR-3o36cogc'r6$6rnq36Xbo 2t626pqgmtslr "3do5.r63" Rr 3o36coOccb3r63bo1t

6X6oOXEot 3b.r6q.r$36.rL. "3do5s63" 63go3tso BXr6q3b.r 63596.rq26o
J6o631im6Xqo bo6o3o, 3rg6c8 t66ot$63bo, $m336/36o6b3Xq3lo, gXts.r6o

$ro8X6o qr Vgaf6"1, lmt$X3r ca6d3q3Et g25j6oc"r6o63br1r. 3o36o3r'rb3.r638oL

6ggo33o o6sbXbr ffiCRr 66o1ig6ot ts38sqgX53qo 8ogcrr.r3to, ts36qXb.r gcj$26o
p5X6r$ro6c; o36drq3b 3o36c"r3cc5$6coq36o1i ffiARr gX6j6o.r, Ls5r3 ar63
Sgaf$nl, ":5 .rJ.r6.r$3qo B.r3og6oL tog6rqo 16 3cn3.r. Sc"rqXqXbot 3ob3q3ocn AVR-
3o3t4o3cn5$6coq3638o 323roE\ 2.7-6g .rG 4-63 d$3ot qo$rto63o.lf
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5

5

o

,a

2 -2. ATl'Ie ga 4 8/ATNI e g a8 SiATMe g a 1 6 8 3o36c'r3t'r5$6c'rq363f o

6ogco66 ffiARr AVR 3o36c.r3eo6$6oqX6o. Mega cog.rbot S.r6ScnBcqaC6CRo

3o36rn3c'r5$6coqX63bo 8-<n.156o3o.16o.r Rr 3o3u6or2qor BrtsXSXI2qo 6a3cog353Io-

L.ror3olr. 3.ror .rj3or oqr,j06rq.rq $stsqcqo J6o56r333oL 33bLo363ar (FLASH) qc

3o5.r63338ot 33b1-roX6;.]"r (EEPROM), .rg63o13; tb3qctb3r J36og36oXt:o 8c"r$gc"r-

loqcob3bo. 3%.rqq3b.r 36o63 rqrJ66-3c"rb3r63lo1i qoorc"r6o-g.r5332qo-5.sb663$-

$.16o 3c"r3JqX3g6$$Xqo t$6Xj$X6oL $6j6mqc"raooo, 6o33qo6 3oX33rob3L3-
baq RISC 6jogfig36.rtot5 -S6aog6acnbolut t.r8p.rq3brt odq33.r 8nq$afq
oj63t t.rX33cnXk'r tsXg.r6qXbr - t$6sgj33q3br/36X6gce3ob3r6Xl.r.

Mega cog.rbot 3o36o3c'r5$6oq3638o AVR-oL 83qp5oqc'r8,rBo ffiCRr%C
l61qg-tsoqrq oor.rc33Ec. j33Soo 3erg3r5'oqoc AVR 3o36c"r3o5$6oq36ot

ATmega8S 8c'rqSqot Jr6.r33$636ot 6b6oqo.
6bt6oqo 4

Device ATmegaSS

Ftg,sl,
ROII,1

EEPROM RAM Max
ao

F.max Vcc WnA@
I timer ll timer

,** llurll sPr llr^, TWI AD InL En
InL

Package

E 0,5 t024 z) 20 1.8-
).f trntrNHtr Yes 8 26 zo MLF 32

PDIP 28
TQFP 32

6b6oqot g.$As6fuA.t
o Flash ROM -J6og6.r33}o1r SSS6Amqrac,ldoqXlgqo 33bto36Xbo1s 3,-r6Xqob.r

(3iboo$3b8o);

o EEPROM- 3r'6r6X3or.r 36X6geeq.r3o33oc.gb3qo'33bLog63[ot 8og-1qo].r
(l.rog3btso);

RAM - 3o5r6g3ot tgr$o326o 33bto363bot 3cn63qc.rb.r (lso$3btso);

Max I/O -33tr3.rq/gc3c'rlrr3rRo 8ot"r$3qr'3o b.rt3lot S.rjlio8rqX6o
6sc.rq36rnd"l;

F. max -3.rjLo3.rq26o tob3o63i

Vcc - 63bot t.r3X€.xr d.rl3XEoli qo.rJ.rtoSo fuc'rq$3b8o);
Timer(s) 8/16 bit - $.ro336/36o6b3Xq36ot 6cc.rq35r.rlc q.r orcS6ogo;

PWM - ga5XqX6-oBJXqtS6o 3c"rq2q.s6oot q$oX3oq3lCqn .r6b3lols

6xnq35co}.r;

RTC -6X.rq36o q6oot totgg8r;
SPI -to6j6o61qo L.r8grS$$o$o 3o3q336c"rlooro o5$36ggoLo;

UART -rto5j6o52R., 3o3q66colooro 3o3q3b/3.tq$6X3o;

TWI -cnt6gr3$.r6o.r5o 3o3q66c"rbooo o5$36gXoLo;

AD - $rqco3Xt6-Oots61qo g$q"r8j35Xqot 6b3boL 6.roq35cob.r;

Int. - VgaaOSn (intemrpts);

Ext..Int. -Ar6C VgaCOCAn;

Package - 3co6J2t3Aot $oJXlo, 6c'r3Xq8o6 oS53bX3.r 3o36o3o6$6coRC6o

q.l SoLo 4.Sc.r36$Xbo1r tlX6ox'r 6.roq36c'rb.r.

n

1,

m

)t

o.

o.

h
k,

3l
Ar

o,

N
r5

3r
n-

o-

rli
}J

3o

ilt
iC'

ot
,rn

ao
oL

$
6X

R-

{

o

a

o

o

O

o

-55-



2.2 6sbs%b3 3c,r6333Ror TMega88ot 3o63x1iot $o3o PDIP (Plastic Dual' In-

Line package). Tififrtt3 3o6333qoc ATMegaSSot 3.:3r'r1*L3qXq3bo1

3.r6q.r33br q.r qc5ots51qCdr.

{PCINTI4rE-ESET1 Pca
(PUNTISRXD] P08

tPClt{TI*TXD] PD1

(PClNT18/tNr0l PD2

tPC I tfi 1 SAC2Brl l'IT1j POI

{PClNrz0xcl(iTDl PD4

vcc
- llft

{PCl l'lTfixrALl jTOSCI ) PB6

(Pel NTTDCI-AI2rTOS C?) FE7

(PClNT21 lllecBfrll PDs

FdNrzztOC[AJAI'loi PD6

{PCINTz?|/A|N1l PO7

{PCINT0ICLKCIICF) FB0

PCi {ADCET'SCL,rPiJ lll T1 3 i

PC4 {AnC4lSDA,rPCl llT12 i

PC3 {ADf,3PCll'lT11i
PC2 {AOrlLtPClltlTl0'i
PC1 iAB(]ltPClNTSI
PCfl iADll[!PClNTE]
6t'lD
AREF

PB5 (SCK,|FCINTS)

PB4 thlls0?Pflr'll4]
PB3 {hlO$ IIOCZA"IPC lNT3t

FEz -ssroclB,FcrNl2)
PBt (oClAr'Pclt'lTl)

28

27

IE

23

zz

20

1S

18

17

16

15

1

t
3

c
6

7

I
g

't0

11

12

13

14

Ir

5,>b. 22 b'>6' zr

da8a"--,wn 
gX6j6oc"r5o63bt 1.8-q$ 6'0a aaSot d'rl3o1r gs63q383o' rj$o36 63go3tso

3ob3r63EXqo qCSo [$.3nqXb3qo.r 63]ot drb3ot toqoq3t'r qr o3 tobCIo6Xb3'

6rt36 
-futs"(')bl, 

3o36c,r3co5$6c'rq3t6o qs 33.rq65t: 10.r-t 500 3oqco33t4Oolsrcn3ot,

s...oa"-r, 5 a6$X66.'ir.r-3nt q.r 8...9ib-L 12 36.:3366o tobtso6oL.rcn3ot.

AVR tsXndq3ic Jt4og6$Xqo gtoo g.rq.r3og3$oor lr$oq.r5 X6o,-X6o, qu6.rq

35X6ger8c'rb3.r6XloL 6Xgo3t3. .

Ad* t3qolr A-ba"dtCa"lt 6&JoAo GDLE) S3$gqXls Sbmqc'rq Jt6o6Xtco6oL

fuC.r",b.l qr gojto6qXb.l 3c'r6.r633orr 3XbLo363bo1i Bogor.r31ro, boqc'

t.,f36.Ug6rq3boL- 3o6.1 33636r$rn6o, $m3363bo, tsa$gaf$ot tob$Xtu qr 33tsl3o

g.r.,336n sg6d3q3At gSj6..So638rt. 3cob3'r63biqo qC6o 16 sq33s$31'r 2'53'r-t

qc 12 36c3366 Lob3o63t.

a"6ad,sa"t 6xgoao GOWER DOWN) - o6rbxEs t.r66ot$6r6oc'r S.roqoL 3o3-

."jt", Ssg6.rA BXr6qXls Lo6j6rotogS.rq36ot 3o6,s 6636.s$cn6o qr, .rj3qs5 6r8cnSqo-

5"i3, B3Jq3b.5 iaaqt g26j6o.r, li$r8 16 3c'r3s Ar6C Vgaa$nl' '16 'rJ'r6r$Xqo
ts"rS.g6.,L kg6"q". o,l B.r6or2qo.r 628.rgo $so336o, 3c,b3$3bXqo RCS. .r3 6X-

gnA& aS"qgjeL qubqc"r3}oor 80 3o36c"r$J36t, bcoqc'r g.raco6orXq%X - 1 3o36c'r-

Ja.lXatS 5a3q3bt ig3q"-a.n.C3?Ro 3co6'r633o tSo6or 53 633ot d'rE3ot':cn3o1i)'

cderS(r,aoxr4o aau"a" GOWER SAVE) - 3?tsJe)bt Sbcnqc'rq $.ro336oL

6ffi.1$c'r6o,6.16-2%6353cR3-%1,q6ooLbstot335lb3lL.fficRJq.l5s6836o
g35j6o.r g.loroB3qo.l.

8"4erS,4" ds1bolt d$3ot qs$Xjot SXSorbg3s8o (BOD)

tgar n-ou (Brown-out Detection) or3rqg26lr "euESL 63boL $3.:6cot d.rb3rL.

o'1 
-16a" 

Br6oXqo.r, 313o6 Er6$aUR 5ots53q$qa ;a$nl' d'rtr3ot q'r$6ot'r1s rB

rr3lart 
-ao36.3-666erq3t6o 

are"fu"a1, Brac.rg6oli sq6cotu63olrao. 6oq31i'r13 633o1i

ali3" .,tij. 6"r.taqcbs 
- 

Lr$o6c.r 6ots6xq;3q3, B.n6orgl.r BaSr"rg6oL q'rgo363lot

6rJagAn. 
tqin,nt 

3tt 3q"ti tsa'qAa tsr3rng6ot tsoA" 1m55'rqo u,geab' qr bqSb'r

3o36c'r3c'r5$6oqX6ot 6.rts33b.r.
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Dual. In-

iSqSbot

63go33o

3o63tX,
r1r.ror3olr,

q.lb.:q

6tc.r6ot
bc"rqc.r

333rgo
2,53s-1i

rL 8o6-
€c'rOqo-

aOaRn
rA 6X-
3o36o-

"1r).
n336ot
i.r6BX6o

d$3.r1i.

tJtr c3

638ot
r363doli

bqSla

{

2.2.1. Mega ogrboL Jr{6rACOdrCAo

ATMega4S/ATMega88/ATMegal68 -36o6; g636gooL 3cc3b3.r63b3q" 8-bogo.r6o
qoorc'r6o-gc66Xqo-5.rb33"u4gr3$st4o 3otiJqg336$.r6Xqo t96xjg36oL
3o36o3c"r6$6erq363Eo, AVR RISC c6jo$gj$a6oa qr 4l8ll63oryr'rl.ro$oc6o
Sogrtot$3326o qcJcic.rg6.rSXESqo flash 3Xbt,.rx638oor. 16- 6o3q?o )6dr63b38ot
33t63qxlot.rL ATMega4S/ATMega88/ATMegal68 rqVmt IMIPS
S$.r6amxbqx6cobrL. o,a .r33%6xbo 3g636.ri9m6ot Lob3o63.r 1d3g"J366o, gt
lrot$33oL qa3310a333q3aL L.r83cq3E.rL .:dq6L Sc"r.rbqo6c'r6 OS.r68oSbqx6obot q.r

35363oot 3ob3.rt6X3o1r coJ$o3o%r6o.r.

AVR bo6o3o .r36om.r53lL E6d.r63l3boL 3qoq.r6 363b3qt Rr L.r36orc.r

qs6ots6xq33ot 32 33tu 66otg6t. $cqr (32) 66otg6o x?S.rqoqc.r
q-r3-r33o6xlUR. r6oor33$oJaR-RoE.'g}6 3c"r$gr-rloqcn}.rtor.rS, 610 b.r8xrqSE.rt
cdq6s x6o,o b6ds5x6ot 33t6xq36o1i q6cnL 3oq332q oj6xt '6 q$eru.Joqaacq
r6got$6o.r6 SxqVffiot tr0?.rq3b.r. 33q3arR, Ja c6jo$3j$x6ot B$.r63c"r3bqx6c'rb.r
10336 3Xgor, Aoq6C tg.r5q.r6g3qo CISC c6joggjgX6oL.

ATMega4S/ATMega88/ATMega168ot 8.rb.rtoun38q3bo.r: 418/163oryc"rbmgo"r6o
So3ctot$X3X6o q.rJ6mgt6.r3333qo flash J6cn56r33}ot 3XbLoX63br, 25615L2/5L2-
6.xr$o.r6o 3cn6.r6x3or.r 33btox63b.r EEPROM, Sl2ll3ll-3b.ro$o.r6o SRAM
(L$r$o3x6o ooqa), Lrx6oro q.r6otsGxqxbot 23 Bgt.r3.rq/gs8c'rtr3.rqo b.r%o,
ls36orn qr5ots5xq3}ot 32 8xtu 66otgt4o, b3n Boj6oqo 15ms3J/aao6bgqo
3gq.r63boL ti33oo, 3og.r qr E.r6C $.v3X$3bot $g.r6c"r3bo, Bn8q66co6no,o
qo3J6o36c33bXqo USART, 8m$-o6og5$o6X8Xqo 3o3q336cobooro c"r63.ra$.r6or6o
o5gx6g3oto, 6-r6bor5o rca (8-.r6bo$o TeFp Rr MFL-;;Jxb.r6
3r'rVgoboqcoE3ltso). rjxq.rS 4 

'6r. 
t 

",jal, 
10-Eo$os6o gs6833rqrnbr, 2 .r6bL - g-

lo$o.16o, J6cng6cSxqo gx8'3o $co336o B.r8363bxqo 66x6r$o6oor, SpI Jc"r6$o
qr q$rqo x5363er8c'rb3r633oL 5 Jt6c'rg6a82qq o6oGorqoto6SbSqo 63go0o.

rdle 63go33o lo6o3o Vgaa6l, ox8'.-rlrt, boq'SRAM,-6".b3auJJo6b33qo,
sPI Jer6$o qr Vgaaonl, toL$3oo g$.rg6dc'rbt g26j6oc'r6nr6xEc1r. power-down
6ggo33o 66ot$63boli tsogcnr3lio o6rb3l.r, B36qxb.r oc,os.-qxlcRo Ea6l6r$c"r6o qJ

'oroBSbr 3o36cnJ6o631r'r6o1i fficRr gx6i6o.r, aoq6c .16 Bc.rbq36.r Vgaa6. .16

.r)r6s$xqo Bsor.rg6o. Power-save 63god8o .:Lo6j6o6xqo $"ro8363tro g$.:g6dobtr
g36j6oc"r5o63b.rt, 6.6 odq6.r q6c'rot o6$363rq3Eot mrr3qot t.rts3.rqxb.rt, 0.18o6,
6co6.r 3o36m3c'r5$6oq36o o8gog3b,r "doqolr" 63go3tso. ADC Noise Reduction
63go3tso gl8coSor3qSqo bo6or3o Rr gacRr ts3to3"rq/g.roo1t3.rryo 8c"rqxqo,
-rto5j6c'r53qo $co336ot.r RJ roE-tJ 3c6q.r, Vgaa61, oxB.rc.rlrrr, 6"o bocx6t
'r36o63bt r6rqc"r636-o%6?Ro gs6q.rj8ot Bxt62q3bot q6cot. Standby 63.J.,a&
aoaV.qclcRo M6c6.s$c"r6o -rg6dxq3lt ox8ro8rt, boqcn q"r6.r6Bx6o bxqL.rSgoxlo

Vgaa6lr. gt odq33.r bXqt"sgoXlot tV6.rgo 6r6or3ots qr 3c,rbd.r62bXqo

36363oot 36vrq6o3qo 3X36o63}ot tr8Xrq3b"rb.
ATMega":'b3qta$go q.rot.ryxbpqo.r 3o3J$oc Atmel-ot Bo36 qr g$xts.r3xlx-

Ror Osq.tqo Lo3$oq6co3ot 35363r,rqc3oX3oq$aqn 3Xbto363IoL q.r3%.rq3bot tba,j
6erqcn6ooor. B.rtsXSglXqo ISP Flash-ot 8Xts33cnloar ts3odq3lr J6cog6.r33lot 33b1ro3-



638oL 6q.r3J6co36.:3o6xls 3o3qp63qo sPI o5$36g3otot 3.r3c'rg538oor. o3o bc'r6-

6"3qqjb" J6c"r36.s3.r-ts.;3$3o6or31Rot 3aX6, 6er8Xqo6 1'6aqe3a'r AVR-oL 6o6or-

3tso .16 XSXt4Soqr8rnX3oq3fuqo 3Xbto363EoL ts3pq3}6o3o J6o36r8r$er6oor' J6co3-

6r3s-ts.r0$3o6cn3xqL-ts33dqos tsr$3o6orcot 3co6c6333bo, 3o36o3o5$6cnq36ot 53Io-

t3o36o o5$x633oboor. Br$3o6or3ot txj$o6?o J6o66.rtu .r36d3qXbt a18cc'rlct

3rts.,6.r6, 6r"13" 3o3qo6.r63cobt 33bto363bot ts.r$3o6or3.r 3$ergx6cb.cRn J6r'r36.r3ocn,

6"G .$.r3n.b3.r-Bssx6ot.rL" 63.rq26 63go3t 2t6X5gq3co%L. 8-bo$o.r5o RISK

f,o6crr3oL q.r or3oorJ6c.r36$o6clrq., tso3": toL$38oL FLASH 33bLo36Xbob 3.rX6oros-

53boor- 3o6Jc'r616o.r Atmel-8s qu8t.rq.r ATMega48/ATMega88/ATMega168

bSqtr$gc'rXlo, 6cogcn66 3dq.r36o 3o36c"r3o5$6mq36Xlo, 6co3q3lo6 33'r6cn33qo

bjqbsgcnsboL qog 8r'rj6oqeilrhr qr X3r'r5c"r3o3X6 agai0A6olrL 1t63533q8r'ltslt'
- 
ATMlga4S/ATMega88/ATMega168 3o36co3er5$6mqX63bot 3b'r6q'r$X6'r

bo66oXqq3ba tb3.ryrlib3c J6er36.:33qo qr q$Xtsrp8oL o6$366o6$Aqn

ba3.rq3bXbn-, 6of",6o6rr: C amSJoq.r$.6Xlo, 3o36o.rtgabqX63lo, J6c'rg6;33qo

sSSgc.rb-Lo32q.r$o61bn R" tsogstj3316o X31q.r$c'r6Xlo'
3cn6332qo c'r3.rbot 3o36o3cc5$6c"rq3638o AVR-ot ffiARrtC L6Xqgc'l3oqo

S.r63o3rq66q3bos. Sroro 3r60.rLb3.:gbXqo 5o8s6-cn3ot3}3lo'r:

o FLAS -33btox6x8.r 81283oqc"rbso$o 3er6lqeiloo (1283oqc"bm$o

ATmegal28). $raqs/tsr$36ot 6o3q3lob 6roq35obs c6.r5.r3q3l 10000;

o oJX6r$oXqo S3b1nX6Xl.r (t$.r$o.Ja6o ""qa) 1...43oqolm$o Ser62qoloor

(43oqcobsogo -ATmegal28); ,

o EEPROM-ot brtr%X 3r"r6r6X3orr SXbtoX6XEot

512bsogo...43oqob.ro$o (43oqrnlm$o ATmega128)'

6o3qXlot 6mqX5cob.r r6s6r3qgb 100000;

o J6r.r56;33EoLc qc 3o5.r633bot 3Xb1n3638Xtroli $r3oob3otr Rr

3c'r6gqerls

$.rtsq./Bs$36ot

Smqogo3c6oot

I

q.:63ot trtsX.rqSbc;

o 3o0q336oloon sPI qr JTAG o5$36gxot3boLr 5.r3cng353boo tot$x3rao

X83rqco qaJ6o66r33lot SXt.rdqSbqols;

o o3oorJ6er36.r3o63bob tsXt$q3bqcnbr;

o 3o3sLj33x6o ar$goaob a3t.rdq3bqob.r IEEE II49.1 (JTAG) t6.r6q.r6$ot

83li.rlr0oLsq;

, o to5j6m5ot.r6oot tb3.:q.rtb3.r trS?cqxl.r: Br3363Exqo RC6536c$o6o, 3o3.r

.r5 ar6a q6ooL 3.r531i.r%q36cRn RC6Scnqoor .s5 as63 6x%o5J$e)6oor

(Jo3tmg6,r3o32qo .r5 6.r663qo), LoSj6coSotr6ooL 3'r6X 1so35'rqo;

o q$rqo X5X66co3cnb3.r63bot 6r3q36o33 63go3ot r6tSbobs;

o 3fulot ds}3ot qrS6oL qX$3j$co6o;

o $.rj$Xrao 33536.r$o6ot Lob3o6o1s J6o36c33Ro qrVASob trtsXcqSb'r'

626g6tq76o J6o62bo6o q.t 02bbo262t,::- ; 8-glo"r5rq t$.r$o336o a6jo$fi6a6" (3o5o3rq3t6o $sj$16o Lob3o63

sait a6.qeS");
o sq0' S"X6cnglXqos tsX6oro q.r5o651q38ot 66ot$6Xat3;
o b6d.r63bXbot 23r6l3q3tolr lr6aqe$s 36oo t$'r6j'r6o 6o3qoori
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fo bo6-
r 8o6or-

. J6c,rg-

rt 53bo-

XBmolct

36.l3oor,
I RISK
.lX6oro.r-

lega168
6-ACRn

lUCDtsL.

Q.rlx6.r
6Saqn
6.r3Xqo

,C')BoRo

16o

00;

lqobootr

32qcoI.r
tu$X6otr

o3c6ooli

bg33.rtso

qs6got

n, 3og.r

$r.r6oor

nbtsot6X

o VgaCOnl, 36r3.rqqo6or5o Lotg38.r;
o Vgaa$nl, 6o6olr Rr6AJ;
o Vgaa$nl, 27 ffgo6e1 .rj3q.r5 8 3.r6Xi
o J6o36$Xqo t$6oL r6t3bc"rb;
o $.r6"r$Xqo t.r36.r3q$q"1, $LXlcob.r.

0;q;qbt6obbosSo qlJ;q3oflb362d2qo 8-3o$o.t5o AW 3oS6n3ct6$6og26o:
o 3co$o6.r3X RISC $jog3jg36c;
o 130 l6d.r63Er, 6er33qor XS6caqgtc'rb 36o $.rj$A6 Gn.lRSo t6XqRCL;
o 32 8-bo$o.r5o li.rg6oro 3mb3r6X6ot 8Xfu 6Xgot$6o;
o 3orqo.r6.rq tg.rgo3X6o 6jog3J6a6r;
o Sa6S.rqoba l6MIPS-3qg 16 3Xg$X66 6",jOA6 tobtso6X%Xt

o Br3363bXqo o66o3qor5o 6.rtr8r4.r3q3l3qo;
o 36cng6$38oL.r qr 3er5.r6XOXloL X536goq$c'rX3oqCECR. 33bto36Xb3do;
o 4/8/16 3oqc'rbm$o Bogclmt$3fu6.rq qoJ6c"rg6csd"e" Flash J6c"r36$3boL

3xbto363E.r, 6c"r33qtc6 tsxxdqo.r grsdqceL BrV36.r/Sc8qolr 10 000 ooJRlr;
o Br3$3o6orAARo J6og6.r3oL qc3b3r63 t3j6o.r qsSoX3oqCECR" q.r63ot

bo$oor;

o Sogstot$33p6o q$6cog6roxb B.r036NblR. J6c'r36$.r-Bs3$3o6cnacRoo;
o $.r3oob3ot 63rqX6o g36j6o.r q.rJ6co66"3ot6Xlot.rt;
o 256/52u512-l"ro$o.r5o EEPROM, 6er3xq1n6 Sxxdqo.r g.rxdqc.rt 100 000

B.r$36r/Sstsqot 6oJRU .

o 5l2/ljll38.rogoL 8.rts36363qo SRAM 33b1o363& (Lgcgo,J16o -qa).o J6c.r66c31Ro RJ(JAr Sr3ocnb3Xlotrg$.
J26og2t4oot qsbtbosa2Js:

o c"r6o 8-o,.156ogo16o $m336/36o6b33qo oJRdc q$gogoor q.r ts3gr63}ot
6XgoSoor;

o x6o,o 16-cn.r56ogor6o $.ro336-36o6baaRo (JJR,J3 q.r8gc'rgoor, ts3q.r6xlobr q.r
Bogr6Xbot 63go33boor;

o 63rqX6o q6c.rot 36o6b33qo 3.r56.rq3m;llqo 66X6.r$c.r6oor.
o bSoro 6od .r6bo;

o 8-r6bo.r5o "66 bXqL.rSgc"rXbo TQF q.r MFL 3o6JXL3bBo;
o 6 10-bo$o.l5o .l6bo;
o 2 8-bo$o$o r6bo;
o 6-o6boo5o .16g bXqtr$gc"r3bo PDIP 3co6J3Ltso;
o 4 10-bo$o"r5o r6bo;
o 2 8-lo$o.16o r6bo;
o 3o0q66eobooro q$6o66$o63b;qo USART;
o $$6$/3o3gc'rqo SPI o5g36g3oto;
o bao$-cot6o35$ot63bXqo SoSqXj6cnlocno o6g$$.16o.15o o5$36ggoto;
o q$6og6r3o63E.rqo 3XBr3o gm8X6o Brts35X81qo 66S6rgofioo,;
o Brtsg6XbSqo .r5.rqergX6o 3o3J.r6r$c"r6o;
o Vgaf(b" qr "gcScngliotqXl.r" 3.r3cc3g3$3bot Sq3ceSc63cnbot B363qo1rL.

{
a

-59-



LJ26o.tg26o qsbsltolory\t I

o Br3c"rg6c a3Xloli Br6or3olot qr b.r63c'r3q3 3pboL qr3'r633ot qX$3j$o6o;

o ts.rts353bXqo Rrdrqob63EXqo 6536"["'Z''-9636"t 3'r6X qr Bo3'r $gr6c'r;

o tsx36o6xbxd ;n, a"d',C;"[ s ii.J.a"' Idle' ADC Noise Reduction, Power-

Save, Power-down da StandbY;

o 33tr3sq/3"a.t r3rqo Jco6$3bo qr 3o63X1i3o ?3t6Xq3bs;

o tsXt.r3.rq/3"a-r,"i,[" Jc",A153a o\ 23 qrJ6c"r66s3o63bcqo b'rto;

o :1-g"a-a$.r5ti5" TQFP q'r MFL 3co6J2tu3bo;

o 63}ot d$3ot qo'rJr%o5o: 
-

1'8-qs6 5'53laqx TMega4S/ATMega88/ATMega168V;

2.7-q-r6 S S3 a[ TMega4S/ATMega88/ATMega168L;

4.5-qs6 s'Si-aii ATMega48lATMegasS/ATMega168;

o 3co8X66oXqn aXA"-$3SJ36o$l6URn qo'rJctc'r5o;

o alAi 15r3tb1A" Lob8o6oLr tb3sqctb3"- qll"-%'5't
0-qs6 i 

"a6"'l3AG$Rl AiUeg"+8/ATMega88/ATMegal 68V;

0-q.r6 t a33*ia["aq3 lrVrega4S/ATMega88/ATMega168L;

0-qr6 16 36s3366s3q3 ATMega4S/ATMega88/ATMega168 ;

o 236o6X1ro 35X63er3ob3'r63b;
o .rj$o16o 63go3o:

30033s 
"1"336'3366 

tobSo6C%C qs 1'83 63boL d'r}3r%3i

2033s :Z 3""q-:326 1lnbts'6lta gr 1'83. lplot d'rtr3s%Xi

o qsb"rqo 3o6.rZ3doL 636o3o: 0'533s 1'83 63bot d'r}3oor'

2.2.2.Mega ccas.rlrot "Ad"6ai6#"
Mega ox.s1oob AVR 3o36o3(n6$6oq36Xb3o 6S.rqotxbaqor il63'r6qot

6jo$3j$3t6c,6co3qot0ob3q3oorr6AJ8oBoRo'r':6'13'r6$c'rJ6m36r33loL
B3bLo363boL qr O-G.r633r, a3hr.3Z3alt" rt1a"r''r&r6oer '163' r6s33q 3'rorcnr6

33q$6o1i trqgplo. (6rbr%o i'4, 3'o' qcSot'rar6or3boL Rr ts3q$6oL

t.rtsprqXESbo rO 33bto363b.ro.r J6pdtso tb3rqslrb3'r'r' JlsXcno t$61j$$'r

6x6g6.rq16 ;A.6it to1 
- 

bs2"q38't1' rdR6t o81Blcnt 36cnqt6cn1g1'rq

SO.gAra3ant aSbtnSf'3b'tt ql 3o6'r633ou 33bLo363brLo'r6'

J6c,r36$xloL 33btox63bo1 qrs;ts11q3b"r. b6ds53b3bn1, €35sb3r, 6c'r3q3bo6

3o36o3c'r5$6c'rq36XboL.: Rr 3tef'15"q53atf' 6b6oq3Eot J63IrL 3r6o'r3t ('6

o63q3bs axa",ia,.,i q6eot)' a-fta-6 %!at: cqnS.ts5r' oao $'r63o':q65L

aqa,j66Aqre $.rS8q3q 5sb66'rq"aRa:1t (fiash - ARA)' oSot Ss8c'r' 6.13 $CRJ

b6d.r63bot Lo66d3 36cno 16-8.,$nrdn bn6$nt 536rqos, J6er36r33boL 33bLo363b"r1i

lfut 16-or;56o6o.15o c'r66l5otl6o'l'
""33bLo363Eot 613r Sog3s6oqor 2'5 5rb'r%t3'

J6cog6s33boL 3Xbbo363bot q.r3ot.r3c6-llnL"t3n1' 5s3oogX53b'r b6drS3boli

Bo3q3qo (pC - 
"ero!* Counter). 36og6.r33}ot 5o63'rqX6o 33t6Xq3bot':t

gr,BCR 3r5{i6p6 6o3q3o 36d'r53bot 3or3q3qo1i 33q635oqcobr l3$o8s$36q

ot6q3b.: 3o..i- "i ;a"- (ts3Lrt"62qAam" ydcS$"L %o3o1s 3XL'rE$oLJq)' 3t

$go8.r o6q333.r, 6o6'r be$" 3"q'tiR"l'" I6d'r53bot tsXt6Xq3lr' ftXJ6c"r36'r3oq$

t"

t
t

{
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got
bot
nl5

30t

f.r
3rq

!og
(rd.l

Cft
RJ
b1'

g$c"rdrb3bJ qr q.rb6X53b.r, .rg6Xcrr33 .Vgaa$nl, S.r63c"rj36"r. J6cog6.r33bot

3cb1n36olot $000C 3oL,r3,r6or%X 3q3b.r63r.r8t ts.r3rog6ot 33j1&c.r6o, C.o.
3o36o3m6$6c"rq36ot BsSc'rg6ot 3a3qm J6..-rg6rSXlot 3Xt6lqgb.r oSgE.l .r3

3o1r.r3r6crroqr6 qr 3rtt3 U6q" g.r6qr6qXL J6m66.r3ot o6o6o.rqo%r6o3r6 6"r$oq%3

i

i

vcc I
a!liti

f---rtl
GND i

i

i

i

i

iA\

l- srAcK-l I ronrrrn I|--r-
PROGRAM
COT'NTER

l-
PROGRAM

FLASH

I CENERAL
1 PnRPOSEINSTRUCTION

REGISTER t
EEPROM

TNSTR
DE(

UCTION
ODER

INTERRLPR
UI\IIT

cu.l\lI(uL
LIIYES

CPU

lRll
INTERNAL

oscILI-A,ToR

STATUS

WATCIIDOG
TIMER

MUx&N)c LJ ADc | | PRocRArtr\.fi\-c
llII\"TERFACEII LOGrC SPI MCUCTRL.

&TIMING
OSCIIIATORS

COMP.
INTERFACE

TIMERS/ OSCILLATORS
COUNTERS I

USART

4

I

D Jo6Cob Oa€FA<o oS$06gaoto C Jc66ot o50066aoto I I B Jo6Cot 
"f$Afuxot"

D Jo6Cot qf,rl31d,alonmrdAlo 6lpt q.6rqnqbeas1qb | | r*r6"t q6"oatrcrc0mx6at"

))

IT

__l

I

8L 24. AWMega tud6a;'66fu3tut .S;fusS7rAt ?4-qrtfa

gqrtr3qot b6d$3br. $0001 Eob3.r6oroqr5 qr$gabAqo Jt6og6rSot 33bto363bstso

a"Sq"a$aqoo $gal6nlr aa,j6m63}ot 6b6oqo. Vgaa6nl, $o63otsmbo1oL, b6dr6SboL
St6o6bpqoL 3o3qo5r63 36ots35xqc.,6oL t$6tso ts35.rb3ot tsc8qca, bqxlr }6dc6Slot
3xt63q36"r, 6o.,33qo6 6.r5qspE3qos ts3lnls8oto gj$c"r6ot 0ots8r6ort3. sO



€t

3o1s.r3s6cntC ASqr g$qr6q3t fuXJ6erg6sSXlbX g.rqrt3qot bt4dr53lXbo, 6co3q3bo6

tsXLrb.rSoL VgaAOfAt .r8Xts.r338t

J6c'a6ra1fot a3bllo16A}.r as'SrOCAo'r AJtbC6CE" 0o56X3or.r ACt1loA6C}.r

Jc63gqo A6drsAlolt AobAr6orAfo

F'LASH
1o36oo

q.r5ots53qXlot
32 66otg6o

EEPROM

333.r34q/g$er-
8.r3rqo 64
66o1g6o

$001F
$0020
$005F

F-END

E33ca.:q/3.r3er-

8.r3rqo ql
3o6.r

erq0-ot

q$.r$Xlooro
160

66otg6o

NEEND

S-EI\D

618. 25. ATMega hhhrfrA&rb gtrbgrySeXgo 675.t

Mega ogabot 3o36er3o6$6oqX6Xbot 3o5.r633orc SXbtoX6Xb c'r66.r5ot3b3qo.r

S6fnatq Rr qrgcr%oRor b.r8 S.rSoqsq: 66oL$t63qo 3XbtoX63b, coJX6.r$o3qo
3Xblm3638s (tgsgo3X6o -RA) qr XSg6goq.r8coS3oqSbXqo Aq1j66Aqsq
$.r8tsq3qo q$6o66r3o63lrqo SXqEo3o q.rEbto8383qo Er"rSgc'rloqcob
(EEPROM).

r66ot$6lq 3Xb1mX6Xlrtso 33qoL gmqSltso grX6oorSXbARn t.r36cncn

q$o36Xq3bot 32 63gotg6o (11q6), tsXts3rq/3$oln3rqo 0ce3t.rb263
66ot$63bo (3a6) qr tsgts3cq/3s3r'rtr3sqo qs8.r$3looro 6X6oL$6XAot 

"6C(q8ad,). 3o5$6erq36ot 33b1mg6Xlrtso 366-olno3o1,r 6$ergergoqor 64 Imgo,
q336-oLtor3ot 160 }so$o.

t.r36orn q$o353q3bot gil3qr 63got$6o gsX6oo.rS3bARoJ t$6.go SggSXjot
66ot663q g.roq8o. 6ogc'r60 A,33C oorj3.r, A\IR 3o36o3cn5$t6coqXt6ot 6Xqc 32

Ug6 aAAJRclS" SogSp.rqor rq0-ot.ror3ot, 6t0 UaAogfaut odq6.) ArAcc3ogX6em
5Xlot3o36o ttE$ Jtfuj$ogXqq ffiCRr b6&5Xlr3o, 6c'rgc'r66 c"rJX6.r5q-Sgr6c"r q.r
oJg6.r6q-0o0qXbo. sb2ao aqsfgA$"Kfu (b6.t6g323ob 5ofu2o267ry
q;373,ryX3.t1n$ A6-q) "Ra-U, 

lt"Wgal"b .tdg.76,b E2,tt67qob X6oto e$X6s6olt



:$nc:

]RJR
D-

t''o,rr
ba6r

16l
co$c.

Faa"t

'c 3l
#..n

ffio.r
€Ro

cr) q|f

'/"8
lr.q6ar

,{

(ei26;6q23ol: r3oq23; 66oL$d7qo gsoqoqt|, J6d;62Job A2b62q2dJ (J
SggUCAoL Etf26; 1S.rE 626oL66Aq grog1o) 260 b,:d,;Ej$r,t 6oSq7o.

33t.s3.rq/g.r8c'rtr3.rqo 66ot$63boL -6o33 c638o 3$q'g3blqor lib3.rqsLb3.r
3.3tcbx638oli 63got$63ao (3o36c"r3c'r6$6ccq36ot aJo,jnt 6x6oL$6o,
fog.r3.r63cnlot r66ot$6o qr J.ts). aa6c-aa J36ogx6o?Ro acrvu.-,loR-ala.,t
&r6or3ot t436ot$6o, 6cn3xqo6 tsxqot 3o36o3cc6$6rnq36oL Bxqp6oqccbc8o. 

3r-rtfu3ot$6xlo g.r6or3L36aRor s.V ts3tr3.rq/3.r3c'rL.r3rq to366€o,- ,.n. .r61i3bobt
ilco,-$ ts6qo 83q$csot b6dc6xa3Eo, 6c'roq3bo6 g.r66.rqaaaaliq q$ot.roc6o3bct
%c6cllr. q.r8a$3looro 336-ot ts36s6.r q"r3r3tso63raRor oo.rlrcn.r6, 6mE gaiq"
fu6q36opqo Scnsgoboqc.rloli,ror3oL Baarqd6ogo 64 Bg6 .r6u ts38.r6oto

Jt6o66$3}ot Gagirqaaot 336.rb3o1icor3oL \6-ot 6.r6qc Bxodq3}" g.10.13og36.or
4-3oqcoEro$o.r5o L$r$o3x6o .Ra. eryd-oL lr8oL$c6oc"r to3663tso- 

-"t 
rar

6$or.r3txbuRoJ 3o36c"r3o6$6o.rq36oL fficRr 66ot$6o. oung$ g"o-g..,g.,qn"
1366c'rLo 256 3ot$,r6oro, 6.16 t.r8x.:q3b.r1i odqx3' Bo30.16oroo lrya-t q" aga-L,
r6r'rgot66 <'rR8-oL ax6redlr. .rlrxcno a.{.rVgar6oRtal t6qot qcootcS.:6-3a"t
&CtotOCA"t Ag1j$l6ob.rL.

3o36ccao5$6oq36ao tb3qrtb3.r oco6"r6xoot br6g6dqo3o B36rro3otror3oL
3s3r'rog6xlr EEPROM Sxbtox6xlr. xt oxbrio3636r g"sq"3xor*n" g.ro.rgc"rgoq
LsobS.s6orco 1m3t6633o qr 3st3o BcRVaar bq3b.r ar6.ilcuR.-a6Z-.r, Lra"arRcaoor.
Qt"a"q/ac8erlna.rqo Jc.,66AAo

ts31o3.rq/g.r3oLr3rqo ftXtot$X8ot or3ot3l36o: '
o q-rJ6c'r36c3o6xlrqo Ser6gogx6r6o.r qJ B3ta3.rq/g.r8c,r1ra.rqo Jer6$33ot

.u6B6s;

o 6$c'rtr3.rqo Jc"r6$33o tsgodqxl.r q$6og6rdq3t 36oror63orotg.r6 q.r3c"rx3oqgb-
RJR, 6ogc.r66 ts3lr3cqo .rG 6$rntc3JRo;o 8;t.rt3qXqo bXgS6glo tsSoqgot g6o66oo 6Xqr 3$co8g3$b3io Bogc $s6o 63totgc'r63boL (35...1203oa) Bn36-$.,[ arrr"desqo].r $cqr03ll.lt3qXqta.

3o36c'r3e6$6oq36x6ot ffiaRr Jco6$o Bxqgx}-r ac6,illaqo 6r-qS6colot
6.ri'1t3.rqo Jc'r6$3bot.rg.r6, 6o.roqoL 6"gqn-r6 

-b"t aiak"" 6s6rbc"r66n3q-1,
ffi63q" to6Scq3lot Ooq3b.r qr grq.r63fu. ac"lS"6aXarf, g.rqr6XEoL
ib0'r6o3q3rot qrqac6J ts3trt3q3q/g.r8c"rtrtaqiq" GSbotooxt6o Scn6grigot
anRoo'' 33odqx0-r SecbqSt J6og6;o3qrq q6oot 63boton3c a.ajs5a.,.

spRc Jo6$oL goocntr3cqo b3g3638o tooS$6oxqo qc$3o6cn3oL
ibblncor3Sq3}oor 2%6263xqgergL Srqrqo q.r$3o6or3orr ts3L"rdqiaqc'ra"t
\6qoli 596o13o36o qc"r6oLr q6cot.

filfRc hrbot 3o3q33o bafa6" r$goboqo.r 88oq$oL g6o336o1i LjXOoo. UAARrr.aR$lt ofuL tr8?rqxb 3oo36ox'r1i Bog.r "rBS6o 63tot$'a" -anaqSaL.r 
q.r ,Jad.,l,fq6At, Brn6oL.

-^^^^ 
Ao-S6o4nt5g6.qfrfoL &,>6g23ott 6;Fttq7o6frlgn ot,5ott2d762J.t.t ob,

H 327dqor 32fi67qccL e$26-t6o-t 6x\oL3o26 g;st tsr:ggggtL /c-nt- q" snt
u'd'6cdcdob qrbtu623oa), 616 3.gg26il: & ;bq26b J.66"; iuj" 6"a-aa"5frta

-67-
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l

Cb 322b23.: U2l:;fug2q/6;&nL;L3qXq,o 
_ Sn|grjgoL 323;ccJoL 62go3oL 3263q;l:,

6s3ml:qlgo 37g26ol: 3q6n3;6Xa3oL 326gq;b (6,:3ob.r$qXqoLsaSob) (J 3o6,t

fif6o 62tuoLgn6oL 3q6c,t3,:62o3ob 3263q;L (32brfuq2qoLsa3ob).
ATmega 3o36c'r3o6$6coq36L "jal, ajalrn 8- qr X6oro 5-o,s56o6o$o ts3L.:3cq/

6$c"rt.r3.rqo Jo6$o, A.o. tlq 53 33tca.rq/g.r8oL.r3rqo bo$o. €Xtr3.rq/5"r3c'rt.r3oqo

Jo6$3loL 3rt6or3.r, 3c.r6go3X6,r6or Rr 3o316o13r bo66o3qq3}l ts3L$.r8olro

ts3l.r3.rq/6$c"rLr3sqo 6X6ot$63dot tsg6-oL qsb3r63bocn.

ATmega-tso 3.ro3rqoliSo53b3qo.r ts33o3L3q3q/3.r3o3t3q3q 3o5$.rj$3bor.r6
q.r3r3tso6Cl3qn 8 E.t6C Vgaa6" Rr 3.rcno 3X6X6.r6oot 6.r3q36o3X Jo6c"rb.r:

gr3c"r8g3.r6%3 qaErqo qc'r5ot 8ob3q3oor, togS.rqot 3r6q6oL g6cn6$ot 8ob3q3oor,

g$c.r8gc5t3 tog5cqot 8"r$XboL g6o5$ot 8obXq3n.. Vgal$ot q.:333.r3Xbo1i 3r6or3c

33trt3qXq/g.r8c'rL.r1r3q1R" 3o5$.rj$3Aoq.r5 bqX8.r ts3t$.r8oto 836-ot q.:b3.r638oor.

sq1-r.r5o36r3or, 6rn3 3Xts3.rq/g.r3c'r1t3rqo Jrn6$ot b.:%3bo oors3liXlL Lb3.rq.rtb3.r

g36j6orL, 3L q.r8o3oqXlXqo.t 3c"r6$6r.rqo1i SX8rolot 63go8t.: qr J36ogX6o2q
Scc$gc'rboqc"rbgbtS, 6r'r3qX6o6 B.r6or3qo.r a3 brt333o.

0roAC6/a6o6b36qab
ATmega 3o36c"r3co6$6erq36tso .r6oL 4 $.ro3X6/36o6b33qo, Sron rq5o3353bor:

T/C0r TlclrTlC2, T/C3. $rli g.r6qc, 3o36c.r3er6$6c"rqX6oL tsXqgXSoqc'rb.r3"r C.V.

3Xts.rgo $ro3X6o, 6co33qo6 L.rS2sqXErt odq33c 6$c"r36o6bcnor Jt6cng6$3Eot

,,g.r3oq3E.r". 8-os56ogo.r5o TlC0,TlC2 q.J 16-o156ogo15o TlctrTlC2
9m336/36o6bpq3bo oq36g36os.

LftArgX6.rq gso3X6/3t6o6bgqXlo 33ogr31i:

1. Lu6g.r6o8er 66otg6t, 6o33qo6 o5363335go6Xbt 16 q663S35go63bt,
gco336oL 328scolot 63go3ot 3ob3q3oor, 36o6b6qot gXqr gcjg8o;

2. 6c8qX5o33 qc8b3.r63 6X6oL$6t, 6c"r3q38o6 36o6bpq1i .r3.sq33t
SXBmlot 63go8Xlli (3rg.rqoorcq, ts3qs63bot Eqc.r3oL 66ot$6o .16

".r3$.r13o" Eqco3oii 636ot$6o);
3. 333.r3.rq q.r 6.r3o3r3.rq b;t3bli;
4. Vgaf$"l, p53t6r6ooL 33j.r5o%3t 3o3qX638ot 8ob3q3ocn, 6c'r8q3}o6

q,r8cn;oq3l2qo.r 36o6b33qo 66o1i$6ot SqgcoSr6Xol;t3.
T/C0 Rr T/C2 g.ro336/36o6bgq3b3o ts3qot 8-o1156o6o.15o 36o6b33q/

66ot$63bo. rjXq$ gr3c.r3qo5.r63, JA 36o6b3Xq3bot 3.rjLo3.rqXt6o qr8pb.r 256
gaj$o.t. 36o6b3Xqo 66oL$63bo T/C1 qr TlC3 16-or$6ogo.r63bor qr q6cooli
g.rto83oli 3.rjLo3oqX6o o5$363.rqo r6ot $m3X6ot 65536 6r.j$n. .:1i3oo

togSsqot Soq3botrr3ot $so826/36o6b33q313o g$c'ro663b $o5rq.r3gotsSn,
6cn3q3lo6 tot$3fu6 6",j$a6 LogS.rqt Ur,?lt J6c"rg6.:33q.rq 3cn633pqo

doC3o(JoC5$ot 3ob3q3ocn. ATmega-tso .r6o1i 2 $o5s6.r3gogo: X6o,o T/CO-cn3oli,
bcrqo 33r.6X Tlcl,Tlc2,TlC3-agols $.ro3363bor.r5 X6orrq. $.ro3X638ot $rj$X6o
tog6rqot.rorgot 33odqX6.r gc8cog636Xq oj6Xt XtsScqoq clc0 3oS6oi6cc62brc6o?t
bob$2376a: $,:j$76o l:o65;qo s6 6s62 l:o66lqo $r 732$2L clc0/2 bob3o6ot.r.

ATmega-tso 3.ro3.rqot$o5gb3qo.r gloOX6l36ogftACRoL

qr3.r3tso63b1qo V$Sgot 82ts.rolot 6.r3q35o3X 639o3o:

.A

Rr 3.lLcn.l6



rSrR/

'3dqo
$oto

7Krlr,
oo6,s

for.r6
6c'rb"l:

R3ocn,

6or3.l

P"-
rtb3.r

n3R

iXlo.r:

c.s.
lX6ot

UC2

itbt,

Rd1'
.r6

aI"t-t

)3R/
256
i'rot
racr)o

|dn,
3Ro
r3o1r,

7,6.n
6olt
).

loll6

{

1. Normal (ts3X3q3b6"Ao);

2. CTC (Bc3og6r q.r8cnb333otrL);
3. Fast PWM (bg6q3o,j3tqn a"A);
4. Phase Correct PWM (goA tXt6o g.rtoor).

Normal 63go33.r $.sj$X6o 'bo66rqo1r ffiCRr oSJXqLt3 b,-r66o3qqXb.r
8-ARCR" 636otg6oL o6363335go. 3sjto3.rqp6 33trdq3b3q 6o36XqtX
6.ry.rt3qot.rt ($FF- T/C0-or3ot qr TlC2-agolt, $FFFF- TlCl qr TlC2-oryo1s)

$o63emj35xb gsq.r3t3b.r Rr ro,aRJ $0000-qJ6 36d3qRcbr. togS.rqoL o8caS

$rj$8o, t4c'r33q3o6 36o6bgqo/66ot$6o g.:53qq38.r, 6636o6qxd"r tsx3oorb3c

SUf6"tA 6qcaQ6oll.lt. s3 6Xgo33o S3L.rdqXlXqo.r Vgaa$n1, gX636s6o.r q.s8orb-

a{Bol, 8ob3q3oor, 6coq3tr6 Scn3qxqo 66oL$6ot 6ots5xqo x8ob333l 33qs6x6ot
6got$6ot 5ots52qTlt (16-o156o3o.16o $m336g3ot 8X8orbp3rtso .r6t3dc"rlt 6r3q3-
5o33 VUaf6" qc3otb333ot 3ob3q3oo, 6rq3.r6c6 3.ro3o .r61iXbc'rlL 1-r3o 3Xq.r638ot
Iq.3n). $co336ot Sxqr6xlot Sqo3xbo .rl,3ac 33odq36.r gc8o3og36c"ro Bgt$$olm
$co3g6/36"Obalqdot gc8ot":Arqo brt38ot 3q3o8r63<.r8oL ts363qot.ror3ot.

cTC 639o33o (6eogco66 $o5r tsg8orbg3rtso) 3or3q3qo/66oLg6oL o636x036go
b<'r66o3qq3br $.rj0A6n togssqoL ffiCRr o8JSqtot 8ob3q3oor, Or36sd Bo3qSqo
t6goL$6ot 3.rjto3.rq36 6oE6pqL Rr, ts3t$r8otrq, O6o6bpqot 6r4B33oorobot
a5J6t g.r51r%q36cat 33qc6g6ot 66ot$6o (16-o.166ogo,16o $.ro836ot
3x3ob36c3o, 6.r5oL.rtq3636c Jo63xqo (A) bqr"got ts3q.r6xdot 66oL$6oor).
3pc6X6ot 636otg6tso B.rS36oqo 5o85'XsloL 3oq$6ot ts33q6 ror3qr g6d3qq3l.r
50000 5o35xqoqc5. liogSrqot .r3r3x $.rj$ao beca" Vgao6"%a Bc'rorbc'r36ot

3x6x6-r6o.r Sxkrb$ot $m336/36o6bpqot 3q.r3t3lo1o qr q"r8orb36oltt. .ror3x

R6o't' Vgaa0"l, g35g6.r6ootct, Sxodqxlc ts3o63rqrot tsxt.rl.rdoto $.roo36ot
3o8c'rtat3qCqot 3q5o3.u63ob.l.

Fast PWM Rr Phase Correct PWM 6Xgo83lo gc63Xor36oqor g.r63qX6-
o3J3qtx6o Soqxq16oot to65.rq38ot 6x5x6.r6oot.ro3oL. B6o6bpq/$cooxt6gbtso
tsreVcst q.r 8ron.r6 q-r3.r3tso6$aqn Vgaa6$n. q.r So6g"r8gogxloor 316o13; bq3b.r
tsgt.r8.r8oto 336-ot qrb3r63loor.

A5"SCd,LtRA6" 1rl5j6c'63q/Jm5J6o51Ro Atrqla"e"AOCa"
ATmega 3o36o3c"r5$6oq36t 3.r.rB5or 3ooq336'booo 3.r38o6ot n,6o Boqxqo

- a5"ac6trq36o to6j6c'r5xq/r1n5j6cn5'xqo 0o3q3b1.ry.ro6x8o (usART).
USART-ot o6o3X SoqXqo pt6X533qgcDtslr 1,6Aq qXJqXjLX6 gr63qrL
3o3q336mloor c6btx. .r8ctcns5, 3o5r6g3orc a,4"r6x8ot lioBj63 o63qxb.: g.r6orco
g.r6gq3}tso. 6%r35oqot lrog6dx 33.rq65t 5-q$ 9 orr66o6L qpscobot
3o6$6c"rqoo 16 3o1i g.r6xtsx. $rt g.r6q.r, USART-ot ScnqxqxlL B3xdqo.r
.rq3o,rBo5c'rt tb3q.rtb3.r r6.rB$rOA6n 1io$X.r6o3lo, 6cogo6o6ll Eo8qxbo I3g36oL
3.rq.r3t3br, 3x6qc"r3.r 3"rq6o63lr3o, r6rt$co6o t$.r6$-bo$o. ts3g36bxbot
r6L38olot 33L$6o633q.rq 3c"rq3q3b3o 63.rqo%3baRor q.rorbo6gx}3}olr
goq$6o6oot -;l g25j6o"r. J6og6.r8rLo.r5 -s6aox6acnbotur3ot BcoqSq3b?o

6-ro3.:qotVoSxllqo.r 3 V$a6", 6o33qo.r gx636.rgo.rt3 Scnorber3Sr g636o6q3ls



F_+

3rn3q353aot q.rqScnSoLst: 3;qq333.r q.r3or.r3638xqo.r, 3cn6.r633ors 3.rq.r633ot

66ot$t6o 6c6o3qo.r, 8oq3Ec q.r3orca6382qor.

usART Sc,rqxqot a"fr 6$ogx53l3qo 3o36o3c'r5$r4oqx6ot 3.r8otrL3q3bo
LrX6oer q.r5o85Xq3bot ts3trt3qXq/3$c'rtctSRCqo Jot6$Xbolr b.r%3bo'r, 6c'r33qorr

336j6oo6o6xb.r 6.r5otatq36xlc 3o3q3lot $ 6cq.r36x3ot Br6or3o1-r.rt.

usART-o1, $cR" aeqlqo Saea$r trSo do6oorRo 5.rSoqot.r3.r5: $sj$o63bot,
g.rys36X3o Rr SoOqSIo bqo6loL6s5. $"rj$o638ot lqco3o 33o6s3t

tn5j6c"r5otc6oot tjg8.rt, 6c"r3Xqo6 g$erog6Xls to6j6c'r53q 6Xgo33o 82tsrc"rbolnt

Rr 6.rqc6x0ot toBj6ob 3o6$6oqx6t. 3.ry.r633ot bqc.rdtso 3.r36oos53bxqo.rl

36cnqer5o.r6o b1336o, 3d363qo 636ot$6o, q1$c"rbot bo$ot 3cc63o638ot tft8.r

qr 3;6or3ot tjxso. SoSqxEo bqc"r3o .rx6oo$3lt 0"i6a6 to35oqt, 3o5.1633or.r

cgq3x6ot tj33Jr, qaSerloL 3e6$6c"rqot tj3a.rt, er6qo5or5 FIFO-1x336t,

3d36Xq 6X6ot$6t q.r 3s6o3ot Lj38ct. USART S-qaqStA AfeVCSr Rr 3r6o3s

B33lqXb6o3 bq3Er 8Xt$.r8oto Egt6-ot q.rb3r63}oor.

2.3- Mega ao36er3t'l5$6r',RC61aot Bs6orgs gRCJ$(ffiAR ItCCACIA"

fuo63 orc'rbot AVR 3o36o3o5$t6oq363bt rj31, b.r53o3c13 (brown-out) qt
163qo ftlack-out) ,laS"t qr$Xjotg.r5 q.r63.r, rtmC low-pass 3oq$6o, 6corr

sq3egb36.ir b3.r16o qr d$3ot Jo33bo, 6er3qxE3r6 Sxodqxlc a$ems3oc'rt
3o36o3o5$6c'rqX6ot B$ergt6.r. 3a.6C o.rc'rlolr ffiCRr AVR 3o66eo3o6$t6oq36b

",jal, 6rBXSXb2qo 63tot$er6o, 6o8Xqo6 "S&31r" RESET aa$"lt
85ots363qcolrtrcn$. tsr8X53fuqo pull-up t63tot$o6ot 5c.r8o6.rqo ts3o6ts33.r Atmel-otr

jr6b.r5.r3o otX, t6o3 3t6g53Xqgot BoJot Srjto0rqXt6cq Sqg6rqo 8Xtsrob.l. 6tG

16 ASqu o.l3otcn.r3.lq 3qg6.lqo ogc'rt AVR, tulo6c'r.l Bs3c$.16c'ror q$.1$3looo

qc"rSoLdo3lXlo Soto t$oEoq26o 3X8oeilot.ror3ot.

dSCb" qr $sj$Xt6o 1nb3o6X

.r6t3lcobt AvR 3o36o3er5$6erqxfu8ot o6o do6oorsqo $oJo. Jo6pqo

3.r53Xo36oqor 3.rjto3.rqx6o tS6rgja3qSlot SotresJq Srqrq 1nb3o63t3, berqo

33e63 - q,rbrq 6",j6A6 tob3o63t3 X3o6o0o,JU6o SX8mbot.ror3ot. SXcct6X $oJot
3o36oLj33ot 3.r63o6Xls oSoor gs6tb3s3q3l.r Jo6pqologs5, 6c.€ dcoqccBo 33.r$31.r

"L". Sr3rqoorq, ATmegaS qr ATmega8L.
Jo63xqo xaatsot 3o36c.r3c'r5$6c'rq3638ot$3ot ertsasaqo 6xboL qosJ.r%er5o.r

4,5-q$ 5,5 A(')ROraqC, $sj$X6o lnb3o6oo 0...16 36s3366o (to3o36oo

Ecrq3qolso3ot - 20 336$366r&ea), 3Cpn6C ag6XSolso8nL - 2,7...5,5 3coq$o, 0"'8

36.13366o tobBo6oo. 33lr$s3o1nq, 3o36o3er5$t6eqX6o oSqXjlmcn rrl,'r Soob8r6b

5",1q$ aqA,j66.X53t63ort.
. r6L3lo8tr 3o36o3rl5$6c"rq363lo, 6o8q38o6 3erob8r635 1.83-3q3 qr$mq

,ilSrlr, otoSo 0"r63ot6q38.r .rlrn "V"-o)o, 3lg.rqoor.rq, ATtiny2313V' ;a$"t
qs$6ot 8;psl$oLsq, tslo6o.r ts336o6qxt $.rj$36o tob3o636, Ttiny2313v-
o3ot 1,8i1;5,53 d.rb3ob q6oL tobtso63 A5q, o8gogSbcnq3l,r 0...406.rJX66

o5g363.rq&o, 2,7...5,53 d$3ot qt6ot 3o - 0.-.10aCa"3C6O o5$X63rq3o'



rd"1,

-qbo\U
fiDCDJ

3jtJ36o3366aqn 6c'rbco$3Eo1i 33t.rj353qq 3sScnqgb': 33CRr Xaltsolj
to36co3c.r6$6c"rq3t6o. r8cliorc6, ol tclo6cos ATmegaS tfu3a8o q.rgX6q3t 3

yrqo.'ls 6.qn drb3.r qr Bm6cnot q.rlrq 6",j6a6 LobBo63t3, rO 63go33o ols

orr3otlBq.rq o3x3ca381i. 36orrqx6oro 6oto 6.16.15$o.113 16 r6b3lc'rbt ot.r.r, cDa

5<.rg(16o oj63b.: 3o36c.r3o6$6coq36ot 3qg6qo Bsf,or3.r $XAJ36.:$26o1i X3ogX63Lo
ffio8353qc.rbobt. 3cntrb3.r6o RASoG ?ts6. Srq.rqo oj53lr, 3oq6A ATmega8l-t.

.rfuqs6 6.r8c'r8qo6s6X, o}l ffi$o6qgb.r 3rjLo3,rR?6o t$t6qjAXqSr, $oL'ror3otr

lslo6c.rc qcarg3Soo Ttiny26.r5 ATmegaS q.: r3Sooo $sj$26o tob3o63 8...16

fu3c3366.r3q3 53 d$3oq$. o}a ?g6(') 36ots35xqo3.r5or t6c'rbo$ot x3cn6c'r3o326o

i|3€.xn8.l, 313o6 333cn3Lo.r g.l3c'r3ogX5c'rcn Tfiny26l "15 ATmegaSL Rr qr3$oc'ror

lmb€ot{C R.r ;a$"1, d.:b3.r. A,ilcn3to 3.16o15$o 3"rc'r63 tsX3orb36otwr3ot tsSodqXlc

q,ot ,laal"'|, 3.r6bo66ocRcbr tsSo 1,2-3rnq$or6o r,JaauRr6er6ot6r5, 6"0 3$tso
odq6.r 3,63 .16 1o3o .rq3o6X6o 1,53 8.r$r6ooq,r5, 6q3 3.s8tso 6sdq6t 4,53'

Datasheets-8o SoooorXlXqo.r, 6o3 66m3X5qSAqn 3rj1m3,sqX6o d.$3r 5,53-o,r.

3a3b3qr3.rq .r3ot.r, J6rj$o3ctso bBo6rq ogx53b36 $gJ6(')t 63 d$3oo. AVR 3o360-

3c'r5$6cnq363"r 33odq3b.r oSXBrcnli c.rorbo b.l$.l6oocn, o,oolcnC1Ro 1,54 d.ll3oot. 3L

3olsbg6b$lqnt oO 3X3orb333r3o6, 6ec6.r 16 g.:3oogX53b.r 6eilco$3boL d6.rgboq.r6

a$orR.Jc3$aq" $g.r6cn. 3rLrr3.rqot$o63bxqo.r, 6(I,3 6"0 a.rq.rqo.r 1robao63,

Ats6- 33$or 3536goot 3ob3.r63b.s q.r, SXtabcSotrq, 3o36c'rtjXSot 3r6b3qXlr6' 3'o'
,a ?fobg3.r8o X33or3tm.r 16 B,s36ono 3o36o3o5$6c'rq36o $rj$X6o 1mbtso6oL

tqa6aq 5o05XqtX. 
"lrCAC ?5q.t Ar3oor3rR,iLqn6c'l-, 6$3 GND, Vcc

gc&'rtsL3qaqabta 3.rj1io3rq36o qg6o 2003s-L 16 16qa q38r$SlcnqXli.

Etb. 2.6 5tb. 2.7

oSoLwr3ot, 6mO r3o(Joqr"roo drb3oL 33t$qo 5rb$co838o, 3c5ln3Xor63door
3o36oLjx33bot qr d6.rgbot trx6oo 63aot tjx33b3o, 63bot b"rt3bt3

J.6.rqXqXt6.rq 6o11335 100...1000433 fqaJ06-qn0a6 3o5qX5b$o61i (C1)

(5sb. 2.6) Rr .r3cg3E35 q.robqoxEoo 0,1333 66r3o33q 3o5g35t.r$cn6L (C2),

6cD33qo6 8oqgrtu3t 8.rq.rqo qr lJJtsl"rqo Lob8o6ot tsgx6b3b38L (r3

3oSqg6tr$o6ot t2L$o 5c.r8o5.rqo 33odq38.r 6r3cnoor3.rqc"rL Sbc"rqc'rq 3r3o5, 6c'r13.s

tXli$cg.t 6Scnboqo J.l6.r%o$Xqo Lobtso63).

gr6qJ .r3o1r.r, d6.r3Xlot.r qJ 3o36roLj33Xlot 63loL dsb3oL 3r3r6on1s.ror3o1r,

3o36o3co6$6c'rqX6ot 6X6o1i qsq3boor b.rtt3 6o11335 qocnqt (6sb. 2.7)'

3jLJ36o335cr.lq 6cnbo$c,r$af5o3r3o btso6rq o$5c435 93 drb3ot l,r$.:63xbot

5.r3638L qr 12-3coq$o$ rJa&cRr6rn63bL. r3 3x3orb36r3o tj3a.rtso 6o1336

qrqSEooro drl3oL 5-3oq$o.r5o t$$oqo%r$c'r6ot 3o36otj33.rL.

lbnlr,

13rAlj
nll.lL

ROJ:
trfu8.r

tCSolr

n61,,
6o13.l

IRJ
6.rorr

3oc.rL

RC61'

mlnl,
el-oL
6"0

pocrro

SCRo
(r)Rcn

foJot
SaE"

lcq5o.r

,X6oro

0...8

Sv6t

ilaaq
,aS"1'
i13V,

']a6Ct

.T

4.1



Mega 3o3rAer.y'r5$r6-RC6AStC dSClol, A"A6-CE
3o36odo6$6oq36x6ot ogrb?o .r6ot o68rgo aasnr, 3o3t6r"rti33xlo:

"6og63q,o" (3$otr3.rqo vcc qr GND) qr "$.rq-t2t,r'i-1AVcc q.r ^q.CNo,6ooxqo6 rqo6o86xls GND-oro). rt3or oo36ertixdaaL a"a;aor363ls, Brgrqocnrq,
ATmegaS. t$$q.r60aqn B.r6o3ol,"t vcc qc Avcc ara-t"lsRlry$n 336orqxtr.r
3t4o3r53ort. gcS.trt3qcRdo GND B663qor oo36er3-o$a",qx6ot Bq6oor
0,7c,t&t SoS.rqcnlot ArJRoo ql O.n "Bo$.rt" 66cnXE36.

ATmegaSS

Vcc AGND

GND AVcc

6hZ& AYRMega-b7 66ndob Oont4ondt

cl q'r c2 0,1039 oaa"q.b"t 3x6-r3o3aR 3r"r6qc6to$er63bL (6.rb. 2.g) tjxs.rtg
g$'rqa68x5 3'rjto3-rqx6-rq obqot tsxrob.rSot g$,r1r"1r3q3q3bo$. o,a AvR
3o36o3e6$6eqx6t .16 o,isl, AVcc acoot.rt3qSqo, .ani, 

-0c6.,3o.rq 
.r83G363G

xt6o 3cn5q35tr$o6t. J6ri$o3.r8o b8o6.rq oo36-LJcacbl, 6cn.r3x6 .ia"3n $ab.o.o,U gs3oo65X3r 
'rt'Xqo 

s'rqogS6-Oog'A*o g.r6g$j'EXq.,, 
'.rtso' 

AVcc
aoSotrtr3qaqt ac6.da6 vcc-t aaab"t a*gct t00 -a.,os., Rl- 63totgr,,6ot 613-
Roo,. $.rt gr6q.r, tsXgX6b30ot BXt'86o6Xlqq 6X8oL"ro3ot "gXdpSS 

A.ARCS;;_
boor LCgoq$61r. Ll o6qxj6oS6olot Gcooo6rqo 

- 
tsc"dq,ca" 

"s.',il i0...+ffi-"r,
qo.rJrtrr6Bo, bc'rRo c3 6s66oqoL 3c'r6qg6Lr$o6o - 4,70grs-n1r"6-g1., (G.rb. 2.9).

v-tt

f,\;,

ATmegaSS

Vcc AGIID

GND AVcc

6.rE 2.9. AVRMega-tA Bebtt AoCtuAAtr AD

-,1

{
I
lI
I
I
I



lSlo:

ND,
nJQr

gcar

,6oor

ArAo,Arqolr$"Salaqo fu3e6t6ot 6ot3ot ACa6"d,Ca"

6mgo66 f,.j3C rqo6oB5c, RESET bc%t 
",jal, 

3ol8ot Sogc 63to1i$c'r6o 63bot
lr"qtlata, t6r<nr Srots6qc'rt qr63.r. 63tot$c"r6ot q.r3.rqo}63b bqXb.r 3o36o3m6-

$6t-rqX6ot q.r8.r3tq38gq g$6o3c3o. 33e.r6g orsc'rlot AVR 3o36c"r3o5$t6coq36L
r,fult Xgcn3lm RrGAr bs63c"r3qX (brown-out) q, 3orqo.r6o (black-out) d.:b3otr

3r6q5oLg$. .rjXq.r6 ga3er3qo5r63, AVR-oL 3.16$o3 tfuSgb8o br6q.rb.r6 X.r6L
$EolX6 qs8rg3locn ts€g.:qXbgb%3 RESET-

6.r3otrt3qXqorr5' 3o3.r6cnX8.rtso RJ %ogg36 $oglX5
"JrX6Bo B.r3co3oq3b3q1r".

rtSoro Soqgcctu S3odqXb.l g$c'rg6Xb2q oj63t CJlrJa-
6o3X6$Xqo 3c3X$o6Xbotct,16 lo3og3.r6Xqer Sa33orrbX-

lot.lo3ot. tc$l63oo .r3$o3r$o3r3o do .rt3o8c

are.t$gaa6.r3 33odqX6.r 3g36b33Xlo g$c"ro$3oerL, 6XEoL
br6gtot 6.r8er. a.t63 dqo36o 3g36b36otrL ,r3 63%o-
t$er6ot So6.rqc'rls (100-500dcrAo) q8c'rB6qXlr d.rqo.16

qoqo Rr RESET brttS Ssqrqo qm6ot Lo65.rqot
c6.r6tXlob"r3 ts3odqXb.l 3o36o3cn5$6oqX6ot 3X3ob3X-

Boolo BrSogds 3s8ooS3ooL. .ldtSlcclt 6.r3q35o33 tr33.r-
Rc}.l, 6ccn,r B13,r36o6ccar arlo,arRotsoSxa3qo B$c"rg6ot 6oL3gcj$er6o. c6--
xtun fficRrtc 316$o3o Sgoroqo RESET-ot b"rtt3 ar6a .r0V6o 6xtot$c.r6ot
3q6oXb.rc, 66o336qCllRn So6rqoboo 4,7q$ 103o3-AqX (G.rb. 2.10).

A.lt6C bGACtCEoli.sAc6 RESET br%ot q$.r$X8ocno qr63oLm3ot
66c'r335qd3R"" 3oLro SoSctcn$' 0,133g $6qr'llotr
g.163 3co5q35t.r$e6olr t.r33rq38oo 3oX6oX3r. 3.rg6.13

?5q.t 63rbter3q3t, 6('''3 RESET-o1i As6A tsr3cng6ot
tsgll.lt3qgqo 3.r8c'rog6gb.r 36org.13$"16o.16o o6$3693o-
tnto3ot debugWIRE 3o36co3ro5$6c'rqX6ot J6cng-
6s33qo Xt63Sgqgogot gr$gobot ts38orbg3.rtso.

RESET-ot 331nt3q3qor5 Jr6.rq3q1qrq 3o36cng-

dARn 3o5q35Lr$co6o 3.r8c"roSp3t bs6p%XEt c3

o5$X6g3otoL 83ts.rmb.r8o, s8o$o8 or3 qrg363oqo,r
3o36r'r3co6$6oq36ot 6c$golr LJ36ocqX6 Jq.r$.rt3
debugWlRE-ot SX8prnlocn, r?(JoR$CRoJ ArAoolBJ-
qolrSo6oor B.l36or3Xqo, 6lor.s gsEt.r36orocn ;o6q351lr-
$c'rt6o 3o36o3c.r5$6c'rqX6ot gr$gobotrt, J6r'rg6$3-

q" at6a6pqgcogoL 3.r3og5Sr-.
0.rqrq3oq$o.r6o q$6o66o3xlotct AvR 3o36o3o5$6erq36t 16 g.r.186o.r

t$.r5qs6$3qo 3o3s qocrqo, 6r'r3gqo6 q.so13r3t 6q$3$3lpqo drl3otrgr6
R'ESET-ot 331gt3q3qta. .r8o$er8, o,U Ssqrq3oq$o.r5o q$6'66.roxl.r s6

tro3oo66Xl.r, b.x63Xt33ot.rg.r5 q.rLr6.r3.rq 66m3X6qSflR"" (D) El6C qooqoLr
6.6o3s RESET b.r%t.r q.r 3o36o3c"r5$6c"rq36ot ;a$nl, L.rq$3t 3o6oli. rftq.r5

l"ta
,vR

$a5
).

Vcc

ar8-
Aa:-

5-ot

.e).

6sb. 2.11. B;ilog4ob ltfuA"
(il)

AtmegaSS

RESET

ATmega8S

RESET

-65-



gs3cn3qo6st63, RESET br%otwr3ol, a"ff ",JrqAR." XqX3X6$Xbot $oJ36 tfuS.rb
rfuL 2.11 6rbcttX 3o6X3Xqo lrcbX.

aA B.r3og6ot brto 16 3$c'rog353b.r qr 3o3.r-

trjXfu6o q$6cog6.r33b c6 6]o6q3[.r, 8.rtso6

g.r3cnr36382q So$gcoboqobrBo RESET-ot

6.r3ert.rt3q3qo 33odq33.: XSSrqoq 3o3Xg6ox"ror

3o36er3co5'$6coq36ot 63Eot tsq$Xt.
6oXqo J6c'rg6s336ot gs$gerlotrt 83odqX}.:

tslo6o arbqfl, 3o36c"r3o5$6r'rqg6ot odXqXbo-
o)o Br3c.rg6c. .rd ts33obp3r3o 3c.rtcb3t4bS3R""
tjX8.rtso qca$.r$ocn 8$o96olr qoqo3n (S), 6r"13-

R.,t 3c'r5$.rj$Xlot 816o13.1 3s3c.rL633t RrErR
to6tuqt RESET-oL g.r8oll.lL3qaqta.
Br8erg6ot qoqr3lr .rX6o38X5 RC 6goqora6 (6sb.

2.r2).
3og.rtj33X6o q$6o36.r3X6ot.rt qoqrSot 3e6$rj$30o rXgoqglqrq ASqr ogot

g.rom83q 3qgco3.n63eillBo.

Mega a"d6-d-566c'RC6o1r E"A-SC5AI" uAaClA" gRCJ$(il6"r3Xloor
acf1d06.d6.r3at "5.rJ36$3qos6oloo" g$rlS33Xqo q.r8sbo6SSbXlot

33b36o6Aaq"e d6.r3X8ot J.u6.rqXqX6.rq 6or.r3X6 0,01...0,1339 gXjqeilot
3x6$o33q 3o5q35bgo63bt (5rb. 2.13). 3o6q35t.rgo6xEt 3.r6.ron3t3lx6

3tsXrqc.rq d6r3rt 3r"r5$.rj$3btX.
q.r0.r$Xloo goSoldoX8cq tsXodgXlc a$c'r3ogXSoor

fqfd66.d6.r3.rt UgCRr 3oSgrjgot qrtsX5g3r 8ot

3cr6JXtt3 "r5 "3o$.rt3". C2 qr C3 336$o3Xqo
3e6q35tsgcn6oL g6rqob $ tsX3ob36r3o oj6X0.r

0,01...0,133g qo.sJrto6Bo.
dt6.r3rL x8xrqo tocbqo33L 3o36o3o5$6oqx6ot qo66Sbotrt tolo6c"r.r

3o%615c.ro AVR-oL Er6C V6ae$ta ts3t.rdqc,r aqa,j66.3rg6ogXt6o g.r3qX6Slot
6ot3XloL 3336o6X1.rt3. Sr3rqoosq, a6C grjgo63lot V6fq" tsgodq3l.r

b.r6ptXbot .rq3c'rt.rgb363q.rq 6go8XSqXlpqos C4

Rr C5 3o5q36tr$ot6o q.r3.rg35mo 6"0 ts3odq38.r

.rbqr"rt XTl q.r XT2 3$mtaL3qXqSbo.r6 qr 0roo
"0oSolr" 3.r8c'rlst3qaq$" 3o3336oxncn 3o36o3co5$-
6ccqX6ot GND 6.rSerLrt3qXqt 8cn3qX 8.r3or3qoor.

66o3X6qC0URn" rg63o3X a 6,r663qo
6XterS.rger6ot 33t6r5o 3o136oqXt GND S6Ae1,
8.dRC 8r3or2qoor. A%6n AaO Xt.rg6orboXb.rtr
Xtt6353Xqgotst 3.r66$3[3qo 3cc5g36o 5"]fBq
Jq.r$.rtX, 6r663qo 63to5r$o6o1l.l qr
3e6q35t.r$o63Eot 6.l6tsg3er.

Eth. 2.13

ATmegaSS

6.rE 2J2. 2&tg&rt" (4c3r.1o

6nb. 2J4. AtdA V@l' *rUUrr
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2-4. Mega-t g$t6c'rg6$3lot Jt6o56oJ3Ao

ATMega 3o36m3r'r6$6oq3fro 538.rt t6orj3t q.rJ6c'rgd's33bot 3 6XgoBL:

o cn$rSo8qX36obooro qcJt6r'r36r33b q.rbrqo drb3oL q6ot (SPI o5$36g3oLoo,);
o Js6.rq361qo qoJ6o66"r3Xb Srqrqo ds}3ot q6ert;
o q.rJ6c"rg6s3Xbr JTAG o5$36gXo1mor.

.rlrffiC €SXdqos or3ocnq.:J6og6c3Xl.r6. 3t $363o5o SsqotbSolt J6c'rg6.r333ot

fubto36X8ot 33q65oqc.rlot 3X63q.r1i, 6c"r3Xqts6 3o36co3c'r5$6rnq36o 3r6on3t.
q.rJ6er66c336ot q6co1i lr6fqgdc 333qX6o oJ36"r6o33o:

o 36oL$.rqot Sc8q.r;
o J6ro66c333oL 33bLo36X6oL Sr3oorb3.r/Bs$X6.r;
o 3o6c633orc SXbtoS6rlot $r3oob3.r/Bc$3t6r;
o g.r63ot aX6aqS"t S.r3ocnb3JBs$36.r;
o 3oSgogX6rOoARo aX6AqSnt S.r3oob3./B.r$36r;
o oqXS$ogo3.r$e6oli 3g63q3bot Sr3oorb3a;
o 3.r3cqol6$aq" b.ro$ot S.r3oob3.r.

3<"r6s6X3or.r q.r J6erg6a33Eot SXbtoS6Xlot 8ogor.r3lio q.r6Xqo 35q,r ogr"rL S.r3oor-
b3ot-'g.r6 rG ts.rS36ot.rg.r5, 33L'.rb.:3oto q.r63ot 2g6Xg;loL qsJ6c'rg6sSXbot Lrs3-.r-

R$"-. $ lg63qXboL q$6o36.r33lot 8f8qaa 3co5$6c'rqX6ot 33btoXt633.r olqo-
3X}.l 8Xbc}$oLo c.rJ36.s6oot.ror3ot. qr63oL AX6aqS" 8Xodq38.r gsq.ro$36,nt
8tt<'rqc.rq 36ot$.rqot S.rBqot 86d.r53lot ts3t63q;lot tsC3qCA, 6"0 .rlrffiC

3.rS.rqgp6Xft 3o36r'r3co6$6eq36ot J6cca6$Xlo1t'qs 3c"r5.r6X33boL 33blm3633ot
Sogorr3Lt.

3oSgo3X6rOoARo aX6aqdn g.r5t.rtq36r3L 3o36ee3c.r6$r6oq36otr

3o5gogX6"13oot Al6aAaUq J$.r33g6Xlt. 3t aX6fq$n gasqsgqSlJ GrRJC
lrtroli.r8r6om to36633o Sbcnqc.rq q$6og6.r33}oLct. 36o1r$cqot $rtsqoL l6dc538c

"3 AX6fq36ot 3q6o8c6Xeilrt3 .16 3erj8gq3lt.

UACRr AVR 3o36er3co5$6coq36L 
"dal, 1l.l3o 8-cnr56ogor6o UX6CR., 6"0

bXqtrSgot oqX6$ogo3.r6oot t.r32"rq3b.rt odqX3.r (oqX5go3.r$c"r6ot AX6nSn).
3$<nogX53b.r Sbc"rqoq q$6o66$33oL 6Xgo3tso qr Sbcoqcnq $r3oor1o3oLror3oL.

3o36ccac"r5$r6eoq36ot q$trq3bot.rt 3cqob638o1r X36Xq3o 8X.rj3cn RC-

3X636.r$c'r6oL 3cqol6pqo 3c.r5'1i$"r6$c. SXtscc"rboL q6oli tso3r RC-6536.r$o6oqs6
.r26oq36ggo.r 3$cn3gc.ro c3 X563qoL Bogol3to, 6.rcn.r 3og.r 6536"r$co6t
8o3Xt.rqc6oor 6cc3o6.rqX6o tob3o63.

3o36o3er5$6c"rqX6ot qcJ6c"r36cSXboLaor3ot t.rb3q3dq3;53qe.r8o .rq$36oqoc
6$q35oOX J6o36r3r$c'r6o, 6co3qXlo6 SPI o5$36gXo1itX SXBmolt, bc'rqc'r
J6cc66.r3ot q.s$X6o1, q" g.:SgoboLror3oL rt33bq36tX 6.r8c'rogX636s o6$66o63}1qo

6s6to (AVR-Studio>>, 6o3Xqo6 q.:3Xts.r3Xltqor ATMEL 3rn8J.r6ooli 3o36.
(dvR-Studio> J6o36c3.r g$3Xo35oqo.r Windows-ob erJX6.r$o2qo

tolr$383bolnor3ot, t6c'r3gqo6 t.rts2.:qXb.rt odq33.r tsXoj36at 63q.rj$o6Xbobr qr
gcsgolot ofuXEo J6og6$38o ct33bq36o1i.r qr C a5.rt3, 6o3qXlo6 o0Xts,rpb35

AVR 3o36c'r3o5$6coq36XEtX. oAo rq3oRrq 3oq$6.rqo"r ATMEL 3c"r3J.r5oo1:
lso$oq$. $CRr 8cnq3qoli 3o36cn3c'r5$6coqX6t .rj3L or.r3oLo SeqXqot 8Xt$.r8oL-



loors36os6o qlroRo, 'lr"q"o 
3.r6ts%q36aRor SrbJlmsoSa3qo 3c"r5L$.:6$3Eo'

6.3.'6.'3.r.r J6o56$3bolo Rr Eer5q3333bot 3.rjLo3.rqx6o 3otr3r6oro,

ts31r.r3rq/3$ot.r3.rqo 66ot$63bot 3o1s.r3.r6o3Eo q.r r.ts. J6co36$ot6xlot J6o6gbo

"itXanol"q 346$o3q3b.r. 83CRr 8c'rqXqot Jt6o66"r3Xqo LoSXq'r$co6o

trax.rq3b.rt ndq6" 
-3-qxq,-,63b 

BcaS$.r6oo 3o36o3o6$t6erqx6ob ax8.rerbrt

q.r3,Br,,fuq., t6o36r3oL 33t63q3Eobt Rr 3oJc.r3coor ts36qc'r33do

3o36rn3c"r5$6eq36tso 6.rSXt6$q3.

(dvR-studio>-t al8solot 33qx3o.r HEXgsoqo, b6dr53bot 3c'rqxloor,

3o36c,r3cn6$r6oq36oto3ot. 3o36o3o6$t4("rqx6ot 33bto363}ctso rA g.soqoL

B"["$XZrq gra.og36C6r tb3.rystb3.r J6o36r3c$m6o kr3ior6o 3r6o3ot

J6c'rg6r03boo.

3o36er3o5$t4oq36glot J6c'r36r3ot qr$3t6r, 6o3o66 VCl'n, bq3Es ;t33lqX6ot

X6.rtj $ C-t3, orla6r .r6bXlcolt tb3c aSSlolior3ot g.r633or35oqo 3m8Joq.r$e'r6xlo-

5a-je"a3a"t 
- 

6.r3r6or3oL.ror3ot 3$oogX53b ld13orqX6o J6o56'r33qo

to3lqs$m6xbo qr 3o3stj3326o c3aqr0-631., 6o3q3lo6 0o3t6c"r3o6$6c'rq36o1i

828.rc'rlot o3o$l6o.rt rbqXSt.

J6o36c3.,t 3-qn1r, Solro eolo$$26o SoqXqoL Rr 8Xtsa JIEX Smqot
SXqo,Gi s6u tr33.r6oto 3o36o3rn5$6erqX6oL .r1n333"rACARrq. tnlo6o.r 3Xjs5o%0o'

Aelaq"f, 3X36erboor.r13 83lndq3EXqos J6erg6.r3ot "3.rloq3.r" (bUrn, flash)

3o3t6c'r3o5$t6erq3t68o. rlrSor 3fis5o%3t $.r63er.tqgX5t J6o36s3-r$er6o qr Solro

J6og6s8Xqo 3t615pqgm3r, 6o3qot br?pqSboo bqCb" J6o36'r3r$ot6ob

3a6or3.r qr 3o36o3c.r5$6eq36ot J6o66s3o1r (JIEX Sroqot) B.rsx6r oSoo)

3o36o3o5$t4oq3t6tso.

2.5. AVR atad*ragr56rq-gC61b"t J6o3r4.r3.r$c'r6X3o

3o36c'r3r'r5$6coqXt4ot q$6er36s33}okro3ot ("3r$-q3otwt3o1r") rX6oq3l3qo.t

J6co36.r3.r$o6o. J6co36.r3r$o6o sJ.r6.r$xq-J6co36$1q 3oaJq0jtor, 6cofuqo6

.ro33b 3o3Jq$36otr q.r 3o36o3o6$6oq3t4oL 333.r36o$cqn 3c'r$gc'rboqobot.r q.r

J6cog6r3o1og.r5, 6o3gqo6 3.r6o.r3L $ 0o$goboqc"rlrt. Jt6co36.r3a$ot6tr

3o36c'r3o5$t6r'rqXt6ot 3Xbto36Xb3o a3rftL So5.rt$.r6 3o3%.ry313qo J6o36rar.

ATMega t36ooL 3o36o3o5$6erq36Xlo 3Xo6'r3L 3qX3-33bto36Xlot
J6o36r3o63aob J.r6.rqxq36 o5$3633ot. 3co5.6333bot B.rt.rs36.rq tslo6c'r.r

3o36o3r.r5$6eoqx6t I I2a q.rJ6co36.r33aoL dsb3oli ao$c.q3bs. J6c'r6Xtot

3o6$t6oqolro3ot 3$en663}J 3o36ccao5$6ccq36ot ooojSot fficRr Jc'r6$o.

q.rJt6er36.r33lot rtXoro SXooqo SXq.r6Xloor t$6.r3o.r, 3.136.13 1lr$o6o3bt

1d36o.rq36 Jt6o gt6.r3.r$odXlt.
tret6n36orn tX6oot 3o36co3o5$6oqX6o oUCSCAt ISP (In System Programming)

€3orrcqt. 0o0qX36colocno qcJ6o36r33bot 3t Ssoroqo 16 trlo6mXlt l2A d$3sL,

6rq5s5 ISP o5$363xott 6.r$5or d.*3ot 3c.63c6$x6o Rr, a3bbsaot.rq, 53 d$3r,

6dlqo6;'bca3c6o1mr .rO J6o631nLwr3ot. ISP-oo q$6o36r33boltt 3o6'r6X33bo

3.tqrC.dl' SPI (Serial Peripheral Interface) o5$X6ggotot LsBX.rqXloo,

i-sqnt -3otq3 Oboqcoq 
'cDbo 

b.rtor blc,6o'r - RESET, SCK, MOSI' MISO.
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i6S"'
[6o,o,
n63Lo

$o6o
lrrrl'ct
mSXlo

l3ln-,
nqot
6o13oL

1a6"1,
1636o.

&aqn

1a6"1,

nqot
io%3o,

tlash)
Soto

gr6oL
o)Soo)

l3qo.l

bRn0
lr" qt
ger6t
tu.

63lot

!o6cn.l
gXtot
o60n.
6",CAt

dog)
$3rL,
d$3.r,

ffaaln
fAEn.,
trso.

{

ISP-ctro q.rJ6cng6.r8XboL Ssormqo .16 trfio6c'r3lt 3o36co3m6$6oq36oL tsa3ts.:co
tj33oq-J6 .r3mq3brL.

AVR 3o36o3o5$6rnq363boL.ror3ot q$6ogt4r83boL ffiCRrtC ETA6OCRCbURobx6bo.r 3ogcti3336o q$6cog6rd38.r (ggi6oc ISp) spr J-a3sn3"[n3on
o6'$xdggotot g.roergx6SEoor. xl, S3xdqoc gacRr AVr{ do36r.r3rn6$6c.rq36t qr
3r'rt.rbx6b3E3qor o3oor, 6',,0 odq6.r oo AVR Bo;6.3.G'$6coq3t6oL
q.rl6er66s3X3ob qr 6qs3J6og6.rdo63lot 1rtsX.:ry3b.rL, 6.O3qo6 g.r6q"rg3l3qor
ffbc SmSgcnEoqob.rBo.

2.15 6rb%tx 6"rB3x53Eor 3oi\x36'Eooro o6$x6gSotoor q$6rn36rox6ot %og.rqo
J6oS6oJXqo tjXS"r. 3o36c'r;o5$6r'rq36oL qcJ6cca6cS3lotrL J6c'rg6c6566jAn
gn36qo3ot gX6i6oe6o63Et, 6c,go66 SoB6cGo (Master), b-q."
Eo36o3c.r6$6oqX6o - 6c'rgc,r66 $goqo (Slave) Oo$goloqr"rl.r.

SPI adRCS.6e,&Ex!

I6seaeA6o
o566fuAoto

EEPROM
ASArqBclqtSc.,apRSARo

fobk6t6r8r

6.tb. 2J5- ATMega-b .Y,x,rA4tefn\r

_!_PI o5$36gXoto 33q63.r t$o b.rto1rg.r6: SCK MISO qr MOSI, t.rq.r6 SCK(sPI clocK) $-:j$o63loL tog6.rqor, 6c'83qL.r6 J6erg6.roo$c"r6o q.',Aano3lt
SCK b.rtt3.

MosI (Master out, slave In s.ro$s6ot g.roertrt3qxqo, c8g'qot
fol',t3q3qo) c6ot 3c"r6r633cnc acqc6xoot b.rtn J6c.rg6$s6.a"q"a 1graffi"6";
pl'"J6co56r3x03q 3o36cn3o6$6rnq36$qx (.r8g-q.,j. g-atq. ooJxqliotr
3c68.r3qer8stso scK b.r%%x, Mosl-ot bstot g"rorngS6gboor, 3"q"roca" x6ao 8o$o
J<6<n66.r0r$o6oq$ q.rt$6cn g6.rE3b3q Bo3 6c"r 3o6$6ccq360o.Mrso Master rn, slave out - scog$olr tsxt.rt3q3qo, $gc"rqoli
6aSerL.rt3qcRo) r6ot 3o5.r6x8or.r 3.qs638ot b.r%o qJ"J6-g6caxlxqn
ilo36co3o5$6oq36oqu5 (.rogc"rqo) - Jt6c"r36.r8c$er6"r8qx (s.r86.r6o). g.aig"
o&)3qtot 6r6&r3qc"rbr8o scK brt%x 6.rqm6x8s 26o,o Eo$o 

'q.rtr".|o.garaxa3q.

ilo36o3cn5$6erqg6oqs6 J6og6$.r$c.r6tso, MISO b.r%ot g.rs-gx63in-.

4a



o3olr.ror3ot, 6et} X%6X5pq36c.,crl 5c'r63rqX6o 3.133o6o SPI-b ts3o b.rtoL

go3og353bool, r1(Joq3b3qo.r g.r3.r36om.r5c"ror 8o$ot 1irq$3 (GND) J6mg6.r3c$c"r6t.r

qr q.rL$6og6c33l3q 8o$goloqrnlrtS.
3o3q336olooro q$6cc66.r33boL t43go33o ts3trL3q3q.rq qr 3.rL%3 gc'rg5oLm3oli

g"r3oog63Er Bc8c.rg6ot b.r%o (RESET). of A6q.t ogoLr "rj$q6 3q6c'r3$3c"rb.rBo

(to35.rqolr qrlrRo q.5X) AVR-ot q.rJ6co36r33botr g.r BoJot Sr6qot q6ot.
RESET b.r%t3 SrtsqoL lcnqc"rt A6q.r ogert go63o63b3qo 83Lab.r8oLo o8J3qto.

J6co36.r3c$r'r6oor 3e6$t6oqX6ot $cj$o63bo1*o3oL 83li.rdqXE3qo.r 6r8r.r3ogX6c'ror

3o3t4cn3c'r5$6c'rq36ot XTAL1 gsSc'rt.rt3q3qo, 6.:66Xqo 63%cn5.r$co6ot

.r6rt4tgEobot q6ot.
s3g3s6rq, J6.rj$o3Xq"rq .qACRr AVR-3m5$6oq36L ,,jal, tsog.:LjX326o

qrJt4r'r36r338oL ISP gX5jgo,r. 31i 6o'35.r3L, 6c'r3 J6ce36.r3o1i Soq3}otr
"6rlmq3ot,:c'3olr" 16 c6olr .r36oq3}2qo 3o36o3o5$t4clq36ot Jqr$q$ rSoqXl.r

qs Soto J6og6$"r$o6ot bXq38o 8emcat3}.r.

3cnSJoX$36o, tJ36o.rq26o .rqcJ$36oti Lr"82sqXloor, Xldarorg& ISP g.rL"r6mt,

6cr33qog qsg363}3qos 6rSXormloL Jq.r$rtg (6ch. 2.16).

LPT

hb. 2.16. eufxlJ.,S6fx.ryAhb e<x-rA6.%A&rt ln$7At

.:q.rJ$X6o oLXl 8m$gc.rboqo, 6cl'B q.rJ6m36.r03boL q$or"r363bot tsfqm
;3$er8r$X6cq ooroBXb,: 3o36c'r3c'r5$t4oq36oL gc3o36$38oq$ qr 16 33qoL
Jqr$ct3 q.r5r6tsX6o 6cSdXlot 82tsuollt. tsCqCArq 36.s3.rqg36"q., XjLJ36oOX6-

$Xlolrl q.r "gclc.rq33bot" J6c"r63to 3o3qo5.s6Xcnlt g.rl3oqXloo flqj6r'l t$6.g.rq.

3s3tsot4ol lr"q0l 3o36c'r3c'r5$6rnq36tJ qr sq.rJ$X6t 3c"rt6ot 6.rq.rL633t a,jal,
to35.rqb (6b6oqo 5): li$o E3b3rqo, 36oo 3,s8cotr3rqo Rr c"r6o 63Eot.
o59o63.16or Arqro633c 3o8q66c"rlocn SPI J6r.r$oSrnqoL SXtr$.i8obq.

'3m6rg33Xlol Lo56.rq3bo1i UcrACRo b.r%o X16c'rq3b.r 3o36m3o5$6mq16ol

as6$ffiq 6.r3c.r3g3.i6L Jm6$ot b.r%cor6, 6c.r33qt.rg .,jal, .rg$365s$olRo
q.rLrbXq3b.l: MISO, MOSI ;6 SCK (6b6oqo 6). 3.i3c.r36"r6Xlot c.r63r5o

q,r6o363q3b.r .rq3bpqos MCS-51 Jq.r$go63oli t3L.rbr8oltq. AVR

N'Iaster Out - Slave In
Nlaster In - Slave Out

Voltaee Common Collector
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irtot
n6tc

o3oL
Sstso

6<'rlr.

:1".

3[rno,
n6olt

ry-
!aFl'
RC}J

fuIs,

0eaa,

Qotl
4c5-
l
afut
tloL

r5

ib36m3m6$6r'rqX6Xlot 36.13.rqlrcbXcoloL SoXb3qcarq

tot$.rqo glSmgmgoqo.
SPI 3r3c'r3g3s63lo 0.rcn6o

6

IPl, XSL 5.rL.r6oro (6.rb. 2.16) 10-3er5$aj$o.r6o,r. 3.rlo6orotr Bs6Srqo Jq.r$;%g
10 $oJoli.r,r, bc'rqc.r 6mtX$o 6.r53Xcn35oqo.r IDC-10F }6$ffiqo

oLror3ot. 3$o3g3.r5XloL 6.r566oq3ot X6ogog.r6oc .16 r6tglcobt. 3f7
3o 61833638o.r UBCRr%C b3o6sq g;Sc"rgXFXEXqo 3r6ou6$o, 6m3Xqo6

8.rpE3qo.r Altera go63o1s 3oX6 qs36o36.r8$"q" qc"rgo3X6o o5$66.rqX6o
lrvn3oL (EPLD) ByteBlaster sq.rJ$X6ot gs3c.rgX638om.

.1066.rt4.1q, t.l$o6c'rs Er3oo3rqotSoSc'ror, cDA , X66cob Jq.s$.1t3 AVR-
36oo1 6c5q.rg36Xqo.r ISP o5$36ggotot 10-3c'r5$.rj$os5o g.rli.s6oo,

6og3oo uSRr q.r3lqgoS.ror Solso qro.nd.nRsbo J6c'rg6.r3"i$o6ot ts.r6or3,r3q3.

SyteBlaster"-oli g.l566oq3ot 3Jo6.r$3trob.r g.r3c'robr$Xb.r Soli X5o336L.rqc.r8.rBo,
€3odq3ls 0o.;6m3er5$6cnry36ot "3r$c'rq3.r" Rr

q.rJ6cc56c8daqn qc"r3o3X6o o5$66rqX6o
tjXSSloli 6q.r3J6c.r3r4.i3o633.r. 3L Scnoc'rbc.r3t

tJ36o.rqX6 J6ergr4"3lq X%6X6gqgc.rgr1s.
gc6boqXqo 5r66tsoq3oL 3o6o.16$o .r6otr

3cc6$.rj$3bo1i gc6q.r6b.r gotr6or8o (6.rh. 2.16),
6c.rfl3qo6 .r6s3oorr6 gs3q36.rL .16 sbq36t 33L$.r-

s'82'.16' 6i*xtunt twxryg' ooto 1ng6.rq3}or, real663q J.r6.rdxgaxat3.
. Jt6c'rg6.r3r$e6oL tft8ot ts3r686.r

J6c"rg6.r3.r$c'r6oli rqaJi}6rqo Lfu8oL tsx6B6.r qs8coSoqglxqo.r L.r8 g.rj$r"r6%g:
o 30r6cn33q 3c'r3Jo3$36Aq J6og6.r3.rt3, 6o3qot q$ots5Xq3bs

3o36o3m5$6eoq36o1.r "3.rloq3s.r" ;

o Jco6$oL $.Jt0, 6c"r33qo6 3coSJoX$36tso (COM, LPT 16 USB) g"r3c'rogX6XEr;

o .bX63ot?Ro qr q.r36cao gX6j6oSboli qc.r63t3.

65oloqo.r t4$q36o3X 33c6m33qo ;c.rOJoAO36Aqn J6cog6.r3.r, 6mdq38o6
AVR-or.r5 3X3.r'rloLrcn3ot. 3.:6sqocn.rq, AVReAL, IC-Prog, PonyProg,

MOSI
NC

RES
xrso
scK

GND
NC
NC
vcc
GND

m Eproft. $CRr 3grlm.r qr Xt6X6pqgc,rtsL AVR 3cn5'g6coq363bo1r



?]r6o)m 6c'r3g63qs$X6sL. ts3tsb'r8oLo iq'rJ$36oL g$%sq3bolofu "33t'rdqSbCRor

63}oli3o36ot 5.r8cng63h.- 
AVReAI q.rb;"S6-fqn.r AVR 3er6$6eq363lot q.rJ6c"r36r33lot.ror3ot SPI

o6$36g3olnt g$.gJ5Xb"-- 31i J6er3t6'r3s rRSoRrq 5$coLsgSClCRn" qr

ataasiiegmtst 
- 

arc$.,3" J6c"r36$cgco63}ot do6oor.rqo $oJxbot s.:6ar$342q

ara"-f*, 6c'r3q3Eo6 
-3er8Jo3$36ot 

J'rt4rqXq36 (LPT) Jc"r6$t 3X6orq3}J'

.r6tXlolt :C.i6eia"fr Wil lX6t.,.r, tr"R". Soto gr3p3" bq38c ac'r3.r6qX6o

tg6ojoSoq$ "finq3SXqn 3i1,"q3ant 3'r8o653boor' 56cao3Xqo o5$3633oto

J6og6r8st .16 rj3t.
lC-frog agas.at LPT-J6og6$.r$o6Xbors5 t'-"q. 3c"r6$6."rqX6ot qrJ6er3-

6.rdXb bo66o3qaedc SPI o5$3t633olmt 6s3ogX53}oor' "dal' 36'go3Xqo
o5g36g3oto.

Fo"yf.og - r6ot ors3otl3rqo t363oL1qo J6o66'r8'r (1$oqo$'r) qos LsSgo-

bo d(Y)Roo) 3o3q66ob.,.n apg6"rt Fhsh-3o36otfu33Eot qoJ6o36rSxlotm3ot'

"at3a-at 
Ponyi-rog-.,t winaows 3x61ms. J6o36.r0rt Sxld*os 6$c'rogxSot

tg.r6g.r6$3qo 3o3q3g6erboon (COM) s5 Jl6lq3q16o (LPT) Jo6$o qr

rbe66o3qXbt J6o36.r3-r$m6Xloli 3b'r6qr$36'rt'

AVRDUDE 3!"q"6" BgqoL WinAVR-ot J.r3Xgot SgqpSoqc"rlrgo-

q5o353qo A6oqo$r $3o6cru3t J6c.t56.rEXlL'r q'|5 3o5q3X33lL

Sc,36o3o566.ef.t a3bLo36Xlr3o qr tsSXdqob oj 'r6t383qo J6er36'rSXEot'r Rr

3e6s6X33bot Sr3oob3.r. AVRDUD ogXSSIt SPI-o5$36tsCot'

.,3alr.r-3n1r, 6et3 sScn3o3oorbr"ror s6 813$36oo1 3o5q3X3XEo 3o6$6c)qx6ot
A3bbX6SJXbot 63q.r 6.J-A; AVRDLID A6Rr a,a.rolqXt 3o3.r5qX6o b$t6ojc'r5ot

6i3.g5Xb.,. "5 i6.g.,3iq., o6$363Xo1nt b6SrqXloo' AVRDUDET 3'r3cogA6Ab"

j",areq,6,o L66;Jc",S.q"5 SertobS6bdCRn" 3o6$6c'rq36oL 3o3qo 3Xbln36Xlot

[43q.,- q$6.36.r33]ot-ror3ot, 0s3o5, 6oq3trq3 E6{3";ARo o5$X6gXoto

lrsti66bq..r a3ttnXAXant €o3or3tot 3$cca3qXjolt.l Rr OTR,JCURo bco$X8ot

aX(J3qnt "t EEPROM-ao, 3.r3sqoorR, fuse q.r lock }o$Xbolr qr s.3.

AVRDUDE q.r3r3tso63laRoJ tb3sq.rtb3r $oJot qrt.rJ6c'r36.r3313q

SoSgeiloqcolXlo.rS, 
-6o8q38o6 

33ts'rob36 J'r6aq3qX6o (LPT) Jco6$ot

n6$j6gntn1lr q.r So8qX3t4mlooo (COM) Jot6$olr 3r3qoor' X$oqo$r 33odq3b'r

.,g.nl, 3-fu.,g36"63b3qo otX, 6o3 o8i8.rot SXbotSoXt6 LPT-Sm$gc'rloqeilukn$'

PonyProg Jtft'rg6.r3ot a3Arc"nr

s3 J6m36"r3oL 3sS-ffiE3b.r 6.r53o6r"rb3}xqo.t o3oor, 6co3 PonyProg-ot

3b$q.r$36.r BqSblqor c-3c.,3Jop.r$or6xl€o qr J6o36s33IoL 3.r33-ii4crrgryxb'do.

3c,r0JoX$36.J 
-OoX6o'3bnL Jc"r6$o tsXo6B''.r fuo6$33X6o 3r'r6go6X6r6oob

&,dgq3n..-;? LPT-Jc'r6$o 33g3o3':q qrScaSbXqo'r J6o5$X6oor' 'o6833' 
COM-

:.A6i q, Jn6.,3no,. BXS.r36o6bCRo ,t$C*ot ln6r4da rqrJ6l6t.i q.r COM-J*6$1
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q.)ac',3qc63qo 3$er3g.r6x3o 2-12 Rr 3-11 odq33.r J6og6.root"4"l, ,:ra"gxqJ
S.rSoqot (.rq$$X6ot) .r6liXlobot oqXS$ogo3.r6oot tr8prqXl.rt.
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36qr g.r5q.r6q3L, 6oo ?godq3b.r .rbqmli

3o36mgn6$6mq36oir XTALl q.r XTAL2 3.:3o3g.r53dor.r6.
COM-J*6$o,.r6 ts3Xqs',3}.i SSL6XqXIfRor 2.20 5sb.i%%3 3c.r633Xryo 1ij33o1r

":6":q.',3oxt4rq. o6qo3,r$r':6o HL1 o6orxbs Sbc.rqoq q$6mg6;33bo1i J6m63ttso.
IIL2 o6qo3.r$'6oL r6or3&c Soxorocrr3bl-r 53 d.rb3oli .r6L;8mb"r%x, 6c'r3xqo6
gc.r60o6qglc DA1 L$sboqo%.r$c.r6%g.

3o36c'r3r'r5$6erqx6ot J6o66c3.r$r'r6otcor3ot drqor6 35o336gqo3c5o.r
t$$oqxt4o ,laab"lr d$3oor xtr6363xqgc'r?Jr. 6c.rgo66 Vclrn, J6er36.r3r$co6o1i

$ARr 3q3335$ot 638obor3ot g.r8oogX53bc +53 dcb3c.

2.22 6cb.sttx Seo6xSxqoc qsqSboon d$3ot 6aaaq"Oer6ot 3o36c'rtj3fu,
6o33qo6 331t3.rq 33q3o3 d.rl3st (73-q$ 15a-aef o5gXr63.rq€o) q.ro6.r5t
L$$oqXt6 5a-%a. C1-C3, C6 S.rlqccao60b8Rn 3c"r6q36t,r$r'r6g3o.r. RocnRo Dl
o6.r3L sq.rJ$361i .r6cL$o6o Jmryo6c'rboor 8o$r',q1blqn 63boL d,rb3ot.rgo6.

fqa.j$6.61R" .rJr6.r$X6oL qs33X'3.r33bqoLco3ot X6o3361nqX6o lq.rJ$g6o
Ss63c"r,rq66t ISP 3.rtrt6mo1i ar3qocn qrJ6c'rg6.r33Eot .rq$g65.r$o3rL. c',Xd6l

36og6trqX6 q.rJ$363o .r1.r3c'ro grlrl6oro (pC) g,rr,3.rqoL$o5glXqo.r.
d.rqos6 b3o6sq 6g.rq26 3o6o.rg262q ;-5Lg63j6o3b3o goto336rq 16 s6ot

rq6oqo ISP 6.rt.r6orotrr3ot 16 Xq3j$6r-r6Xq Lj33.s'3o c6 s6oL L.r3O.:6oLo
tsxt.r3rq/gs8.rli.r3rqo b.r%3boL 6.rerq36nbr qr b.rlo6'.: MISO, MOSI, SCK-oL
$erj82qgb.r ti4Sqgcnq3oqo Jo6$3boL 63go3tsol sLXoro 333orb3gX3oti .r6t3bolo1r.rb

ryr33Xtss3130R. .136oq38qq oor3.:qoL$o638L q"rL.rB3E.r3CbCq" fqf,j$6-6UR.
1sj33oL Jq.r$s%3 3o;6m3m5$6erq36oL brerlr o8ot,ror3oL, 6erO Exbob8o36 q6r.rL
,:8c.roqc"rt 3o36c.rtfu3.l Smpgco&oqmEoqsS qr qurJ6rrg6sScot oli A.rdC
J6o66.r3s$ce6oL g.r3cog36Xboar.

J.rt4rqXq36o Jdogr6.r8s$e'rt4o

2.23 5"rbrtt3 E.rtsp5g8o.r t$.r5q.r6$xqo J6cog6r8.r$r'r6ot tfuOs qr OoLo

do6oorsqo 6.l6d3bo.

3.r6q.r .r3o1rl, J6cn66.r3r$o6t tsXodqSbr g.r.rB5q3t 3c"r5.163338ot 3.r8co$.r5ot(output) q$boc63, Br$x6oqo J6'g6r3oL q$rgxtgo63l3qo o6g36g3oto.

$3j5o3x6-rq xL 8xodq0b.r ogc'rt LED o6qo3.r$c"r6xbo c6 LCD qo1sJq3o,
tb3.ry.rtb3r t.rbot boJX6o qr r.B.

cD3 J6c"rg6.r3r$er6o og63}t 3o3q66eolooro SPI o6$36g3otot tog6rq3bir, 318o6

8rL 3$mq3b35 3o3qX36mloor J6crg6.r3r$co61i.
J.r6cq3q26o J6'g6r3.rgn63lo "rq$36oqor ChaN tsog%3 ftttp: elm-

chan.org/works/avrx/report.e.html, osJ-6os), L.rq.r6 Bc.r638Xqor CRC,j66flR.
J6o66oJxqo bj33r 20- qr 8-g.r3cr36.r6os6o 3o36r-rtj333botcor3oli. n,ja# Oe"r6x8xqo
33.r6or33qo Jt4r.r36$r \NinXP r-rJx6.rgo2qo tot$x3oL"rcrr3o1,r (http: elm-
chan. org/works/avrx/avntoo 13 2 . zip) .

DIP-28;- DIP-40 3.6JxL38tso 3o3r6'3'5$6r-rqx633o q.iJ6-g6.r8qglo
tr336o.rqX6o 6sg.r3g3r6ot gsSrngSGXboor 20-,1c.r6$sj$o.16 bXq3tcrr"16 SoL.rX6orglqrq.
J.l6rqgqx6o J6o36$r$'6o odg33.r 3o36co3'6$6crq36ot g.rlcoq3ot
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t 3q36.rqo
oc cbqml:

To bjXSoL

J6cn63Ltso.

6o33qo6

63qo3c6o.r

u8.l$o6ot

13t6otj33o,

qroS8rS'tJ

ffiqo Dl

oq.rJ$36o
r. c'r336s

.16 16ol
133.:6olro

SCK-ot
i36obot.rb

y6co62qo

6 q6olr
i Ar6C

RJ Soto

&'r$s5olr

fg3oto.
ntJqSo,

1,, 3.18o6

r: elm-

lo6aq"
oratryo
: elm-

6r8q33s

r3bq.rq.

ioq3oL
.T

oa3;q36-rL, 3sg6"r3 So8q336rnbocrr J6r.rg6$.r$c,r6ors6 ts3q.i63door 3.rLto
'3r3erog6xb'r b66q -,ts6- 3a0n 3cat.,r4oL u.i=gn qr ??l6rn 

'.rq"rqo 
d,rr3.r (r\).- r nVlml, 6-lR LftAr$gj6o;rli q.r X6o3rq36o J6mg6.rdt*,, 3b63t pqgc.,gol_r,?0oRtARc.r}.rl.

Jr6rq3glX6o J6mg6.r3l$m6oL do6oor.rqo
3Jo6o$3tob.r o8.rEo Bqgo8.r6Xcell, 6nB BaA_
dqo.r rqoqSo6cnL c6rL$c.,6"rq q.Jg363I3Rn
J6co36$Xqo bo$3bo, 6co8qXlL,r13 RESET

3o16o3oL
o56n6g3otro

3r'r5o668orr
o5g;14gnobo

0o316m;r'rG

$t6r'rq3r4o
Ooqot

o5g3<funnlm

t6gtoSrgor6o

d30ar

g.rq$gr3t 3o36c,r3c.l6$6c,rq36oL ts3L"rL3qXqo
Jc.r6$ot q$.r$gloor br%Bo. .rLgono t36q-a"t
q.rts338ot.rt ISP o6$36g3oto ooroB3br, Z"qgr6
RESET 8r3mg6ot tsgL.rl3q3ryo rq.r6 .r6L3_
6erltt 3L E36qc.r3.r 3o3qX36oloor J6og6.:B.r-
$c.r6%3 odq33.i ts3$gcolo63h!, 6nO an;A,"_
3o6$6mq36o S26qX33qor oB B3B-b36.r8.,6
3o, 6coq3L.r6 oli L63ry.rq g.r8s6orXqo.r. Jl6,r_
qJRl6 J6erg6c8.r$m6L tsSXdqor .,3r6.1716_I """__l | 
\d< J'-' 'l't'r(',ii(')Dod(9mmu dltdqoJ "gl6;2t4-
6ot,, rliSmo 3o36m3er6$6oqXd,o J6ng6raXqn

,--5.2 .#--.errrs.-^/-^t. .. r.. n, a 
ao$3lot 1-r"$o6. 3qg'3s63.i3., q.rgx636oor.

q,-1' 
"qBU6a"Rn 1,J36""q3j., ..1"-3x6nr;, 

6rr_;; ;*rr3]|rrrfi;r"il,"3"";:
fclT .y^ t':are", .Jc,G6rj6[ 

-q"r,"sJ.3a"asa3q

25.2- Jr4o3r4"r3l$o6o'L Ser6li$6Xj6"$; , 
-\o"""''ij"uou(' ryouaoaoo.','

J6og6'3'r$o6o (q$$x6o) ,6-aRo Rr 3ora.lqx3txa., occsgc"rloqc"rlrs. oL?a"Ooal, 6.r3q36o33 do6oor.rq 6a6dt. 
-.r"caXq, 

olgan B333bcco J6o66c8.r$co6ot o3Rc6lR1" 6o3xqo6 g3cqrtc rjgo26.4 l"acr"ilGsa.r. 3t ot6oL 3o36ertfuBot bpq3,
!aae8"o xqdJ q.rbJ6'g6"Qt'rq, an;7-3.n"s"6ioq36o.

3o36erti33ot baqa ;e-6eia-t6-6.,r, xd-][d-n umRr%c d6ots363qo3c6oqx$rqo'1, 6o3qot bsr6otbLr q.l tr.,Baq..a".rt3r"q"an,doqdaRo J6c"r66.r3.r$o6oLst6n ts3'rl6pqcnt o.r3olm g36i6n". 6.6-66 i"B.6qnqgsc .rB663st, ESroLOox6o

*: 
t:j:9:1 

ii: -tf11 " 
i, p r," 

.r,"," 1, 
"qa 

1,jo 
orn Gr q o Io r dox b3q Ja Jq, a Gq r

3o36otj33.rtoc6.

# I ;r$-t",'m' :.i:h*ru:il\:;nlrli
mW | f'aeoL trtsa.rq3b", 

- 
terb.r {rL$6og6cax}xqo#ffi" I 

ao36r"rtfuaot 3-s6"36a"r, gojta6o.r "rrc,r33gao,,.

W 
b'tb3q36oL 3rbli6ot.rL 3o36oLfu3.r -"3nlr3gq"q

nnr6^'. ^.u^.^'-',.., .,'*"t^ ^ ..qJ a'lSccqot 1'1'.',3xi5nq"6"," 
bcnqrnlsbxqx6oli Rrtafq.r1rr ..rlr3c6nt,, ' 

,ruO"l.irr. ,i.,4y"*"i"ro..,ffi;cr5'$'ri$34t.: Rr a_t6a5aaqu-s,, ._'!'ocqr 
"3-i'1g""36rr. 

2.24 e""urtz| GoB33G,33oc40-3c'r5g.rj$os6o 36o336Lry,"d" Zrc-fr,i46.." 
v I



h

J6c.r36s3.r$o6oL r$8c"rb.r bq3&r GrqJc 6rb3$q 3qr$.r%3, 6c'r33qo6 336cnq3a.r

10-;m6g"rjgo"r6 ISP 3r1,,6o,L 20...30L3 qs ;o33ox$36l 1,53 Lo36doL 3,r}3q3doo,.
Jq.r$.r1i 3o6JXlitso cor.r3b3}36.

%rn3o36or tsaaorb3p.rao J6r.,36s3.r$c.r61i .ror.r3l3b35 S"dxsqcoq LPT- .i6 COM-
Jm6$oL 6.rt.r6or"do. 6oq3L.r6 t6 3.r3mogX6glr blt36llqo 3n36c'rLjX3.r, slrXc',o

J6c.rg6s3.r$o6oL SXExrboli X6.i6o g.r6ts3Xor6allq ts33r,$33b.rb 1r.r$o6o$b.

3o3qx36c.r3oor J6c.r36.:3r$m63lEo xs2-ot 5rir.r6oro1r IDC-10F 6c'r%3$o

36or336qo 3r3c.rgx63bol,$. .r3 6rn%1$"do d6$g3qo 3$3qnL ts33(j$36o1i.rl
'33t.idq3b3Ror, 6c"r3 3.r63qot toSox6oro 3.r3m3g3s6o q.r3cr;qqxL. r3 ?x8,r,b36.16o

6cn%3$ob %tR" 5r$oq1, q3oq3}g6 Jq.r1i$3.rLoli q3$.rq38L Rr bq3b.r 3'r33qoir
3.:3cn2q3bot XBX.rqco 3o3rq3.r 6rn%X$ol go6$;j$X6t3, 6o1.1 3l0qm SoqSbXqo

3o6L$6Xj6o.r 3co8Jr35qoot og1638r.
tsXl.rdqX33qo.r, 6o3 10-3r'r6$cj$o.r6o 3.r'l.rs6or3boli

6.OAq"q 3c8o3ogg5cour 53bo1i3og6o tb3.r ts33-136o13d3-

Ro. r'r6o3o6,rqX6o arqsVgaf$c B;8mor.r3st3lXqo.r

osJcr6o.lEo: gslis6cnot 3co6L$6Xjgo.l otX,-l 8r'r$gmdoqo,

6cr3 ts3L.:dq3}3qo.: SoLo B.r8crg8,r X?2.rqoq
3o36crtjX3oL 3.13o3g3$36%3 (6rb. 2.25). 3or.r3.i6o,:, .16

Sc"rbqXL .:q6o36Xqo 3c'r6l$6Xj6ooL f$s63q3b.r
3o36mtj33oL g.r8ce8g3.i5gloli 3o3r6m.

6o3o66 A1AC sqo5oB6s, 3o36o3er5$6r"rq36XloL-r-
5,>b- 225 or3ot J6er36r338ot ts3tqp5-rq fficRrtc btso6sq

LJ36orq26o st33lq363bo .r5 C C6J gr8c'rogX63br.

36c'rg6r3oL 3oqoL tsgloqgX5.ry g.r3c'rog36Xbs Bpgq3b6o3o 0a,jLtba6o 63q.rj$co6o

Rr LJS6o.rqotStqn C.V. q$X8rpbot 6.:6t3bo (Integrated Development Envi-

ronment - IDE), r6c"r3q3b3o6 323c aoqot q.r$X6r Rr g$r6or3s 6r6oq33oor
rRAoRoJ. rtXcno gc6tol, Srg.rqoorrq, AVR Studio, 6co3Xqo6 6r532or36oqo.r
Atmel-is AVR coglbot 3o3t6c.r3o6$6coq363}oLm3ot J6og6$3}ot ts3lrqEC5rq.

qsSjtsrplot 3.:6tXbo tr38rc"rq t6orXqo qr SoBJqXjLX6o J6t-r3j$3}ot 3Xq6X5ot

33fu.rdq3bqc'r8.rt odq33s. 8.rcno LstsSsqSlocn rq3oqor 36r3cq3c"rqXqos6o

J6er36r33bot 33j35.r. J6.rj$o32qq $cRJ IDE-L, 6m3c'r66 Vclrn, 6s.rB6o.r 3coqot
3dq.r36o 63q.rj$co6o, 6co8qol-r SXts3Xoboor bqSbr 3oqo1s ArSrngm3r (code

hightight), 6t6 35o3353qc"r35q c3.r6$o3Xlt qrSX6oqo 3oqot to5$.:jtX6

3o5$6coqt. J6c.rg6$olr g.r3.r6o3otrt, q;futs.r3Xlot g.r6totr licB2rq3boor,

tsXt.rdq3ECRoJ SXbtoX6XErtso 8.r$3o6o11qo J6r'rg6.r3oL 3c'r5$6oqo 63rqX6
q6coBo, 3o36m3o5$t6oqg6ot 6X6oL$6Xlot 3c"r5o$c'r6o6go, tsg63qr qr r.ts.

2.5.3.' J6er6r6$.r$o6ot qrACA"lSCAob" R" A"ASAA"t fua"q.o,Cb"

g;S3oboqoor J6c.rg6.r3r$m6o (6.rb. 2.26), 6o33qo6 3X€.rcobt COM Jo6$ot
(RS232) 3.s,!qoo qr 3o36co3o5$6oq36oL 3.r]oq3ot 3c'rL.rb36b3]Cqn J6co36.r3r

UniProf.
J6c"r6t6l3.l$c"r 6ot s$ gcnlot.lor3ot Lrlo6c"r,l :

o t"r8o 36o6X to3dq.r36ot qomqo;



iorqXI.
r',rdoo-1.

CONI-
.:1r3oro

x.r%3$o

;X6oli;1i
b3X3.r6o

;clXqoli
l$aq"

6o13boL

f-dr-
'daR"'
;r'rloqo.
h"R.,q
6oso s6

'63q3bo

p3boL.r-

btso6.rq

mg6Xb.
,.rjgo6o
nt Envi-

)oRSctol
m3Soqcu

fte.
33q65oli

RARorfu
.l 3c'rqot
r (code

5$.rjLXdr

3cq3aoo.
6a'qf
l.

Jco6$oL

316og6$.r

COM
DB.9F

o 33oqo 63toL$c'r6o lSerifo 6oSo6sqocrr;

o t.r8o 0-co3o.r6,.' 63toL$o6o .r51 tXts36.r3o.

I lkohm Mlso
ee

4 u] 
1 kohm RESET

NI+

2.27 6$s%%X 6.rBg63Eo.: .r$grnboqo

5.r83$qo Jq.r$.r. 6.r3%sqXEXqo Jqr$-:
ors3tq3b 3cn6JXLtso qr 3.rlXqot
tr8X.rqXloor X36orrqXbc aceSJoX$36t.

3.rl3qoL Lo66d3 16- 4S661' .16

qX3.r$38r. DB-9F grt.r6orli X36oq38.r

3$3qot g$er8g3s53lo $ t$r6q.r6$1qo
sq.rJg3t6o (5.rb. 2.28). 3Xeo63 3s83qot
tog6d3, J6c'r66.r3c$o6oqr5 3o36co3c'r6-

$6c"rq36.r3q3, 10-20m 16 ?6Rr .rqX3r-

6d.ea1r. sSgoloqo J6co66r3.r$o6o

33t$.r3oto ;$SqXloor 5.rtsp53lor 2.29

5.rbrtt3.

pC

1 kOhm

1 k0hm scK
{+
GND

5r.ra6s3s$er6oL r$gcnEob Rr 8rttso 3o3t6o3c"r6$6mqX6ot Socns3tS}ot 818qaa

JFaSoAOC6tA 3mtsp}.r UniProf.exe J6c'rg6.r3.r, 1nqc6 so6B33.r 3c'r3JoX$36ot
CI)M-Jo6$ot 6c0336o, 6rn33qo.r6r6 3oX6or3b3qo.r J6c'rg6$.:$o6o. J6cn36s3.r

ftrtq36.r3t 3o36c.r3cc6$6r'rq36o1i $oJt, 6c.r33qo6 66r6t3 g.r3c"r5rorq3b.r. 0a1r-

E,sb. 229
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$ot t.rboor 3ogxSxlor Atmel AvR Studio-t, 6a,a3qo6 J6o66s31qo 3s6to-r AVR

3o3t4co3c"r5$6oq363lo1r q$6o36c33bo1rior3ot'

AVR Studio-t Srtsgbot araeca 3j35oo .rb.rq J6eral$t t.r3iotr6o trb3qoor,

3o6tsxjo Assembler J6er36r0o63lob xSJr qs 3loroor38or trj.rqcqq3t, 6er33qtso6

sbcqo Jt6co3j$o 6$or.r3\Xlr.
finclude <test1> -

MACRO outi
LDrR16,@l
our @0,R16
.ENDMACRO -

CSEG
ORG 0x0000
RJMPRESET
ORG Ox0030 -

RESET: -
OUTIDDRA"0xFF
OUTIDDRB,0xFF
OUTIDDRC,0XFF
OUTIDDRD,OXFF

OUTI PORTATOXAA
OUTIPORTB,OxAA
OUTIPORTC,OXAA
OUTIPORTD.0XAA

RJMPRESET -

;.:3 l<4d.:Snloor bqnls 8.r3r4ro3s5L.:bqSr4nbnlotr
booL Sonr6ornb;, 6r'r3qoL 6sr6n?n 3rnSJoq;6r'rt63l
.:dr n6nl, r6rl3gqo 3o5$r6ognr6obscnSolr o$nt43b':

J6e6r4.:3,>.
lrbg; 3rnSgr4r'rgnr4oLwr3ob b.:!or4er,: 0onrlornlolr

bb[,r aOaJSgant Sooroor6],s. oboSo oSSmgnborS

AVR Studio-b brjrq;gqn?o "AVR
Tools\AvrAssembler\Appnotes\" 8oL,>8lr6or%n.

;.r8 dr4drSndom B.:o$6t6nbr fu,;r4erLoL 8o6683qols'
r6r'r8qoL ln?1.:qnloor tnb,:dgnlnqo; Snbob0on6o

0ro6682qo r6r43b3ot 6.:$616.: 5n6ob8o6t4 t66ob$t4?o

SrcqoL n<6oro L$r6ojo5oo.

i3mqolr, 0x0030 Sobssrt4orocn, qs$XnLoL qor66j$o3u 
--8olr.:8st6s,o rq3}lgot RoRo 8.st6,s6oor, 3o5uoq.:5

Lbg;qslrb3r AVRob $6n$6BoL gbr6oqo
LbgsprLb3t %er8ob.>u. .

;Lrbgst6gro !qnr.

;s8 drid;Snbnloor bpnb Jer6$6boL 8o8rt4or3gn-bob

3r'r5go6lt4sgor 6.:8t'rt;lr3qnqoLs365.
;aA 8er6n81q 3r'r56r6erq6<6b ;16; rilal,
0.:6sqoorrp, Jmr6go C, 3rTo5 tgLsb,s0oL L$r4ojro6lt
Llor*rq6dr 3r'1365$o6o.

;6r3r'r6o$s5or 6r8r'rbsb3qnR1b%3 101010103elp?6

;o0bo5r6o.:L o8oL.:or3ob, t6c'10 So3oqoor 83s3orr
b3r6;oro o8oLs, t6sr3 Jot6$Xbtn 8r'rbp.>

6g9oqn}6bo.
Jr4er6r4s8ob ?3Lr63qnlob ?A8qaa 8o3t4ro3r'r6$6rn-

qnr6olr 6s8ob,:Lgqnq0bt0 0rn6r63q6oboor ojSnb':

33nbob dubgs rG 8o$ob Jer$n5gosqo. Solro

?68r'r$3nbo ?nodq6b.> o5 3rnq$3n$droor, o5

L;Lo6yo ?Sjpoetqoor.

;$ dr6ds6nloor bqnb Jdror6t6sSoL R.5GodRAr.

Jt6o36sQot g.r33s6o3Xq.rq

6o33q 3o$6c'r3o6$6oq36cnr5

J6er66o0Ji. Sdqfa 3olX6o

6.rb. 230- tu66ei agq@

3o6833o AVR SIMULATOR-1t Rr S1ooorC}ol

3o8X8r33bor. 0&ilt6ot 9$316.18o a$t'- 0o8q$5o

3er0Joqq3cnt qoq.r3t ("5 F7-t)' 3X3qo3'r6o
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, AVR

i3qoor,

]Rts"G

rnor3lor

AeU5.
pgct6or

{

J'6c'r3j$oli 1i.rj.rq.rqq33o, L.rqrG aSRr ogc'rt *.hex 
-BroRo g$tq383qo g"rlcoq3oL

Jt6og6.l3oor.

33ts33bo UniProf.exe J6o36c3.rt, 3.rbt5oq g$3.r6cBo 3c$36ar goq.rSt qor
gc'rqq36oL cq5o336oor RJ HEX Sr6Vx6oor. 13o6833or J6coxj$ot rbqcq
3c'rSJoqo6cbaq gmqt qr 3rlxt6cn qoqr3t oK. uniProf B3o",63 gr6ys6rtso
lslo6c'rs, EEPROM-ot 3c"r6.r6x33}o1i 3g$.16r. 3r6boqSq ts38orbg3.r8o EEpROM
cr6 6s3rnog6Xb.r q.r 3.r$36or g.rXjSXboL qoqs3L.

Sdqaa 3$$t3 a"VgC[. 3o36co3o5$6oq36oli 3.rloq3rt. .r8otcor3ot, 3r$36or
9-lq ot-r6t Prog $.rt4Sx6ocrr. g.rlc"rq3oL q$or.r363lot Br8qm B3odq3l.r
qs3o$gerr Sr3oorb3.r Rr oSot qJo'ArRoC6d", o,A 6r B.ro$36s
ib36o3c'r5$6c"rq3t63o. Rr.',arRoS6x3r 6oB65xaL 6.16 ogc'r tsx$.r6oqo g.r63r6.rtso.

b-R. 3$.rJt3 3o3r6o3o6$6oqx6t 3.r$3qocn d.rE3.rt Rr c"rll3oqcng6sgotr
b&3.rqx8oor aro,arRoc6$. 1mg5rq30t 8ot Jc'r6$38t3. o,u qcao6sbr3or drbtoL
3oq.ryo RJ q$rqo qmSSx8obg$ 33j35bq "t.r3.r66b3qt" qo36S8x6g3boor, d,ctl
ib36o3c"r5$6erqX6o grloqoqor.

c'a 3o3t4c'r3co6$6eq36o c6 $x8.r3qr, cSot tsStrdqc.r Ootgto Rr rqScogb36ot
tX6b38or:

- tc'rgo36or 3g3ob3x3"r3o o.r5s33q6er33 coJx6r6oSqo liot$38r .16 s6ot
*nlreab"e" glSboqxq Jr6o36$3lor6. rLxo ts3oob63.rCIo oot.r683Vc"r6oqo.r

aoa.nsaScaxq oj53t 3o3Jo3$36o, windows'98 c"rJ36rooaRo toL$3ooor.
- cDa UniProf g6 s3B5xj1i 3o36o3m5$6c"rqg6b, B.rBoG $ot Bot3to B3odq3l.r

ogr',1r SeroJox$x6ot drqo.rS Srq.rqo tSr6qjaxqSb.r. .rtxcn tsx8orb3x3r8o Lclo6c"r,r
S"36onn' erJ6o.r "3xb63$o". of BEq3E.r o3 ts38orb333c8o, o,a EEpRoM-oL
trr5.13XSos rt.rb3ot J$3qtX gl3oo8s3or EEPROM coJ6ort.

- cDA oJ6oc "3Xb6X$31" 16 3s3rncLSco6.l 3qgc"r3.r6Xc'rbc, tllo6c"r.l 3Xo63.lqc.rt
jo3.)o3$xr6o, 6rqg$ s3 erJ6oot 6.r3rng638ot q6'L COM-Jot4$o oxBvrlt
.(6ol,"tsgrgec 63go33o q.r, ts3t$.r3oLsq, B3t.rdRSaRn" coM-J.r6got tsxg3it3ar.

- .',u 3'3Jo3$361i .16 ",jat, coM-Jm6$ot 3rtr6oro 3c"r6Jxtt3, 0.18o6
qLldRClCRor of ogrrt motherboard-t3.

- togox6o ts33ob36stso J6obq33ob ase.r$gaa6.r bq38.r g.rlcoq3oL Jt6erg6s8ot
Qa;3qoor, 8.r3cqocnlq, avrdude-ot g$og3638oor.

- g$boqxqo bjx8r .16 8xtsmlt usB-coM grqsog3$oL 3$o663bo1i qr6c.rt
r5 &38.reilt d.rqor6 5CR".

- tixSoL .rSgrnbot q6ect t.rtx63xqoc ,la$"t BoSoq3tr.r 3ooJo2$36ot .ladnr,
\n3oq$. +53 qr GND ,6ot 3oS.r RJ 3e6g"ri$o COM-Jcn6$oqsG qr OooqXI.r

aAa q.rSoX3oqabaqn 6Xlot $g.r6oq$. 3r,r8Jo2$36oq$ +5A ;aCl.r 8ooq3E.r

forSqo Er3oryqoq$ 53bot3o36 grt.r6ot3 qr GND - 3codJox$x6ot 3o6Jx1ioq$.- ajlrJr6o336$xqq q.rq3x6oqos, 6",,3 cB J6co36r8.:$cot6oL tS.r6o
}5?.nlotrcn3ot 3o36o3r'r5$6c"rqx6o1i 63bot d.rl3r lGRa ogcot .r6,r6.r3qxb 5a Rt
.,6o a8f631i 5.,53.

- cSgoboqib tjx3.s aosaqcac 6r3qx5o33xa6, 3o6roq.r6 do6oor.rqo J6c"rlqx8S8o

fa-Vaaaqor l6.lt$c.r6o 3c"r6$.rgocn.
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- 3o36c,r3o6$6oqx6tso J6e6r4$ot. 3"rloq8saqc 1t$o6ro,r J6co36.r3r$c'r6ot

3"-.,83" q" RESET ?3tcL3qcRtc +5a dc}3ot 3o$oq38-r 1...103er3 $o6rgcolo$o
t43tot$er6oL 3r3qoor. Br6orlqo J6c.r36s3.r$c'r6ot q6<nL bq$" RESET 1n35rqoL

3jS6.,638.r, 6"0 65X6.rger6"1, A sqXlJL'

PC5

PC4

PC3

PC2

PC1

PC0

AGND

GND AREF

PB6 AVCC

PB7 PBs

PDs hsl

PD6 PB3

PD7 PB2

PBO PB1

ATmega8S

Gbb. 231

3o36c"r3co5$6oq36t3 J6o3j$ot 3Xt6Xq$n1, tsCBqCA, 8l3rqootlq, 3$3oboqcoo)
tsSjqoogot 6o36o3o, 6o33qo6 Sox6oxbxqo.r 3o36c'r3er5$t6rnq36ot x6cr|-7fio.

g$o8g.r5or.r5. 333s6Boeror ATmegaS 3o36o3er5$6oq3t6o. Xt 3o36c'r3co6$t6c"rq36o

tspo6.r3t 3x$.r5./3o3c,r$o5ob Jo6$3boL t.r3acr4oL 6mq35olrt Rr raooRscR

Jj6.g3r6n.rlr, 6c"raXqo6 t.rlo6cer 3o36o3o5$6oq36ot tsXL$.r3qotrb. 6c'r33qo

3.S64.qC6.0 s6 XSqc 333r6Boocn, 33CRr Atmel 3o36o3c"r5$6oq36o 6$oq3Xb'r
Jt4o66s3oL 3rqs$c6oL q6c"rt 3ts6. tlt$oq"r5 33q.r63boor 0dq.r36

3o3 6c"r 3c'r 5$ 6 cc qXt6t3.-aoSg-boqololr 
cqa,j66aqo J6o66oJlqo tfttu 3c'r633Xqos 2.3I 6.rb.rt%x.

tfu8ot r$gobotro3ot t.rlo6c'r.r:

; 6r66gqo 63to6cgo6o 8 86.r33t66o tobBo6oo (ab bobtso63 S3odqXls

SXdgXolqXt Roq qo$rtco58o, 3.r36s3 16 a6er sqXSs$SbcoqXt ts36831qo

$o3ot 3o36o3o6$6oqX6oL Ssjto0sq36 q'ilsts3Xl tobtso63b);

o co6o x6or6ro6o 3x6s0o32qo 3c.r5q351s$c.r6o 15-q.r5 30 Jo3ogs6.rRrSqc

$gsqc.rloor;



lco6oli
nlo.lSo

6rqot

o 36o6X to8dq.r36ot BSjqocoqo;
o 63toL$o6o 150 - 500 c,r8r8q3 So6rqcol ror;
o 3o.16c'r3c,r5$6coqg6o (ATmegagg).
B'rSoo3qoqo q3grqSloq$ .r3rs6ocn tfutu. xrAll q.r XTAL z (p86, pB7)

3o36c"r3e6$6eqx6ot g$'Bg3.1638or'6 B.,xx6Jc.,,r, $ri$x6o p636r$cc6o, 6-B3qo6osgmloqor Q1__,i3r6oflR" t63%o6r6.",iot q, -ci"q, Z; 3loq3st"6c"r63Eo1ikryadacq%3. GND_ g.r3o3g3.r6t 3rx6o3ao "dnFrt-$" fupb.,t ggJa.t x.r6gogocnoJc'rqgto)' vcc a$o36$t 3136o3lo 6xrob ffgGot q.ry3bocn JcoqSLor.s6.LEDI Baiqoc'rqoii "do6xilr" a"3-a.1st n6xjxqn Rl 63toL$c,r6oii ar8qoo)
3.rXt6orXEcn "3o$at3" fuadnt $g"6ot X"ag.gn-., Jc.rqlto),"..Jg.;ALt,, 

3.136o133or3o36otjX3ot D-Jo6go1i 6X8o1r3o3t6 6c8ot"fr3q;"q,tX (tjXAat3 _ pDb_olu6).
3-r36o,x8o, RESET (pc6), scK (pBs), viso ipbal, eroSr 6rns)_1, q" ..Bogorr,,

trtlr (GND) "rSgoloq J6mg6.r8.r$o6orc6.
d'$3ot Br6cn3coqx Joqu 36orb,3q 3.rso$s36o $cRr 3q3836$ori Bo36o3bot

toLscc6SL' tsa3qca oo3rx6ox6o J6c'rg6"ar6-ad3'oJqg36ot J.r6rRsRa6 (Lpr)Jo6$o$ gc Sbe"rqoq $ot Aakaa A"3oS.q$- d.r83r1r t 6art3.
- 

aaaeaa 6ca33glor Programmeis Noi.p"i Rr 3bL6oor 33t$$ot 36o36.r3.rt.
QrrdqSE.r oli ,JoR&3 36crrb3q qr3.rSooJoq o6ma Tools -> [winAVRf Make All
lt6dc63Eoor.

AdeCA gr3.Boqs3or q.r3o3Joqo6ql?R gmqt my_test.hex Bo36o;co666-qa_6ot 33bto363bo8o Tools->[winAvR]M"x.' program ]6d.r63]oo. J6.6xtotgsor'r3t633ot Srsqaa J6o36aooL gc6Sgc6r8o ,,output,, 
BGqxB.r Bfr$g-do63b, 6<tOg.$cnq3a Sr63.rgXloo, tsXt6Xqq, i6"t. 2.32).

avrdude: verifyino .
avrdude: 128 bj/te; o

avrdude done. Thank

> Process Exit Code: 0> Ttme Taken: 0O:02

flash verified
you.

Saoqaa gr3oroB.r3or J6o3r6$.r$'6t qr rSgoboq Lfuort3 .r6od6ofoxls?afoooqo' 1'ic9:a: 
- _llsqscRn, do3r6o3-Gg6rnqx6ot 

- n-i.a6"t rb3.r
3o3er36a6g3or$ (PDl-pD7) oo3o36ocoo, 

"qral6a6"., 
B2iqooq36o Rr .rooorib3oqmor 3o6o36o03 3o6q.r6q.r.

cl"
Ro

ka



OJSo 3. J6c'la6$.16-6ry USB o6$cfuNolml' aJac',sa5car'o,

3.1. USB J6ergr6$r$c,6olt AAArnAot krS.tqo J6o56ofuAo

3c.r3Jox$x6or.r5 USB o6$3633o1soL 33333oloor gr3r3tso63b3Rn J6co36.r3.r$o6o1t

qsSXts.rplot r3c"r6r5.r ts3odq3lr 6$q35o3X fu3c8c.r6'r5'rq q'rogc'rL'

ur3"a." qros36c.rLr J6o36r3r 3q3336o, 6co3xqo6 J6c"r36,l3.r$<'r6t 3o3r6orr3t

qr:3gr6ot 3.rborr6 3.r3tsot6o q.r, So6.rt$r6 qs663oqo mjSoL or.r6rb3'rq, 3r5%r35cnL

3st3o q.r1i$6co36"r33b3qo 3o36cotfu3ot J6m36r3xqo dcqqo. a?16co 3c"r6363$XRrR,

3t J6c,r66.r3a a5q.t q,r33r33o6q3t lrot$a3a6 usB q6.ro336b, 3cbtSrt Jc'r6$o q.r

usn 3c.r5$6c"rq36ot 1irts3cq0bocn t.rlo6m acn$gcoboqololr ("3 3x3ob36.r3o

J6c"r36$r$co6ot) JmJBo qm$6ot 3cc6a6333lot 3.r5t.r35.r q.r JstlboL aoq3br.

J6c"r36s3.r$er6t 35qa Spdqc.rL USB o6$3633otoqr5 E6dc53l3bo1i-r Rr
3c"r5qp33bot 3oq3b, aJon q$33r68.r q.r qrt$6o36.r3cbcRn 3o36otjx3ot 016o13.r

qr (iJ6.g6.raxa". 3t 6o86r3b, GoO or3oocn6 3o36c.r3er5$6rnq36o l6q.r ogcnL

"$33or5o" SoSgc,rloqob.r, tSqc Sjosqxlr tr3xor.r6o 3r6or3ot Soqxqo

(3c6b-66oCRSTRo 3o36er3o5$6eq36ot t.rhoo), 6c'r33qo6 1t31or,r6 otr3t3

mq3bt c3 gXGj6nS1,.

J6og6.s3.r tsRCA66"
usbgogrammer.exe

Windows-oL q6.ro32t6o

Atmusb.sys

3er3J2g36ob 3e,5$6erqX6o
USB Host Controller

USB Ar,$gctboqol.r (J6erg6.r3c$o6o)

Controller
Endpoint 00: Control-Transfer
Endpoint 04: Bulk-Out Transfer
Endpoint 05: Bulk-In Transfer

-_-_/

-t*oi
t? USB-Pipe - it

6.tb. 3.1 USB JaUan$',tuh e7tuc*rfu (''lrrd4thAr

tclo6c.r.r 3cn$5c"rEoqmls, 6cnScRo(J xt6256q3mgt 3r33o6t 3rn3Jo3$36otUSB
o5$36gXots Rr J6co36.r3.r$o6oL 3ct6or3ot S.qAq1, 0cq6ot "63 J6co36.s3'r$o6t

t5q" JjcoSqSL t.r3Xor.r6o USB 3o5$t6c'rqX6o.

3.1699.r ,s8olr.r, L.rlo6cn.r q,lo$36ot J6o36.r3r$co6ob 3.r6or3oL J6o36.r3.r

3o36erjc,r5$6oq36otcor3oL. 3rt x5q; E3xdqcrt usB 3m5$6coq36oro5 3138o6o ql

St6X6pqgceL qrkrJ6c'r66$383q 3o36erLj3fu1o.r5 o5$3t63Xo1io'
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q?Ro
o)rAtC

$co6ot

6ou3L
b136c.rt

rURrR'

0n R,

l:n".,
J q.)
16or3.r

ogcnL

USB

$co6t

36.:3c
)c)RJ

USB 3oti$6oq3t6o qr 3c6o3oL 3o36r'rgo6$6c"rq36o USB J6co66c6c$-6oL
.,6o do6oo^qo bqo3o.r. USB 3co6$6r"rq36oL c8co6.r6rc, 3b6$3iqgc",L
3e'roJo3$x6oL Jco6$Lc q"r Br6or3ot 3o36r'r3o6$6rnqx6t BcoJob 3ca8o6oGtxbobt 3o36er3r'r5$6coq363do, 6r'ro3qorr6 usB 3c,r6$6c,rq36oo'5'$366o6$rq" 

",ialr. rtr3on $oJot oo36co3er6$6cnqx6oir g$c,rgx6x6r usn
J6arg6r3.rgel63o 3.16go arer$gaa6oq,36.r.r, 6"qg.,G aXt iaq3aS[. bqaS, A6_o5g66sq26 lq6<lLfuOatso eldlo,32ifu3oX6o bqoSoL .6OCAi"0;r.

USB J6o36l3.r$m6o, 6rnSqot do6oo.rqo Eo6cn3o.r aoO.3"rr-3o36'3o606-qa-
6 .r6ot -rtc6l-rq 316$o3o Rr drqoc6 tm8xq.r aosgersoR'Er. xr, rr"ns3q..i"
&*'qVm" J6cng6.r8r$e6ot 3o6t$6xj6or8o Bn6no"q26., aSt.raq- 6.s-qxd.E.,l,
3c.r3Jcn636$X3ot g.r3cn663bocn.

36og6.r3.r$er6oL do6oorsq bqo33lt $.r68c'r.rq636L:o 3r6o3oL SoqXqo q.r USB 3m6$6erq3t6o, 6c"r33qo6 63rqot3b3qor A6_3o36otj33c3o - 3.r6or3oL Oo36co3rn6$6c,rq368o;
o USB 3cc53jgo6ot lqoSo;
o ot6oq"r$cn6ot bqo3o;
o J6o3t6.r3s$cn6oL t$.r$3tot o6cood.r6oot bqci3o;
o q.rt.rJ6rogt6rSSEXqo Oo36m3o6$6cnq36oL lr,r3X$oL bqo3o;
o +5v l+I2v d$3ot 3o6p6g36ot bqo3o.

J6c'rgt6.r3r$'6o Sxts.rcnEotro3ot Lclo6o36t J6o36.roxq xt6x6pqgcq.rL - o6orL-qaoa6cq q.r8co?3oqdaq J6og6.r3"rt. J.,6gryn o6.,rr- lo.rgamc$co6oL
&r6or3ot J6erg6.r3.r, 6r,r33qo6 l6qr 3.r383rt 

- 
ScnOJoX$ $%A (6co3Xq%36

0oS6cnxExqo-r J6og6sos$o6o). "r3 ;a.gararan a6qs ogot 6.r$3o6oxqo
qstsJ6co66.rSxlxqo 3o36c.r3o6$6coq3t6ori Ji.g6rsxqn ,JmRo," 0dqm J6og6.r8.r
3sq'r3tr35ot r3 ,J'qtr J6o36.r3.r$o68o, 1rrqr6 ocobqxb, l.",qnl, Er$x6.r
q.rLrJ6rn56rs3l3q 3o36o3co6$6'q368o. o3o6x J6og6$.r - .i6cng6$r$r.r6ot
3ct6o3olr 3o36er3o5$6c'rqx6ot Bo6c J6c"rg6.:3,r. 1g-a3q sB J6o36.rEoL .soer6c6.ro
3c'r3Jox$36o$ o5$x6g3otot 2t6x6pqg..,Br J6og6.r8.r$c"r6oL Bb6oq.r6. $
5og6.13.18 rg63o133 U6q" Xt6X63Xqge,L 3o3Jo3$X6oq$ A.q$aq" J6cng6s8Sqo
d.qot B.rs3t6.r qrt$6og6-rs3b3q Eo36co3o6$6oqx6tso, 

"a'5n3e.;o666.qx6ntq.$6og6.r33Eot .rqgo6oo8ot tsX1rub.r8ot"rq.
J6o36$'l$er6ot 3r4or3oL J6og6.r3ot .r8c"r6.r6r.r USB Jcn6$oL t.r83.rq3boor

J6o36o3'$o6o$ go3o3tso63b.r, ooto3ot }6J.r6xb3lot 0o630.r- (qcoJ6o66ooolr
3o36e'r3e6'$6coqx6o, SSsd.-rs8c'rt B.r$36oqo J6c',36sdot 3.63j61q.b", $cs.rq-t3o36ccaco5$6oq363o B.rs36oqo J6og6ror), q"t*a-Saraca;A d.,36cn3o666--
qx6ts" B.rts$g6o J6c,r36$2qo doqot gag%.r36, J6.36"a"6cn68n.

3.1 5'.rb.rtt3 5rB3X63lo.r USB
J5c"rgt6r3.r i1qg336o q6co336oL

3c"r5$6c'rq36L. obtsXbr Jc,r6$o

3r.r5$6ccqa6%a.

J6c"r66.r8r$c.r6ot &3tsaoloL %c,rg.rqo LfuB.r.
tr3Xrq3loor 33ca3o6qX6.r 3roBJoX$36ot USB

qr "SgAb" 3o5.r6X3or.r EJ(JARr J6c,r36$.r$m6ot

- 9l -



3.2 6sb.rtt3 5.rBp5X8o"r J6er6t6r3a$o6oli
cqgcn6oorSoL tfu8.r. J6og6r8c$c'r6ot 3r6or3ot
qr Slqalb 1o3o ScoqXqotg$.

3.r6crr3oL J6cog6.r3oL

J6cng6r3.r qsS36oqo":
do6oorlqo

C** 35ctX,

gst"rlt6erg6rdXQg{CI &J6c'dcr566<'qX6ot J6c66.S3qo
3<'qot Eq$c6or3o

USBdo566c,RC6olr ofr'Ocrqotr6cr.) R$ Je,6$olr gobll5.r

SXlr$.r&ln A6drs3folr (tuVC6", E"Sq" qr s-3.) q.r
J6c,ra6reilRo 3eqot aydtrA6r J6%6rA\go6Ao

6.t8. i.2. ,5e26,fr;ffiib &(w6ob .*tuA6.rAr

Jo63cqo Broqo J6c'r66.r3ot do6oor.:qo 8c'rqlqol. 8rttso s6o1r 3ou3c6o (main)
g35j6o.r, 6cn33qo6 3o3qx36oloo odsbglt 3o36co3r"r6$6coqx6ot Sr8ryr1.r, Ss8qot
3XBc'rS338ot, Bs$X6o1, R" BcSX6ot S3SoSSSloL g36j6o3bli.
usbJrogrammer.cpp

3a-6a Soqxgtso go36cno.rSxlaRoJ gx6i6oSlo, 6r'ro3qor.r tr8SrqSboor beaa"
UsB J..6$orr5 qr3r33o6xl.r. 3t oc"rqSqo .r36cno'6xbt ;.26.,t grbli6oL
o5o6o.tqo%.r13oo1r, qrbX63oli, 3cn6s6X8o.r gr3tr36ot qr BoqXbot g36i6oX0t.
usb.cpp

3Xts33 SoqXqtso r6oL gX5i6o33o, 6er83qo6 JctSboLOgSCRn, Jr6o36.r8Xqo
Soqot $caoob3ctS gcoqoq.rS qr .r3 d.Roo oo36o3co6$6oqx6ob q$6er36rox-
ls%X. .r36Xor33 cO 8oq3qtso g.r36cno$gEXqor 6.rOqX6oOX t363ot1Ro g36j0.,r.
commands.cpp

3u6o3oLr 3o36c'r3cc5$6'qx6ot 3o3.r J6og6$ot .10'6.16r.r xt6S63cqg'1i
3o36o3co6$6oq36ot 3o36 USB Jco6$oL Lctspsqxloor B.rtr$36o J6er36s83qo
SoqoL 3oq3l.r q.r c3 3mqot BrSX6.r 3o36r,r3er6$6oq36?o.

qsJ6cng6.rSXbot .rqgo6oorSo SXq63}.l tsXOqXgo boS3lotgc6:
1. vcc Rr GND 3'6gsig3at3 6xtot Bogoq3}r. RST Rr xrAL

3o6grjgXbt3 GND 36o3363qolot qrg36Sb.t;
2. - RST q.r P3.2 3o5grjg3Afu "1" SSo836gqolot qrg6slr;
3. P3.3, P3.4, P3.5, P3.7 3obgcjgXE%X, qsJ6og6.r33Eot t.rt363Xqo

oJX6.rgoot l1i.r6B6q, BXt$$olm "1" RJ '0)' O6o836Xqc,rbSbolr

q.rffi56}j;

3.2-'
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4. qcL$6og6.r3XlXqo Scnqot 000H Jc.rto6ool-r l.ro$ob 3o$oq3E.r 1.0-q$
1.7-3RC am6g.rjgSbtX;
RS f 3c"r6$r,j6ta +123 d.rl3oL qrgXSSbs qrJ6c'rg6"r33boL.ror3ot;
P3.2 3co5$rj$tX oSJSqt3bot 8o$oq38.r o3cLr"ror3ot, 6mE PEROM
33b,ioX633r3o 8obq3t J6co66c3ot bm$oli BcS36.r. bm$ot BrS36rL
qubqcn3boo 1.20S3 tlo6qd.r;

7. tsr$36oqo 3o5c6X3oL 83to3o$8XbRrR, RST Sm6grjgoli +12-q$
qcogo3X6 ')1" qc'rSX%3 RJV33r. P3.3, P3.4, P3.5, P3.7 3o6$rj$31t3,
33lo6.r3otrq ))l)) qr "0" 36o3353qerE3boL q.rgX6Xl.r. Occ6qjc8Xlo
ts3odqXb.l ogot S.rSoobXqo Pl Jrn6$oqs5;

8. xrALl 3erSgrjgt3 3o3qt35o bcogot q.rlrrJ6cngr4.roxlq.rq Jxqtot
SoVoqXbo qr ob.rqo 0o5.r6X3XEot 3oSc,rq3b.r Pl Jo6$ot 3'E$rj$3bt3;

9. 5-8 loSXlot 3$3c.r631.r J6cog6$ot 3cnqob Serqc,rSqX 6"r1i.r$3t6q;
10. XTAL qr RST ;o5$cjg3AtC "0" 36ots353qmlot qr663E.l.

32. USB 6.raqsajmXqot Sgp6s FTDI Aod6c,'lrC1aClot arAc,,SCGCloo,

3o3J.r5os Future Technology Devices International (FTDI) .r8itsr3abl, qr AAa$t
d0c(6saotxlot (USB-UART, usB-FIFo qr Lb3.r) 6.r6q$j86rq$"t'
&dCxntjCA3lt, J6cn36cOXq Xtt6353Xqgcng.rt (q6m3363bo, XgogogXbo) qr
tr.rSgr,lot totspqXlClt o5636g3ot38ot 3c6qc3j86aqab"1, qat$3tsl3$q"e.

FII232BL $.r63c'r.rqgx5t S.136.16 orcaotxgsq 336tost, FTDI-lr Jo.rJxqs6xqo
USB UART o5g66"rg36o 3o36ertrj33xlot 3xc'r6x 6636.r6oct. xt 3o36cntj38.r

Jffiolr 161 3s6$c"r q.r8.r$3boo g35j6q6 83li.rdqxlq'bxbt ou3ot So6.roo6bgqos6
(FT8U232AM) tsnqc6xloor, r6$Xq .r36o63bt ac6c acn0Jo636$3loL 6sc"rqS6rnbrt,
d,66X63bL 3c3c'r36c5X3ot o6o6o5rqo$ o"r3LX}.rycnlot Srqrq br6oLbt, 6ocru6
-rrqSat qr mrgxbt 

"6txbxqo SoVgoloqeobSbot 3c'rq366otr6o.rt qr .s8qq381r
lmn 3$ogXSXIot Jc'r$356orqL.

Fr 232B.L o6$xt6gxot3boL g.r6q.r3j36cRot do6oor.rqo orb.rto.rorSbq 3tror :

o 3-116$o3o Rr oJBo USB o6$36g3olnt 3r6qsoj86gqo oo8qx36olocn Rs-
o6gX6ggot8o;

o goqo6xSot 5.r3oqot 3.r6cn3o1ru qr Soqx0oL o5$x6g3otot lmg6cqslot L6xqo
3b.r6q.r$X6o;

o UART o6$36gxotot 7/8-6o$o.15o 3cn5.r633x3ot, .sg6xo,gx l/2 tgc"rJ-8ogot,

3X6$oboL, qa$olot, E.r63o63lot, o5$363.rq3bo1r, U0.Rcnlot Ob.r6q"r$36.r;
o 3o61633or.r gsg.r6XSot lmqoqS 300...3 Slcnqo (TTL);
o 3rn6r633or.r 3.rq.r6X3oL lioqoqX 300...1 Oboqo (RS232);
o 3o6o633or.r g.rqr63Eot toqoq3 300...3 Sbc"rqo (RS422/RS485);
o 3841.$o.r5o 3o3qx6o l3gx6o, 128-bo$o.r5o 6.ry$633o bxgx6o Ocn6r6x8Slot

g$6.r6c-rtrot $.rqqX8otsor3ot ;

o RX fXgg6ot 3.r6o3rqo VgSAgr (time out);
o L6xqsq":'3.r6o3.rqo HARDWARE "5a 5.r3rq3boL x-on/x-off t6xqo

3b$qr$36s;

5.

6.

uAU{o
)a(6,q-
(|5-

bRAl"

;.rbl6nl

lRs"tr
.rra3qr

ld'snl.
l.oq$lr
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o LJX6o.rqX6o toSbmqc'r3bot.r Rr. l$6ojc'r5ot VgaA6"1' 3q3c'r3'r63c'rEols

8r335$2qo 3b.r6q"rBa6";

o 6aqq3X3ot bXgX6ot r3$c'r3r$26o 3e6$6oqo RS485-1so3oL;

o USn- "SoCdmotot ,,qsdo53a.r'7"g.rp3od0bt1r" 6XgoaXlot 3b.r6qs$36'r

SLEEP# q.r RI# 3.r3o8g3r638ot 3$og35X6oo;
o USB-tt Scq.rqo d.rb3"t 1tq$ot3r5 63botr 3bc6qrlX6'r PWREN#

g.r8cl8g3$ot 3$ogXGCln-;
o a",6-3"t rr"3e"qr"u *" uART-ot qmS3xlot ts.rts353b3qo 3c6q.r3j353qo 5

qr 3,33 gcego3rto-r5 SXot3t3loL.ror3ot;

o o5666o6CbAR. 3,38 t$$oqotr$o6o USB-t 331ot3qXq/3$otn1'aql-

qXloLro3ot;
o B.r6or3otat 6$erg6ot o5$66o6daqn $6ae";
o o5g66ot6SAe" 63J366o - 4843C66o Lnb3o6ot taS6s8qSlqo (PLL);

o USB-II gfda $X otoj6oSSqo 3qc633ot 6Xgo3o;

o 333.x'rlot 35ogo6o6alAqn Sb.r6q.rlX6r 4,35-qs6 - 5,25 3c"rq$$q3i
o ors3t3a.rqerb Jot$-3e6$6oqx6xbo$ UHCI/OHCI/EIICI;
o on3tXbsqobs USB 1.1-b qr USB 2.0-o$;
o usn-t oq35$ogo3.r$o6xlot vID, PID lr3t6olqo 5c'r06ob qr J6c'rqxj$ot

3c'rqoL 3oor.r311b.r 6c63 EEPROM-8o;
o EPROM-ob q.rJ6ogt6.r3Xb USB-t ArARo?;
o 3o6gxsg36o COM Je6$ot (vcP) q6so3x63lo windows-ot 8[]CRr

oJ36.l11o3qo lmL$38otrr3ot-

A"a-SC6d.lt QSeoXlo:
o USB <+ RS232 g.r6q.r8j05CqS";
o USB ++ RS422/RS485 3c6q.r8j35Cqalo;
o ac'rd3XqXlXqo RS232 3X6cryX6oot 3rXa3ofut0ac USB-t t$'r6q6$XlsSqX;

o g"gA" q.r 33.rb3qo 6Aqffi.53aot USB 3o5'6X3XEot 6rq'r633'r '3s83q3Ets

g.r o5$36gXot3b%X;

o 3o36co3c,r5$t6coq363qo So$gc)loqoa3bot qsJ6oxi$31.r USB-t t$.r5q6$X-

bot 3$ogXSXloor;
o ruRoe) RD E6ot63 3.r$c6xbot toqot 3oq3c'r3er5c6x33lot 3cq.r63fu usB-lt
' 

3.l3er663boo;
o PDA<+USB 3o6r6X3or gcq.r633r;

o OqaJ66.5ARt b.r6m38ot USB $$3oorb3Xqo SerSgologc'rls;

o 6$6ob-3ccq$n1, USB $.r83oorb3Xqo 3er$golrqob'r;

o USB o6$X6g3otoo gsStoao qs R"rAtuLoo,Js#,o 3o$goloqc"rlXlo;

n o USB 3oqX33bo qo X3.r83qc', AoqAAClo;

o' Set Top Bii (S.T.B.) - lr"6fqXjot.o .r;6ag36ot Soqgceloqc'rlXbott USB-

o5$f33o1rd".



Qr$X6s

MREN#

SCRo 5

,t"lraqC-

.:

tL);

;

r}saea;
lXqSlt.r

k"66a-

rU

Ycc .

ry3
(XIT

Dil)
RXD

RTS#
cTs#
DTR#
DSR#
DCD#

RI#
TXDEN

D#

6sb. 33. FT232BL e,rfubhe,b &ad4;hAt

3.3 5rb.rtt3 5sB3x5xao.r FT232BL 3o36oLj33ot bqoS-tfuas. j3xac"ro

klAAlqo.r tj3O.rtso 6$p63bo gXSjgoX6o }qera$nlt .rq$36.r.

fpapg6o.r5o lt$rfoq,otr$t'tdlo AO"6a il$apt 3rdryGoo

. 33-a-qgo$o (Low DropOut - 36o6X d$3ot 3c6q5oo) L$aloqot.r$cn6o

13.r3Xlt 3,33 8Xtrul.r3ot ill3.rt usB-ot sosq3l/3oq$6x3ot 3.rSerLsL3qxqo

t X363qot 3r6o3otm3ot, sA6C-AC 8or$og3lt 3,33 aa$sl' RSTOUT#

lnlst3qSqt3.
r0 bqoSot do6oo,ryo gx6j6o.r.r xJo6.r$3t.rq ;as.l, usB 3o3q38/3.rq$633o q.r

" 3XGX6.13oot AS6Cqo, BoR6C Ar6C RoEodr. 313643 ar6C V6ae$n
b.al, 3,3 3oq$ot SoSo6rqt .16o AAa6a1, 50.r q35oor, 6"G o1'&3C SXodq3lo

Cqq1t 3V3OUT ga3c"r8g3.r5oq$ rS6oqXlqeiloL 8X8orb3X3rtso'

AoARdV3rqra6CAo
t6lqo toB$6ot

do - togSrqXlot
ts6.r0 Lb3r 3o0q3lo

USB aoQaXb/6q.r3633o 3t6353Xqgcoqlt usB1.1ruSB2.O

"S5gAgX"L 
USB 3$Xq3.,, 8Xt.rb.r8oto q6.ro3X63bo

,'1l 0rjto3.rqX6 1mtsj.r63tX 3,33 qo6oL 3o6$6oq1r'r
& n<

UART

3V30UT



Rr <'t(qo g.r66.rq43daqn E'qc'r oooq3lo rbq36t usB-I, ts3t"r3rqo oc'6r6383bot,
l$do3bcn tot$38oL oJ$oSotq;oot (SEO - search engine optimization) q"-Uin-L
6.r3c'rg6ot Sqgm8r63olot q3$3j$o6XS.rt.
USB-II tob8o6olr grt36o .r3$err$'gcilol, 6ogr63qo L"lr6r8"

usB DPLL (digital phase locked loop) bqcoSo .labrat B3tr3.rq F(Zr
(nonreturn-to-zero, invert) 6aqta "r6aqc8636d"e- q"--n6meto63d3q usB
3o6s6336EL qr Xt6X633qgcntt g$6.rq43a8Aqn rqqgs6oqo q6erol.r qr
3e6s6333Eot LogSrqx8oL SIE (serial interface engine) an'aq6a.boor .rqs.carl,o6$S6gXoliot q$3ts.r6bob }qo3otro3ot.
6-46$Xr66o.r5o r'rll1;oRqgerdro

6-33x66oo5o oL6oqc$co6oL lqco3o 6c8ccoSx8.rplt 6-oJx66o.r6 to6j6o-
oSJxqtxlt ac6a 6-3J366o.r6 36otg"rqt3 $ 66ra.,32q axt.ie.r6."at3 q; cO
oSJSqtXEt x8 tob8o6ot t.r86caqgEXqt rS3qot.
x8 lnb8r6ot t"S6.r3qdaq"

x8 lnb3o6ot t$6'r3q3lxqo qxbxqoEt 603366t o113oqr$c"r6ot Eqc"rSolrgs''
Rr ca3636o6xbt 12 s3xt66 tobtso63t, 6oo3qo6 aSit ra"ap"r srE q"- u3n
J6cego3oqdn1, qcoxsop8rL gc UART FrFo 3r,bg6cnq36nr, iq-3ot o?tsmb.rt.
s363cn33 cax536o6xEt 48 s3366 lmbtso6ot Lo6j6oo3Jaq1raS1, USit Upl-t--nt r Rrgrq.r6XSoL toBjr6ot 6cr6q.r8jS63qoLror3ot.
aoaqC36c',loor ifer6q3SSor.r o6$CfuCotot RrAAArAAfot lq-a.

3o3qx36oloo So6.r6x8os o6g3t6gxotot qso28r6r"rr lsrn; bqccao s16xqx6L
yl!1 3o.r5'6x333oL J.r6.rqxqx6oqr6 aofux66o.,boor€o qr Jo6ojoo, g"tr,qrjo6.rL.

Y!82i0 1d36ogo3.r6oot tsxt$.r8ot.rq 
"ma6ngqpt s.,g3bot B.rL6./ra.r"gqsa; qr

cRC5/cRc16 (cyclical redundancy chech l ["8"6a.r, oo,JRa6 3-s6a-q,1ry
93636r6o.r/;er5$6oqlr USB-I, SoG.r6XBorc GcSrqBo.
USB-lr J6o$er3c'rqaf"t e"aaa.rgXtsusB-t J6o$o3oqsn1, q.rdxtssmroLrt bqxl.r Bco6s6xdo.r 6r3.rqot dr6or3.r
b.qco usB Eo$goboqo8oq$. of .ro3tsr3crt qJ"qn qo6ot usB Jt6o$c.r3.nqot
3c'rcnbo353}L, 6o33qo6 3x6x6o6xbxqo.r usB Jc"rt$ 3co6$6.q36oo q" adra"Gpsat
UART-oL g15j6o36o JG$Xg6XEot Oa6-3.,1rc-3,it.
gsc.r6Xfuqo Jc'r6$ TX-ot AffiCdn

3o6.13XOXlo Scnqo VfA6.qi! Occ$goloqolot USB_I, g.r8cotrL3q3qoqr6
Soxscoqx8s g".6xaSqo Jc'r6$ TX-oL lxgSt68o q.r 3sq.ro6x3.r 3o6$6oqot fu38UART bXgSr6oqa6 UART FIFO glqqp8J 66o1ig6tso.
3.rc'lt6Xfuqo J<'x6g RX-ot Ama6"

3c"r6r6333Eo UART_8o8qxlo 63go1i$6oq.r6 doxsoqSb.r RX gsc"r6xbxqo Jc,r6$ot
latsc6an, 6o3xqo6 usB-l, Soorbc'r35'ocn SrE-Er- gclor3oLagq" ao6.r6xa3an1,.5oo3nl,
}c'rqc"r S36$oqot So$gc'iloqoboqr6.
UART FIFO ;g,e6A-eaA"

UART'ff'IF'o (First In, First out - "Jo633qo Brn3oqr - Jo63cqo q$xBraqr,,)
3o6$6oq36o b3qOdq3r5Oqccbt oo6c63oo.r g.ryc6x3ot o.6nr-a"t gcc.r63b3qo
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RX Jco6$ Rr TX E3g6t 3c.r6ot Rr UART-ot Soq3EoLr Rr 3.rqr633ot
sgotg6X8t tso6oL.

UART
UART oSgX6g3otoL 3o5'c633Xbo1i rto6j6o6Xqo 7/8-bogo$o g.r6q.rj36r.:

I6.rqXqX6-3o3q66coloor3o q.r 3o0q66c'rbocn-.)r6.rq3q36tso, RS232 (RS422 q.r
R3{85). 3c"r6$6erqot to65rq38o, 6o3q3bt.r6 3b.r6t ABa6l, UART, 33o6.r3L

RTS, CTS, DSR, DT& DCD qc RI-li.
UART rbco66oXqXbli 3.rq.r36X3ot Bs6or3ot to3Srqot 3co5$6coqt (TXDEN),

Rgt85 3oAq3E/3sq$633ot o6$X6g3oLor.r6 36or.!q, "lrmC a.:3tso6ot q.r3gs63}ot
g$o$'A$.rt RTS/CTS, DSR/DTR qr X-OnD(-Off-t 3o6ot. 3r33o6ot
qSgJ6Slot q.r8rn$83b.r t.r$o6rn.r gr6bc'r66o3sqC1j 2tsXrqrnq tj33.rtso, 6ror.r
l96tgn JlLXbo 8o3oqc'ror.

UART 1363org 3bo6t a}a61, RS232 BREAK 6cSgobot Rr 3q3c.r3.r63oEolr

qo$elgo6C0.r1,.

f$Caot kfidrdrol, ar(6RrAJi6CRo
g.rq.r633oL lmBjc6ot (EcoqXI0o) g.r6q$j35Xqo Xt6X63Xqgc.,tst xl6

toSjt6ooSJSqtXbot tsStrt3qXqt UART-ot.xn3ot 48-E3366o$o grjg26o
fO5f6"6-6otog$. go6qc3j353qo tsaea$" 14-Eo$o$o tobtso6ot $o6ca$gc"rgot.r
er 3 66oL$t4ot lo$otrg.r5, 6cl8q3bo6 tAlr$ .rSgco}.rt 3%62533qger?11,

\0EoL lnqoq3t3 (offi5cat g.rgergrt 3rbqoxt 6o6b3t Jqal, $oq.:qo). 31i

3.$'ls%q36o3t grqc633ot bo6j$3t bcnqXE8o UART-otcor3olr, 6o3Xqo6
qr3t6rn66s8qaE" 183 bc"rqoqrS 3 Soqoer6 bc'rq.r8q3.

'Bsacrg6olr" gX53t6.l$ex6o
'Br8ccg6ot" 6536c$eo6ot bqce3o Scnsgecloq'bot 6r6or3ot.rt xt6263xqg'tsL

Lr€3qcn tsr8og6rt 3r'r$geiloqc'rboL 3og"r lijX3Xbt3 daf3oL SoScoqXlot.rt.
q$sgxlocno RESET#83Lct3q3qotc qr RSTOUT#3.r8ccbt3q3qoL 3x33xrn6oor

3.qpfu 5336o3.r Lb3.r 8c'r$goloqobXlotro3ot BsSogc6c.rt FT232BL $, Jo6ojoor,
DT232BL - B.r3c'rg.r6ot 1sb3r SoSgcoboqo}Slo. 6r3og6ot g.r58.r3qcolr8o RSTOUT#
ca6o3b.r q$.rqo qoSoor, 6m3Xqo6 E336o6qXb.r 5$ot.rt3qlqt3 3,38 drb3$q3

ar g.r8c"r3Xts.r3qXb.: tj33c3o .r6LXtrXqo t$cboqo%.r$c.r6oo. RSTOUT#
p8r'rt.rL3qaqtl ts3odqgl.r ogc'rt g"r8c'rgX53l3qo 1,53cn3o .13$6o 63%oL$c"r6o

f506-qotwr3ot SSXrqoq USBDP-8o, 1r"q"0 USB-II q.rger36Xbr ca6oqXl3qo.r.
tt 

"1r&3C a$oo653lr tb3c 3o$goboqerlXbot Bc8c"rg6oLro3ot. RSTOUT#

ASC6qCA" Slq.lqo o333q.l51ioL Sqgcl3r63c'rbl3o q.lrbqoSloor 5 Soqo/Sr3o, tl5.l3
I'CC m$6.r 3,5 3oq$.r8qC qr 8r"r$goEoqobot cot6oqs$cn6o 3.ro333b.r, .r3.r3X

Rdlc",l, RESET#-tX Soog3bo S.rqrqo q.6C. RESET# q.gojto6q3l.r VCC-3qX,
LSoA oj6gb 3rnorbo36.s 8rn$goboqcobot tsr3og6.rt3 a.t6C qmAodoRr6 r5 a.r63
3*.rg6oL 653tfu $co6oLg.r6.
D,EPROM o561fucolm

FT232B 8Xodq3l.r ogcnL 8.r336382qo EEPROM-o1.r g.:63tsX, 3136.13 as6C
nC46 (93C56 .r5 93C66) EEPROM g$rnog363br USB -VID R" -PID-tso L36oXqo
5r'r36ot, J6c"rqXj$ot 3c.rqot, .la$"l, Jc6.r33$63bot 3o5r6333bo1ic qJ 3loro

,-)
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3erqogo3.r6o3bob 3X5.rb3ot.ror3ot, 1363o133 a"A-"g36$'r OEM (original equipment)

er6o6o6.rqX6 3o$gc'rboqob383o'

bb3a Jr6.r3x$63bo 3c.r5$t6(rqo63bqo EEPROM-ot t.r3Xrq36oor 33o6r3t

3"6X["5 6"ts3Xijl, nt-3a'qq" 3"q"633ot 63go3t' J6co66$ot 3'r6363]'rL' d'rb3oL

3.ta.6.3.tt, q.r USB 2.0 oqXS$o3o3r$ro6ot 63go3Lr'

EEPROM .s6ot 16-bo$o'r5o ;;t- 3o5go316'r13oot' 6o3o66 MicroChip

g3LC46B 16 63o3rq356ce.,, 6,iSxq1'.'13 "itt lalo$/$a bbtso63 vcc dsb3ot

4.35 3c.q$og$ 5-25 3oq6"aeA Oaete$ot q6ot' EEPROM-ot qrJ6er36'r33b'r

bqXbr FTDI a6.qn0d.,1, 3"4-gC5Cb''- USg-t 3r3qoor AtsA"TtS tj33"3o' aa'rt

btqt ,Sgeilt 6r6oXqo .163 e"afle Jq.rgrt3 @CB-printed circuit board) ql

qr.)a.gi"0q$", e",3",4g S63er3}ot qr 3c0'r6or3ot J6c'r63t38ot ScSoqo'

o)A EEPROM ; "6.,1' 
S"36-Xllqn G5 E-ETROM 6r6oXqo'r)' FT232BL

nffiG3;bt 6rt363b1q (So6rt$.r6 ao6XASq) VID, PID, J6oq3j$ob 3cnqot q'r .JAC-

bot J,xtu33g63dot 3o6.r6x0xlt. ,ib3-a.L3x3r3o ao$goloqolrt ,16.r "dst 
usB-l,

oq35$ogo3r$o6ot SrSoqot t36o3qo 5r"1336o'

3.2-.1. "56ta"X"f-ft a"d,RtAiFCRolt 3'rSe€Xjs61bolt qrSoASXq$c

3.4 Gsbstt3 GaB3lG3f"" ifZfZnf,-.t 6"a.b$"531ob 52S36.r6os qs qstsloC*Sr'

3.4. FT232BLob 7tuag6xbtt

"*red6"

1-
)-
3-
4-
5'
6-
7-
8-
9.
10.

11,

12'
13
l4
15
t6

28
27
26
25
24
23
'22

'21
'20
.19

-18

-17

EESK EECS
EEDATA TEST
Vcc AVcd
RESET# AGND
RSTOUT# XTOUT
3V3OUT XTIN
USBDP Vcc
USBDM TXD
GND RXD
SLEEP# RTS#
RXLED# CTS#
T)OED# DTR#
VccIO DSR#
PWRCTL DCD#
PWREN# RI#
T)il)EN GND



nipment)

€3og.r3t

I d.rb3ot

croChip
; dr}3ot
n36$31.r

'3o. s8llr

oard) qs

T232B]
qr $c-
USB-1'

baqd". l"
I

I

tA

2l
l--_.20t

Soerlot qrqJL6A6$.r
DTR# IJT (goqc6X8ot' 3or6or3oL)/fuca3ot6oL qoqolr$X618.t y tqe"q"f,

StoRgc'rts6.r &"r6$C3or.' 6X60o5oqtX
DSR# IN (g"gc633"tr 3o6or3ot)/(3.r3tso6ot q.q.r1r$36Xa.lr) lr%Goq"l,

3t.lRgots6.r SoqXdtg

r19r1g
I
I
I

,
l
116

DCD# IN 8o5.r003oro 3o$.l6X!qoL qoqojto6X8l g.q.r6Xdot Ar6o,ac,o,.

RI# IN gcqs68ot 3r6or3ot 3$c.rdobXlot 8;BpGSlXqo, 6erq3t.13
qot$o56q6o $.r3X6Xqo B.r6o3ot gX6j6o.r 6r6orXqo.r
EEPROM-8o, gcqrL3q.r RI# ,jaae" qc'fiXtX g$r,,og363ls
PC USB Host 3o5g6oqX6ot 8l8.nboL go6t6dXqXlot.ror3oL
"RadoRARo" 3qao3.r63c'rbot Sa8qm

TXDE OUT 3er6o633Xlot goq.r633ot 816o3o RS485-Bo

USB-1'

EEPROM-ot

EPROM-BoJot 3X6ts6r. 48-33X66oo6o .JCdr"OnCa"lr"-
o3ot ECS qro$Xjo GND-AqC 10de,Ao 6XtoLgo6ot
g$<lgX6g&n. 6-3JXr46o.r5o ef3r6.13qboL.rrgoL r6Xtot$c,r-
6o t6 r6oL talo6o. rRAoRo uj3t ta8 3qg<-rd.l6Xolot

t EJdc'rt{6o1t l.r53.ror'qrqtrrflo
to6j6oto6Sogo EEPROM-otoor3ot. t$o AqA;A"d"r"rL,
Ac'r$gobcqo8olr fu3erg6o1r JX6oogBo g$ot.rt3q3qot

EEDATA EEPROM-ot 3<-64X03bot AO X8p.rqrnq tC6,rRCa"
EEPROM-oI 3c'r5o6X3or 8gg$rt Rr EEpROM-ot
3o5o6X3o.r goSr'r$o5ct 2,2$t&, 6Xtot$c,r6oL 3.r3qoor.
sSot ar6qr, b<n66o3qqg3.r EEPROM-oL de6c663or.r

6.r3o$c5ot o$mc Vcc-8qX lOJe,,Ao 6ltot$o6o1, A"A-
qoor, c'rJX6,r6oot 3cn6$$o6X0ot Oot6oor. .rqSoqo rjgt
lnd 3q3er3a6;y'rlcL 8o$,qoloslloEolr Br8og6ot Jr6ocro8o

AoARoSJ6CcrEl, q"6"R qc'r63t3 USB-I, k",J.qCA"t "
6Xgo3to. E63qXb6o3, g.rSc"rogX6glo d,rl3ot qrgqXEot.n3ot
a.lt6a TTL/RS232 qoSoL g#q.r3j363q€o .rG1
USB++RS232 r$au3.{35rs,ot Br4d6otrt

PWREN# So8go6r63olt R$.rR qo6gtS d.rL Bdem, Cr6
So$goloqol.r 3o6gog36o63bXqoo USB-I ArARo<n,
SAOqaa 3"q"R qc'r53tX USB-L ..q.r3oq3Eo1tt".

go8oo66X}.l Ao6l qc,rgoSot 63Eot 3er6$6erqot.wr3ot.
t6or3t o6gg6g3otot qrS6ot 6Xgo8t EEpROM-8o,

3.rb3qoo 33Xb.r-3oX6orXl.r q$.rqo qco6oor .16 $gA.r-AoCd,-
(VccIO-to$)

USB-II qrqsoo 3r'r6q333oro llog6rqo

USB-II A.r6g.tsr- 3<'rfu633oro lro36rsto



lt

xr8o0.ajo5o k65qpo iqoJo q$6otrApAb

4 RESET# TN g$erog53b.r g,x63 8eo$gcoloqc'rloor FT232-ot B.r3otcg63-

ct'x'. o:1 .l8ot s711qog,:rEji'r'l}.r .16 l6ot Vcc g6orq3Ec.

5 RSTC}UT# T 3o3.r "E.r3og6ot" g;536r$o6ot 3$ot.rt3q1Ro. oGr6BX-

6CI1, (-sAVrAt) 8"R"R oSJXqrSt 8rt ?flqm' 6"0
Vcc>3,53 qr Sogs lr,r.loro "VgSt SXBurI.rt, €X3q6 cao-

jt"d,Cblt ou3ot g$otdr3qXqlr 3og.r t$.rboqot.r$o6olt
3,33 6$cntJr3qXgt3. RESET#-I' SoqXb qcloq qc'r5Xt1

3c3t"n$g3t RSTOUT#-oI 3cnj33q3bat e$rq qe6gt3.
RSTOUT# o6 8cn;pnqXlt, t6er6o66 USB-t Bo8c'rg6oL

li.rto

L2 TXLED# o.c. SXjqoc'rqot 3c6cn3oL togS.rqXEo, S.r6Sc'r.rqgX6t qoSSClolt

3:nc"1to6rEJr USB-tso 8c'rSrtm8rEot xopolyl8ot f96.tt

11 RXLED# o.c. €gjqooqolr 3r6or3ot Lo66.rgXlo, Sr63o.4635t qe668ot
J:rc"1to6rEr3o USB-8o 3c'r5.rrrr8rbot 8op$ot p6c'rt.

27 XTIN IN SXtotgq3qo 6-3JX66oo5o 3t6ot$cq16o c'rt6oq.r$er6oL

33o6dotoor3ot. Xt 8glt3.rqo ca6Xor3g €XodqXb.r 3o3og5X-
b:rsro oeot 1161 6-3Jr6rros5o lurorot lr.rboo

28 XTOUT OUT 6o3otJr3q3go 6{J3r66o$o 36ot$cq36o ot6og.r$o-
6o11 6$dot.r,3ot. XTOUT oBXdXlt 6b638t, to5.r8 USB

"q.r3ogXqoc", ory36o A-j8Agfblr' o,A ogSXlt toSjt6er-

torS.reorlt l,.r(61 cto^o,tc,(.or6

31 TEST IN .rAh{CAt At'r$gc1fogc.,Er1, o5$66rq36o tft8ot
6a1r6"6f6"1r 63go30o. tb3.r 333obp3rtn af6.q$l
3o$ct, So$gcrloe'olot 5e63.rg'716o erJl6o6xbolr.n3ot

3,38 6.r3otot3qXqo R$JRo d.:33oL 3c6q5oo
o6$X66oqX6o t$$oqoto$ot6ot.rgo5. X1r g.t&'r8g$o

3$o6o3qn ASqr ogc'rt 8oSot3$ 33t4$o33qo

3o6q35tc$er6oo 33-Jo3ergr6.ryot $X3rqc'rloo,
6o3gqo6 Srg6qXEr SoSgc'rboqcn8ot 3$c'r3g3$or$
.rbqolr. Soto do6ocnaqo q$o85Xq3bco 8o.r$cnqert Sogo

3,38 ,33C]" USB-I, 3o0qXl/5.rq$6X3 bqcn3t qo

RSTOUT# g$c'l36.r5t. q35oL 36o6X t"qnel (5Ar)

€CrdRAEr 8oX$c'rqolt $ g$mll.lt3q3qoqr6 3'33 6.x6X

3V3OUT

+4,35qc5 +5,25 3eq$.r8qX Vcc do6oor.{o

Ac',Sgcr8oRc"iS}oltor3olr 36o63 d$3ot 3r6q5oor q.r r6s

f3,0a.r5 +5,25 ar"q6sAea Vcc UART-ot o5$36gXr
: I0...I2, 14...16 po 18...25

ac',9ger&Rcrlr,1t R"A"VC}"1, g.r3ef6$3bo

Ac.,93r-,IoRololt .$rgc'rgp6o $Clr 3og.r il

ar'rssr'rlogc$ot .:5oq'erg36o SoSot $g.16o Sogr il



kryd,x-

tud,fu-
6.t0

t rqlo-

Ccldrot

PSatc
r'fut$
l'€f'ot

R$r-
ra USI
d,tia-

SaCloL

!n
sccrn

Cn6i

32.2. oSg36gXolnt 3.rdrqr8dffiAqot 3<'r6gogp64cnt as3sq,oorXbo

anaa

5sb. 5tb.

3-5 6.rb.r%tX 3o633Xqor tr8g.rSc'r3g3$o.r5o 46$o33qo 63to5r$cc6ot 3p6or3b.r

L.r8gsSc'r8g3s5os5 336r3o33q 63bc'r5r$r"r6L ts.r8X63}2qo

rj3t qr, .r8ot 3$c'r, 1163 3eo6qX6tr$c'r6Xlo rqr6 r6oL 1olot6o. R
L-or,r5.

333scn3o$o q.r$3or6o3ot 63toL$c'r6o 66o3X6N0UR"" XTIN qr XTOUT
,t tfu8ot 8X8.xrloL Lo%3L$ot qoSot 336.r6B353boloor3o1i.

3.6 5.rb.stt3 do 3c'r6X33qor 6c'r6o6 gs8er3ogX6elol FT232BL 6-3J366oc5

r5 c'rt6gs3c'r3ggs5o$ 3X6s3o3Xq 63t-5s6-6cn.r5 t'-"R. rtSor

t r6s rj3t 8.r335$Aqn 3er6q36ts$o6o q.r, cSolr 3$o, 3og363lor Cl qr
3c'r5q351o$er6X8lr, 6co3qXlo6 B.r6o3qos XTIN, XTOUT-t.r qr GND-II

0rcno $6rqob.r (27 3qetg.rr6.ryo) 3.r63sq or.r3lry3lr b6t6 36ot$.rqt.r q.r

EEPROM-ot 3efigo33t4q3cu
3.7 Srbr%t3 3cn633Xqor 6cn3cn6

336cnq3b FT232BL - 93C46 (93C56,

93C66) EEPROM-L. FT232BL-ot
EECS g.rSrnLsL3qSqo XBXsqeq
X36-oqXb.r EEPROM-ot BoJot

33t6B6ot 3c3o3g3.r6t (CS-chip select).

3t r6oL Jc'r$356oX6o 3q6cn3s6Xc"r}.r,

6o33qt,rg X6oq6oXqsq ts3Xdqo.r

3.r6cnc"rL 3c'r5l633ol g$c'r$.15.1

(DOUT) EEPROM-oq.r6 Rr
EEDATA 3.13o093.16o FT232BL-tX.
r3 1n$Xr6orBo 3c'r5r6X3cns 83g.rb3bob

.r6oq3botsor3olr, EEPROM-ot DOUT

3tsXsqc'rq 3p6or3}1qo.r FT232BL-oli
EEDATA-tors5 2,26ct&t Rl
63toL$c'r6oor.

n
'3}
N.
ll
r)

GND

.c

il
II^
lvI

,r,
F-

l_
l-1G

'T'E+_-.

32 EECS

I

t
EESK

I
EEDATA2

L-.
EEPROM

CS Vcc

SK NC

DIN NC

DOUT ND

R1

R2 Vcc



Sc.rSgc"rboqc'rloL B.r6or3rtorl5 q.r3.r3tso63lXqo ts.:3c'rg6ot J6 USB-t tsl3c'rg6ot

q6c"rL, FT232BL cL;r5363bt EEPROM-I' qr rRacSb t66or3b3qo.r o)3 c6.r ot
3c'rSgc'rloqolrlrorr6 Rr .r6oL cnl l6c 8cr$goloqgrboL 3cn5l6333Eo $3ts3-r6o$o. aA

c"r6o3X Jo6c.r6.r qrt$16q3b"r, 8rtso5 FT232B.L ogX6SEL EEPROM-ot 3c'r6r63338t,

So6.rsq8q6 tsX3orb63.r3o - B.r3363IXq q"g.r63q 3c"r6c633Xlt.

6c"rq3tr6 3.r3.r6cnxqo tr6d.r53b.r 3o3$oq3E.r FT232BL-g.r6 EEPROM-ao, ot
.r3c"ro66c.rlt b6dr633cL Dout gl3co3g3.l6o1i qc'r6ocn. .13 3q3c"r3.:63c'rbo1t

q.:gojto63bo1i.ror3ot ls.rlo6co.r Dout-ot "Vmr %Cq" qco63%X 103t'r3o R2

6XtoL$cot6oL t.rtsXcq3boor. 6o6.r b6d.r53}o1-r Sr6orSlXqobc s6 qat$X6q3br,
EEDATA so$6s a.rqrq qco63%x R2 63tot$o6ot L.rts?.rqxloor 6o3qoL

3.r6631qo 6.r$oqot 5.r63.r3qco6.rtso qr 3c)$gc)boq(.rb.r q.r.:3ojto63d1i

q.r3.rbo6g3bXq b6dr63brt .r5 EEPROM-o1.I .r6.r6t3bc'rb.rt.

FT232B,L 8Xtsxrbli 16-bo$o.r6o g,r6cnc"r 3o6gogX6.r6oolr EEPROM-cn.r6.

EEPROM-II AGqr 3jo5q3t 35.16o $roSocrrhot lio6j6rnLog6rqoL 26ooo 36.rbo$o

3c'r6r6X3o 16- J36ornqBo, 6cn13.r 63lot Sg$c'rt drb3ot 35o3353qc"rb 4,35-qs6

5,25 3erq$s3q3.r.
U6qr sqoSoBSot, 6e€ tb3.rqctb3.r go63.r-3$r63c"r3a3qo EEPROM-tso

tb3qstb3r5so6.rq og63bt sa-6 qr 3a-7 3.r3cn36s63lt. %-a tsx8orb333.rtso, oboSo

qc$cnpbSqo.r "3sX63o", t.a 333orhp3.r6o ogXS3EL 8- qr 16-bo$o$o 63go33bot

ts3686oLror3oL .r5 $3t$o63boL.ror3ot.
S3tsdq3b3Ror EEPROM 5.r$oqob6o3 '6c3o3og35rnor FTz3zBL-oLsor3oli Rr

q.l5.r6B35o SlSoqo, tb3s g.163 3c'rSgc'rloqololtor3oL, 3,r3lqoor.rq, MCU-tror3ot. .13

333orb36.r3o ET232BL X6q"r ogcnL B.rScog6ot Sqgc'r3.r63colrBo.

USB-t $CI"lt gsEqot 3efgo336q3cu

30 AVcc

a
Vcclo 3V3OUT 6

aa
Vcc Vcc 4

aaa
Vcc POWCTL14

aa
USBDM AGND ?9

o--------[--- ---{- . . I
4 OND l---FE- 5 Rsrour GND S

H------{aaa

USB FT232L
connector

13

20

3

I

6b. 3.8

3.8 6.rbrtt3 3o633aqor USB-t $oJx6o 3pboli 3rtsqot 3o6go3x6JGor. USB-I,

SoSgc"rloqob3bo qSbSqerEt 63br1i USB-t 1lrq$oq.r6. USB-II trq$oor 363b.r3o

3c"r$gcnbgpc"rE3bot SjtJqXr$.r6ootrt RrOlRo ?6Rr ogc'rlr 333q6o $3t3bo:
g. ,jtraqBo B.r6or3ot.rt 8co$goloqod.r .16 XSqr ScoobSc6qCL 100 3q/.r8J36t3

aa6L qft;

tor -



8.r3c.rg6ot

3 l6c oL

int5". aqJ

61633glt,

|rf-8o, ot
tu63mloL
elao R2

f36qXlo,
6o3qot

ojto63Et

OM-o.r6.
lgabo$o
4,35-q$

LOM-3o
l, o1ro6o

;goSgbot

Aot Rr
n3oL. $

USB-l'

g3b.r3o

J36%3

o USB-t "ql3oq3Eotslr" Oc"r$gecEoqc,rb.l 16
1003;/.r3J3d,tC aCO qt61r;

o 3.rq.rqo 3rnb3ct633ot occ$go8oqc-rb3btso (>100ar) a6q.r 3rdc,rog36'6WRPEN# 3$.3g3,16o oootcor3oL, 6c'r8 Bx6"6g3G3Eag cglr, roo-a"-t3
Scaq38o RaSo Bs6orxq Bq3r'ro.r63c"rb.r8o q" -rooa3" 

0""3q3a" Rc6o,6mq3tq3 USB-I, "q.r3oqXq,o.r',.
o 3ro$gcoloq<'rbr,, 6o83qo6 b.r6gr3t OC01r, Aoq6C 100fu, u6 tsXodqSls

Eco6orc"rt USB-t 638o1i t.rq$ot bc%tso.
.rt66 x6o3c 3c"r$g'6oqc"rlc3 tG tsxodq3br Br"roorb.SoL 500a1-t3 Ba6. ql6nusB-t trqgoqcS. d-rE3ot o6o836xqc"rlc pwRCTL (14) g.roodg$%x q.ros6tg$q' qc'r63%3 qr Bo$gecloqn'aq do$ots6ibt qro63s6 usn-t J.r6.ra3g6aa.."ir,l6$x$t6xlo q.rJ6og6.rsqab" EEpRoM-Bo qr bqxb.r 8.rcno ts3q',3r.r

ilnsgc"rloqc'rE3boli grigox6 Jc6.r83g6gbor$. gS6ogot t.rgxqx6o (R2) tu;;-3ia"
usB-L 638.rtcn.r6 3o3q66obocn, Bc"rSg.anq.alftc6 So6at9;ci; bo.r3.r6o tog6.rryolr

"J$j363q.rq, 
6o33ryoo .rter6o6q3b.r aqr,i66o3.r36o$36 q.r3.rbo6g3b3Eor.r6 (EMI

:[f:-"gnetic interferenc.) 
S" $r63cnoar"r6a usB-L 3$xqoq.r6 Jotg.raq3.

USB-lrc3oordA1lolr 3ofuo33r6qoc

oruo[
.F-r

AVcc

a
VcclO

a
Vcc

a
Vcc

3V3OUT 6
a

POWCTL14 Vcc
a

USBDM

a
USEDP

a
RSTOUT

I
rrtrbtr |

I

.H
AGND 29

a
GND 17

a
GND S

a

USB
connector

FT232BL

U6qr SoobSr6qXli

E,sb- 3-9

usR-L m3oor33333-r3o d'$gmloqc'rb3Eo 63b.rt qxbxqccbt ri.r32orr6o sg.r6oq.r6qs '16 3r'roorbo3L q36t USB-t L.rq$oq"r6- USn-rr or3oor3333E.r3o 3co9g.-rloft.rb3bot
fitJqS.rgrgooLcL qJOURo A6q.r ogcot B3Bq6o S3t3bo:

- o - o,ao.',363lcafu Secsgrnloq'r.r8 .16 a6'qc qrli$ocnli usB-L L.rq$oL Jaclr,6oq31ic6 USB-t Jc,rt$ .16 J$-3o6$6clqg6o ooo8Sb.r;
o or3oorrj6$.r33.r 3c-rsg.Eoqc"r83lo.r 

- apj[0r.r Booqcnls odqS6o RaEo,6.r3qi5o6 t$o6q3." 6cogo66 O.Oa'"qXO., c,rJX6o6Xloli.rt, nlrC

. "q",ioq1R.," USB-t q6-li, 3o6.roq.r6 .rfuL 1oi3cn.r6o 3iXa,rt Sg.r6cc;

\ - 1n?_



o cDAoorAdAAlrAo 8e"r$goloqcn}.l 3'r8eoog3S3E'r 530ot3q6 3c'rb$ USB-Lor'r6'

trqgXbr q, ,3.,-I,ilSrA USn-f' 3$or'16' PWRCTL (14) n$CAa %33e,ol'

6oor.16 ao$gcnboqcobst 3o.r6o353lt 3$c'r1g5c'rt usB-b trq$ot
3.r6.r33$6X4.,- 63b.,i' Js6'r33$63bo EEPROM-tso q'rJ6c"r36'r3q$' 6lR'

AStASSCR;b.,-""J3.,-aa$t1' 
-qA-L' 

JAOoRCICqo 3oorbo363bo1i 33t6Xq3-

anUJr3"nt 1,53",&i $n5"q.na"lt 63tot$o6o (R5) "r36oror53lt-USBDP-t't

qr nbfOUf+-f, 63bo1r t'rq$ot V6aeA-* 
-r363r6rq' 

USB-L 
- 

1'"q61

g"3.ng53b FT232B 8o$goboqobot RESET# 6$o36$ob 3o5$6oq-

oltor3olr. 6c'ryX1o6 USB-I' 3"'t'6t' $ 3$o - 
tsm6or338'r' RSTOUT#

"Vaail 
1,53el3 

'"axi"t 6-6t USBDP-aq3 "64 3'33-3qX' 6"0 tsXXtslsS3bs

3o$goloqc'rlot oq36$ogo6o63bst' 6o3co66 - 
1'6ARt to8jc6oL USB

3o$gcoloqc'rbr. 6oq3t'r6 USB-f' 'tcot'15 tS Jtant ,ilCbr ooroBXb'r' RESET#

g.ryrgolr q$sq q-S3t3 qr 8co$goboqc'ilr tsrg33}s tsr3r"rg6oq

3qgce0r6y'r}"&-?.qir'"[ irnsif+ q" RSTOUT# q$rqo':' USBDP-t

dsE3ot qr',63 e"odfa"- 1,53o3o 63tot$co6oor' 6"0 SXXtclcSXb'r

8er$gc'rloqcnlot 3$o6.3R 3q6co3'r6Xc"r8rt'

g$$eRS232 Srr6q.rSjpXqot 3e$3o336s13os

FT232BL SP213EIICA

PWREN 15

aa
SLEEP 10 ?5 SHDN EM 11 VCC

aa----------{l'H
TXD 25 7 Tl ln T10ut 2 3 TXD

I f----------a I a a------------a a

RXD 24 22 R40ut R4ln 23 2 RXD

I H a
RTg 23 2E T3ln T3Out 1 7 RTS

a
UID 22 0 Rlout Rlln S 8 CTS

a a ts-------a a
T20ut 3 4 DTR

a
DSR

a a a---------a a

20 5 R?Out R2ln 4 6 DSR

I
DCD

t a # '.to R3ln 2? 1 DCD

1g RSOut RSln 16 sRl
t a a a---------------{ a

RlOut 28 GND 5 GND

a a a--------{ a
C2+ 15

a o-------r
c2- 16 

=c5o a-------JC4

TXDEN 16

aa
21 T4ln

a

an

.l'

- l(r-



iB-Lcn.r6,

%33ocn,

ll.lqgot
r 63qo
l6aqa-
BDP-lrJ
lr"qOa

66-q-
IOUT#
r"$$31.r

USB
ESET#
mg6oq
BDP-1'
ol.rOX3.r

3'10 6abs%t3 6.rtsp6xto.r FT232BL-oL UART o6gx6g3oLori TTL - RS232qa,u,,.ot g"r6qs3j36tqot o6$66rqx6 3o;d,ccLi3'-rtor-r' BSx6orSdoL ;c.r6gog36.s-oor' usB++RSz32.,qfx'r3j363qoL til3"rtso q.occa.t g"aqrJaei.ror3olr g$.g63-lxqor 66oEoqo "2r3" t36oot rri an36.Ljj5.r. .ra Sc"rsgc"r6oqco6oL b60gaq
3<r6J3ttso 8r"rou3t3}?qor 4 gcqco6xoo q" 5 anaqcir: "ir, 3.6J3LBofu0x53b3qo.r ,"bq:! t$.raoqo%.r$-6o,- t4'd3qo6 sccoo6lrq26o 53 vcc dr}3.rtr
3o6q'rj36ot RS232-oLror3ot J?ooRdcg - iqi d$3cq. .ra Bc,rsgc,rEoq'bot
6':6tr32o6cbaR" c'r3ot3b2638.r.r srrnN+ 3.ro,io6.r6.,t c61r3bc"rE.r, 6od3qLc6
332dqos 33.r36o6c'rlr or"rsgccloqc'rloL JsdJ qJa"q qer63%3, 6rn6.r usB o8gc,rgxb.r
\.r3oq3boLr" 6ggo88o.

Qaforx'rqolr o5$X6goln

TXLED 12

a
RXLED 11 nl

o

FT232BL FT23:BL
5,:b. 3.11 tub 3.12

FT232B-L 
",fuL 116o BXg$./g.r3r,rg.r6oL 6s8o8g3$n tsa,jqocoq3b%3fu3cr6$6oRaacRo o6qo3-r$m6xlolr 

- 
a"ba-"r-3"q. x6o,o 3ot"rb363dr g.rqcL.r6xd&r6'6g8xlL, 33c'r63 - 3o1rq30t. g-rq-r63a"/a"q3a"t ts3t$.rooLo 3.roc.r8g3c6o 6"rqcqotfu6or3qo Sqgcoos6Sc'rboq.r6 q$oqo J'$366orqot qo''t3 Rr, B3t$$otrq,

obm66o3q3bt 3o6c638or.r 3.rgl63dot nSqn3r6n.rl, ts3jqoerq36%3.

_3.1L 
5.rbs%%X 3'6X32goc ti3S", 

- 
O.naaq'.O 

'- 
3"I-6G2lXqo.r ct6oo6qo3oq3'rq36o 

^tsxjqooqo, 26oo- 6"rq.r1'6x8"., Bc"r6s63o3}ol'cn3o1i, sa.6aSotaq3}oli'rcn3ot. 3.12 G.rbrt%3 .rq6otsGxq QSartx 6.rq.r63Eotr qr Boq36olEXjqooqSbo gr3t4oro.r6XbXqo.r R.na;.J;o, {J g"a.n663b" X6o,o o6qo3.rg'6o,6ro8xqo6 6oBp533t G3botoo36 .ri$n3.a.rl, - oo6c63o3lo1i 6.rq.r638.rt rG, doq38ali.
daaaot bqgot v6ae" 3,33 grffi3xlo qogo32r6o Lae"qal"lb Ro vsrdr..,* d$3oo

3'13 5'rbr%%3 rq6o8'aqor, 6e4et6o 
'Eq.r 

ng.t FT232BL-ot 
-;.6go326.16o.r

o3olrsor3oL, 6et} aSoj86rt o6$36g3oLo 3,i3'q.6".,3x6 sosgcn6oqcnb.rtcn$. ti3or%xqot36x$3qo 3,3a t$$oqotc$rnr6o g.ra.ng36sa, i,:3 qo6o336o Ec"rsgc,rloqc.rEot
63loL'rojot usB sg"6oq$. vlcro aiialxaxq", 3,38 tg$oqot.rgco6or.r
gcoc"rL'rL3qcRo'6, Baqaa"q UART-oL "86;;m;r'r, to 3.rocoo6.r6%3 B6qgb.r 3,3adc63.:. ';.

liixSSboL-ror3o1-r, 6ooq38o6 usB-tr r,"q$oq$ o63l3b.r, t$.rloqot.r$'6olr
ts36B6otct Lr$o6c.u ar3oo,3rqolrso6ocn O"aq3i.a3 ar6X3c"r3b.r:



L$$oqots$r'r6o ASqr o56tsX63bq3b 3aOerll.lt3q3q d'r83'rlr, 6cnq3to6

tsjt"3"qn dcb3c 4,353 6.:3q5bo.:. li$.:loqotr$o6o tSRo ts3o6ts3t 36o63

d.r83ob 3.r6q6oor (LDO).
t$.iloqot.r$cn6ot to383oqot q16o A6R.r ogc"rt qsl'rqo, 6ror'r So3ogcnor

USB-tt "q.t3oq3bolttr" 500 3o36c"rc8JX6t3 6r3q3bo 3$X6o RC6o'

"ql3oq3botr" J3t6ooq3o.

c3

1 kohm

1 kohm

13 Vcclo
a

AVcc

a
26 Vcc

a
3 Vcc

a
8 USBDM

a
7 USBDP

a
6 3V3OUTF'
FT232BL

ter3o36cn 3x3cnb333.r3o drqo$ 36o63 qx6or t.rlo6r'r (5 Soqo$Jx6tx 6",J-

qs"). $ 3x3orb3x3r3o a3L.rdq3bcKor Brtsx53l3q FTzszBL-tso t$.$oqotr$m6ot

3;3c"r65Xb.: 3,33 8ot.rq3baq, ger33qg3c6o Lb3.r 3o3Jo536$3boL 3.l63tsX' $ 0d-
orb3X3cBo 3c'r3b3.r63lXq1r Xg6or3IX5 VccIO-ot 3V3OUT Ss8c'r0g3;61t FT232BL-tf-
or3nor6Xlot ua8" 3,33 qgr3o3ot ln65sqClqr5 qr d.rE3ot S6st6c'rq$

Etb- 3-14

._t.

.r3 tsn0orb36r3o

8rn$goloqobot IO
3oX63t 3oX36oq3t

VccIO o63l3b,r 3,33 3.r6X aa$nt $g.r6c'rqr5 oO 3ot6oor, 6c'r3

g$er36s5t, 3r6or3sqo 3,3A qc'r3o3ot to35sq3troor, t'rtsXsq3d'r

3,33 MCU-t .16 g.163 8o$goloqerlot qo6o3rL'

PVITRCT

a
AGNO

a
GND

a
GND

a
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tL, 6c.rq3t.l13

1#l8;/u 36o63

rrnJ So3oqclor

s1,6r" Rt5.,

Ba6ta 6r.l-

qot"r$cc6ot
83. rA ACa-

n32BL-%t

rtSoor, 6r'lA

LttsX"rq30.r

F
&

USB-L cn3ocrr33xEoL qcJ6m3j$33oLct og363136 1o33cn.r6o 63Eot Sg$coL q.r .16
or3cqot$o53b36 c6.r3oon6o ;aS"1, 3oq36ot USB-t tcq$oqc5. ctSo ts38orb333.:tso
LJl3ocq36o qcn6otdq826ot g.r$.1636.r a6 .r6oL L.rlot4'. USB-t "q.r3oq3tro\" 6T
6oaoL q35'ot tsxt$6o63lqq (0,53s) Sc"r$geiloqc'rls s6 q3}3qc"rEt 63b.rt USB-I
!o6$oq.r6. 3X1s}.r3o1io tj3fu 6sBg6X6or 3.14 6.rbctt3.
fqR$oqr6 36XEr3o V6fe" dSAAot dc',5$drc',Roo,

15 PWREN

I
30 AVcc

I

a
3 Vcc

a
13 VcclO

o
2 R4 8 USBDM

.
7 USBDP

.
4 GND :: 6 3VSOUTF-i ;

USB
Connector

FT232BL

6*.3.15

ofa V6aq" o3pl3b.r USB-I, t.rqgoq.r6, TAG.RSCR.T d$3oL qr$'mr USB-I
-qo3oq3bot" 63go38o, 6c'r3 So3ogc"ror 50003r-tx 6r3q3bo qc6o (6c63 qc,rgoSoL
3ngqocn). tc.r6o36or a.r60 qc"r3o3rLr or8rq ",jal, XGr4o q.rtSor.rls ,ta$rl,&b3-r638s RrlrR qa5%a PWREN# gsoroog3$ot Bcn6o$rn6o66oor. oO

qngo3ot.ror3ot, 6o33qt.i6 $oL 3546o .16 ",j3lr, FT232BL torr3.rtc"rbt 0.16$o3,
366'0 arrisa6 3t.rt Er6c s63q3bot ,las"l, 3rocn6or3ot.ror3ot, ts6r8 usB
{pryXAr "qr3oq36o1-r" 6Xgo3Bo.

3.15 5rb.rtt3 3er6332qo.r, 6",6m6 g$co3ogx6c'ror P-,r6bo.r6o MOSFET
S6oStot$co6o g.163 q.r3o3x6" S6aeSot 63lot 3co6$6c'rqot.ror3ot.

*:aI"1, 3rn6$6cnqot q.rJr6ccaj$3EotsL g.ror3rqol-rso6xlxqos B30q36o g.rj$c"r63Eo:

- o 3o6$6oqo638.rq .la$nl, qrngo3rt a6Rr 3joSqxt Lr33or6o ts.r3og6ot' V6cq., 6o8qoorcl; .r3$c'ror$p6sq B.l3oog63br, 6coq3br6 oc'r$gcoloqcnls
gsfloqoL "q",JrRURo" 3q3co3.r63oloqc5;

o utzlznn-t EEPROM-8o a6qr ogot q.rgx6daqn "qr3oq3bot" cnJ13o,s;

o 0coSgc'rEoqcn}SEoL.ror3oL, 6<-r3q33o6 o6xEglo"r6 USB-L Srqrqo drb3oor

.ra$nlr trq$oq$ (100-q"r6 5003.r-q3 q36o USB-t t.rq$oqr6), oc'r$ger-



boqc'rlXbolr .la$"l, 3c'rb3.r63b a5q" ogerL qcg53l3qo EEPROM-ot
3.rjto3oq36 .la$"1, ACqtso. 8rq;qo 3ob3.r636ot 3c'r$gcoboqc"rbSbSc A6q.r
3c8oogX5'ot ou3oLo oq35$ogo3r$e6o EEPROM-tso Lotr$38ot
oSgc.r6So6glotsor3oL 1o3Xcnr6o aaS"t J$s3X$63lot tsXLrbXE;

o 3,33 3cn6$6r'rqo6Xl.rqo $63q3lotsor3ot VccIO .ldr A5R" qso$oc'rL gs6X
tXg.r3qXSoor (PWREN# qClXqcillr Vcc-t $gc6cot VccIO-q$).
AGRr 366cnq31r 3,3A t$$oqot.r$o6ot 3.r0ot.rL3qXqo qr Ar6C 3,31

qo6oSot 3$cnkrlr3q3qo r5, or3 ?3Lsdq3l3qoc, 63lot VccIO
BTz3zBl-ot 3V3OUT gs3r.r36$3bo.

3.3. AVR 3o36er3e666-q161b"l, gsaoa6qCRo ifogg<',arryt',fr
TS (test system) .r6ot 8-bo$o.r6o TMegaS8 $oJot AVR 3o36co3c.r5$6c'rq3r6ot

gc3c"r36q3qo 3c'r$goloqcnb"r. .r3 3o3t6ccao5$6erq3t6ot q$6og6r3Xb teS" AVR-
USB 3163 SoSgc'rboqo8ot tc83cq3boor, 6c'r33qo6 qaSo3tso6Xl1qor PC-ot r5
qXJ$elJoL USB Jo6$cn.r5'. .rq5ots6Xqo tot$38oL tsXqp6oqol.rBo ts3qoL ts33q6o
3c'rSgcnloqcnEXlo (B.l3c'ror3qoqo 8sblto.ror3}q3}ocn) :

o 8-8o$o.16o 3o36c'r3o5$6coqX6o ATmegaS8;
o ISP (In-System-Programming) oSgX6gC'tn;
o aa$"l, d.rl3ot ro6o q.rScnA,JoRSCRo r6bo;
o c6.rqogX6o oSgS6gXoto 33o6cat 2AlD q1D/A $b3bt;
o o6o q.r3r'rX3oq$aq" g.r53q26-oSJXqtSdo 0oqXqr$co6ot (PWM - Pulse

width Modulation) 3.r3.t.rt3qxqo (Jo63xqo 6ogoL q$.rqo 1mbtso6ot

goq$6oor);
o gc'r$c'rqooqo - 3l6sorglot g.rtc'r33ot.lo3olr;
o o363er63tot$r'r6o Sr6gmgooo $3aJ36c$U6aRn doctso()oc5$oor (utk-oor)

(NTC - negative temperature coefficient) - 6AAJCdrr$X6ot 3.r%c'r33otror3ot;
o o6$66o6Saqn b8r'r3$o tog6rqot.r$c'r6o (buzzer) - bSot 3$co633otur3ot;
o c'r6tg6ojo6oc5o 2xl6 $6aqc.rlot qotJqso (LCD) - o5gc"r63rgoot

3o%X.rqo%r6ootm3ols;
o cnorbo gX6j6oX6o (oRrdo 3o6s6333lot ts36.r6ohror3ot;
o SPI tJ36o.rqX6o o6gX6g3oln Sa6ScoSbXqo USART (Universal
' Synchronous-Asynchronous Receiver/Transmitter) A6nAX6t.rqX6o

to5j6c"r53q -a1m5j6co6Xqo 3o8q3l/g.rqc3633ot t.gXd6q%3i
o .rq5ots5Xqo 3o$gc"rboqobXlo 5c5qca3l3qo.r o63br6o3 5$Xlq Jq.r$at3.
3.L6 5.rbrt%3 3o6332qor TS-ot dqcn3-tjX8.r Rr }qco33lot g16j6q6o

qr5o36Xq,Xb.r.

..:,

\;,



OM-ot
: x6q.r
tg33oL

L 6.163
)-q.r6).

'C 3'33
VccIO

'q36ot
AVR-

-o1,r .16

l33q6o

- Pulse

btso6oli

rtk-oor)

ot;
:ol3oL;

€lgoot

dversal
.rq26o

18,432MHz

2x16lro38oqoo$o
LCD-qoldqSo

4 gXGj6oX6o RoRUo
c6rqogj6o ?XtslrgqXrqo:

A,/D-D/A
056CfuCol$ or363o6Xto1r$mt6o

PWM-6,r0oltt3RCRo

J6oat6$16o6ot
oSgX6gXoln

AVR-USB-PROGI

grjgXt6o
gX566r$o6o

pC
ATMega 88

6rb. 3J6. TS'oL @oS bfult

J6c,r36c3c$o6ot 3o8Jq3jto 33o6ca1i qcJ6ce36.r33bot .rq.:J$36t usB
o5$3633o1mo, AVR-USB-t Rr TS-Jqr$3o63.rL. 3m3Jq3jto 3s3c'rog363b.r

J361rrn5.rqX6 3co8JoX$36cn.r5 (PC) X6orrq, 6rn3Xqt36 qmSL$'rqo63lXqo'r AVR

Studio J6c'rg6.r3o63lot o5$66o6Abaqn 6c6Lo. ra 3.r6ttso o6$66o6XEXqo.t

63qrj$c.rr6o, st33lq36o, c-3c'rSJoqs$c.r6o, to33q.r$er6o qr 3o36c'r3o6$6coqx6oL

qsJ6rng6s8Slot J6c"r36.r33qo X%635pqgc'rg.r. c

3.3.1. 3.r8ef1yqg{o ac',VS<'nnqerbolt a3a.ry36S3qo 13.r5d3}o

l$sloqotr$<'ld-to
TS SeoSgc"r8oqoboL 3338otwr3ot Jqr$c%x qsaco5$q3bxqo.s t$$oqo%.r$c'r6o,

6r.r3qot aqa,j66rqn tfua.r 3c'r633xqo s 3.17 Srbst%x. tj3a.rtso 3.r3c.rog636.r

d.$3o1r 6352q.r$c"r6o vR 7605 $oJot o5$66rqx6o ts3t6xq3troor. dra3oL

So$c'rqSboL o6qo3.r13oot.ror3o1r 6.r3oog53b.r tsXjqoc"rqo LEDI-

l.

fuo36o

fitb. 3.17. b$,>dogobsso6o
.:

tsXtr3.tqo 3Xq3o3o d.rb3r VDC o63q3l.r 12-qr6

gsSotsL3qAR%C 3ooq36,r 53 VCC t$.rboqX6o drb3c.

qocDRo o13l3t 3cn$ger6oqc'r8.lLr .16.:b$c'r6o Jc'rql6c"rloor.

9 3c'rq$ot qo$,rtm5Bo.
Lfu8ot 33LrL3q3q%3 Dl
Rorlqo DZ 3s3c'rog353bc

LEDI -1- 
1 66 pp



6Aaaq"6cn6oL q.rt.r13.r3rq, SXtr3sqo d"la"t Jerq.r6r'r8ot .r3r6o2qo 63qoq3lot
q6ot. C2 qc C3 3c"r6q36Lr$er6Xlo 3$oog6XLr Srqcqtob8ot6Xqo q.rSsbo6gXb3Eot

lo$oS.uq8q3Eoq.

$.rj$36o AC5Cd,"6"d," q.r B.r3e#6olr g.r5ih (5rt. 3.18)

B$c"rg6ot 33a6do 33q3Xbc qoq.r3ot6.r6 (RESET), RC-6gcnqotr Rr B.r3og6ot

to3Srqot g163 Sot.r$ccq38Xqo brtotr3rS, AVR-USB q.rJ$a6%l 3o1o$c"rqXlR"R.
tjX8.r8o gsor3.rqotSoSXlSqos DW-L (,,Debug-Wire") SoX6orXlr, 6c"rdXqo6

S63c"r.rq65t o5$Xr4gXot AVR 3o36m3cc6$6erqg6oL 6.r$gccbolrsor3olr, X6o,o b.rtot
g.r8og353Eocn. Lj38rtso rA6C-AC a.xn3rqotSo63fuqo.t g.r56.rq3m3A3Ro JSSr
c5.rqc"rgX6n V6ndotro3ot.

gojgX6o gX536agc'r6ot 3o63 33o66oL tobtso63 16,432 33Xt66t Xq6oL.

))

20

19

6;b.3.8 Otl$"t4fit gt Bt&cg6t

TS Scn$gc'rloqcDEot q.rJ6c"rg6.r3Xlot.ror3ot Jq.r$r%X q$rn5$.rgXlXqos 1d36o.r-

RA6o g.rlt6oro, 6o33qt36 6XrqotqXb SPI oSgXt4gSolmL gX6j6os (6sb. 3.19).
SPI o6g36g3oto (tX6o3qo J36og36oXqo o6gg6g3o1n) g$oogX63tr.r

J6c'rg6.r8r$cn6ot .rq$$36orc6 3XbrX6-dqre. q.rJt6c"rg6r33br t6XqRSr, 6coqXt,13
RESET:0. g35j6oo6o63bot o6qo3.r13o.rt SXjqoerqo LED3 rL6Xq3lt.
g,r1r.r6cnot g.r8c"r8g3.r53btX "r6ot 333q36o qrLrbXqXilot 1rog6.rq3lo:

MISO : Mastei IN, Slave OUT + "Ss8g3.r5o" 8Xqot, "RrjAAOqCE.r63E3qo"

gs8cnqot;

MOSI : Master OUT, Slave IN ---+ '$$gj.r5o" gl8oqot, "R"JACOq3I.r6XbXqo"

tsgqoL;
" SCLK : Serial Clock So0qXjt4enooro Lsoxr;

SS,": Slave Select "q.rjp3gX8.rrfu&3qot" 33t6EXjc.
:-ls
f,.\;,

- ll0-



oqAlolj

sXbSloL

8c'rg6ot

Pqrq.
r8Xqo6

bctolr

$3dJ

tla0*-
.19 ).
n8c6F
rRS1rr3

Frqn-

Prqn-

Ctb. 3.19. SPI o5fi26gnobo

3o8tcb2r43 o6$g6gXoLXlo 3.20 6.rb.rt%3r Oo6COUR".
3m3trb363 Scc$goEoqc'rE.rlr $.r63c"rsqp6L LCD er6li$6ojcn5os6o qoliJq3o

5.1136oor. qoldq3ot 3.16o13.r bc'66qqq3b.s c"robo Eo$oo;
RS: :Daten/Control) 3o5.163333o/3.16o13r;

=1: : Enable Display qoLJq3o B.r6cnXqo.:;
Poti: : 3c'r5$6.rli$3qol.r.
qotJqSoL 3o6g6"rtgot ts363qs SSll.tdqAlCR" R Jog366oeo83g6oo. 6.r6tr3Xcrr_6$aqn 8x8-robot 6xgo3tso, Jro$366oer8x$6ot s86x6"r3o g3t6do n-sgo",ma, or66b3-

5c berq. Jcc%o6o.r8o. .r3 ts08ob3g3r8o, qotJqgoL 
",ial, g.r6trSScn6glaRrq Lrrrib"

3'6$6cL$to. $o$'3 Jogx56o.33$6ot q36do c6qu arqrarrRaoR",o, 4*-%c.
qoLJq3ot 3e6$6rt$2qc"r8.r 66Xqo6qXbc qotJqCol, cj$o3ot.r6** a3aq6.

DISPLAY

pC
26

25

6

24

13

23

R

1 k Ohm /50%

GND

s2
m

.{
JI

m

6sb- j20- LCD-U tu6a6; SofAeBogetdt&o
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qoLJqXot 3X3.r36orXl3q b.rt3E8o,, Rooq3}olt arSRocD' tss6or3qol ceobo

g36j6o26o Roqrdo- E:0:: RoRJ,J$oqr5 3o5.13X3orr ts3g3.r6'r;

pC-l, er63o3.r6or1q3bo$o Jco6$3lo;

c5.rqo3X6o o5$3693o148o 5cB6538or 3'21 5'rbrttS'

D? R{
l0kohm Analogln

olof;3n' *r,oo,n

8o$goboqccbrSo S.ror3sqot$o5X63qo'r o6o l5sqer3i6o 33krt3q3qo 0"'5q

d$3rt3. cn6o3X 3gtst3q3qt3 3rSc'rgXSXlCRor qr03r aserS3$Stq" d'il3ot3'r5

(oi, iz, R4,-:..), loatit 'oblec 
3s3o3so6xfuqo $6xqot (Analog In) 33686'r

3.rq.r36or3Xqoq$ qt q"A"qo lmb3o6ot 3oq$6o (Cl,C2)'
" 

i-qg.''b.qrin- 
' 

6R'CA" 
-fuaJ36.rgX6o1n 

(o363er6Xtotr$co6o NTC T) Rr

SsScor38Xqobot (go$o3qX3X5$o LED) 3sto33'r'- 
a.vg.aoqobrlr 

"titt -;; 
i3$"$or5o PWM 6$obsL3q3qo q$sqtob3o6os6o

ts6t4orXloo, Rr Jq.r$.rt3 q.r3c"r6$qaAaqp t$36o'
3.3.2. AVR-USB -l' mSJ6oc'rSo6a}.t

ATmegaSS S.36-l.e6O.q3a"f' qcJ6o36r33b be$" AVR-USB 3'r6X 3'S-

gologolot t.rtsX,rqXloo, 6efiXqo6 qcar3€ot63}Aqor PC-ot 'r5- q3J$c'rJot USB

5o6gos5. ra a.$g.;qolot ftOaA,i6A6AR' tjXtu 3c.r6331qo s 3'22 5rb'rtt3'

At. SZZ lVn- IJSB'L L}fra#Afu<n t'hat

- AVR-USB .rt6Xq3bt q'rJt6o3t6$Xlot 'rq$$S6o1t 6oqt qr X€1'rqerq

336ory30.r 3oAJoi$le"f, USg 'f-a6ft' .llrSoo3X 33X6or38ocn beS" qsJ$36ot

;ir;A.dd ds;il (5a). rR&l.cd'ol' oso.oaqot'r6ootm3ot 3o3Jo3$x6t3

G1'-6t&.,d,0bUR. U5R" ogot ua3o6oJ"6o USB q6*at'n'

- ttz-



r cro)bo

--l
1 Anarosh 

I€l
I

: Alalogin 
I<l

I

0...5a

tr3ot3$'

lX666.r

T) Rr

o6o.16o

3-V-
r USB

5.\b- 223

3.24 5.rb.rtt3.

USB Jco6$ot . J6cngo3coqoL gs6qrjS6ot b36o3q
J6o$c.r3erqtso cbc.r66oXqgbl tJ36o.rq36o o6$66.rqX6o
3o36mtfu3.r FT232BL, 6o33q1n6 $o6rt$.l6o q$6c.rg6.:O3}.r
.rt6 1ilo6q3l.r.

USB-L 1i36o3qo 3c"r6p6$c"r6o FT232BL 3$qog3bXqo.r
6rE3$qo Jqcg.rt ,jafer 3b63t (6.sb. 2.23).

FT232BL-oL Br6or3ot Cq1j66aqo Lfutu 3o638Xqo.r

b3.

tx6oSqo J6.$ccac'rqot q$xtscaxl" bqx}.r .ror33 oco$gc"rboqc"rbot ATMegagg
3o36er3c'r5$6rnq3t43o. $ 3o36co3co6$6'q3r6ot SoGrLSs6o q$6r,r66.ro3br tRa8,
usB Jc"r6goqc6. ATMegaSS-t B.r6or3ot aqr,i66aqo tixso soixsUqn r z.zs
5.rb.rt%X.

,3er6t$6X,jC"aq"q AVR-USB ACb6URCAURoT G"Adq JqrgrtS, 6m8Xqo6
3oor3t3bxqo.r Jqrlr$ortot 3.6JxLtso. 3o6Jxttx 6.t6q.rix83qos tcan sxiq..q*
t6o33q'o.r 5.lor3E.l 8o3ooo3bL Bosgc"rloqerboL ox8.rc"rbot alg"atc

q$g36ot rs-on6 ooS6orxb.r l4ab" 10-Jc,rqxtor6o a663Jn-. AvR-usB-t.r
q.l TS-oL X6oc"rlqo3o 828coloLoo3oL lillot6c,rc:' o' .rsg.rEoqo AvR-usB, q6co336x,lot o6'1i$.rqs6or qJ tsxo.-rs336.r;

o rSgccboqo q"r S3BoSS3EXqo TS;
o 3o0Js13g36t3 q.ro6tgrqo6XlXsto AVR Studio.

c,"o a7.lt s*ow

FT232BL
30

18

6

E

7

5

4

27

28

31

29

i,
24

23

77

2l

20

t4

1.5kOhm RSTOUT

324. FT232BL .sqfraqry*, hJ6-1,@



ATMegaS8
23

77

20

10

9

8

7

3

,,

I

t"t- SZS. ATMegaSS-b E6PrAol'

TS-ot Aaa6-a}" PC-or5
J.,63Xq ]g$%3 TS XEq.r ogc.rL ts3X6-$AR" AVR-USB-cns5. 366o'XEa be$"

10-Jeqlto.r6o l6$UCRo 3$3qoor.
LVR-USn XXi-qpr USB-3.$3qoor PC-t, Lsoq.:5.r6 TS d$3oor 3.r6.r3q3}.r.

AVR-USB-%f iU*" .rn6.",1, B$3r53 Rr UAocnCRo ts,jqor"rqgbo. LED-I 3S3.r53

Sxjqoeqo 3oaoroo3bt, 6o3 AVR-USB 3o36or3luRor PC-orr6, bcnqc'r SSocDcRo -
6c"r3 TS Br6o3qo.r q.: ill3r 8o3$c'rq3ba.

3rb 8C3RCE, 6"G 3$3$3 Rr SSoorCRo SSjqocoqXlo m5cn3b'r, TS 3%':g'lr

Ls8Xtssc'rq. 1,.,1r$34.,1r 333.r-8.,t.ro3ot Lrlo6c"r.r AVR Studio 4 Rr WinAVR'

WinAVR gs3oogX638.r AVR Studio 4-1i 6.:t.rtad"e'



\t

q

r\r

R.

o,rao 4- AvR ao36o'r3o.,5,$6-eraaa"t R$6oa6raalot Jr6o'r6Slmt

i16X63Xq6c.€r

4.1. J6oAJ6ot ACJAS.r qs g.l&6or3s AVR Studio-t arAc',S16f}oo,
J6eog6o33boL 333xBcax6ot 66c'rl,,qo o6$66o6daq" gcd,txlo o8.rqqxbt J6co3-

6r3ot$ot ts6r'r3ot 5'cgogo36xlct Rr t.r8x.rqxlrli odqx3.r cn.r3oql6 Jao(JoRcl.,)
6x$o63qo t.r8xts*'r. tb3q.rtbg.r 3$r63cnSq$nl, 0o36 g.roco838lxqo J6o36s-
33IoL 333x3.r3x3otor3ot trlo6r'r o6g66o6daq" Jr.Jcgxlo g26j6op6q 36o,BrG3-
cnolr 3tgr3to.r, 3rg6.13 6.r6tb3r3q36"r S.t63c.q3g6oqo t363o1r3qo BSt.sdqSbqc,rloor,
&3tsrobot SccbXt6bXbXqoboor.r qr 3x536o6Saqn O$j"r636o ;coqot br6otboor.

3.rg.rqoorcq, J6er66c336ot Jr33$o AvR studio 66qo63b" o6$66o6xb2q
3.r6bq AVR t36oot 3o36cn3o5'$6mq36X3o1r gcSs6or3otcor3ot. gL J6o36c33qo
J6-ea,j6o 3Xo6.r3t:

o Brts353E3q 6sit6olr 6xq.ri$c"r6L J6'g6"r3x6ot lic$goto 3.qor-r
.rtr3r6X6qi

o g6$lqrgo6t ct33bq36o1i 36oq.r6;
o 6X5g6rqX6o J6o63tm6ot Oo$goboqoboli (OJ8), 3Xbto363botr Rr

€3$$-r/6-r3co$.r5ot Secsgoloqc"rExEot J6ee36.ro3q toogq.r$c"r61i ;
o ar6c SerSgcnloqol38ot bxqtsSSgcnboL Lcts2rq3l3bt: B.a, rcEpRo,

ICE200 tjxfu6o 332q.sgco6xlo (atd q.r AVRrsp, srKs00/501 q.r TS
$oJot J6og6s3.r$co63lo. .

3m633Xq J6oqXj$t 3co3J.r6o.r ATMEL ca66q3bt Xg.rterq, 6"G 3rq63L.rqb3qlr;g63qo-r 3o36'3'6$6oq36ot .r6jog3ig26ot 63L$r3qotc qr Ooto
q.*6mg6rOXEoL rr3otXEot q.r$glot q6c,rt.

AvR studio-L 6.r61itso rRaoRrq o$3636' J6c"r66cBoL Lc$goto 6a,i1r6,c1138q36ot 35.r%3. 83L-rdq3l3qo"r c a6ot a.r6c aeroJoq.rgo6ot safi;ca"
l6aqec8-r q.rSg6oqo J6rog6$ot oaJl,6o1r g.10.16o13.r B.r8x63l3qo J6cog6"r83qo
to33q-r$o6oL g;8og53boor c6 €ogrtjxdS6o Soxqr$c"r6ot oo36or3b.r, 6"0
L$c'rqcocn gc33o ls.ltsxlqxllli 6.ldq6t ql3.lJ6c"rg6loc-rcn a-oaa"q,;
3o36o3co5$6r'r q36o rq3.ilr$U6o J6e,r3 6.r3.r$cn6oor.

AvR studio-8o 3x1i.rdq3l3qo.: J6c.r66cBoL 3'qot o3cn3.rqgx63r,rE.r,
31artda8A6" XSXqa$c'r6ot c5 J6cog6.r32qo to8Xqr$c.r6ot trts3.rqXboor.
J6o36.r3ot 3oqot 33o3.rqgX6Xolot.ror3ot t.rlo6c'r.r SoLo 3c'r8Joqo6X}r -a"XJ15"t,
gcoqot g3536o63}ot.ror3ot, 6o33qo6 Bco$3o6oxb.r AVRStudio-Bo.

AvR studio-t gr6Ltso J6c"r36$o63EotrL .rx6oq3b3qor B3t6lqqxL
acojAXqClXloL t$$q.r6$Xqo o.:5.r8o8q336olc:

l. J6o3jgot ts3j35c;

2.,.g.roqoL Bs$3o6cn3s;

3. 3er8Joq.r6o.r;
4. 1m3Xqr6oc;
5. hex-3coqo'b 8.r$3o6o131 3o36ce3o6$6eoqX6tso.

{'i
"l
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3cn3Jo1$x6%3AVRStudio-LqsoStl$'sqo63}otso3olsts}o6c'rrcrSa6stjolRo
1iobg30.r Microsoft V/indows XP: e;6G"*:6$fr' AVR Studio-t scbt6ot

3a3em ob1r53b.r 4.1 5.rbrrt3 5'BSC5& *."t*:1"' il$r* sr6xt6s3o aritols

3r66b35s Roqr.tol !"lf: 
"N:; Pro]"kt"-l" 4"6 i"a1'rq3}Jb aSrdR$t

q"3;'qi",- .lO'd6%q aa€d

g NewPro@
0pen

Vet4.1{5S 17t

'"-'"1' ll-'ii;-r:ri: I rrirr+ | -}5-l 
"=J

ssblcoq "create new Proitfi*tn; ;"i-"o'r31 It* 4'2) "61'$aq=
.proiect name"-t g619.13o laa,ldi iltut *" .:i-*ltot 

bsbxqo (0ta'' labl)'

d,"o *Initiat fl;,,-'6.; "nbqa, 
""q, 

"e"[I"q.t,6#t'- 
g'mqot trb3qo (tsaf

".""f ;:- *"f 
t"t-::Ih 

s"f ry1" so iLo6q 3Is "L oc ati on" r 96o jc'r 53o. 3': g rqcn so

B3odg3b.r qr.,$x6ot - 
a3tl}$ot OrluOtl qcRa' $ ts3o6lrt s6t3}lqo

li.rjqrqqr$nl' 
"tu4-5"'iqoqr6' 3i"" tiiiqe*" t$6ojo5olr 0'16336o3 tsSo

$36goqoo sq6o351q i"q"AtO qr$36nt' or3- 3r$rqcnan ;6- q'r3oj1m6q3lr'

artso5 o1,r 33oj063bu r3$eros$1o*'lJ"*utf.,- :;ot3s3ant 
3$333' 33Lst63qx-

bcq., J6oSjgot rrr*""*""Rl, irn si"iiio"aX"e"ti3b ts36833q .i^r6rRo63o'

r.projekt t,pe" Lg6ojo6tso TJqca' 
J6oxi[ot 5-":''":a'65"r' $oJli o6B6x5

tsaaeaa' a.5frtj.#rJr--f"il:H[{i gdr sflcs"., r,lir, ailcr,so 36er3lJgorr

gxjtgot 3oqot 3.",a;nq'jJJt'"'3-nt' t9t:^t# ftr336xbxq $6'r5tqs$o6t' $

€ 3oobp3.,Bo .16,1.1'ru:;;;['- . i*:*|"u,";:::tt'j:i": 
t[orl.'

o 
"eifft&%E 

t3*"il"1"i?i[Jit"t.I 6'a"',"]3i3a" t*t: 6oq3ts6 bsqoor

* ' bqSbs AVR- Studio-t 'V'-* 
-(a'6c" 

3-{'q"5er6X}oL ' 
6'r3oL':g35X}qrq)'

BaaF a.r5.rqoo8o uVt'ry ,i t"ll' 
"3"a",frsiqq;' ttuq3r5 J6o3j$ot

ffi6a"a""6ilt'1'st3t'1' C 35s 5$ero65xls'
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Joxqo
.rbtSot
3r2LoL

,dRcalt

61rS:<
. labl .

,o i4:.j

oJc3-::
a'"pi;:
13 ^'i
'$6'q:i.*
c163I --
33o'

n6e:.I

i6xn;.3; r

3nt- ,i
ig-t.-.
; 'e-g',r'

:ro< -:
)5c-;,1.'r

Ereate new proiect--'
Project type: Proieci neme:

I

17 Create initial file f7 Ereate folder

lnitial lile:

f 
C:\AVH-Roiecl\

Vtr 4.12.498

5,>b. 42. ,)6oXlgob g,;fXnL,>

TAGICE mkll Tmega644P
Dragon ATmega645

ICE40

lcE50

T46ICE
.SlrilJdq

rEE200 AT mega851 5

AT

ATtinyll
Ttinyl2

[l'r:rpe11 g,'liif,rrrr: r,r,tj,:n:'

&3ccl.r B$r'rcn3qoqo 3co6.r6x8xbot 33$.r5ot 333qgo3 J6c"r36.r3ot gcLs36d3q3b-

lrR ar3c6crr "Next" qoq.r3t, aroR$r .rbsqo g$3c6s "select debug platform
end device" .(G.rb. 4.3), L.rqc6 33o6B6c ar1i.i3c6oro Jq.r$go63.r (tofuqr$er6o .rG

-rte.r$cn6o) 
qr 3o36m3c.r5$6oq36ot $oJo.

<< Back I tt,.,.i ', I r ii:i I Can""t I X"U I_-___;_!

Tmega6450

Tmega649

TmegaE490

Tmega8

Etb. 4.3. Anfu,,@-'b for662j.t



gmmR 333oo"r3.rt$aq 332qr$.n6t ",jal, 3.rkr3r6oro 3o36o3co6$6c'rq363boL
LrSxocdo 53tbc, 6o1i 3cor3.rqotSo538oor.6 

'te$" Soto B36B6c. 3"r61'lboqpq
8.r3.rqocn8o 3o6tsx3cn "AVR Simulator" g11'.13.16or Jqr$gco68.rt qr "ATmega88-
3o3 6c"r 3c'r 5$ 6 co q 36 L.

"Finish" qoq;313 q.r$36oor obt6xb "AvR studio" 6r6oxqo t$38ur
9.15'g.16r (6.rb. 4.4).

G r*i:El S,+g :i 'h ffi g := + ffS, Jr _.* ='t .4 # F:: r *:
x "s.

€Jfia€€r rrsl ,.ilC -t' ;
fub. 4.4. ',AVR Sndiozb btgT?,>ro gs5g6sr4t

AVR Studio-L 3ors3c6 j3xg.r5g6.rt Sa6oo.rygx6t Sg.r6cnt gc6gr6.r (Source
window), 6rn33q3o6 .sot.rb38r J6o66.r3ot trsgolm .JoRo. Sg.s6ot g16g.16.r
r3$o3.r$36q oj363b.r, 6o6r obt6Slu 1iu66c"rb6o3o groRo. ort8o mlrb3b.r
ts3t.rb63qclcRo J6'grfu33qo ,JmRo, 6c"r33qo6 tsplo8"r03b.r arbt6oqo g.roqot
bb3qt. .r3 gs53;6.r3o J6c.rgt6r3xqo 8or3q3qot 8.rBpG3E3qo (g3.-3qn oLr6o:>) go33qor3ot SoaorooSbt J6og6r3ot 3xLs1it63qSrq t$6oj-Gtx. tg.rgStot
tcoqo (Status bar) 3o3orocn3bt, cna 6.r L.rboll.l.r tsx0Lr62qx6xqo s-$g.a"R.b.!:
3o3-rLjx3x6o x3xq.r$cn6o o,u J6ec56$xqo lnoxqr$c"r6o. $g,6cnt g.16g16.r
o53er63.r6o.rt 6rdq6L 33tot63qAlAqn J6r.r66c3oL qco3o3olr 33t.rb3b. r3.r1o.r5,
AVR Studio-L ts3xdqor 33o63x5c'rt Lb3r fu6$g63Eo6, 6c'r8q3lo6 OccObB.r6xlSqL
ts3t-rdqsEqolct 3oL633t 6.r5cbo66o3qc.rL 1s33.r6o1ro 3c'r6$t6e,rqo tsSoL6xRcacRo
3c'rSgccloq.boL fu3xqr$36ot .rE to&3qs$c'r6oli) uccacRo 3q3036$o1i
3q3rn8s6Xcolrt3.

S.rgrgoocR, d3cB"6gr6r3o (AvR GCc - Project windows) ,rolsb3b.r J6oxjg8o
ts3ts3cqo g.roqSbot tubxq36o. "Assembler Files" qJ "Other Files"

t'J
tL4,
all

y

frr
.n3t

a.J3
a

(tu4

(
Jod

tsJC

3c3

.l
orbX

ac#

3#
b-r3;

.i
3oSt
'Co

,f

a

F F"i(r A{ [dr Ir" Id Eitg Ei&r drb

- l18-



636ot

{33R
ga88"

bts-

I

DUrCe

ig.16.r

r.lb3l.l

nRot
o1rc6o

fSlnt
qr"rll:
l3"r6.r

ig.r6,

Faql,
icq"
a56"1,

Lrj.rq.rqqf$3n o6rb36r q.rt$Xtsr3$fq - J6coXjgor$ qr3.r3tso6Xl1q.' g.roq36o
(4.4 5.rb.rt%3 oto6o gg6 6c6olqor).
4.I.1. l'"Fg"t" 6a$r6"lr 8.rg3o6o13.r

J6c"rg6$ot t.r$goto 6Aj1r6" cns3tqSlr Ls8p8.rc"r g.r5g6oL Sgs6c"rL
ja1gr6ga6.r3o (Source window-tso). Xt lr6XqqXlc ts33q36o r,6o b36boor:

coS6ogcot SorXqo 6a.j1r6" .r3 jgg.r5gr6.r€o 63grj$er63Eotm3ot 16 tsro$3o6omt

36X s6t$Aq" BroRo.
316$o3o J6c'r36c3oL L63qo $ajlr$n 5rE3X5Xlo.r 4.5 5.rbrtt3. J6c.r3j$o 33qgC3.5

6.r0q35o33 g.toqot.rg.r5. $ ts33orb3X3.r3o 36oo Broqo do6oorq.rq 3oo65X3c.

6.r5boqpq S.rgsqoor8o (5.rb. 4.5) 5cBp538o J6og6$s Bro$3o6orXbs J6m3j$ot
J"6aaq aaa6eta qr Af8eaa oS.rbglr labl Eo1o3.r6ort3, 6c'rgc"r66 do6oocqo

Broqo. 3t 5oB5r3t, 6$3 Br335Xb3qo $6.r5tq.r$co6ob (atXSbqX6oli)

3s8cod.rbS8ot.rt 33L6ARqdr .rO gmqoL 3mSJoqr(Jor.

#include <labl.h>

#define SET_BIT(PORT, BrD (pORT) F (I<<BIT)

#define CLR_BIT(PORT, BrD (@ORT) &: -(I<<BIT))

mtJ; I

SET_BIT(DDRB, DDB2); // 6r&rt3qol qo€3Xls Data Direction-oo
// 6X6otg6.6o.t

while(1)

{
CLR_BIT(PORTB, PB2); I I LED ---o1s E rr6cn3.r!

for(i:0; i<30000; i++); // go,;Rol, RJqoqCAr
SET_BIT(PORTB, PB2); / / LED-ot g.t&n6c6s!
fo(i:O;j<30000;jr-+;; ll 3p6X 6o3qot RrRelRc&)

J6oXjgoL ts3L"r16XqCbR"q rg6go33 tslo6os LCD (liquid-crystal display)
obXjq36ot$.rqoc5o qoldqXot gXSj6o3lot ga51rtq36r qr ?Xt$c8oLo gcoqoL
Eaf85.r' qrt.rJ6oXd$abAq" 3o$gc"rloqc'rlot o5qo3.r6oot g$r6or3otror3olr. $
gX6j6oXEolr 6a,jlr6" Bmg3o6oXb J6co$got 33o63 aaa6qta Rr o6rb38.r

baSorr6o tobXqoo o3.r33 3o1s0r6otX.

3oSJoqr6oot q.r$g}$q3, 3g1nj353qo *.hex gmqoL J"r6.r33$6Xlot

6.r5trtq36o1rcor3ot, t.r333ao g.r53t6ot "Project" 335oXtso 3o6BX3or
"Configuration Options" (5.rb. 4.6).

int mainQ

{

l:163n
Files"

{



:

Uier,{,loqF'.'qehrg S4:' tteb

, ;-=. Proiect Wizard

: ':= New Proiect

- . Qpen Projett

lave Project

flose Project

Recent Proiects

$j.nc]ude (avr/io

, :.:#d=f ine SET-BIT(I

,::: ,:,#def ine CIR-BIT(l
:

.,,-l inL nain( )

trTT T NNFI1

].nt
int
qtrT

lf
I

6rb. 4.6. d6Arfiedr "Configuration Options'l

3.robt5X}.r g.16316.r, 6m33qo6 3co6332qor 4.7 5rb.r%t3, 6o33qtso6

g.r5otrtq363l.r t.rbS6ACRn Ju6$3$63bo.

6.18. 4.7. .rrx'r7j6ob Jtrrq6lr7&rt eWEAd;

4.L.2. 3oSJoqq3oa
J6e'r3j$oL 3cn3Joqs6o.r lr6aqe$.r "\Build\Build" l6d.rSXloor 335oXqc5 s5

3er3Jo2$36oL "F7" goq.l3t3 q.r$36ocn. 3c'r8Joq.r6oolr J6c"r63to ;oLsbXEs "Build"

ftXg$9.r6.s3o..{5cb. 4.8).
or1 "Build" fugs5y6ot %erq8o arA.BqRSb.r Soorqsq q6o36pqo B36qrn3.r,

3.13o6 oli rX6oqSEqrq A6R.r tsXL$c.l6q3t. &3ocDCqo rq6o335.r SoXoroorSblr

F*l ae
f1r i;i{r
LJ I@
.1 , : l:..:,
lf#_EJt

tt
€
ffi
fl

* *..8*.R 
=,ffi.4: :h K F F

:.:: :':-- il : :

=:_=.:=:.+,|ffiffi 
* \r' oY,*mo.l H U

-r20-



L$Xtslo g.r5'gc6.lBo, Jo633q 
- 
6og8o, 3b36oo 

..File,, 336opl ,.Save 
As,,b6da63Eo1i 33333eiloor, 3n6.rbcal' jrjlil* 56-66co.rL oooooSJxq 3oL.r3c6ort3.*hex gJo*o 'r3gos.rgx6"r{ ay,3aa2a" 

"qol-,as,q anu,a-"io,}3, tsoq$.r6J6oog6.r3"r$cnr4ot 
ArARoo, fu 

"63n6o,$u a"r,3a.3cot$ 6oq368o.
oSolrcor3ot, 6<-fi BXioLV.r3qe,o, .,AVR Studio,,-l, g.r633r,rtso OXBx.r.",

arqJaoqco g$c6cn3ot t$qort3, 6ce,xqh13 oo tsxoob3x3.ran 
".r6lcxa3', 

6c.rqxt.s6J6og6c3.s A3tSo63A3lt 8oootc'r3t.

to6$rjtX6 336qco8s%3, 6c,r83qo6 
"haa btX6pqor g.r1iSo6qXt. ol2 .,Build,,

J6o6xto 336ry'3ot ac6383 
- 
a"r3q"r,, o.r8n6 

" a.i$ag. *.hex 
BroRo Bt.rq.rcJ6og6.s3.r$c,r6tX 

3aLrts3Xb.4

Ea em'rl
--;*'f,t{lr5 b&s:':BFr fi,*.+'is#F r , r, ii :: + ri: -Gx

*Lt''- - ,,:.:-i.-:=:-5,...Fg:*-.;.'-;=,:1 ,,ugei{ir..,,.;1,,,..., 
frtrl; T 'i:€t1''" i'-rr€---

;l

l

I lfr. f,uor5r 1t56gg

gartfrr nEflagg

flEf:rr: g::4 bErt* dl.?r fullJ
[,rtr+ + .daE! + .bo{,ctec*ri

atfJ -".
ATFi{.4 .:'.-.1-i. .., t tn3t,{dr rrJi

;;ff' -**E--:+
{:J sorsftb, :J

tircd*rHn jl td+trrce SEf-gIt{FceT'' gIIl 
'fofr} 

l- {r(rsrTis*ffiffiH5****' 
i.J,, '*"'* t'rLFITrF..fr- srxr {lprl*!: *. -{ri(Brrr}
i] ioi uialli1 {

ErE. 4-8.,1*rgr(r*rl, AgggC&,

4.1.3. L"Aaq"O-
J6.66'r3oL g.10.16o3.r o'a J6og6coxqo 3oqot to'xqr6oot 63godtso33t63qxl'r 

"Sgas" "Debug\st"art Debirgg;?' b6i$31.,o (G;.- i.rl.J6cn6x1iot
3r33xloL tsa8qm J6cca6rSot tc$gotrn 3n,qnr, g.16g16.18o E6qxd.r 3,16336o,6o33go13 o3gog33,r sosqffiGo b.,gt3 axrr"orraSq,abaq tg6ojcc68o (Gcb. 4.10).gAoo'CRo oL.r6o J6erg6.r33qo ao,3q,XqJL a"ile3aXq.,". OoXooor3lt tsXBqgoO3gtPl63q,daq o6t66iJ0""*r.,5 15

luild"

gerOl,

-fu



L3 F $;w Ic.&

+&gi]'=:l'
!-

ti[ii1i :'r] r,-
Eiritd rl!st|{ l:-t,*!1f ;1, !?;ttl:16

l==:':: _:T:tr :1'-tli;'-f * -o -Er r0'0 -trF drerlo'

6tb. 49. t flA<,tgrnb .Ywtnbot qofl#
J6mg6.r3ot SXL6SqXEot 3o3qo5.r63c'rlot 3r6or3ot lotsX.rq383bot g.rSr.rgX6Xloor

SXtcdq3SCRor 0o1ro ASt6XqXb.r }og26 6Xgo0tso $ Sboqoq oO .rqgoq$q3,

\.r13 3p6lro6o qArlr. t-a"q"q g$oLs%q36Xls g$X6Xlot S36$oq3lo,
t6o8qXborcS SoqS6ot 3X3qX6 J6erg6r3c BX6qXE.r.

.equ FcIc = 8000000 :

,.1.1; .equ pause = 256-103 ;

ri.-.equ Pause-l = 255-150
:.::.-' t+****+*t#+*+**+***++****************I**I**I******I*I********ti***+

CSEG
rjnp
rl nP
rEt r
ret i
flnp
ret r-

rjnF
reti
rEi r
"i*Prlrrp
rjnp
ret i
ret i
ret i
reti
ret i
ret i

6.'8. 3.10. lol;"g@$ e.Wbt A@6@i

RESET
ETT-I}{TO

Tn{z_OVF

Tntl_cuPA

TIU0_0VF
SPI
UART-RX
UART-IIDRE

; Feset Eandl-e
; IR00 Eandle
; IRQ1 lland]e
; Liner2 cornp llandle
: L1ner2 overf Lors Eandle
; Lirerl capture HandLe
; lirerl corrpA natch Handle
,;irerl conpB nalch Handle
. :1rerl :gerf low Eand]e
;TirerJ Overf lov Handle
;spi_stc Ealdle
:5LiT RX: Eandle
:lA.il rCre Earrdle
;fl?l TI: iandle
;ADl EadLe
-3E?P3l Eaadle
.Ar C:rp Eandle
; --si faadle
spr :--i Eandle

0
1
2

4

7
t

b
c
d

t
1ll
11
12

-r))-



"AvR Studio"-1r Jr3x$tso ts3goL 3dqr36o L.rtsx"rq3b3lo, 6e.roq3lo6 3$erogx63-lc 3o36o3c.r5$6oq36oL lm8Xqr6ooL q6rnt " 3og.r 636o1i$r43boL q.r B3$$.r/3.r3c.r-

$.r5ot Jo.6$3loL 3qgef.u43c'r8ot qro,aJqoa6Slob qr t6xq.rj$o63boir.ror3oL.
g$r6or3rb urq3oq36t AVR Studio-8o .r6t3bXqo B3Bq6o j6gr6g63Eo:
1. q.rtcor3rqo3r4383qo fuxg$g.r6.r iwatchwindows) 6oB663bt Bc.r133BaRn

63qcq3bot 35ots353qol38t Rr 8ot$ct4or38t (Erb. 4.ll). tsSL.rdqxlcRoJ

63qqXdot b3qoor r5 336oXL trts3.rq3locn B.rO"r$Xlr. 63q.rq3lot
35o3353q'lg8o B3odqxb.r 33363.rq.ror .rG q.r3c8.r$oor J6cn66sBoL
ts3t63qg8ot ts3636Xlot J36oc'rqBo.

6.'6. 4.11. 
'z.l,hlrl,3rynX6Xfuryo 

hn"q€"6

t46otg638ot j3xgr5g.rr6r (Register windows) 6oB3xGxEL 66otg63lo1i
3qgo3a63obrL. q5o35xqo 66ot$6xlo B3odqd" B3o63cq't J6c"r36s8olr
ts3L6xq3lot tsxB36xlot 8a3qaa. i33gr6g.r6.r8o mt.rbx}.r a6"t6aga"t
8o3cnr3to (6$. 4.I2).

6.18. 4.12. 6UoWCerb hffi"fiX"tu

2.

RO[- {bt{l ml- $c00
R.0l- ftlIE X0{l. ftilO
E!E- Ettl0 M- lDclE
EE9- SIOO f,I!- Sr0E
RLB= tu00 trll= Gr[O
RL5- ftr00 Rl6- ftc50
RI-l- {bt00 Rl9- ftc00
,eef- Orgg lf2- I!.08
gE{- tttlD tritE- ttrr[o
E2?= (togg XIIE= {f,i6
RS0- fttID XHll- &r[6

I08- [rE0
n05. llnB0
ru8. gr[O
I-ll. lrUU
X.14= 0x[0
ll7. 0tt!0
X30- Er[0
n23. [xoE
tri15. !r!g
X39: lllgg

-1)7-



a
J. 3gg.r5s/g.r3.-rg.r6ot 66o1i$63bot j3Xgs5gs6.r (I/O windows) 6oBg536t

3q3c.r3"r63.rbot 633ot$6oL, $.ro33t43boL, EEPROM-ot 635ot$t63boL,

3Xg.r6.r/3.r3og$ot Jer6$Xlot 8o3or.r3tt qr r.A (5.rb. 4.13).

u pl stacktttontor

n'!tlo*n*e*a
u $ eo-cowenrrn
il, $ annloe-cof!4PARAT JR

uPlcru
E E EEeRofi{

o $ ocrennel-nnennwr
e-$ eonre
n f emrc
u $ eonro
s'et sPt

e $ rnen-ccxr'nen-o
a @ rr,rn-cowrER-t
fr @ rntn counen-z
E,l! rwr
n !g usnnr
e,"f,l warctmq

-Etr"l* .E}{ott r-,

6tb. 4.13. h6.6/A.frn6.erb
lryo$fiA&rb ib77"6]c"6

4.

tso3o.r3tt (5.rb. 4.14).

t6 95 LE gti t! C0 16 95 0 CO

st c0 DE c0 r8 cg 0r cr lE 95
rB t5 LE t5 rr 55 lr E6 0r :f,f
0t Ef 00 9: ?l 00 3.!i Ec tlf c0
606ailE91[g0Glr3{lla
63 E0 EZ 9I Et 3E El t 6l :lA
06 9{ !3 LE rl El IIF 7r aD B
tE95ttEEll9{l?89{(DE
7A UZ OA Et rl f,t tE ET IE Er
@E?0FEltElallEf602E
tE95tlEtllsl1€9{GtE
20clo!ESlltFg3aeIu
{0ID9{r{tl?g4r€91
9{9l?{ttta9aco09a9l
{nrilllErErlIIlS4Glr
8FEtr7I !| l?4lllErl9l
ll 30 rtr !l tl !t{ t2 5 ta 9{
EEft7t z Fr clft 50 7l lT

E6 tto 93
c0 af E9
9I ITE
ET AA Z7
60 09 Et
91 ITE
95 ?6 tT
30ilm
c0 ?il t:D

M OAET
B? (E 7T
3039m
95 r+ gr

.-:,

\;,

0XbtoX6Sbot jgXgaS!(r6r (Memory windows) 6otsp53bL J6og6.r3Xlot

33bto363bot, 3o5.13X3ot 0XbtoX6Xlot, 3X$.r5.r/g.r3c'r$r5ot Jo6$Xlot
3o3or31rt qs C616ac.rq.rSoXSoqalAqn 3Xq3o3o S3btoX6Slot (EEPROOM)

,4ffi Eili
drl. .. .'l- -oi
..,.il.I1.i..

-.1.*..1-:u-l€f.l'!o'.1.u.
.c.-c.ih-S-nl
.5..'i.-rr-'
..6.,1ar<-.1
.irtrl.'. -.;..
. t'i. ' . (-;- i'-.:r. {+T'!r
rqi irGc.Err
dr.t!t*i/rF.
.ld-rE-.1'r
ot..,6.i...rL;
. - .8.;r(- lFr -
Gl.olt-, )"
s,ai.ntlfu'u

6tE. 4-U- eAELoffiL fugeJe{'r;,
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loBSC6CElt
lg63bot,

t6r8Afot
x66Aa"t
r.ooM)

il3blroS6Xlot Xg63q3}o r,rlr.rb38s Lb3qrtb3r ge63s$3o: 16-oor, 10-oo

.16 2-oor Rr *.hex go63r$3o, .r5 ASCII-oI lroSboqo3boor. SXbtoXt6XloL

8o3cn.r3to, 6cn3c.r66 66ot$6Xlot ?ogor.r3ln, 83odqXb.r 33o63.rqoL
LXt43oqotc33l6 J6og6c3ot 33B3t63bot tsX8orb3X3.r8o.

5. J6o63lm6olr j3Xgu53(r6r (Processorwindows) 6oB3X53bL 36o3363qc'r3c5

o6go63.r6ort J6cn3t4r3ot 33lr6Xq3b.rt3, 6cn3Xqo6 3ero6r3t b6d.r633Xlo1i

Sor3qXqt (Program Counter), Lg6oL OsB3XGXE3qt (Stack Pointer),
Sq3o8r6Xc"rbot 6Xgot$t6ot g6cl8Xlt (flags), 6o3qXloL 3cn3q3qb (Cycle
Counter) qr r.3.

6. j3Xg$g,s6r3o (Project windows) sotsb3b J6o3jg3o 333s3sqo

g.nqXbot bbgqX6o.
7. j3XgcSg$a8o (Info windows) mtsb3Ec ts36BX3qo 0o36co3o5gt6cnq36ot

SXL.rbXl Lrtu633lqo o59o63.16or gc0o36$Xbot q$o85Xq3l.r,

VgSa6"1, Sgn6c'rXbo, 66oL$6Xlot 3oLfs6or38o q.r Lb3.

8. jpg.r5g.rt6.r3o (Message windows) sotrbXlr 83$geilo5$Cb" "AVR
Studio"-tg$.

4-L.4. hexg.roqot fu$Xtfu aod6c"dc',566oq tFfu
gsS.r6oXqo *.hex gsoqob ts$85oL SaAqaa bq$" AVR-USB J6og6.rtu$c'r6ot

*A\IR Studio"-1ou5' qr3s33o6g8s, 6otor3o1s6 3.rlX6or con (Connect...) qoqs3t
(5rb.4.15) .r5 Tools 335o23o: Program AVR> Cennect (6sb. 4.16).

ah'rdd&l-'- -'
::t&f i@ $_BIT(POET, 8n)
tefiE Cl_BIT(mm. BIT)

lE ldq Ur4

BIT(DDE, DBz)j // g*os'Ii3 dsueb hie Di:Etror-:T./ r-rsi:sla

g'R-BIT(mm. n2) : ;} w -rs Grfea I

fd(i.0j i<30000: i+)j // cikli. dalod:ba

SET-II?(POF 8, B2) j // E-is sil,orT"a!lc(i-0' j<30000 j#): // trEre cit:iis dalod-b

l.,tS. *<*16A.A"5r-+r.S ppg&xa2ett d6&6CSr (D

!!oGr: ?00 Drr 12,ff Nl'
{.q!+.&E+.Doodo&r)

D.6: 0 
'Fr 

10.0r Nrl
l.da6+,Drr+.a.Ut)

{
l. t25 -



PE2);
00; ir
PB2);

tr S] rtdf,rr0l.
E t;3 Source Files

ff, Header Files

trl {!l Externd Dependencies
: @ Other riles

<avr,'io. h >

SET-BIT(PORT. BIT)

crR_BrT(P0RT. BrT)

o

6tb. 4.16. ,]tu66,fl,$wt6 q.r;vJex67&nt &ASCAI g)

$oL tsgqXArq Erbt6oqo g$g6ot (6sb. 4.17) Platform-oL jmgs53g.r6lBo 3c"r3-

5o8613o "STK500 or AVRISP"-t, berqco PORT-ot j3Xg$g.r6.rtso ,*{.uto"-t
qs 3.r$3t6o ,,Connect66 qoq.lgt.

5,>b. 4.17.,)t4ot6t4;fugot4ob Unr6fr2gt

SoqgbXq g.15g1613o (5cb. 4.I9) 3.rqXbo "Program" 335o2t, Flash-olr "Input
HEX File" jgg.r5g6.rtso a$36r Eot$r6o1i (5rb.4.18), t.rq.r6 ts33o6rb3or

J6o36.r3oL *.hex 
Broqo.

tsa3qaa 3.4.139o3.16o o3r3X g$g6ot (5rb. 4.17) "Fuses" 0X6oX3o (6rb. 4.L9).
cDA J6s33$6Xbo g$trtq363qo c6 r6ot (6c'rgc'66 6.rb.rtt3.s 5sBp538o),

g.r531otq3t6s5o qr or5.r3o8q336c'rloc'r a"3a6- qoqr4bt: Read, Verify qr
Program. ,';'



3-a-
tto"-t

nput
lbSor

.1e ).
Fn),

qr

L*k6, C= E ef trl.

l
I

l

i

I_---'---_-.-
Fib g*rre: lblinkingLED

'ffi
My Flecent

'Drcurents

@
Desktop

.,,"'
'ifEgcraq.rents

ffi
MyCompger

€
MyNd,rcrk

Flaces l-G* Ig

'. !ryd l
flles o{!pe, lFlash lrtel Hex Files ('.hex;'.a90) 

=

6rb. 4J8. .Y'x'>7flgat g.ryXb| AtbrAtdroro

Lo*Bfts I Advarcd I tM Seuinss I Hw t*o I n*" I

Boot Flesh size=l 024 words Boot address=$0C00

Prosanr I veriry ll--B*{-l

mode ard deyicepaane*as.. 0K!gogrami'g'r'Ede..0K! :

tuses adde+s 0 to Z. tI€E, &'DF,oxFg.. oKl
gogdtntiE mode.. 0K! ,r'

17 Auto-reed

l7"Smqrt $Emlrgs

6rb.4J9. hJery6}Fx,ry2ant e7Arcr&rt 4A*flrt qW6Ab
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Sa8qaa 3X6636q3Eocrr o3r3X gcSg6ot (5.rb. 4.19) "Program" 335o2t qr Flash-
oLr jgg$3.r6.r3o 3.rlX6o "Program" goq.r3t, SCqCA"R 3o36o3co5$6rnq3t43o

qao$g3ll *hex gmqot Sogcnr3tot 8.r$36r. Jt6er6Stot q.r3ou36XloL 333q6 TS
Stsq.rs €3j36oqo J6c'r66s3ot 3X16XqXlot.ror3ot.

4.2. J6c'rat4.r3Aqo 3t6353Xqg<'got g"AAA"aAb"t SXorrqo3ot .rSsqoto
4.2.1. qrSrq1lC}olr Sr6orS0Cbo

RrSrRCAClot 8ot$o: A\IR c'rgrtrot ATMEL 3o36er3c'r5$6oq36Xlot .:t33bq36ta
qcJ6c'r36.rS3bot 83oc.rqo3ot J6.rj$o33qo .tor3oL3E.r, Jt4co66$ot g$u6o3l AVR
Studio-L 1m33q"r$ot6t3 qr 3o3r6c'rlrj33ot 36ot$.sqot qsJ6cog6r33l.r
t$.r5qc6$Xqo J6erg6s3r$o6ot 3336erloor. 3er633Xqo 8.r3uqoo3lo SXg3odqos

3$cn3ogX6oor s6r Sttoqeq 6eq6ot Rr J6c'rg6.r3o638ot 25$-B36gbot
8X8c"rS83lolso3ot, .r6u3nq 3o36c'r3er6$6erq36ot lt6jo$Xj$26ob o3.rqt$o6o
obt6otco3olr orXo6oSqo 0cl-tqot $r3oob3olnt.

3o36o3c'r5$t6c"rqX6oL c6jo$fi$X6oL, $s6c$Xqo qr J6er66c33qo
bSS.rqXl$n1r, o5$X6gXotXlot do6oor.rqo $oJ3}ot, b6dsSXlXloL Lot$X8otc Rr
3o36o3c'r5$6oqX6ot to33qs$e6ot or3c"r6oXqo 3,rlsqot ts3tSs3qot Sf8qaa

S3tsdqSlCqor Arqr3oqCor 3o36o3o5g6oqX6ot g.rSccgXSXloo J6rjgo3Xqo
s8cn6cSXloli 63.rqot$"ta.

t$e.lt6Xq J6o3r4.r0Xbot tsgq65.r qr 8ron. .rbL6ot 26c6-B363lot RrAtsRdolJ
3o36r"r3c'r5$r4erq36ot "6j.6f.j6X6ot.r Rr rq5o85Xqo ct6jo$Xj$X6ot
J6erg6.r3o6XE.r1n$ 33b.r33lot (rtX3lq3r6or$) SsSerg6Xlot tsXtcdqXlqc'rlot

36o$3t6oX3o.
.r6tglolt 3o5363$Xqo $er6.r6Xlot X$6r3o S.rgrqoon, qr3gc.lol otoSo

3$togcqalaq3RrtSrq. q.rtc$gottso g$3oboqc'ror 3s6$o3o Org.rqoor3bo.

L aSbbX61}slrorrS aAAJc',}s

$c"r6o5Xlot $ 3qolrL 3o6Xor353b 63Eot3o36o tl.lhot coJ36.13o.r, 6c'r33qo6
lr6aqe$.r 3o36c"r3o5$6ccq36ot 33b1n3t63}ot tb3.rq.rtb3r ,r6XBo - Scaoob3o qr
8r$36.r. 3rg.rqoor.sq, 8cn5.g8X8ot $r;ocnb3r $ 8.r$36s 83tr$qXl3qor EEPROM-
qs5(3o), SRAM-q.r5(3o) s5 J6cog6s8Xbot SXbto36XlXloqrS (03bto36X8.r3o)

(Program Memory). tcSgoto Eo1o3r6ont, 8o5q3X8Xboli toSot.r Rr 0XbtoX63bot

goJSbot (.r66bot) 3X63qoL tq2d3XqtX tsSt.rdqXlCRor 3Xoj35.rt .r3er6$Xbot

8rgcqoor3}o.

2. o6qo3.gns

3o36cn3er5$6oqX6ot 3.r3o0t3qXq Jcc6$38or.r5 o6qo3.r6oot bb3.rqrbb3.r

lmt$X8ot Br6or3ot.rt (tsXjqoerq36o, tsXjo6qo3.t6oot lrot$3S3lo Rr .b&3"R-

"36oL$.rqX6o o6qo;.13oot qotJq33bo) SXodqXl.l tsXoj85rt .13o6.15ror.r A6OCRo

3qrto. S.rgcqoor3bot tb3rgrtb3r 316o.16$o r"ASr ts3jo5qo3.r6oot 6ogoorc'rbolt q.r

b$36dqcl3coboL 3X63qot 333ob36r3o. ACbdRCACRoT 3o3o93.16r'ro1 3c'rd6s3o

toSlc"rqc6Xlot rG 3c'r6E35cqo t$6ojo5XEot, tb3.rqrtb3c toSlc'rqc'rlrr qJ
L$6ojc'r53lot rLob3ot 6.r3q35o33 8s5.tqooro. tta"erLb3r b$g6dqo3c'rbot



Rr Flash-
roq363o

0qaa TS

3}qg6%3

JJ AVR
n66$3E"r

63odqo.:
#33gEot
qls.l6o6c.r

16c33qo
8otru qr

Saoqaa

16'daR"

MRdJJ
fg26ot
pqololr

, oLo6o

m33qo6
nb3c Ro
PROM-

$3l.rtso)
o363bot
r6r6X6oL

;.ry.rLb3c
rb&3"R-

366xqo
Iob q'o

&nd6.r3o

Lr R.,

"o3r'r8ot

.t

o6qo3.r6oot 6x-rqo%.r6oc bcn66o3qq3br $"ro036oor, RJgcDa6Sbori 6o3q3Eot
Lcts;.rq3}ocn .16 tb3a b36bXloor.
3. Ac.rer6tAalolr ar8eror3qr qr grASA"aCI"

-rt6t33c'rlt 3xn33r$o3x6o g.r8eoor3qS}ot E336o Bsgcqooro. Bcaa.,dqo.r
3r$r63c"rcoor: 8- u5 16-orc66c,6oc6o 6o6bgloli €663i.s, g$c'r3q3l.r, 6$6"r3q;Er,
aru.,?lJ qJ 33q$3bc. "6txl.bt .rlrma osor3Sr$o3x6o s6 tsbrtolr. qccao326o
g36i6oxbo, 6o33qo.s qrbSr6xSoor tsxodq38" 638otooxd,o xg6o 6or3qo g36i6ooL
ca3L.

.r3 $o6r63lot 3qctt ooc.JSor36gb.r 8- qr 16-o.166ogo$o 6o6bplot'?cqlu.aq" c'r6coloor-.rorcn8,ror 6o6bp68o @inary coded Decimai-niol
gc6g'rj35c qr 8xt-:lcSoto 2gxJ6cn6gq2r4a. -rqGoBGSq 3qrtt 6s66xor36x}.rt6o6bp8ot 1n6$o6Xll tb3.ry.rtb3r OSoclqoo Rr Broro goq$6.r13os.
4. a#lt $6raC66XEot grtc'l83ol, R" 0.6or3ot Acr$Scr&lR"raAlo

.tj ts3qot: qg6ot, dr63oL, Lrob8o6ot, SE33o1i, b6363ot toBj$oli qr tb3r.
$6$x$6x3ot gctcnS3ot $c'r6c6xb1i .lruc 3o63or36xl.r 63.rq36o q6c,,ot 1r.r.r-.,1,
€4f35.r, .JJRdART$.6oL, 3oqX6o tca3$ot, d6.r3cL asa-3nt, $3AJ36.r$36oli663qo638ot qc tb3.

XL o3qX5.rq 6or3qo c8o6.r63bot 3qrto.r, 6.r8q36sqr6 oto6o BSodqXlc
3Xo6caq3t togo36or tgBmBrOoorARoR 3qrtt (1-3).

UACRr 3.16o.15$3o .rX6oq3lgqo.r B6j86.ror qr g"rqr3.r$gc"ro J6o36.r8.r
lrofuqr$o6ot qrb3.r6X6oo qr or1 rACtctq$aRil, 

- 
a.,3ac'r3",G$oq16o

qr3oJt6o g6c8mor J6c"rg6a8c$cc6oli qcb8.l63loo.
c3.6$xl3o 0x J6Sgojto .rq5o35r3b 16-cn.r56o6o$' 6o6b3t, 0b - o6c.rlocnlr.

.src'rlooro 6o6bpEo J63goj1mL gc63tsX oSX6X&.
1' 3er6x33qor A osto3o 8 (.16 rib3a 6.rc"rqx6corot) 36orb.ro$o.r6o6o6b33bol'gr', 6odqglo6 g$q.rgXb3qo.r program Memory-tso .16

EEPROM-8o e.)Vgdaqo 0x0A (rE tb3s) dot$c6ooq.r6.
Bp6o c3o6r6.r,r A B.rto3oq.r6 B OcLo3Bo g.rq"3Sg6., gBORr 6o6b3o,
6o3xqo6 0x05-%3 (rG tb3at3) B3go.r qJ 0x2c-t3 G.r3qixbn. n a"r,,,3"
tsXodq38c ogoti EEPROM-tso $ SRAM-Bo.

2' ts6.rq6o6c'ror 8- l5 16-o1156o6o16o o6c'rbooro 6o6b3ot ,ilRr8JoRo63bot
J6ogt4.rfu "BC?JU.AR" o6mboor-.rorc"rbocn 6o6b3tso.

3' 333'tq3o5oor 2- .16 5-or.156o3o$o r"r6m8oor-.roobooro 6o6b3otl
d3Rr3.Jc'lqo6glot J6o36cfu c"r6olocn 6o6b38o.

4. ts6-rq6o5c'ror .,6o 2-oc66o3or6o cornlooro 6o6b3xloL ts663lot .rG

g$o3q30ot J6mg6r8r.
5. 3o633xqo-r A Sstogo 8 ("6 tb3r 6"n,q36obo1i) 36cnr.ro$or6o ,rG

. c"r6b.lo$o.l5o 3oq3bo1i.rg.r6. q.r3.rqgo6coo o.rto3o tsxo6.r3t or2 .161 0xAC s6
0XAFBC ;oqxlt. ox ts3o6-r3t, B.rBoG Rn 66ot66a; B6n6rsn,o, rtgoro
3oqplob 6roq36eilo.
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6. 3er6333qoc A 8rto3o 10 "("5 tb3.r) 36oilso$o.r6o 6o6b68o1rg$.
g.ryr3$X6c"ro 6o6fuX3o 3.1Lro33o otX, 6.'A Rr8rRracno %6qrqc,rEot cG

;qa8sq-}ot 3ob3q3oor.

7. 3er6333qo.r A 8rto3o 10 ("6 tb3r) x6oilm$os6o 6o6b33botr3.r6.

3rqca$S6em B 6rto3tso 6o6bglo, 6o3qgbo6 33o6.rg6 X6oo.r6'3bol ("6
52qX0ot) RAV .r5 659 6ceq35'c'rl.rt.

8. gca8og6c'ro A 3.rln33o 333.r3.1qo 10 
'1r'o.,ro g.l8cct.lblqx8oL lG

6q6Xlot .Jc.,q$o 333q6o $31mor: s) 6o3qX6o d36.r O.r66b6o3 5 ("G

tb3s) cn.r56og%X Rr gelACRo lo$oL o53X6to.r; l) q.r3$o$em
3co5t$s5$.r 2 ("5 Lbg.r) q.r €6.rt61RcDor 6o3qX6o d36r 3.16gg6'o3 3
o166o3oor.

9. 3o6333qo"r A 3.r1m3o 5 x6oil.m$oa6o 6o6b3xlotrg.r6. g$31,"tg36c"ror
3xo6.r3t orx 16.1 8rto3o 0x1F (.r5 tb3.r) 6o6b3L. orx ts3o6r3t, i|r8o6
333rt61qoo erJX6.r6o.r "qer3o3X6o qr" ("G tb3r) A B.rto3ot $CRr
6o6bgt3.

10. g"rqr3S36oo A Srto3oq$ 10 63unr66ogo$o ("6 tb3.r) 6o6b3o
33btox638a3o C 3otc3r6cn%3 gsSq.ra8laq t6a;8o qc B6rt63g.rcn Bcon
83g$Xlot ($ tb3"r) r'rJg6.r6o.r.

11. 3cc6333qoc A 8aln3o 10 x6oilco$oa5o 6o6b3x8ologr6, 6c.r8gqqS
tsXo6cat 0xAA 6o6bgt. 36.rt61qc,ror eBX6.r6o.r "qc,rgo3p6o q"" (rE
tb3s) UmRr o3 6o6b3t3, 6codXqo0 dgertsX}s 0xAA-kC e" oJX6"6cu
"qcn6o336o r5" ("6 tb3.r) gg3Rr o3 t4o6b3t3, 6o83qo6 odgccAXtrr
0xAA-.rt AaAqSa.

L2- qr3$36c"ro gr.13o336o g36j6oot.ror3olr V:X*(NOT.Y*Z+NOT.W)
g$r'ror3qot J6c'rg6coc, lr"R"o 6o8c5o (+) "qogo336 c6"-lr .rq6otsfugt,
5oBc5o (*) "qc"rgo3X6 qr"-lr, ){^rYrZrW qc.rgo3X6 OSRrqCllb
6cc3qg8o6 o5sb3l.s EEPROM oxb1m3638ot 3-0 cnr66o6xEot

AX6fqSAo 0x00 3ot.r3.r6ot3.
13. q-r3S36oo cc6c'rboor 6o6b3xlot ts66xboL 16 g$o3qxbot J6og6rfu

o6o 8- or.156ogo.15o (.r5 tb3.r) SoBSocn sG Oot g.r63BX.
L4- 3cc633xqor A 3o1n3o 10 36oil.ro$o;6o 6o6b3xloLcao6. 3oq.r3Vxt6c"ror A

8.rlm3oq.r6 B 3.r1m3tso ffiCRr of 6o6b3o, 6cl83qo6 BX$oc (rG

6r3q30o) 0x20-fu Rr B.r3$g6c'ror Rn 66ot$68o (.rG gr0c'r3o$$'or
o5qo3.r$o6%d.

15. 3$3ll.rtqg6oo qasn .r5 gSgo S6oor6Xlot (.rG 6Xq38ot) 6.rcnq36ob.r
8 c'r6c'rboor 3oq36tso BaS36oq A Srto38o Rr o6qo3r$o6t3
goSer3o$o6oor 3X$golo538.r "R" o5 ",3" (o6 Oocno 6o6b3Xlot
t6.roqX5ob.l).

16- Sm6xsaRor A 8sto3o 10 36olso$o.r5o 6o6bplotsgr6. 6,ryr3Sx6cnor B
3rto33o ffiCRr of 6o6b3o, 6o8Xqoly 

-a*rarOr.A[ 
O*Of-OtfO

qosJ.rtrnSBo. o5qo3.l$c'r6t3 g$o3o$s5rlo .rlr3om 6o6b3Xlot 6.rcoqX6cnlr.
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l7 - 3co6333qor A 3rLo3o 8 x6oil.ro$oc6o 6o6b33lots3.r6, 6co33qo6
33o6caL 0xA1 6o6b3t. a.l3oaelot A Sclo3ot $CRr 6o6lo3ot 3.r8o,
t4o3q33o6 rq5ots62q 6o6b3$q3J. tsAqCao g.r8cn3o$r6coor o6qo;r$c",6%3.

18- A 3.rto33o o6rb38r r3q8gc'rgxlot gxaJ36sg36oL 8 B.rBp6x63qo.
tsx3-r8c'rSSo"ror r6ot .',l 16.1 3.ror tso6o1, 37o-%x org.rqo qr 36o-t3
q$-rqo $33Jx6r$x6c. o6qo3r$m6t3 3$r'13o$.16oor o6o B3t$.roolio
t6o6b3o 26ao Jo%o6oot 3.l3er$c"rgloor.

19- 3ag.r8$golo Sersger8oqeilot o6qo3.r$c'r6%x q.:3cox8lc"rcn l-g"16 - 8-sql
3o8qx36c'rlooo 6q63Eot g$c'rg3.r6oL J6.g6s8r otx, 6n,E "B3oj86st"
12345678 6o3o.

20- 3xdx3.r3q3L J6c'rg6r3c SREG J6o.r6xto.,6ot oqgoor6xoEot 66ot$6ot
gACRr bo$ot o5qo3r$c.r6tX 6$cng3.r5ot tsa8qm go68.r$Bo: ffiCRJ
q6rn3.rt (Ao$t) - o5qo3c$co6ot X6o,o or$6ogo.

2L. ts3333.r3qXt 16. 33oqt63n5go.r6 o6qo3cgcc6t3 $ARr 6og6o1i
3t4orS.r3o.r6o o6$x63rRoo SoSqxj6rnEooro glSc-rg3c6ot J6e,rg6.r8s.

22- Sxox8r3q3t qoldqSot x6o,o $ t6.roq36oo3 or$6ogot 3-S.18o16o ("6
tb3s) o5$Xt43.rqoo 6o36o3ot Jt4cn36.r8.r.

23- goldqSolr Br6o3ot 333q6 o5qo3.r$r'rr63bot os6.roo0qxa6aRo gscno83ot
J6erg6.r3ot 3X323r3$a.

24- a3bt,ng6Ssot 3363qtso ts36rb3qo 36cno toolc'rqoL o6go3c$.6ot gct-
Va6"a (3c'6lX5.rqo lloS}coqo) Oo,JRASo g.rq.rsqgoq3lot J6o36.rOoL
tsX3XBr333"l.

25. 6og63bot r5 lnsboqcnxloL ts36.r363lot Br6g36oq.r6 Brt66b6o3 $
Jo6ojoo 6o3qX6o ArqrrqAoRSlot J6rng6r8oli B3SXBr33lr.

26- "cR&i66uR" lrcunot" J6og6.r3ot 8333€ca3L. o6qo3cl]oot.ror3ot
gc8.3ogx5rnor ts3oqL6335$o.r5o o5qo3r$o6o. 6.loc'rg3r6ot ger63c$o
"22.15.30" .r5 u22.15", 1FA o6$X63.rqoor 3c.r6o86o83 SX6$"q"1,
3%636gqgc"l3oor.

27. o5qo3r$co6%3 lVa, 2VA qr 4VA ts3gco363}oor, ,,lCrr, .(ZC), Rr *4CD
($ Lb3r) Scn6q6q3cobooro gr8c,rg3$ot J6coS6c8ot tsX8pts.r3Xb.r.

28. Sog6oOARo 3qr3org26ot (3x3-tt g.r8ogX6Sloo qr ts2jqooqoo
tsXBXBr3qXt J6rng6.r3.r Rr Ser$g.rboq'br, 6c't33qo6 BXiqo.rqot
6o36o3t o3 tob8o6oor 3t6X533qgo3t, 6er83q 6og6116 3.r$36o
3qr3o.r$36.rt3 (1-q$ 9-o1r B.rcn3Roo).

29 - 0r$6o6Xqo dqr3o.rgS6ot 4X4-%X Rr o6qo3.r6oot LotgS8otr
gsSogxSxSoo q$x8JaRcl, 3c'rq36o ts.Jc$o1i Jt6cng6ro.r qr 3co$goloqr"rb.r,
6odgqtr6 .rj3t 4-o.156o3o.15o (rG tb3.r) 6og6Xqo ,Jc.lqo.

30. S.rg6oOARo 3q.r3or$36oL 4X4-%S qr B3oqo B3oqt6326$o$o
' o5qo3.t$c"r6ot 3$<-rg36Xloor 333X3.r3q3t J6cng6$c qr 3rq31Rr$co6ot

3o$gc'rloqobs, 6co33qo6 3t6363xqg,ntst 16-cn$6o3o16o 6o6bgbot
tsx3r,-ri3bst, 6s3ccaq3l.rlr, gr36.r3q3Ertr qc 6sgc"rgsL.
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31. b8ro3rSo r6b6X3ot 3363{r$c.r6otc RJ 33jo6qo3a6ooLr LoL$38oL

6$q35o33 osS6ogot g$ogX638oor 333X3caq3t J6cng6.r3s Rr
SerSgoloqc'rla, 6o33qo6 6.rto3.r3L 1mb3o62t 20J6 - 20.fiO
qo.sJltc'r5Bo.

4.2.2. RrSrRAax.t AXll6Sq1lolr do6no,rqo Jt6o56oJ3Ao

qr3rqglot AgbXq3Aokror3ot 1rg3q35gt $.r63coq65s ASqr 3jo5q3t AVR
3o36cn3ro5$6mqX63bot .r6jo$fi$Xt6cLr qr E6dr5X83bot lnLg33.rt3. qs3.rq36ot
3Xt6Xq38oL q6r'rt ASRo qr3o(J3ro, 333q36o SXLXEo:

1. 6cast633oc'ror t6cBol q.l3rqX8ot r6to qc 3otr5o;
2. qr3.rqXlot 3c'rcntr<'r3538oq$ g$el3qo6s63, .r3o6Eooor tsXt$s8oLo

3o36o3co5$6cnqXt6o;

3. 8X3rqgo5c'ror q.r3rqS8ot qSX6olr.rr3ot rS6oqXbSqo 66ot$6XEot
q.r$36oq3bocno (Eo$$ot qo53t3) aq$g6.r s6li3lXqo
ts39$J3o8cego6ot 66otg63}ot 6b6oqoq,r6 goSo8qo6odXi

4. g.r53tctqg6oo SgSf6"t .rS6oqXlXqo 3al$r'r6Xbo Rr tsXjcq3oSoor

Suno q$8a8"aalq$ot ts3lolr8olm .rq6cc6oor33bo;

5. 333sqgo5oor do6oor.rqo J6r'r66.r3ot .rqgcn6ool3o, 3o36o3cc5$6oq36otr
o.r3oLXlg6fA$"1, g.ror3rqot$o6Xloo (lr6fa" qr tb3s);

6. .rt338q36ot oX6oq3l3qo }6d.r53lXloL "r6tsX3ot 8a3e1a SUaeaC-
J6c'rg6.r3ot q.r$36o1-r.

l.
* .2.

3.

6.rb. 420. tf,ryafub &*.,Wtob t'6ful67FrV4n Lha

4.20 5.rbrtt3 g.r3o1r.rbXqo.r L$caqXlot J6c"r6X1nt 1rtb6AJ6a6ARn tj33.r,
6c'r3Xqo6 tsXo6r3t:

3og6o3c'r6$6oq3t6ot 3r$r'rq3ot J6c"rg6$.rt;
lmEXq.r$o6oLr qr 3oBJoX$36ot E3ts6oloo, J6erg6.r3ot
3.r6od2sRc.rlot 3c'r6$6ccq1, (A,lA;"a3o6ot Jo63XRo (I) 0$gXgo);

-"flo36rn3m5$6oq36ot grloq3"rt Rr oSqo3.rgoot tot$38.rLo$
:'fr.r3.r33otfuEot trts3.rg3}rt (a"6a SclsgoloqolXlor$), $co6.r5o1,r

3.rgJSffi3$ol, 3.l6orXfuqo6ot ltlerqcnc"r 3c.r5$6c"rqo1oor3oli
(33X3r33"6o1r 3Xc'r6A (tr) Mffi{").



g33ot

RJ
!0,f3O

AVR
tCb"1,

rJSolro

6SE"lt

bSqo

,oScrol

:a6"1'

RACcr'

6.r3o1r

sl-tor.lS

g.r5ot

n3ot

lr,ifo'

.l

3sS3olrogoor oSqoSq3rnt a1Brr',Eolt s3e6s5s

s8c'r6.r5ot AXL6Xq3bollor3oir gc3o3og36oo TS 3u&-r36q3qo 3er$gcoloqobc Rr
AVR Studio, C-Compiler, WinAVR-2oO 8 06 1 0 J6og6.r33qo 3t6X633qgc'rgo.'

33Lrj363qo 33.r6do1-r g25j6o3lo.r: UAocr,ARo LED TS-tX 6o36o3Xlt zVA

o6$363rqoor (1S3 - Bcd,or3.r, 1Va - g.13o6o13r).

$ rqgc.r6oorSot 63rqotr6oo1r J6r.r36s3ot $Xjt$ot qot$o53o 3efX6$.r6Xboor
3c'r6333qos j3X8c"ror.

tt )// RSdRrmr(Jor ---
// 6c66ot Lob€o6ot 6$tctq36.r

fifndef F-CPU ll .;6F,2ioot g.r5tstq36.r
#define F-CPU 18432000UL // TS-ot ;3ct66oL tob8o6X - 18'432 036

#endif

// ou3t.x6oro g.roq38o

#include <avr/io.h> ll AO 3o6go53t6cao.r
#include <utiVdelay.h> // Delay-li (8e.rgqo1r q6o) 3.r5tctg36.r
finclude "lcd_libge.h" ll ga5fujo-S6o bo8qnoor6c LCD-Display-t.ror3oL

// fuq8o3Xlo 
c

#define ON-TIME 10 ll "Bsd..llr.gols q6et" o536d$6" 100 a$a

#define OFF-TIME 10 ll "gsfut6o,3oL q6er" o536XAX5$o 100 A$A

// 3o36otXbo

#define SET_BIT(PORT, BIT) (PORT) l= (l<<BfD) // bo$ot qrtSc Port SET-t3
#define CLR_BIT(PORT, BIT) (PORT) {g: ^{1<<BIT)) // }o$ot q.rt8c Port RESET-t0

// g36j6o2t4o J6ergc'rgoJSbo

void initDisplay(void); l/ Display-t qc t.r$goLo 3,r3<ntrb2qSbot oSqo.rqot.r6oo

// 3cnr3.r6o Jt6og6r3.r

int mainQ

t
int i;

ll 3or,4,>6o J6c'r56o3ot q.rto$goto

// qo3cq2r6o 16-Io$ou5o 6o6b3ooro lroqoqoL 5$t.rtq3t6.r
initDisplayQ; // Display-1.r o6o6o.rqot.13os

SET-BIT(DDRB, DDB2); ll Port B, Pin 2 (LED3) 6.r3c"rt.rt3qXqtX 816o13l

while(1) // XtJr6Sqr'r 6o3qot qrtr$goto

{,
GLR-BIT(PORTB,PB2); ll Port B, Pin 2 LOW-t3: LED Bc6or3.r

for(i=0; i<ON-TIME; i++) // 3o3q3go (JodRo
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_delay__ms(100);

SET_BIT(PORTB, PB2);
for(i:0; i<OFI -TIME; 

i+r)
{

-delay-ms(l00);
)

)

// 3o6qot q6o: ON-TIME * 100 ms

ll PortB, Pin 2 HIGH-%X: LED 3$o6o13.r
// 3or3q3qo 6odRo

// 3o6qo1.i q6o: OFF-TIME * 100 ms

// 3li.rt6jqcn 6o3qot q.:trt6Xqo
ll 3o,qt6o Jt4og6.r3ot qrlrJr6Xqo

{

)

)

// Display-lr glSolnbpq$nl, o6o6o.rqot,r3o.r

void initDisplayQ

{
lcd initQ;

lcd gotory(0,O); ll
lcdjutstr("- Experiment 1 -rr); ll
f6d gotoxf,(l,O); ll
lcdjutstr("Blinking the LED"); //

g25j6oot qclc$goto

o5o6o.rqot,13cn1r or$.r3o3q66r'rLr

lcd_lib_ge.h-q.r6

326to6o: I t$6oje6ot I to8}c'rqmt3

16-to3be,qoo"5o $Xjt$ot 8fiffi4

33r6to6o: II t$6oje6ot I lm8lcrqr"ti
16-to3&"rqoo$o $gP$ot 31P.r

c333s6cq, gotJqXot3 3$cobbpqo oj63bs:

LED"l.
LCD-Display-t t$s6or.r3o J6og6.r3ot

3o335$.rt63loor 3c'rg331qo.r jp8cocn.

[ "- Experiment I -- |

gmqoL (lcd_lib3e-h)

lolqooor3Sc
// qX3q.r6q3o.r

TS-ot LCD-Display-tm3olt

// 6.:66ot Lob€o6ot Sc6totq36o
#ifndef F_CPU
#define F_CPU 18432000UL
#endif
ll o,4"ltt6olo gcoqXlo
#include <avrlio.h>
#include <avr/interrupt.h>
#include <stdint.h>

#include <stdbool.h>
#include <utiVdelay.h>

// 8Xq8o3Xbo

#define CLEAR_DISPLAY 1

// Port-Bits
#define E 7 I

#deline RSri
// Sca6rntXbo

#define P_DATA PORTC

ll s616c.nn g$btq3t6.r
// TS-r,t 33r6goL tob8ot6ot trqq -

ll AO 3er5gog36.r6o.r
// ggolrqA6n Vgaa$ot g$tatq3dr.r (sei) q.
// 6o.lXlot g.r51-rrtq36c (int, char, ...)

/i 1-bo$oc6o Oool) toqoqXXbot bobqo<'ro33o

ll Delay-b 3c"r6qoL q6c'nt g.r6t.rtq36r

// 3erqo LCD-to,3ot: Display-t3 gl0otsbXq$nl, $ctq'r

// Enable-1na6rq. Display-tor3ot: Port D, Bit 7
// Register 3g66Xj.r Display-tor3ot: Port D, Bit 4

ll Portc r6ot AelfuGCAClot &'16$o LCD-tor3ot
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#define P_STEUER PORTD // Port D 16o11 3r6or3ot Je6go LCD-tor3oLr

// gl5j6qEot cq$36.r
void lcd_enable (void);
void lcd_write (unsigned char byte);
void lcd init (void);
void lcd putc (unsigned char character );
void lcd putstr (char *string);

void lcd gotory (unsigned char line, unsigned char pos);
void lcd_clearDisplay(void) ;
void lcd_clearline (unsigned char line);
void lcd_displayMessage(char *string, unsigned char, unsigned char);
// LCD-16 3.r6cng.rqo ga6:b"ab" ::::::-:
//----------
// LCD_ENABLE: ABSCAII Enable-to35oqot 3"qoq (HIGH) o8J1qt

void lcd_enable (void)

{
P_STEITER lnl<<E);
*_STE1IER &_{1<<E);

l
t/------

llE=l
ilE4

1+-+
0-+ +--

il
t/

LCD_WRITE: SXrat a*61, 4-6o$oc5o ScnqSlmt ltboor LCD-8o

g the

p5a"

:

void lcd_write (unsigned char byte)

{
unsigned char tery;
temp = byte;
P_DATA &= 0xF0;
P_DATA l: (temp>>4)'

lcd_enableQ;

byte &= 0b0;
P_DATA &:0xF0;
P-DATA l= byte;
lcd_enableQ;

// 8-Eo$o$o g$cltot3R3qo lr"q"qa 'byte"-to

/l 'temp" qo3.rqg6o togoqot g$'L.rtq36.r
// g.rSoltlr3qCRo toRoqot q.r3.rbtoa6C3t
// ja0qa 4 logo 3r'r5.6X333ot .|cotagtX $.rtsq.r
// 4 lr,go g$ertct3qSqolr 3.16g36o3 arqJ$33r
// Aefi.gXASAot tgq.t 5rb663cogot (Solqot) LCD Jc166tC

a.lqJ9&3r
l/ EnableoSJXqtot 31p6.r Sc"6cOgSCloL 8XLc5.rb.ry

// So6qolr q6. SrAqClt 3c'r6ot t.rlo6o 16 r6ot
// dafqc SoEqot 3$ert.rt3qXRo toqoqCXlot gc$'83fuc
// Jaae.r 4 logo 3e6.r6g3fit Jot6gtS Sctsqa
// 3o54g33bo1t :laAet 6o8qot LCD Jc.'66tg qrSC6.!
// EmbleoSJlqtot 3gp5.r Sc"rGr6XdXEot ts3L$rbsq

)
t/
il
t/

LCD_IMT:LCD-t oSo6ocqot.r6oo

void lcd_init (void)
{

cli0;
- DDRC = 0x0f:

// 6qob.rqa6n VgSC$ot q3rjgo3.r13o.r

ll Port C, Bit 0..3 (LCD-3o5a6X33lo) 3$r'rt.rt3qtqtf
DDRD F ((1<<E) | (l<<RS)X ll PortD, Bit 4 (RS: LCD 66otgr4ob €3t466.r)

,":,

PORTQ,* nv61t
// q.r Bit 7 (E: LCD Enable) 6.r3otot3q3qtX
// Port C, Bit0..3 (LCD- 8r"r5q3X8Xbo) SET
// 36or3;qo Log6rqo - LOW-t3

P_STEUER &-,((1<<E) I (I<<RS)); // E qr RS 0-tx qstsc
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_delay_ms (20);

_DATA &:0xI0;
P_DATA l:0x03;
lcd_enableQ;

_delay_ms (10);
lcd_enable Q;
_delay_ms (10);
lcd_enable Q;
P_DATA &:1;
_delay_ms (2);
lcd_enableQ;

_delay_us (50);

lcd_write (0x28);

_delay_us (40);

lcd_write (0x0C);

_detay_us (50);

lcd_write (0x02);

_delay_us (50);

lcd_write (0x01);

_delay_ms (3);
lcd_write (0x01);

_delay_ms (3);
sei0;

/i Display-L 4-bo$oc6 3c'rq3t3o oSogocqots6oc

ll 2 ttg6ofu"t5o, 5x7 Pixel

// Display-t 816o3.r

// "increment mode" 3g6to6oL qrgX6Xd.r

// Display-t3 3$erLrbtqd"1, $.rtsq.r
(gj5fuoo5o63ll, 2-?g36 5$od.rbXlotrt)

// gqob.rq16" S$a6ol,r rj$o3ot.r6o.t

SC6lt Lo8Enqc"rt gc5'Lctqa6lq JRAoRJt

q$c3oo36Xb3qo to8&'rqc'r 0x00-3q3

lro8&rqot String-q.r6 rg3b q,r S.rtplc
Joo6$36ot 3a3qm bo0}c'rqot3 qrt8c

YO

t

)

v(
{

v(

{

)

LCD-PUTC:

{
a

void lcd putc (unsigned char character) // 8-Eo$o.r6o grSc"rlrst3RCqo toqoq3 "character"-3o

{
P-STEUER l: (l<<RS)t llRegister Select HIGH-t3: "&r6.rg3338ot 3rB3Xl.r"
lcd-write(character); /l toS}<'rqoXloL 5.rts61.r

-delay-us 
(55); // tsggo35C}.r 55 5$3 €o3c qc83€r3Xlot.ror3oL

)
il ----------
// LCD_PUTSTR: Sc6t String-t LCD-bx

void lcd putstr (char *string)

{
while (*string)

t ' lcdjutc (*string);
string r+;

).;
)
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3o

, ;;;;;;;;;; ;;:;l*.r* i*il ;;;;;
/ | ----------
void lcd_gotory (unsigned char line, unsigned char pos)
{

P-SrEUER &= -(r<<RS); // Register seiect L!w-t3: '!r'r6g6oqot gr,3xb.r,,lcd-write((r<<7)+0x40 *rine*pos 
) ; / / 37au",6o DDRAM-a"r,la"io,t|'

-delay-us 
(50); tt ifi-gsxtr 50 Gsa Bog.r q$xts.r33EoLcor3oL

)
//----------
,1, 

lll "ttARDISpLAy: 
Display-r3 3$<,rLoblqdnt 3o,qoo6oq Scrq.r

void lcd_clearDisplay(void)
t

P-'rEUER g= 1r<<RS)' // Register Select Low-t3: '!..6g6oqo.r 6.r836dc,,lcd-write(clEAR-DrsplAy); //,Dispray-\ srtsqor ,6dc'x.ot g.r,,,lo

) -u.ray_ms (2); tt ass1s6"" , ,Fd tsn5.r qJzro3lanil"o,3nr,

//----------
,1, 

Ya"LEARLINE: Display_t3 26o._x6olo Lg6ojo6oL Sc8q.r

void lcd_clearline (unsigned char line)
t

switch(line)
{

case 0: lcd gotory(0,0);
1sd putstr (f, ,,);

break:
case 1: fsd gotoxy(l_,0); /l lf"Aa tg6ojo6ot q.rSolrodo6oXboL qobo$goLo1sd putstr (" "); // "sicarlielis-,, 6.18336.rbreak;

)
l/----------

ii ::__"J"PLAYMESSAGE: Display_rx String lroqoqoL s$cnr.,b3sI I ----------

void lcd-displayMessage(char* mess, unsigned char rine, unsigned char pos)

{ }1"S-l lrg6ojcrSot qo8otrcdr6orXbot goLoggoLo// "sicarielis" gr833lc

/I 3761m6ot Joto6oo6o6Sl.r
// String-ot gr?gl.r

lcd gotoryQine,pos);
lcd putstr(mess);

l
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3a-6r a"a"R"-"R 3.l53oboqc.ror b3r.r3.r6o lio35cqot Lo5or3%ot c3o6l6r.

c3c"r6s5oLr ts3t62q3bo'!:cor8olr g.r3o3og35eror TS g$o36q3qo 8c'rfrgc'rloqmb Rr
AVR Studio, C-Compiler, WinAVR-2O0 806 I 0 J6c",g6.r33qo 1%6X533q9o3.r.

33LrjS53qo 33$do1s Sx6j6oxbos: TS-t3 q$sqo bSoL 3.rto6or3to6allq

Scr$gc'rboqer8.rt3 @vzzer)bq3b.r 6c5grtso1i bSot 5rtspb.r. $o5rqc'rbot 3o6c3.rq26o

qr 3.rjto3.rq26o 36o335Xqc'rlSbot.rL tnbtsot63 36o63 b6oor t$$oqX6o bq3}.r.

tob3o63 Timer 0-ot t.r?pqXboo (CTC-Mode-3o) oj363b qr Jo6q$o6 Output-

Compare-Pin-%3 Toggle-Mode-?o g$otrtq36al".
g.rSert.rbSqCAr qoldq3otg .rotsbXE.r: [ -Experiment 2 - | Creating Sound ].
.r3 .rq6er6oor3ot 63sqo%,r6oot J6c"r36.r3oL $gjt$oL qot$o6go 3co336$st638oor

3o633Xqor j3X8oo.

)

t/L
voi
t

YOI

{

)

YO

{

)

il1

tt )// RCdRrct.r(Jor ---// 6l66ot lrob3o6ot go6tatq36.r
#ifndef F_CPU
#define F_CPU 18432000UL
#endif
// or.r3t.r6oo gmqgSo
#include <avr/io.h>
#include <utiVdelay.h>
#include " lcd_libge.h "
// fuqAo3Cbo
#define MIN_PER 100

#deline MAX_PER 255

#fdefine WAIT_TIME 2000

// gX6j6oXbot cq$X6a
void initDisplay(void) ;
void initPorts(void);
void initTimer(void);
void init(void);
/i 3o,.13.16o J6erg6$c :::
int mainQ

{
initQ;
initDisplay0;
while(1)

t

16633oo1 3$1otq36.r
TS-ot 6c66ot tobtso6ot lrnqnql - 18,432 3J6

UO 3e6go336.r6o,r
Delay-lr (3<'rggot q6er) 3$t.rtq3t6.r
gX6j6q6o lobqooorx3c LCD-Display-tor3ot

// o33lqtot 3o5o3.rqj6o JS6oeqo

// oSJXqtot 3.rjLo3rq36o JX6ooqo

// 3o6qot q6c'r o8Jlqt3Et 3o6ot (a$a)

i/ Display-t qs t.r$golm 3,r3<'rLrb?R$"l, oSo6orqotr6o.r
I I A0-3cr66Catt o5o6o.rqot.r6oc

/l Timer 0 o6o6oor3otc6o.r (b3o3c6o tog6rqot gX636o6Xd.r)

// 635X6rq36o g25ft3oolr o5o6o.rqot.13oc

)

Y(

{

I

,J

a
(r

a

t
J

// Scncac6o J6r'r36$ot g.rtr$golo

for (OCR0A=MAX-PER; OCR0A>MIN-PER; OCROA--) // lrob€o6ot,r8rqq3b.r

{

Jcl66$o1t q.r Timer 0 o5ogo.rqot.r13o.r

Display-t oSo6orqotc6o.r

31rdr6pqo 6o3qot qrt.r$goLo

_delay_ms(l0);
l" ' 

-delay-ms(WAIT-TIME);

// Eoso 10 a$a

// q.rger353bc Srq,rqo lrob€o6otct

for (OCRQA=MIN-PER; OCR0A<MAX-PER; OCROA+) //tob3o6ot Rr.JRSr
{"

_delay_ms(l0);
)

.l
U

d

C{
t

// Iogo 10 a$a



3" 
qr

"6SaqIrqa6"
bqaA".

)uBut-

) -d"l"y-ms(wArr-TrME); /i qcgo3sxtr e"a"qq Lobtso6oL.rL

) " // 3LoL63q. 6o3qot qolraL6xqo
it ,37str6n2f!6 :::::-------= // 3o,qs6o J6o3r6c3ol grLrt6xqo::---:::_-:_-:-__:-:
/ / I!?:3cod,6,14o1r o6o6ocqoto6o.r
void initPortse
{

//. 
_Port B, Pin 2 (LED3) 3$olr.lL3q3qt3 816o3.r//PortD, Pin 5 (Buzzer) g.rs.[rL3q3{i3 a"a-3"rd J.

116CJoo,

DDRB l= (1<<DDB2);

- DDRD p (1<<DDD5);
)

1, T3": 1-:t o5'o6o.rqoto6o.r bdog$o tn36rqot Bf86olroor3orvoid initTimere
{

TCCR0A = (l<<WGMOl) f(t<<COM0B0); // CTCMode_ot o663g.r

;:ill:=.1[:i"'i] 1<<cs00) i //rwrcr-or Lob.o6.,fl6ls-sc /64
l 

-.r.v\_r r/^, // q$.lqo $o6oqo8oor *r$rrf"
// 

PTOI?-L 3o&rtobXq1Lt o6o6ooqot.r13oo
void initDisplayQ
t // t$,jo*L qrt.r9goto

afu

initPorts0;
\s\S\rsrsr\5.

*sxSsS:sS

\ssN N\$x"

NI_IIME)i

-ISR; 
OCR0A<NI.AX-tER" OCROAT-+) I l\obtorril

:!,
.' l:

:i'l/ bo?to t0 AFa
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ll qrgc.'36$s tsqsqo \obto6Al
Jt6c.$t'66o3Ror' C"lr.lq

0s6$o3o, \'u'E

-dbf'rn$Sb"e 
Bcrfio
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qr08ofD3r

63Ac "2203

3X6j6ocn6.sqc"rlob 3s3;6om3br. 8os$coqxlqSEL tlo6q3bsor r"rJx6.r$olqo $3qco8.r

*Uitr* 3o3X6$3o ArUoqARo aqfJ66.36X63ooL 6;c'rq3ScTlot 33trb3b qr

qolr$.156ojr6o 3o5$t6c"rqo. 3o8b3.l63b3qo do qm5$X6XLSbXqo'r qlb'r63Xqo

CRCi6d,;j63a3.,.,tr 6c',6e,3or3o tb3.ryrtb3r $.r6o3ot (qqt'lt, q'r3ot) 3s3cog63lotr

t"a3t3 qc to3.rb26ot 3.rqrbqot 3r'rto's36b$aq tc?x.rq3bs3n- 36or-x6oo ct3oro

3"6.,"5[.,.r gcq.rLcbsqnl, aqa,jfb6-6Xqo LoL$X33]ot 3'r8.g53]r q'r 06o6b3XqX]tso

3s6g6oqXt6XloL 8rts3536r.- 
or"e"aXq6-Al 33jr5o3Xt6 36o6b33q3bt 16 ts31dqo't qctsXqo $r'r6'r5ot

3rq.r$6.r, 
-3"t 

"/t"a.,t tn gxi6a6" os6rSr6qc"rlot 336.r6BX53Eot Jo6c'rboo. $o$o3

["$"i. fgC]" .rb.rqo 3oq6o3.r aqA,j66.X5363oot bc633bot 'rg6o6b3oL'r qr

grq.:bqoL J6colq33ob.:q3o.

6l,8. 4.21. u<il$tufa6Am| s2;J$ffifi,hsyat ae4sfuxqob &a'J-thar

RRCI, 3o36co3q3j$6c"r5o3ob L$6.go 3$3oo's63bot Rr Aqfll$6tS3qn
3eo3Jo635$3bot B.rL3loL 3q3lot Jo6c"rb3atso 6o362qo SoSgcoboqc'rb3bo 53q-53q-r

OARol, $uqergX6 3rn5;16356C4L. Ctt, Jo63Xq 6o68o, 6'r3o$3XXgo'r

&j6.3-5$t6eqX6X[ot gr6cnrn r6B33s6oor Rr 3'roro q$'rqo q"6$Aq3Eoor'

8.,36-3o666erq36jbot b.rt.rt3 r.$Aqn 3.r6or3otr Rr 3c"r5$6oqoL liot$333aot

x66'.-26o,o 3or.1316o 2Jo6.r$3bc.rb.rr SojSoqob.r q.r 06r3rq315j6oX6ob.r, 6c)3CRo0

E.,.,q$6" 16r $r6.r$Xqo, .r6,r33q J6o36.raiqo L'r81'rq3b0bot br63t|X' 6"0 s6

Lslo6oXbt {p8r$3boor 3r$X6o-rq16 qc5.rbct633Et'

q3A"L 06b6b3Xq3bot 3o36o3co5$6oq3q36 3r6or3rt3 3aq'r53s5r ar6.ill1q
XJo6s$3tefult odq33.r. Xtu sq6o6b3ot lntlt$otJ Rr too8XqooboL t6qr qJ
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RCnSr
,qJ
3ARo
53lo1t

tLXoro

lSts"

3.r6ot
r$mO

' R')

3Ro
i3qc

lqG)
p.-,-

bfrrL

R(|O

| td'

I

I
!

I
I

frR,r
i

qr$3<6o3r

AoJ6oJcSOdrr{Ra{6o

36r3rqg36i6ox6cobr, 6rG Soog$6.r_ 86o63 .rJs6r$2qo q.r6rbs6g38ot
L-rBarq3boor. Serobc'r35oq36oq.r6 gc3n8qo6.r6x, orc6r33q6'ac oots6aR B6o6b33-

Ra6lt a6qr Bacdqcnt .J36.r$o3Rrq arRrt6St t.rlo6c"r 3c"r6.rodS" 3636gcoo.ndV--
qcacqo .3o3Js6o3lot LsqotJ3$836c'rt, 3":33o6oL tb3sqatb3.r c6bot BSB3xoEoor,
6.ror.1 ?3tc<i'pxlxqo 6rbqxt aqrJ06.36363oot Bc"rb8c6g,5ot c'rJ36.r$olqo
3(.r6$6c'rqo qr 333q6o3o 33o6c'r3o336o g.ror3q3}o. oootlor3ot, 6oB q6c"roLr

Ar633CAR J36ocnqtso qror3Roq n,j6A1, Bmb8c63bXqo Aqa,j66-3636gooL
6rc'rq35eilc, 1i.rlo6c'r.r cj$o26o Lro3dq.r36ot q6r'rot Br"rBSG$tso o6$66o6x}.r.

1so5xtrnoq36o lsog6rqotrr3ot q6.ot 3o63xq oooSG$Bo toodqr363 jt0qtso
r6L383qo d.$3ot 5c3t6.r3qot $c"rqo.r. .rd J6o66oJoo SX8ccclt qXSot 5X6oL3o36o
36o6bgqo.

6tb- 4.22. Xal$aahaamt 6ogdVryo e+ySbg7q<tt 4-*,a4aA

q36ot 6og6xqo 36o6b3xqot (6cb. 4.22) 63rqotc6or ts$o6co3lt tJ36orRa6
o5gx66.rqx6 3o36cotfu3xbL, 6o3qx8tq3 B3Sdqor ts3ts3rqo Log6rqxboL
gaqc36.r3q3b.r qr ts33qgrn8 Ooq3bSqo toqoqot S.r6Soqg36.r
3o36'3o5$6oq36oL.ror3ot Sc"rtrbx6b$rq go6os8o. o.r3.qoocq, a"36otjjart
ts33dqor g6q.rj35.rt .rj$ox6o toSdqca6x tb3.rq.iLb3r tob8o6oL o8JSqtor.r
8o8q33dic'rloor. 3o36o3c'r5$6.qx6oli Oox6 RrcnaRoR o8Jxqlrcn.r L.r36orc"r
6xnq35col-r 3ceb3r63EuRo cRcj$6co35x66oo1i Jo6qsJo6J6c.rJo66oxqo oj63b.r.

st6c6.r3q3b.; 35ots353qo3.r6oc tb3.ry.rtb3.r tx63otxqo gx6j6oc, 6r'rgc'r6o13.r.r,
S.rgcqoorrq, 36o6b33qt3 qot$$6o26o S3qc"r8r, Ocnb8.r63bXqo 36X63oot
6cc'rq36o8.rt3 o6gcn63c6ooL 8oq3b.r Rr 36.r3.rqo tb3r. 6og6xqo qotJq3olr



s6t3lc"rb.r, 6cn33qo6 ra6coSc 3o36r'r3co5$6oq36ot 3o36 oj53l'r

3-Sl5a-qn63l'"qn," 
- 
ll.l€i"q3a"l' ods"33': - J6co66r3AR"q camli qcgXS36Xqo

5-S.6Xa-.r BpS3Iot t[3"q'1't3'r 63go3o' ct3' 8r3'rqoorsq' 83t$qX]3qor

q.,t.!Q3n%X .4g".43"6.,.,1i g$c'r$.sfu oaot ts3t.rb3l, or., 6s 6'rc'rqX6cobot

fqa,j06-3636,6o.r ogc'r qrbs6Xaq" $a.rC*o or3o1r 3s53'r3qcllr3o' tr$r6ogc'r aCaAr

q.l .r.3.

6og63qo 36o6b33qoL ts3S13r6lob 'rSrqoto ScogX8iqos 4'23 5lbrt%3'

"t;" aan6tpqn 
-- |lSndq$" "6aXq. ogc'rli Atmel-ot AT89 t36oo1r

0.,J6-3-Gg6-q36ilr" q" Sames SA9o02E to3dqr36ot 1mb3o63g 3s6q'r3j363qo

nei56arqXa" a"3a-f'3iaot br%lt3' S63erq65oq SsqrSg3$s?o 6Ssqot3l1qor

UACRr do6oor,rqo tr$o6o 336j6os'

qr$3o6o3o

[Gttt*"-- ]

gXlc "2203

6;b. 4.23. Oo?l67gn Aarvtp2gob N'xn'ryo fAffiCAo

4.24 Srbrtt3 3o633xqo.r 3r6qc3j353qo 3o36oLfu3ot 3,r3etg53bot S.r3rqooro'

3o36er3o5g6oqX6o i;*: ogob 3o36o3b3qo IC-2 coJ$coq$'rSga"qalaqo'r5'

aa.[t3jq"f, "tX-n' frOOdOXa.fr 333orb3Xjr3o 3cob0.r63]1qo 35363ooL

,qan6b3nlr.ro.l3n1, 3J36o3o56O-qX?a" A5R" qsr3g.r8c"rt 3s3tc"r3o 3o36otj33oq'r5

A.IAR; dJXqt36nt Ar.q35ob.r, 3o.rbqo5c'rt o5go63r6oot gs3co$r5s qotJq3ot3

qr 1Gf-t6A"Oor qso63rt tb3qJrb3.r r3.r6oXq 6Xgo33o. .rbSoro 36o6b3Xqo

g.rj$oXr6.rq 
-tspXq3bd-3n 3jj$"3X6" 36o6bpqot g35j6oX6o s5'rqc'r3o'r'

jo-8d AAAqp.-A; 3.15goo.1636.r q'r 315j6oX6o 3'rya6oer3bs 3r6$o3os'

qSdnt d"Rg-t" qr d.rl3nL J6c.rJ'6[oARo LogS.rq3bo t361ro63]oqs5 $c'ro3ocnbX]c'

gr6q.!AjA6CR.,1, 3o36otfu3., 3sqs36JAR$1' 33ts3rq to36sq3EL RJ qS}Xqcolt

5g.,1,' 
- a.La"t6$Ae 1io8dq.r363t'' AaAeCA boSScqo 6qs3$oq3}l
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j6X3.r

'aRo
JROJ
oloL

|ca3"

tta.
6ooL

cRo
ROJ
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rL

6
r3

ro
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3o36c'r3c'r6$6.q3t6t, 6c'r33qo6 g.r6q.rj36ot ,la6.1r--S"e RJ, ts31rsb.r8oL.rq,
E363qot 36a6b3xqot B3x63lrt. ;adnlr" SoVoqxbot ts3$$3got B3tcdqxbqc"rbot
3c3., tclo6cn beab" EEPRoM-ot g.r3c"rg363b.r, lr"q"o €xo6ob3L B6o6b33qot
tsp531.r. oSot gr8c.r, 6c'r8 638oL qr3s633.r .16ol ffitRrtc B.rq.rqo rq8.rcn.loli
3jo5X ca.r6o3qo Lo$X.r6o.r, .rlrXoo RrGAJ SICRJ B38orb3X3.r8o.r oX6oqAbCRn.

618. 4.24. 6,xfu,nfiego A,lh\hefi a*6A&rt tugryrno

;adnl, SoSe'rqSboLct t\cl" oo36cn3cn6$6oqgt6ot t.rSgoto o6o13orqotr13o.r,
EEPRoM-rqr5 3oobSqobb 33.r6.rt36gq ts36rb?q oGoB3GSq.rE.rli Rr ga8oci3tr
qotJqSo%X. tsa8qfa 3e6g6c.rq36o g.rq.rqot 3$q.r8jd63qoqc6 AoVc"rqCAARo
oSJSqtSloL qcor3qot 63go33o qr g.'acRo 6$.to-ot q.rg6oploLat teq"r,
36o6bgqot tsp53l.rt.

4:25 
.6rb.rt%3 

6$335xEor J6og6.root BS8.rcolot rqgco6ocnoo.

o"T

-'T
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3o36c'rtj33oL o6o6orqot.13o.r

EEPROM-oqc6 $o5c 335.rbXqo 35o3353qeilot r&'r3oorb3.r

3t4o6b3Xqot B3XGXboL qotJqXotX 3$o$c5o

oSJXqto
tsX8c'r3oq,r

o8JlqtXbot Sor3qgqot o63633X6$o6Xlc

36o6tgqot tsg53lot qollJqXotX 3r&r$$s

tclo6oc tsc$X6c

EEPROM-Ao

36o6bpqot tsp5$,ot Bo$36c EEPROM-Ao

5;b. 4.25. .*4'r'd6.tut hAe'tut ,ryAexffit



I
{'

EEPROM-8o qrbc6gXqo SRC,iO6co3GXd,6oot B6oB36Xq-Eot B.r$36oL"rt, 3336otrg'roroB3ot 333cnb333s€o, 3L 36ots363qolo ts3odqabr q.ro3r6g't. .r8ot giarr,
qrbc6gXqo 3636gooL O6ots36gqmlX3o O3bLo363}.:tso ["3q2A"q .,S363bc,
Jt6o36.r8Xqaq 8<,oroorXESqo O6o6b3cqot 36ots363qe.,bot a"i;imlo 63qoq3}ottsa8qm. xt toL$x8rt o6r3t S6ots36xqcclx8ot qr366.,1rral 64"r, 

-g"-.,ts3.,r,

333ob63r3o. ;ad"l, cqqg36ot.rt, Oo36o3o6g6rnq36o g.r6Xa1r a3bbX63b.rSo
BcSS6oqo 35o3363qc'r8Slot r6cqo%1i, o6B6t 33c6.rtJ63q,t q., .ra o6ots36Sqcoboo,
c'rJX6o6XBt' 3o6o3rqX6o q.rSca.r63Xlolicor3oL tr33r6oLo.r 33btog6Xb.r6o
35o335'3qc.rb38ot tsc$X6c 10036.11or logoor.

c1'&3c 1oo5$36xLc"rc 36o6b3xqot 3.16o.16$o, 6c'ro3q8o6 3.rd."g6'x8aRorts33or'rt6o B-rts36glxqo 3xbLo36x8o1i sjco6x 3o36'3cn656-ql6n. B6o6b3cRot
tot$3fu6o J'r6r3ggt63bo qr qrb"6gaq. cRa,jo;e,36366oot tsxl,rb3a .,sg.J5.6.,,
Bo3'r 33bto363l.r3o Bros363ro. 3t $,66ofus[- aa"6u3cRorr ti3o.rL, 

"l,ffia bqa]"
3X5rb3qo o6gcn63c6ooL li"roS3qcn qrG8r c6c1r6'i6o6dAq., g3qn,antgr6.

aqf,j66oX6X63oot cq6o6b3oLc qJ 3cn6g6c,rq"f, 6qAa[" cagm8.rgotdaqnlmt$xSxlot 3Jo6c$xk'rb-r 6.rq1ob.rc. 
- o"-n grto B,qoo3cq n.J*cdt.

3o36,3c'r5$t6eoq36tc rac.r*o 6og62qo o6o6b3xqot 2Jo6.r$x1x-rb3.o.r:looSxqccc'rls, 33j-r5o3x6o GrVoqx8olr c6.r6tx6cca"r, 
-- 

6$c"r; ScnsJsj$36cn6.r;533oL3og6o qot.mSot 3o6J3toL q.r0tqx6.i; tx8cofaaa"o," Jx6ooqot 6.roq36o83g36
gat6qc; 6g3o5$ot, t363oto1, R" XitJqSc$"6nnt lio8"6$o3c, 86o63 q.r3.r$Slocno$c6c$xqo Rr J6c'rg6.r3xqo g.r6-rbccaSlocrr. 28.r6$o6t 36o6bpqtc6 do

'3t.rdqo.r 
JjoSqgt otSoro LX63otXqn g3'i6n.r, 6o'3qo6 16 g.roE6or 03i.r'o3X636o6bpq33t' 3-r6.rqoorsq, 36r3rq$c6ogor6o 33gooo 6sq.rbqot rmt$38c .16

3ob3'r636xRo cRc,i$t6erx6x6goot -r3$o'-r$o%3b2q., 3.6$6c'rqot rictsx.rqxE3.o.
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q.rt651

Oo36o'3q3j$6o6o3ot g.r63oors63lJ Rr Soto 6r$'r63ot 3$erg63bs Ls363$3CRct

t336c'r3o,06s3sq336rn3'r6Rr1'b3''q''1'b3rt'sboL3c"r$gc"rloqol3bt':RrOr6ot3ot
botgX33b6" qRCi J*r*"r6., 3.r6fn-.r63int 16a-X6o,o do6oorrqo 3o3'rt6orlq3}'rs'

aqAJO6.6AR., Orit*tt I.qg-b"qtA"t" 3r6on 6o3363q'r$X6r3o

3u5Ll3xo6c}aq."qa"R"x$o6t3t'"qlt.lJ6.36.r3x}xqo3o36erLj333}oLc.lxlbls.
3.roro LS6qo 3$3oo63b" at'"3et3q3i66;5o3oL' 6c'r6co66 3r53oor'r638ot

3s$rqotc$o6.,L, fr-6tet o5qo3q$o6o'r .,u5'r3x56taa tsSg'r6o3o'

bAq Ug6e, "tO[34" fr"a36A[aer-$3,j5o31t6 313l3ors S6C' 6c'r8q3]Ls6

J6.rj$o31q LrjSorSeilrBo ft3taqCA" 
- 

e"atbaSaXq" Rr 91113o316o

qrlnJ6og6s33d3qo 3o36otj33Xbot SrAogASabr. Ssoo b?irq3locn Sooq$33'r rb'rqo

cJcttugS6ob q-rSX8rploL a"e$'i ajlxJa" ts306o63b' Sxbdq$Cqn bq38s

?ts6.r Srqrqo $3j5o326o Scb.rbororXlq3bot 8"eVaa"'

s6tglcnbt J6o56oJlqo "16n[p['4" et.}A'64$$ARn - 
3o36oLj333]otr

g.r8ogX538ots X3er5o5tr.lt tntjAni 
"t*t 

qs63tso' $'r63o3boL SoiSoqo toL$38Xlo'

tb3.rq.rbb3r $Xj6oqer3oi6o J6oG;1'C;L tuio3'r' JX6lm6sq36o 3e€Jo1$363bo

qr Lsgcng.r6ber363ler sJst6'r$36'r, ro ;6s161qo ff$oSsor3sqo oO

3o3.:6o3g3}3bots, lr"q"O q"J6;a;$Saqn 3o36oLjX3XboL 6'rSogSXlob 3u4333

AOAdqSaRor Cq3Ci6a6n 313'rc'il'r'

or$s33q6el3x$l6c$36ot3$3oou63}otx6ol-x6oro0.lblto.lol3}3qo$35qx56o.t
s6ot o5$336.13oot goSot t$d';o t6qt' "ftA-. 

Jo6olXISo 'rj$2rq2t6o be$"

.rJr6s$X6ot otSoro 6sSdXloL {s0X8'rg}'r' iooSqS}Ao6 3'r3cogX6X}Xqo oj53}'t

.,6662"6oot 8.rq.rqo qr tS0sqrRo qcoSot tfua3}o'

q.lJ6o36.l3abaqno5$66.lqa6n.ao36erllifu03}oLdo6ool.lqolJo6s$31r.r}.r,
3o36mXqXj$6co5o3ot bb3'r at$gti"qolXll'r5 ts3qst63bn-' 333qX3or: t$63j$16o1i

6Xg3qr6od.r, 3X6j6oX6o q'rts353['rqc.r]'r' Ssor tcaSd3SqtX 63rqo%3bcqo

3c.r3lo6o63dt*., 
"R';A"d"1, a&; 3c'r$g'8oqc"rb33ot 3'r6oc'r qorJ'r%er5o'

tg6Xj$X6ot q.rJ6c"r66sSXEXqcnL' $rtot5' 3oq$31qo'r 36oL$sq%3 t3Osq'rqo

o5$3g6.13ooL qo6C. .1L13oro o5$66lqX6o 3o36otj3338ot 1Jo6':$31lo}.l 3'ror

ll.rgXd33qtX rt.r53bo Ac"r$Stb;RolXb"t q'rJ6oXj$3bo1i l3$o8c$otl13ooorlr

6$Jo6cob3}lRn. alias.q" 0(n$g",bnq(')rpnt 5r0ogx53lo1r r6x.rqo J6sj$o3xqaq

ts31tgpqcao.r.
3o36o3o5$6oq363bot q'rJ6o3j$3boLsb qrGARo 35Rr ogob brq$llo tcoOstl

qr %.rtt 3er6o1r, 36on ab6"a,"";;jSoqoa.rLs- qs ss6Sqolrt 3c'r6oL, 33o6X

3b6o3. trb3.rqrtb3.r gsaogX53bolr.ro3olr" "3- 
q" -lib3'r J'r6'r33$6Xlot coJ$o3sq36o

ar;"i'rl" lriqne"qt6.rR 3r5Lb3'riq3l'r' s3o$o3 'r6b3bobt 3o36o3o5$6oqX63boL

Xs36"r3o g.,j.,, 
- 
r6.aq3Ao. g"Sfrt3"3fubos6 t.rJ6co6Xtco6o SoqSqot

"6jo$xj$a6fl'', 
ts.rts363aXqo a3trr"3z3aot, $oJoor q.r 0co6xqc'rloor, J36o3X6o3qo

A.VS;l;R",a3fnt BrSerSso3qoor, 3co6JXtot $oJoor q'r'r'3'
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ts3
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.r6oL 36r3.rqo oLxoro .r3cn6r6r, Lrqr6 B.rq.:qo S.r63qc"rEc x36oB3GJRmr, li.ro":3o-

Q6-q 36o3363qo3'r6o'r ac'rVgoboq'8at grto. c3 8x8cnbp3ctsn g"6-,nq 6roc.rog3sja"8-bo$o-r5o 3o3r6o3o6$6erq363bo. .r6ot "lrmc o.rq.rqo B$r68.rxbq36c,rEoL
3o36c'r3r'r6$6rnq363tro6, B.rgsRoo'rq, DSp 6q63[o kg6rqoL J6co63L'63]o.

gclrocn Rr 3636go8erb3r63bc,o g.r8o$plqo BXI.{ARSJE; "rgAt3af,3o36rn3o5g6coq3633oL grigS6o 1robtso6oL t6q.!t. agccan,8aq3a" oq"R-i3e3o36c"r3c"r5$6eq36x3o 3rj1ioorq3r6 tob8o63%x .ro?Bseo6. ;,cdo" r6B33r6ot
tctsx'rq0EcLc6 $q63G ornob'c6Sd3qt qr papa3s xa-n qr "oaoaa 

Eoq3qot
3erqogo3.r13ort, g.r533cn36oqL tb3cq.rtb3" 1r.,1o8.,6atc 3xa.rc",lot.r-3r1r. aaa6
3oq3q3o 6.rEoog63l.r t$.r$o,Ja6o o3b1rog63b" SRA"M, 

"oru 
.rB 

-a-q3q3h,,

ts336o6xb3q 1mbtso63t3 oxtscoEol Lc82cq3lat .rdq6t d-i6o.,q,36otr Rr$ri$2t6o gX636r$c,r6ot L62qo 6$g6Xlot ts30-b36.rts.,6 3n, 
-A"qgrt 

3t c6
"Vamlr 3xblm36g3c3o Sgergo oc'r6a6383Eo1i q"3"J6"L. "atxa-Jt 36363'q.rtco33oL6r3gX5o33 6Xgo3o, 6co'Sqor 3.ui$o363a"fr"f, no,n,38" J36og36o2qo
Scn$gc"rboqobX8ot S.r$oqo .rG gc8c"ro3qlocDo a;RiR..

3o36c'r3o6$t6oq36xlo1i oc'rotqgrc?rscofl6car ts3odq3rc st6 3$$sq qcogmL:Jot43xqo J6m3t6c3o6d", 6c-r13.r tJS6ncqoL$o $xtscaxlt J6cn66rB.rL qr*3slc"rqr3t" 
5rb336,rq 3cog.r6 36o1rg.rRts;; ar.ai - dnqdaqo q$6.g6$3b3qo

3o36c'r3cn6$6eqx63lot Bgor.r6box6c or6or3oL eioat$tc 
- 
q" 

'anu 
BS8t6Sqalcq

SoSgoloqc'rb33or.rG.

Jo6pq x$'rJt3 J6og6.r3ot g-ror6o3rt , o6o836cR,na6rq s.rq3oqxltLoSxq'r$c'r6o, 6ef3Roq3 o,3aqt$o6cnq ri-q3qo6g8L oo36c,r3o6$6o.rq36oL
3a31ob'rt' 3xc'r63 3$'rJt3 g$-r6crr3o1r.m3o1r 3$.ngx?31.r Bogrtj3336o 3a2q.r$'6o,6o33qo6 6orxqo 3r"rfrg'boq'E.r.r. snq3}xqn *".g6.r8.,t oo36co3c,r6$6erq36oL
36oL$aq3o "3cl.rq3olrcor3o." g.a.n.ffiEaa" J6'66l's$c.r6o, 6c,roxqo6 .1663o33
gaJrbu6aEr 3o;6c'r;o5$6-q3t436ot Ji.gcra"aai"r, LgSd3q3}ot or3.rqtc8o6c,rt$r3q3l.rt.
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