Lab 8: Counter, Edge-Triggering (U.Crete, CS-120) 16-11-01, 18:01
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338-339), §16.1 (ogh. 353-359), rau (owg o §15.1-15.3 (oeh. 335-342), §27.2 (oeh. 586-589)

Mano (51 éxdoom): won) §5.4 (oeh. 197-201)- Wakerly: §7.2.5 (oeh. 639-641) (av OéheTe, piEete
uo ot wo otig §8.1.4 - 8.2.3 (oeh. 789-798))].

8.1 IMToAvumror IoAvmhéxteg

AJ%»O 4 M
Sty §1.5 eidaue 6L oL mohvmhéxteg elvon xurhdpoto pe B s
000 1 meQLoolTeeg €10600vg Oedouévarv, uia. €E000 MS S
dedouévarv, nou pio eil0odo emhoyng (ei0odo eréyyov, ue A { R
éva 1| mepLocoTeQa bits): avaloyo pe TV T NG JMS
eloodov  eléyyov, emhéyetor po omwd TG €L0000VG Ls ,(1)
0edouévov noL 1 Aoywn T NG avTLyQAdETaL OTNV
€€000. Ztnv §4.9 eldape mhHG rotaoreVAleTOL £VOG :(1) | MS
TOAVTIAENTNG Otd  TTOAES, %Ol OGS AvTOC AeltovQyel ' }M
eomteQurd. Xe Oho avtd to moadeliypota, oL eicodol '(1) s
dedouévorv Noav tov &vog bit nabepio. Mol ovyvd i
opwg, otig epaguoyés, Béhovpe vo emhéEovpe petakod MS (1)
eloodwv mov €xovv moAlamAd  bits wabepior  avutd B { — VLS
WTOQOUUE VO TO AAVOUUE (QNOLUOTOLDVTAS TOOOUG S S

molvmhénteg (Tov €vOg bit) doa koL ta bits Twv AEEemv
€Lo000v, 6Tg daivetar oto oynua dimha.

Kavovird, 6leg ou eicodol dedopévwv mpémetl va €xovv to (dto mhhBog bits rabepia (4 bits
070 ToRAderypd pag). To mAnBog twv bits Tng €680V mpémel va emaQrel YLG vo PETADEQEL
™V TANEOPOoQIa TNG 0LOCONTOTE ETMAEYOUEVNS ELOOOOV, dOa TTRETEL VO LOOUTAL UE QUTO TO
m\N00og bits TV e1l060mV (edv oL eicodoL dev elxav Oleg to (dlo mANBog bits, 1 €E0dog Ba
Empere va. €L To PeYohiTeQO atd Tal TANON auTd, YA va "ymedel" v dpagditegn elocodo,
oAlhé ToTe Bo émpeme vo pOGg TEOALAYQAPoUv %ol TL Oa mEQLEYOVV T ETUTAEOV bits TNg
eE000V OmoTe emmAéyetal €l00dog pe Ayotega bits). O pohog tou moAbumrov (multibit)
TOAVTIAEXTY], AOLTTOV, €lval va ToododoTtioel To vdbe bit Tng €E6d0V mtd TOo ®OTAAANAO bit
™G emAeYOUEVNC eL0OdOV, Ot delyvel To oyfua. ['d mapdderypa, oav MS bit thg éE6dou
TRETEL VAL UToQet va ermheyel To MS bit pudg olacdnmote oo Tig el00d0ous dedoUEVMV, HECM
Tov "MS" (7mEQLO0OTEQO OMNUAVTIIXOV) TOAVTAEXTY %ol 0 "LS" molumhértng moémel va
emAéyer to LS bit tng €E60ov petaky towv LS bits OMov twv e100dwv, %.0.x. Emopévog,
yoealopaote and évav (LOVOUTITO) TTOAVTTAEXTY V1A TO ®AOE bit Tng €E6O0V- ®AOe TéTOL0g
(LovoumTog) moAVTAERTNG TOETEL VO €xel TOOES €10000Vg OedouEvarv O0eS RaL OL AEEELS
dedopévarv elc6dov mov Béhovpe vo mohumhéEovpe. Zuvolund, yud va dtidEovpe évav
(oA bpmto) molvmhénty m-oe-1 twv n bits (n-bit m-to-1 multiplexer), yewloOU0OTE N
LOVOUTILTOUS TTOATIAERTES peyéBovg m-oe-1 o nabévas. [Tpodavag, oe dedopuévn atryud], oL
TOAVTIAENTES TTRETEL VO ETUAEYOUV naBEVAS TO ®ATAAANAO bit, TG idtag eto6dov dhol- doa, 1
eloodog eréyyov (emAoyng) moémeL va éxeL TV (0L, ®oLvT| T YLd OAOVG TOUG TOMUTTAERTEG.
INd tov moAdpmto ovtd TOMUTAEXRTY YONOLUOTOLOUVUE €va ouvorttikd oUpuPoro, Ommg
dalvetol 0To EMAVWD PHEQOS TOV OYTUATOC.

8.2 Merontis and AbBgorotés, Kataymontég, nou [ohvmhénteg

To axolovBlonrd nixhopo mov Bo peheTOOVUE 08 AVTO TO EQYAOTNQLO AéyeTal "ueTENTIS"
(counter), SLOTL PETQAEL, EENLVDVTAG OTtO doopEVO aLOpd, dnhadn Bupdtor évav agBud zal
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Tov avEdvel (] Tov pewdver) xatd éva xdbe $poed mov
to emBbupel o xoNotng. Wndraxot petontés umogoltv va
notoorevootovy pe flip-flops dadpdowv Thmwv (ot to
PuPrio Wakerly éyer molrd tétolo maQadElypaTa otV
modygado 8.4), arld epeig Oo axolovbfcovpe évav
OLaPOQETIRG  TEOTO, YQNOLUOTOLDVIAS  UOVTOAMTES
tomov D  uow  aBgowtéc. O 10O6mog mouv  Oa
axolovbfoovpe epeic pailvetor oto oyfuo dlmha, etval
amAOUOTEQOG, AL E(VOL %OL ROVTUTEQO OTOV TEOTO
Aettoveylog TV aQBuMTROV  povaddwv  0TOUg
ONUEQLVOUVG VTTOLOYLOTEC.

mode

‘Onwg delyver to oxfua, éva Cevydol paviolwtdv, tmp xow C (eheyyopevor amd dipaoind
QOAOD), elvor vmetBuvol yud T dwotnonon g Tng tov petonth. Koatd ™ Poowxn
Aettovgyla, Eextvarvrog amd tnv T ovti), C, o aBpolotis voroyitel to dBgoopa S=C+1-
To dbgowopa S amodnreleTal otV MEOOWELVY] B€0MN tmp, KOL OTH OVVEXELD LETADEQETAL
otov pavtalot C oav 1 véa tpi tou petonti. O petonthg amoxtd eveMEla pe v
oo nn dv0 (ToADUTTOV) ToAUTAERTMY 0TI dU0 €100d0Vg Tou abgoloti). O mEMTOg
TOAVTIAEXTNG HOG emTQémel vo. emAéyovpe av 1 Pdon A tng mpdobeons Oa eivar m
amoOnxrevpévn T Tou petonti, C, 1 véa, eEmtegint) T mov €oyeton amd v gicodo In.
O 8e0teQ0g TOAVTAERTNG oS ETULTQETEL VO eTuAEYOUUE TL Ba pooTeDel otnv Pdon A: 1 Tium
B=+1, 1} B=-1, 1} B=0. Me ™™ cvvdvaopévn xoNon twv 000 TOAVTAEXTOV TQOXVITTOUV OL
TEOOEQELS YONOLUES AELTOVQYIES TOV HURADUOTOG, RAODS now OV0 MydTEQO EVOLAPEQOVOES
dEeLS:

e Count Up (pétonom moog ta exdve --avEnon tov C ratd 1): S = C+1 (A=C, B=+1),

e Count Down (pétonon mog ta ®dtw --ehdttwon tov C zatd 1): S = C-1 (A=C, B=-1),

e Load ($pogtwon agyrfs tuig otov C and v eEmtegrt €t0odo): S = In (A=In,
B=0),

e Noop (rapio mQAEN --dtathonon apetdfintmg g tpig tov C): S = C (A=C, B=0),
%O

e 01 300 MyoTeQo evdladpégovoeg Aettovyies: S = In+1, xon S = In-1.

8.3 To ITAnxteoroyro xoar n O06vny LCD

e avTtd ®aL TO, EMOUEVA EQYOOTIOLA,
N emxowvwvie TG TAAXETOG
oVVOEcEMV UE TNV TAAXRETA ELOOOWV/
eE60wV  Oa  yivetal péow  TOLDV
xolwootawidy, Omwg  daiveton
0g&Ld, dradpogeTin®mv amd tig 00 oV
elyape péyoL tooa (§2.10).

H peoaio 0o tig toeic »ahwdotovies, tng
omotag 1 amdAngn ¢aivetor oe peyéduvon
ot debdtegn pwtoyoadla, Péover 0TO AU
®ORAOUO TOVU (ENOTY €L0OOOVS amd 6 Amd
ToVg 8 YVmoToUg pag dloaxrdmtes --toug M,
N, A, B, C, now D (Bemni] xow ogvnuinn
TOMKOTNTA)-- ROl OTEAVEL EEGOOVG aTd TO
®ORAOUO TOV XONOTN OTIS 8 YVWOTES oG
nounveg huyvieg LED, 0 émg »au 7. Adev maéyeton o0vdeon otovg diandmreg Q »aw E non
otov evdeixtn 7 tunudtov (7-segment display), xor auvtol dgv umoolUv mAéov va
XONoLuoTToL0ovv.

Ou d00 dhhes nalwdlotowvieg mEOoHEQOVY
véeg SuVaTOTNTES £L0000V/EEGOOV, TIg OTTOlEg
Ba eEnynoovpe €dd. Ou amoliEels Toug
daivovton oe upeyéBuvon otic  emOueveg
dwtoyoadies. H aguotepn) nahmdlotawvio
déover 0t0 nOnhopo tov yENoTn 16 bits
€{00d0v amd TO TANKTEOAOYLO TNG TAAKETOS
eLo0dWVv/eE00mV. O yoNoTNG Umoeel va v
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xonowpomowhoet eite oav pio dexaeEdumey (16-bit) ecodo, 1| ocav dvo ortapmres (8-bit)
€loodovg, 1 oov téooegels teTedumtes (4-bit) €w0d6doug, 1| oav dlha piypato AéEewv
dLapdomv mhatdv. Ta 16 bits agOudvTor omd 1o 0 (MyodteQo onuavtnd - LS) deEud péyol
to 15 (epLocdteQo onuovtind - MS) aolotegd.
H 0eEid »olwdotavia. otéhver 16  bits
€E600V amd 1O nORAMPO TOV YENOTH OTHV
006vn vypwv npuotdhhwv (LCD - Liquid
Crystal Display) g mhoxétag €L000wv/
€E60wV. Kau tdh, ) 00vdean ot LmoQel va
xonowpomown et elte cov pio dexaeEdpmn
(16-bit) €E0d0g, 1) cov d00 ontdummtes (8-bit),
N Téooegelg teredumrteg (4-bit), wim. H
aQ{Bunon Twv bits eivow opoimg 0mtd To 0 (LS) deEudt péyor to 15 (MS) apLoted.

v 0eELd mhevpd g > ‘WR T.
ThoxéETag eL06dwv/ B8 |
eEOOWV, vmAQYEL éva S
TANRTEOAOYIO  OTI!G BE80B8 1 :
éva. amd ta Ovo oOTIg B a iR
dwToyoadieg 0eELd (ta - 3
Gomoa.  TANUTQOAOYLL (FRERMO benid
xonowuomonrov  oe _J ety
peQunég mhonéteg MOYw '
EMerymg LotV otV ayoQd, noL £xouv dUOTUYMS Ta TANHTEA 0 avoQBOdoEes BEoeLs).
Endvw amd to minutoordylo vdyel wd 006vn LCD pe §00 yoaupés velpévov: 1 mom
yooupn yoddel "FROM USER CKT: ..." ("ckt" eivan ouvropoyoadia yio "circuit" - xinAwua),
1oL TTQOO0QICETOL Vo pog OelyveL TLUES TTOV €QYOVTIAL OIT0 TO XUXAWUO TOU YQNOTY, XL M
delteen yoaupun yodder "TO USER CKT: ...", nou mpoogitetal vo 0TéAVEL TLHES 0TO RUNAMUAL
TOU YMNOoTN.

‘Otav 1 Maxéto eloddwV/eEGdWV
agywomoteitar  (dnh. petd  To
avapo g Teododoaiag), N 006vn
LCD eudaviCetor omwg deEid, pe
povn v emdvo  yoauun. O
TETQUYPTPLOg denaeEadinog
aOuds mov epdaviCetar oot
LE TIG TUWES TTOU TO RORAWUO TOV
¥ONoTN oTéhveL oty 006V avth. Z11 dwToygadia avty, To nOxhwua xefot diver "1" ota
bits 11, 9, »aw 6, »ar "0" ota vmdhouto, OMAadn diver tov denaeEdumrto aQLOud
"0000.1010.0100.0000", o omoiog eudpaviCetor oav "0A40" oto dexeEadwd. Otav 1 006
glval o€ QUTI TNV RATAOTAOY|, UE TOV cursor oty emdvw yoauur, Tote 1 £voelEn "from user
circuit" avtavaxrld Guverds THV TOQOVON TIl TV €EGdwWV Tov Yonoth, dnhadf alldlel
novVN TS auéoms pohg aAlGEouv éva 1) eQLoodTEQQ bits MOV £QYOVTAL A0 TO RUUAWUA
TOV XONOTN.

2t ovvéyewa, Otov mothOel To
mautoo ENTER, 1 086vn pmaivel
oge Wwd véa natdotaorn, OmWG
OeELd, o6mov TOVEL va,
megoxolovlei To rvzAopo TOU
0N 0T %o OEYETAL VEES TUUES ATTO
TO TANKTEOAOYLO YA VoL TIg OTElAEL
0t0 wixhopo TOUV Yonotn. H
%1aTdoTooN QUTH Gaivetal amd To OTL 0 cursor fLOXETAL OTHY XATW YQOUUT.
Me Ttov cursor 0TV ®ATW YOOULUN|,
TANRTQOAOYOUE évav
TeTeaPNPLo denaeEadind aLiuo,
wy. tTov oeud "FFO1" ot
dwrtoygadio OeELA.

R
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‘Ooo mnrroloyolue o 660 0
cursor Poloxeton  omv  ndTw
yooupt, ov JohoLéS TUHES IOV
otdovtav amd mpilv oto winhmpa
Tou Yoot dev aAAGCovv axdua.
Mohg matijoovpe ENTER, o
aQLOudS mov  TANRTQOAOYTOAE,
edm "FFO1", amootéhieton oOTO
®OxAopo Tov xeNot, ahddloviag v maiawd Tpr, €dd og "1111.1111.0000.0001". H tiun
avuti 0o magapeivel otabept| péyol To emduevo avdroyo mdtnuo tov ENTER. Emiong, Tooa
TIOV O cursor €(vol OTNV EAVMD YOOUUT, 1] ETAV®D YQOUUT T@oxorovlei Eavd, cuveymg Tig
oMayés TipuOv omd 1o wOrhopa tou yofoty: €dd, ov tpés avtég dhloEav oe
"0000.1110.0000.0000", ®ot yi' autd 1 006vn Oeiyver 6Tt hAapfdver "0E00" amd to ®inAwpo
xohot.

E&v moatmbel Eavd to ENTER,
omwg deEld, N 006vn maler va
mogaxolovfel 1o whnhopa
X0NoTN, ®ou OéxeTol ei00d0 amd To
TAN®RTEOAOY0. 2T PwTOoYyQOdia
OekLd, UeTd 70 ENTER,
moTNOnroy ta IArtea 7 xou 8.

v emOuevn  xal  TElevtaio
dwrtoygadio PAémovpe TV 000VvY
otav, petd to mAfuToa 7 mon 8
mov  elyov motnBel omd molv,
motnOnrov oxdpa ta 9, A, nal
ENTER: pohg matibnre 10
ENTER, 1 véa eloodog "789A"
otaAON®e oTO WORAWUA YONOTY,
alhdCovtag v moonyoluevr "FFO1", nat m 006vn doyloe mdh va mooaxohovBel Tig
€E600VG amd T ®ORAMUA ¥ENOTH), OL 0T0iES €dM Pailvovial vo dhhaEav og "8600".

Heipopno 8.4: o Metontijgs Up/Down/Load/Noop, ue Avpaoizo Porot

Kataorevdote nor donpudiote tov moQomdvw petonti g §8.2 010 €Qy0oThoLo, L& n=4
(terpdurutog petontig). PtidEte nabévav amd tovg 000 ratayweNtés pe Eva chip 74573
(BA. §3.7), cov avTO TOV YENOLUOTONOOUE ROl OTO TEipapo 7.8 Q' OTL XO1OLUOTTOLOVUE
LOVO TOUG WOooUS pavialmtés Tov ®dbe tétowov chip, ev tovTolg YoelaLopaote d00 chips
oot ov dvo notoywentés €xouvv dwadogetivd onua dpoégtwong. To pins tou chip
emavohapfdvoviar oto

opfpa  ed6r v 'E‘d 13 7 7,76 75 413 72 o

Eeydote va ouvdéoete

to pin 0 ot0 Aoyrd 0
TQOHELUEVOD va, )
TOQALUEVOUY

I

aQyotepo TL Elvon

EVEQYOTOLNUEVEG oL ] 74573
Towatdotatol  £Eodot Ll_l 2] [3] |_| |_| |_| (8] [9] \LOI%
tov chip (Ba pdBouvue

(@]

&)

5] B3
&l s3
=] ca
]

o

=] B0
3] A0
0] s0

"touartdotaTol” ’_%‘ 1 |_4| |_| |_| [i] |_| l—l

€EodoL). Toopodotnote hl
T dvo ofjpota 4
EAEYYOV/XQOVIOMOD B )7 257

E
2
S [
5 =4
S5 7483 O
RS ) 4-bit adder
woL ¢y amd  Toug [ all®s a
duandmreg A nat B. Zav % % % AEEIE] ? ]
teTodpumto  06QOoLoTH) |_||_||_||_I|J|_||_| £ 9 au Nl—f‘ = =
XOMOLUOTTOLOTE éva 8] ™ < O < Mo w m <

chip 7483 (PA. §3.7), oav
exelvo Tov mERdUATOS 6.8° Yid dievrndlvvoT oag, Ta pins Tov 0.6goloti) didovtal Eavd oto
oyfua edm. Ilgpoooyi): To chip avtd éyel ta pins toopodoaias e aovviibiotes Oéoeig!
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I'é v mohbmhegn Tov Tudv C xow In mog dnuoveyia g ewwddov A tov abgoloti,
yonowpomownote €vo chip 74257 (tetdumtog molvmiéxtng 2-0€-1), TOu Omotov To pins
daivovrow oto oynua dimha. H eloodog emhoyiig etvar To pin 1: dtav eivon 0 emiéyovrol oL
0QLoTeQés eloodol, now dtav gival 1 emAéyovral ol 0eElég elcodor 0dNYNHOoTE TO ONUa AVTO
oo tov dandmty M. Ou éEodoL xou avtod tou chip elvor "touwatdotatol” (Bo pdbovue
0QYOTEQO TL ElVOL AVTO): VLA VO AELTOVQYOUV GMOTA VLA TOUS €00 OROTOVG UAG, OUVOEOTE TO
pin 15 (evegyomoinon €E6dwvV, agvnuxilg mohxdTNTag) oto hoywd 0. Ileguoodrtegeg
minoodoiec yid avtd to chips pmogeite vo Poeite otnv §3.7 1 omnv otooelida
http://focus.ti.com/lit/ds/symlink/sn741s257b.pdf .

Sav eEmteQunés eL0000vs In yonoipomoote 4 amd Ta bits T ®ahwdloTarviog o £QyETaL
o0 10 rteolOYo. Emiong, yid v toodododtnon tng otabepds oty &icodo B tov
aBgoloti], avti molvmAéxtr, yonowpomoliote xatevleiov 4 dhha amd Ta bits Tng (OLog
nohwdlotowviag. Pooviiote ou B€oelg TV bits va eivol tétoleg mote 1 ®dbe teETEddO VO
ovTLoToL el oxQIPog og éva amd ta Yndia Tov teTgayidrov deraeEadirot agOuol. Kabe
$opd mov Bo Béhete vo olhGEte 1 v €icodo In 7 v eloodo B, Oa yoewdletan va
m\nnteoloyeite xau TG &0, nabmg naw 2 dAla, axonolpomointa dexoeEadnd Ynoia.

Suvdéote toug 4 tetpdumtovg abuots C, A, S, xou tmp otig 4 TeTEadeg bits TG
©OAWOLOTOLVIOG TTOV TTnyaivel Tog TV 006vy LCD- pe tov 19050 avtd, #dbe éva omd ta 4
Yndla g yoouuns "from user ckt" 0o cog deiyver v maoloo ®otdotaon ®adevog amd
ToVg 4 avtoUg aBUoUS (OTTOTE O cursor EVAL 0TIV ETTAVM YQOULT).

Mow ¢tdoete o010 €oyaotolo »dvte éva TmANEES oyedLdyQauuo ovvdeopoloyiog, Ommg
otV §4.10. X10 £0Y0OTIOLO, XOTOOREVAOTE TO RURAOUO ROL ELEYETE TY OWOTIH AeLtTovyia
Tov. Agylote emAéyoviag Ty eEwtegxt] €l00d0 In ko T 0TaBeQd 0, ®OL EVEQYOTOLMVIAG
™ ¢domn ¢y nou peTd ™V Oy Tagonorovdnote Thg arlhdlovv diadoywd to onueio A, S,
tmp, no C.

> ovvéyela, alhdEte péow tov dandey M v eruhoy Tou molvmAéxty), wote A=C, ®ai
dhoTe amd To TANKRTEOAOYLO T 0TafeQd +1 oto B. Evegyomoleite evalldg tig 000 pdoelg
TOU QOAOYLOU, ROl TTOQOXOAOVOE(TE TOVS TETEAUMTOVS 0QLOUOVS ®aOMS nivolvTaL YOQW
o6 to ®Oxhwpo ®or avEdvovial xotd 1 #abe popd. Zuveyiote péyolg 6Tov 1 TLUY TOU
petonth ovotoadel (wrap around) xow ayioer vo Eavostoigver Tig (Oleg TIHES OIS OTNV
aQxN-

Metd, minntoohoynote ™) otabepd -1 oto B, xau evegyomoleite Eavd evalldE tg 000
ddoelg Tov Qohoylol: mogoxolovBbelte Tovg TeTEdUmMTOVS aEOUoUS var ahAACouv pe TV
ovtifetn oeld ®ow Vo CUOTEEPOVTOL TTAAL LEYQL TNV OLQYLXT] TLULT KO TTEQALV QLVTY|G.

Evegyomoufote toautdyoova T 2 ¢doelgc gohoylol  (moQdvoun  ®oTAoTOOoN) %Ol
nmogatnenote v 006vn LCD. Otav ofifjcovv oL 2 ¢does, modg aQuOpds péver oto
petonti); YmagyeL 100mog vo. mooPredbel avtds; Emavardpete molhés Gpopég yid va deite
ov eivar mEOPAEYLHOS 0 aQBUOS OV TEOXVITEL, ®aL TEOOTWOONoTE va eENYNOTE TIS
TOLQULTIQTOELS OAG.

Téhog, EavadoTate évav mEoxa0oQLopuévo aud péom tg 10ddov In (StadooeTtindv
o0 TOV TTEMTO, %Ol OLAPOQETHOV amtd TOV aQLOUd 7OV €ixe UEIVEL OTO METENTY)), %Ol
Eavopetiote Alyo tave ®at Myo ®dtw.

Eopotnon noloews: Av egunve0OOUUE TNV TETQAUTLTT TLULY TOV HETQNTT] OOV TQOGTUATUEVO
aglud ocvwTtAneduatoc-2, eivor 1 pétonom mEOg To. WAV TAvta owoth; Otav
"teleldvouV" Ta bits ®al 0 PETENTNS ovoTEEPETAL, OO TTOLOV OO "mnddel" oe mowdv; H
LETONOT) QOGS Ta ®ATW elval mavia owati); Katd ) ovotoodi), arnd modv agfud "mnddel"
o€ TToLOV; AV TMOA EQUNVEUCOUNE TV TETQAITLTY] TLUF TOU LETQNTY) OOV (1] TQOGTULATUEVO
0o, tote elvar 1 pETENOTN TQOS TA TAVM TAVTO OWOTH); Z& old onuelo ovuPaiver To
"monpa" Tov agldumv xatd T cvoteodr); H pétonof moog ta ndtm elvol mdvro owoti);
Katd t ovotgodi], amd mowdv aplbud "mnddel" oe mowdv; Il diratoloyeitar 1 0gBoTNTA
™G AeltouQylog TOU HETONTH TOCO YAl TQOONUOOUEVOUS 0QLOMolS 600 %ou yud un
OO UAOUEVOUS; Ouunbeite T CUVESTQAUEVT] OVATAQAOTAON TOV aQOu®MV mov eidape
otv §6.2.
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8.5 Karaymontés A¢évin-Xxidfov,
Amha (novopaoizd) Poroyia, Azpomveodotnon

ZuvNnlmg, oto axolovOloxrd cuoTNUATA, OL TLUES TTOU €YYQADOVTOL OTO OTOLYEID UVIUNG
elval ouvOVOOTIXES OUVOQTIOELS TMV TLUMV TTOV TROVTTNEY OV amodnrevuéves ota (dia avtd
otouelon pvung: Y mapdderyua, oto petonty mov eidape, N véa tuf tov, C(new), glvor
ovvaeTon g mEoNYoUueVNS Tiufg tov, C(prev): C(new) = C(prev)+1 1) C(prev)-1. ‘Omwg
etdape, y1a va yivel pe aodpaielo wd tétolo eyyoadt), Oev axnel Evag LovTahmTig ava bit
amoOnrevdpevng mingodopiag, ddTL Otav avdpfer To oNua eyyQodis 1RATAOTQEDETOL M
omoONUeEVPEVY] TIU, UE OTOTEAEOUO. VO XOTOOTQEDETOL HaL 1 VEO, TN --TTOV €lval
oVVAQTNOT] TNG-- TEOTOV TEOAGPEL Vo arroOnrevTEl AOGAADG.

H M\born, o6mwg eldope, elvor m yxofon oo poviolwtov ovd bit amodnrevduevng
m\neodogiag: mwTa eyyoddeTar N véa T oto éva amd avtd, tmp = f(C), nor uetd
avtryeddetal avti) oto dlho, C = tmp, ®ataoteédovtag TV JTalotd Ty, o0Twg MOTE VA
elvan étouum Y v emdpevn dEN. Adpol Aomtdv oL PavTalmTég YENOLLOTToL0VVTOL TOCO
ovyva xotd Cevydola, to Cevydola avtd 0a to Bewpolue cuviBwg oav éva véo dound
MOo. Kavovird, ov pepovouévolr povtohwtés yoeldlovial dupaowmd Qordylo Yid vo
douhéouv, pe v WOTNTA OTL TT0TE OEV elval avopEves TouTOYEOoVA oL oL U0 GAOELS TOV
ooloyot. Otav Ouwg ¢udyvovus Ceuydola pavIohOT®V oav  eviaio rhrhopa,
QIAOTTOLOT UE QUTH) TNV QTalTNoT), INTOVTOS £vo Lovadnd QoAdt (Lovadirh ¢pdaomn) amd tov
eEmTEQO YONOTN, ®oL GTLAYVOVTOS ECWTEQUA KOL TTQOOEYYLOTIXG TN deDTEQN HAON).

' master  slave |
' latch latch

To oynua deELd deiyvel Tov amhooTEQO TEOTO
NOTAOXREVTC  €vOg  Tétowov  Cevyaguol p
pavralotov. Tig 000 dpdoeig Tov QoAoYLOU TIg

mpooeyyllovue pe TO €EwTEQWMO  ONuA ok ‘ck
oohoytot, ck (clock), xaL To oupmAowpd Tov, Lo |

ck'. H mpooéyyion avti eivow atelilg oe éva

onueio: Moyw g pn pndeviris xabuotéonons m

TOU AVTLOTEOdEN, OTAV TO onua ck avafet, xol . : |
uéxot va mooldfer va  ofifjoer 10 k', ck | :| |
Potoxoviar yud Alyo avapéva to onpata L L

dooTwOoNS %ol TV 000 UAVTOADTOV, OTWG
dalvetal oto dLdyQapupIo YQOVIOUOU 0TO RATW
pégog tov  oyfuotos. H o atéhelon  ovti ‘ .
OVTLUETOTUCETAL QIO TOV RATAOREVAOTH| LUE TO Y \KI
va ¢poovticer M nobvotéponon ovtol Tou
ovtiotgodéa  vo  elvow  mdvto  onuavtird
LxOTEQT ATtd TNV RABVOTEQNOT TOV deUTEQOV pavTalwTi), 6Tws Oa avalvdel magandtw.

Eme1d) o 0elteQog pavtalmtig axorovOel mdvta motd Tov TQMTo, TAQVOVIAS THV TLuh
Tov ®A0e poEd oV avAfEL To QOAGL, YU aVTO 0 TEWTOG AéyeTal "apéving" wow o delTeQog
"oxMGfog": €tol meoénuPe To Ovoua autol Tov xuxkhouotos: "flip-flop apévin-exidfov”
(master-slave flip-flop). Onwg Ba dolue, N ovumEQLPoEE avto® Tou flip-flop xabopiletal amd
™V axui] Tov QOAOYLOU (0, TV Otk axuf), ONhadf amd TN OTLyU TOU 1 TUUH TOU
pohoyto aAlGTel ®a0' ogopévy notetBuvvan (edm, amd 0 og 1), xot OxL aTtd TO XEOVIKO
ALAoTNUO TTOU TO QOADT £XEL OQLOUEVT] TLA], TT.Y. TLun 1.

Yrdioyouvv xaw ddhot 1omoL var HTLaEEL navelg Tétowa flip-flops mov 1 ovumeQLhoQd Tovg va
xnaBogileton amd pio anpf tov QoroyLol, Tovg omoiovg epeig dev Ba dovpe yioti elvar md
mohOmhoxor. Ta diha exeiva nuxhdpoto to ovopdlovue "axpomvgodotyra flip-flops"
(edge-triggered flip-flops), dL0TL evegyomooUvtar (vgodotolvral) amd TNV axpuf] TOv
00A0YL0V. Agdopévou OTL 1) eEmTeQLrt] ovumeQLhod Twv flip-flop adévin-oxidpov xot tov
axpomuoddtnTwy flip-flops eivow 1 (duat, 0 ®6OHOG oLy va dev xdver dudngion petaEd Tovg,
%ol To (dlo Ba wavoupe xu guelg --0a yonolpomolotue Tovg do 6Eovg oav L6odVVANOUC.
‘Ortav yivetar dudugron petagld "povralwth" (latch) xou "flip-flop", ovvhBwg 1 didwoLon avTh
etvan 6T To flip-flop elvar axnpomuoddTTo (1) APEVTN-0rAAPOV), EVD O HOVTOAWMTNG Elval
Omwg Tov etdaue péyol TmEa --eveQyomoleltal ®xaf' O N T yeoviri] OLAQAELD TOV TO OTuUct
dpooTwong elvar avapévo (1). Télog, amd dmoym yoadrol cvufdrov, 1 OLdxQLon yivetal
pécw evog rEol TElywvou otnv €i0000 QoAoYLoU mov tomoBeteitan ota flip-flops apévin-
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orhdfov 1 arpomodoTNTA, OTTWS GAaLveTaL oto oxfpa deELd, evd dev TomobeTeitol aTOUg
ahoUG LOVTOADTES.

H Aertovgyia tov ®unhdpotog daivetor pe AETTOUEQELD OTO OLAYQOUUO YQOVIOUOU OTO
nAtw PEQOg tov oyxnuatos. H elcodog D emtoémeton vo aAAATEL TIUN OUVEXDS, EXTOS OO
éva uxEo yoovird "mapdBuo eyrveoTnTos" YOow amd TV "eveQyi axuf" Tov QoAoYLOU:
edm, N eveQyn anpn etvar 1 Oetint| (aveQyOUeVY), EVD 08 AAAA xURADUOTO PTOQEL VaL elval M
oovnTel] (rateQyouevn). Katd v numegiodo mowv tnv evepyn oaxpi), 6toav ck'=1, o
0EVING HOVTOAWTHG ElVaL EVEQYOTOLNUEVOG, %L £TOL 1 T TS €100dov D avitypddetal
OUVEYMDS OTOV €0MTEQLRO ROUPO tmp: o' OAa avTd, 0 orAdPog elvar adoavig, xi £ToL M
€€000g Q moopével otabed ton pe TV mahoud g T "old". MoMc €ABeL 1) eveQyT o
TOU QOAOYLOV, O APEVING HAE(VEL, XQATOVTOS PECO TOVU TNV TEAevTaio Tiu TNng €loddou D
mou €ide, a. Tavtdypova, o onhdfog avoiyel, Gégvovtog TV TLur avti), a, oty €€0do Q.
Kaf' 6An ™ dudoreia g vwdloumg mepuddov, M €Eodog Q Oev wmopel vo EavorhdEet,
oywd 0ot 0 »o6puPog tmp eivanr otabepds, not aQyoTEQO dLdTL O ORAGPOS UAVTAAMTNG
elvan offnotoc.

To ouvolxd avtd rixhoua Exel v embuunti WLOTNTA OTL 1) €{0000¢ TOV D emTEémeTa
va. givor ovvdvaotirf] ouvdotnon g €E6dou tov Q, dudTL Otav 1 €E0dog oMhGleL TO
wOrhopo elvor NoN avaioOnto oe arhoyéc g €wddov Tou, ONAadT autég dev
emnEoeatouv v o1 amodnrevuévn tur Tov, Y& tov e€ng Adyo. H ¢éEodog alhdllel tOom
hoa peTd TNV eveeyn axpf tov goloyot 6om M xabuvotéenon tov oxhdpov. Ouwg, o
adéving rabiotaton avaiodntog oe ahhayéc tg eLoddov D pwohMg offfjoel to ck'. Emeldr o
OVTLOTQODENS HATAOXEVALETAL U RABUOTEQNON TTAVTA LUXQITEQT OO EXEIVY TOV OxAAFOU,
to 0eltego yeyovog (avorobnota elo600v) ovuPaiver mdvta mwv amd to TEMTO (aAloym
€EOO0V).

SuuteQaopatind, 1 Aettovpyia evog axpomrugoddtTntov flip-flop (adévrn-ornidpov) éxel mg
eEng. H mi mov vumioyxe otnv €(0006 Ttou Alyo TV TNV €VeQYH axpuf] TOU QOAOYLOU
amoOnurevetal péoa oto flip-flop natd v evepyr axpuri Tov Qoloylov, gppavitetor otnv
€€000 tov flip-flop Alyo petd tnv evepyn axpi, nol ToQouével exet otabepn péyot Alyo petd
™V emOuev evepyn axuf tov goloywov. To flip-flop mov etdape etvan flip-flop "Oetinig
OxHOTUEOdATNONG": M EVEQYT aXi] TOU QOAOYLOU TOv glval 1) BeTtint) axpr (petdfacn amd
10 0 oto 1). AMa flip-flops glvar a@vnTinig axpomvoddTnong": 1 eveQyn axuf Tovg elvor 1)
petdPoon tov goroyot amd to 1 oto 0. [Tagatnomvrog eEmtegund éva flip-flop, natd v
AAAT oxpi] Tou QoAoyLoU (TNV urn evegyr), Timota to wWiaitego dev cupPaivel --pue dhha
AOYLOL, pOVOo M pia amd Tig S0 anpég oe ndbe meplodo poloylol elvon 1 evepyr) axruf, ®otd
™V omoio. oupPaivel ) "eyyoadn" oto flip-flop.

Heipopno 8.6: o Metontils ue AxpnomvodoTnon

Stov UETONTH) TOoU TELQAUOLTOG 8.4,
OVTIXATAOTNOTE TOVG 000 RATAXWENTES TUTOU +.420_0| [l 18l [17 161 [15] [1 [13] [12l [11]
LOVTAAMT ue évav OXUOTTVQOOOTITO o)

notoywenti). Xonowwomowote éva chip 74574, to
omoto, 6mwg ¢aivetar dimha, €xeL TAVOUOLOTUTN
0¢om pins pe Tovg povtalwtég 74573, non drapépel RS RE
povo xatd to Ot T Aflip-flops Tou elvaw \_11_[ 2] [8]14] 5] [6] 7] 8] [2] [10
oxpomvoddtnta. [legoodtepes minpodogies yid 0 ;C‘
ovtd ta chips pmogeite va Poeite otny §3.7 1) otnv

wotooehida http://focus.ti.com/lit/ds/symlink/sn74als574b.pdf . Toopodotiiote TO pin 11 (QOAOY)
o7to to drandmTn A. IIQLy 1o €QYQ0TNQLO ®AVTE £val TTANQES OYeILAYQAUUO CUVOECUOLOYINS.
210 £0yaoTiELo, donudoTe TOo nORAWUA OTWg oL To mEonyoluevo. Iagatnenote
Aettovyio TG oaxpomuEod6TNONG: HOALS Tatdte To dlordTtr (eveQyn axui QoAloyLov), ol
€€odoL tov nrataymont oldlovv, xalr apéows petd (dev daivetar 1 rabuvotéonaom)
oMGCovv nor oL €Eodol Tou abgowoti) O6tav adfvete 1o OomdmT (U €veEQYT| anrpm
QoAoYLOV) dev yivetal TimoTa.

74574
A
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Heigapa 8.7: Karaywentis OricOnons ne Axpomvgodotnon

Yhomowote v "oAoOnon" twv bits Tov mERANATOS 7.8 HEOW €VOS ARUOTUEOOOTITOU
HOTOYWENTY 74574, OIS GTO TEONYOUUEVO TEIQOU, AVTL HECW TV OV0 XKATAYWONTMOV-
pavtalwtov 74573 g §7.8. Toodbodothote to goAOL atd To drandrtn A. [Tapatneiote xo
to. 8 bits Tov xotaywoenti) otig LED's. Av éxete yo06vo, moiEte pe 10 o0 ouvdéete TOV
OVTLOTQOPEN avAdQOOoNE ®aL TL OXNUATA avTd seoxahel otig LED's, 06 ouvOvooud e Tig
(Tuyaieg) aEyMES TIUES TV bits TOV ®OTOYWENTH.

8.8 Kafagiondg Ialnov Avoxontn (Switch Debouncing)

[H maodyoapos avtij eivol exTog VANG uabiuatog, xat moouteTiat otny avdyvwon].
Otav dev épovpe »vrhdpoato Omwg oty Thaxéto  el00dmV/eEOdwV Tov  ®dvouv
"va0aQLopd TOAUMV" Yid pog, ®al TEooTaO0UUE VO TQOPOOOTHCOUNE OTUOTO QOAOYLOU
notevOeiav amd "yuuvoig" dlomdmTeg, TREMEL TOMTA VO AMOGOoVUE éval TTRarTO OEua TTou
€yeL va xavel pe ™) dmuoveyia "rabagmv" maiumv goloyov. Ievird, yevvolue moAuols
dOQTWONG povTadwt®v, load, e To ®OxrAmpa Tov Gaivetol 0To emdvw PEQOS TOU OYTUOTOG.
To nirhopo avtd diver 1 6mote 0 dandmtng xwaver emadh »ow 0 omote dev navel. To
nOrAopo outod €xel v €ENG LWopodia, 1 0moie 0Tovg pavtalmtés dev pog melpdlel: ®d0e
pnyovinds dardirng, 6tav mEPTeL ue GO VM otV AP TOU, AvarmOd LeQunés GoEg
péco. og o0VIopo yeovird didotnuo (megimov 10 ms) UEYQL Vo LOOQQOTNOEL oTNY O&om
emadns. H ovvémera elvar ot T otrypd) mov matdue to dtondmey, amd 0 ov fitav 1 €£0d0g,
auTh) yiveton pegunés Gpoeés evaridE 1,0, 1,0, 1,0, xow 010 1€h0g L1ooomet otabepd oto 1.
2T0Vg HOVTOAMTEG, aUTO OEV oG TEWRALEL, OLOTL av 0 éva nixlopo pe dipaond gorhdyLo
avépel xdumooeg GoeEg N wa Gpdor ymeis evildusoo va avaypel n GhAn, To amotéheouo
elvar to (dlo pe to va elye avdyper n ¢pdon povo pio pogd. Av dpng To oMU AUTO TO
XOMOLUOTIOLNOOVE OOV QOAOL O €vav OxUOTUQOOOTNTO ROoTaXwENTH, autdg Ba del TOoES
eveQYEc anrpés 0o naL T K0EomndNTA Tou dLordTTy --0QOUOG oxeTLrd UKQOS UEV, ANV
oumg amgoéPremrtog. + 4
* % load

H Mbon tov mpoPifuotog eivar vo yomoipomown0el évog 200

Owanomeng SPDT xau évog povialotilc tomov RS, 6mmg
dduvetan 0to ndto péog tov oxnuatos. H faoni Wddothta
oUTOU TOU ®VRADPOTOS elvol 1 €ENG: OTAV TO HIVNTO PEQOS
Tov droxrdmrn Poloretan »ad' 0dOvV amd ™ pia emodm mEOg
™V GAAY, ToTE now oL &0 eicodol R »now S Tou pavtohot| 4 Fo%
eivar 0 (rnapia amd tg 0o dev ndver emadn pe TV
Te0dpodooia aQLoTeRd), %L €TolL M €E0d0g ck maQOUEVEL
otabeon oty meonyoluevn T g. Otav o drondmeng dev
elvar motnuévog, R=1 »aw S=0, doa ck=0. Otav o dandming
motn0el, naw eved Poloxeton »ad' 0do6v, mowta yivetar R=0,
omote M €E0d0g maapével otabde exel mov ftav, 0to 0. MOAG 0 JLAKOTTTNG OOV U OEL
Y& TODTH Pood TNV RATW AT, YiveTan S=1 evd R=0, doa M £€Eodog ahrdlel T oe ck=1.
‘Otov o daxdmng avardnoet, yivetar S=0 evd R=0, omtdte 1 €E0d0g mopapéver otabdeom
exel wov frav, ONhadn oto 1. [agatneiote 6Tl ou avamndioels Oev eivol TOoo peydheg
®oTte 0 dLandITTING va Eavandvel emadr eTdve --omthmdg x0QormdaeL YId Alyo novid otnv
nato enmadr. Tehnd, 6tav o drondmTng LWoggomioel, yivetar S=1 evd R=0, dpa 1 é€0dog
moQapével oto 1. Zuvolnd, fAémovpe 6TL 1 €E0d0g éxave povo o petdfaon amd to 0 oto
1, ™ otypi) tng modtng emadmng tov doaxrdmrn xatw. Ta avdhoyo ovpPaivouv zol o6tav
adivouue 1o dranden va emavéLDeL emdvm.

R

220 Q

220 Q

310 peTENTH TOU TEWRANATOS 8.6, av TEOdP0d0TIoOUE TO QOAOL aTtd évav amhd doardITTY
¥weig ®abaplopd molumy, 0o uToEoloauE Vo LETENOOVUE TO TANOOS TV avasTnOfoewV
Tov dandTTy, voBétovtog Ot autd elvor uxrEoTEQO TOou 16. AV ndvete to melpaua,
eAEYETE av avtd To AN 00C gival 0Ta0gQ0.
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