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MEPIAHWH

JKOTIOC TNG TTUXLOKAG QUTNAC €pyoaoioc £ival n UEAETN KOL KOTOOKEUN €&VOC
povodwvikoU synthesizer tecodpwv oktdBwv pe dUo Pndlakol¢ TaAavIwTEG, €va
waveshape kKUkAwpa kot avaAoyika didtpa.

Ta KUKAWOTA TNG KATAOKEUNG elval pTioypéva mavw o€ Statpnteg mAakéTeg. H
MpwTn MAAKETA epAapPBavel To Bactko chip Twv ToAaviwtwy, TN Tpododocia Kabwg
kot To decoder chip. 2tnv deUtepn MAAKETA TpaAyUATOMOLE(TOL TO Waveshaping Twv dUo
ToOAQVTWTWV Yyl va katoAnéouv va €xouv tn popdry saw, square Kot triangle
Kupatopopdng. H tpitn mAakéta nepllapBavel ta ¢idtpa VCA, VCF kabwg Kal €vav
Envelope.

ErunpooBeta ota mAaiola BeAtiwong Tou synth KOTOOKEUAOTNKE £val KUKAWUO
dopTIoNG GOPNTWV CUCKEUWV HE TNV TIPOOTTIKI VO EVOWHOTWVETAL TIAVW OTNV
KOTAOKEUN OTOLOSATIOTE KWNTO N TAUMAET WOTE va Umopel va xpnowuomolndsl wg
opyavo, maptitoupa f otdnmote GAAo. Akopa dnploupynBnke kat éva KUKAwpa LFO
ylati anoteAel Bactkd péEpog evog synth.

Ma ™ Asttovpyla TG Kataokeung xpetaletal tpododooia UPoug 12V kat yia
0lUTOV TOV AOYO XPNOLUOTIOLBNKE £V UETACYNUATLOTHAC.

Jto mMAaiola TNG TTUXLOKN G epyaciag mepAapBAVETAL KAl N KOTOOKEUN KOUTLOU
yla TNV evowpdtwon tou keyboard, 6Aou Tou KUKAWHATOC KABWE KoL Twv e€apTNUATWY
TIou TtepAAUBAVEL N KATAOKEUT] (OLOKOTITEC, TIOTEVOLOUETPA).



ABSTRACT

The aim of this thesis, is the study and the construction of a monophonic synthesizer
of four octaves range, with two digital oscillators, a waveshape circuit and analog filters.

The circuits of this construction are built on top of drilled plaques. The first plaque
contains the basic chip of the oscillators, the power supply and the decoder chip. On the
second plaque the waveshaping of the two oscillators is carried, to suffix at the same
waveshape, saw, square and triangle. The third plaque contains the VCA, VCF filters as well
as one Envelope.

In addition, within a framework of improvement of the synth, a circuit that will
enable the connection of any sort of mobile appliances (e.g. Tablets, smartphones etc) is
built, so the appliances can be used as an instrument or lead sheet or any other use.

Furthermore, an LFO circuit was created because it constitutes an essential part of a
synth. For the function of the construction, a power supply of 12V is needed, and for that
reason, an adaptor was used.

The context of the thesis includes the construction of a case that will contain the
keyboard and all the circuits, as well as the buttons and the accessories that are included on
the synthesizer (switches, knobs etc.).



KEQAAAIO 1

20vOeon kat Sythesizer

1.1 EIATQrH

0 6pog clvBeon éxel oplotel amnod to Ae€ikd Chambers tou 21% awwva w¢ n Stadwkaoia
KOTA TNV omola evwvovtag dlddopa XwpLotd amAd pépn dnuloupyesital €vo TOAUTIAOKO
oUvoAo. MapoAa QUTA, TO TAPLOCHUO QUTWV TWV ETILHEPOUC OTOLXEIWV TPOUTTOBETEL KATL
napandavw amnod pla tuyaia évwon. H cuvBeon elval KATL SNULOUPYIKO Kal yla auTd evw Ta
synthesizer ival tkava vo mapdyouv oxedov amnelpeg petaBAnteg otnv £€€060 Touc, TO va Ta
SlaxelploTel Kaveig xpeldletal Ikavotnta Kal avtiAnyn.

Synthesizer €ival n cuokeur TOU €XeL TN SUVOTOTNTO VO EVWVEL TOL XWPLOTA AUTA PEPN
WOTE VA TTOPAYAYEL TO TEAIKO GUVOAO.

1.2 AIAQOPOI TYNOI SYNTHESIZER

Onwc avadépet kat o Martin Russ oto BiBAlo Tou Sound Synthesis and Sampling, 6Aa ta
synthesizers lval mopOPOLO OTO OKETITIKO TOUG. OL peyaUtepeg Stadopec toug adopolv

QUTO TtoU TTaPAyouV oTnV £€080 TOUC KoL TOV TPOTIO LE TOV OTTOL0 TIPAYUOTOMOLETAL AUTO.

Meptkoi amd toug TUTOUC Twv synthesizers sival :

e Video synthesizers, mou xpnouomoloUvTaL yla TV Tapaywyn Kal tTnv enefepyaocia
£LKOVOLC.

e Synthesizers ouIAlag, TIOU XPNOLLOTIOLOUVTIOL OTOUG UTIOAOYLOTEG KOl OTLG
TNAETUKOLWVWVIEG.

e Sound synthesizers, Tou xpnoLuonololvTaL yla Tnv Snuoupyia kat emefepyacio Tou
fXOU KL TNG LOUGLKAG.

o Texture synthesizers, mou xpnowlomolouvial Kupiwg ywa tnv Snuoupyia 3D
YPOPLKWV.



1.3 BAZIKA MEPH TOY SYNTHESIZER

Ta synthesizers amotehovvtatl arnd 500 Baokd pépn :

e To control interface, oto omoio B£toupe TIg mapapetpouc mou kobopilouv To WG
Ba eival To TeAKO amotéAeopa.

e Tn unxavr ouvBeong, n omola SExeTaL TIG EVTOAEG TTou Swoape oto control interface
KOLL TTOPAYEL TNV TEALKN pag €€060.

To control interface pmopel va €xeL diadopec popdéc. Mmopel va amoteleital and
TIOTEVOLOUETPA, dlakomteg(avaioywkolg 1 Ynolakoug), THEG Tou Ba SWOOUE O KATIOLO
nedilo evog MPoypAUIATOG 0TV 000V KAMOLoU UTOAOYLOTH, 0 popdr SLATPNTWY KOPTWY
KaBw¢ Kot Ta TeAeuTaio Xpovia o€ EVIOAEG TIG OTIOLEG SIVOUE IAWVTAG OE €VA TIPOYPOLLIAL.

BORRRR RRRD BRERE IRhnasnn
!

Ewoéva 1.1 Aldtpntn Kapta.
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Ewoéva 1.2 Control Interface Yndrakou synth tng etaipiag Izotope.

 ———————
Ewova 1.3 Control Interface avaloyikoU synth tng etalpiag Anyware.



b = Buffer.read(s,
"/Users/jyang/GitHub/synthesisrecipies/WavetableSynthesis/wavetables
/Add Saw 2+5.wav");

1c = Buffer.read(s, "/home/ddmi/Documents/wavetablesynthesis-
master/wavetables/WT27.aif");

SynthDef (\snh, {
arg pitch=60, tunel=0, oscampl=0.33, tune2=0, oscamp2=0.33;
var oscl, freql, sig, osc2, freq2;

freql = (pitch+tunel) .midicps;
oscl = Saw.ar(freql);
freq2 = (pitch+tune2) .midicps;
osc2 = Saw.ar (freq2);
sig = Mix.ar( [ oscl*oscampl, osc2*oscamp2] );
Out.ar (0, siqg);
}) add;

Ewodva 1.4 Synth dtiaypévo pe SuperColider tou omoiou to interface gival kwdikag.

H unxavn ouvBeoncg, synthesis engine, amoteAeital amno :

1. HAektpovika otolyeia ta omoio akoAoubBwvtag tnv avahloyn cuvdscpoloyia
pog Slvouv kal To avdloyo €mBUUNTO QTMOTEAECUO TIOU XPNOLUOTIOLELTOL
KUPLWG yLa sound synthesizers (Hardware).

2. Evtoléc os kamola yAwooa MPOoypaupatiopoU oL omoieg pog Sivouv Pndlaka
synthesizers ta omola XpnoLOMOLOULE OTOUG NAEKTPOVIKOUG (Software).

3. Mia pi€n tou software kat tou hardware.

Spectral
Waveform—» _/"\_ 1 FFT Envelope
ISTFT
Sample Pitch _
(Pre-analyzed) » Peak Marking
y lSTFT
' i i : IFFT & -
Target Pitch | Pitch conversion b Scali Amplitude I : Synthesis
caling P! Modification [ Windowing —>
(from Score) rate 9 Modification & Ovenapping Output

Ewoéva 1.5 Adypappa pong tng mnxavig ocuvBeong tou Vocalois tng Yamaha.
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KEDAAAIO 2
lotoplkn avadpopn Twv

synthesizer nyov

Katd to népaopa Twv Xpovwv ta synthesizers e€ehixBnkav kat aAAafav oAU wote
va $Taoouv ot onuepvi Toug popdn . Ot aAayEg auTeg adopoUlv amo To OXAUA Kol TO
pEyeBog pEXpL To TPOTO enefepyaoiag Tou oNUATog (amd aviloTAoslg kot tpaviioTop £wg
oAOKANPWUEVA KAl YAWOOEC TTPOYPOUUATIONOU).

2.1 O npoSpopoc twv synthesizers

J€ [0 OUVIOMUN EMLOKOMNON TNG TOPELOC TWV NAEKTPOVIKWY HOUCLKWY opydvwyv, Ba
propovoav va avadepBoUv oL TAPaKATW «OTAOUOI»:

e 1897, Telharmonium tou Thaddeus Cahill. Xpnowomnotel tonewheels, yia tnv
apaywyn nxou.

ELK(’)a 2.1 Telharmonium

11



e 1919, Theremin tou Lev Termen (f Leon Theremin). Xprion nAektpopayvntikou
nedlou, yLo Tnv mapaywyn Kat dSlopopdwaon Tou nyou.

Ewoéva 2.2 Leon Theremin

e 1928, Ondes Martenot, tou Maurice Martenot. Napopolo pe 1o Theremin,
oAAQ eLoAyYEL TN XPrion MANKTPWY TUTIOU TILAVOU.

Ewova 2.3 Ondes Martenot

e 1928, Trautonium, tou Friedrich Trautwein

12



Ewova 2.4 Tratonium

e 1929, Joseph Schillinger - First Airphonic Suite for Theremin and Orchestra.
ATO TIG TPWTEG £PAPUOYEG NAEKTPOVIKOU HOUGCLKOU OpPYyAvVOU Of€ HOUOLKO
olvolo.

e 1937, Olivier Messiaen - Fkte des belles eaux ylia 6 Ondes Martenot

e 1942, Richard Strauss, xprion Trautonium oto Japanese Festival Music

2.2 To mpwrta synths

To MPWTO GPYAVO OTO OTIOLO XPNOLUOTOBNKAV LYW NAEKTPOVIKA LEPN OE OAa Ta
oTadLa mapaywyng Kot enefepyaaciag Tou nxou, ntav to Novachord tou Lawrence Hammond,
TIOU KOTAOKEVAOTNKE To 1938.

13



ELIZ(’)‘V(I 25 Nov hor

To 1952, o Raymond Scott, édtiate 1o Clavivox, To omoio ntav otnv oucia pla
povada theremin, eAeyxouevn amod MANKIpa TUTOU TULAVOU. ZTn Snuloupyia cuvéPBale o
veapog tote Robert (Bob) Moog.

SCOTT - CLAVIVEX
s T

The Clavivox (keyboard theremin)

-~

D

Ewdva 2.6 The Clavivox

To 1950, n Radio Corporation of America (RCA), ¢tidyxvel nAdn 1o TMPWTIO AVAAOYLKO
ouvBeadilep, To onoio ovopalel Mark Il Music synthesizer.

14



Ewdva 2.7 Mark Il music synthesizer, ané tnv Radio Corporation of America.

Yta téAn tng dekaetiog tou '50, epdavilovral Ta mpwta modular synthesizers, ano

KATOOKEUAOTEG OMwG ol Harald Bode, Don Buchla, Hugh Le Caine, Raymond Scott kot Paul
Ketoff. Yadwg pikpdtepa amdé to Mark Il tng RCA, aA\d akopo TOAU peydAa ylo va
XpNoLpomolnBouv oe {WVTAVEG CUVAUALEC KOlL VAL UTTOUV OE OTUTLAL KOL LOLWTLKA OTOUVTLO.
O Buchla kot o Moog kataokeudlouv modular synthesizers oe MIKpOTEpO MEYEDOG,
npooeyyilovtag €tol To €upl Koo Kol elodyovtag ta synthesizers kal otnv €umoplkn
pouaotki. O Moog pdhiota, kabiepwvel tn otabepd tou lvolt/octave yla 1o XEPLOUS TwV
synthesizers, kdvovtog €£tol duvat TNV EMkowwvia opyavwv omd SLadopeTikoug
KOTAOKEUQOTEG.

15



Ewodva 2.8 To r[(bto, €UPEWC Tpoottd, Moog Synthesizer.

MLa «EMOVACTAON» OTO XWPO, ATAV N KAataokeun Tou Minimoog. To minimoog, dev
eival modular synthesizer, aA\@ £xeL mpokaBoplopévn Thv Mopeia TOU CNUOTOG. AUTO OUWCG
TOU EMETPEME va elval HKpO, ghadpu, kal ¢Onvo, Kablepwvovtag To o€ TOAAA LOUCLKA
oXNUOTa, TO0O 0€ CUVAUALEG, 00O Kal o€ NXoypadnoELS TNG EMOXNAC.

Av KOl ONUEPO UTIAPXEL ULl LEYAAN TIOLWKIALO Ttapdpolwy opyavwy, ta Moog mapapévouv
amnd TG Kopudaleg EMAOYEG TV HEYOAUTEPWY HOUGLKWV OAOU TOU KOOMOU, KaBwg emiong
TLOAAWV LOUGCLKWV EPACLTEXVIKOU ETLIMESOU.

16
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Ewdva 2.9 To minimoog

1980 - ofjpepa

Amo 1o 1980 undpyxet pa Slapkng e€EALEN TNG Blopnxaviag tTwv synthesizers. Emeldn
0 OKOTOC NG epyaociog dev elval n otoplkn avaokonnon, Ba avadepBoUv HOVO HEPLKEG
Katnyopleg amd oautd. Avamtuyxdnkav Aolmov, Ta TMOAUDWVIKA avaAOYIKA (OMwE TO
minimoog, aAAd pe SuvatoTnTa avamapaywyrng MOAAWY AXWV Tautoxpova), Ta PndLloKad, Le
xprion fm ouvBeong,  deypatoAnia Guoikwy NXWV, Kal TOAAA OKOMA.

17



KEDAAAIO 3

HAEKTPOVLKO KUKAWUAL.

3.1 HAEKTPOVLKO KUKAWLLOL.

2TO TAPAKATW OXESLO ATELKOVIZETAL N POI| TOU CLATOG TNG KATAOKEUNG.

note bus oscl lﬁ
PiCsynth [V | YCF Audio Out
KB decodler dual DCO |22 - VCA
ottdve WTvesh e 2
$ (=]
Trigger| [N
= | other
Ervelapy moduleq

Ewkova 3.1 Aldypopa porG ToU CHOTOG Tou pic synth.

A¢ avaAloou e To SLaypappa porg ou amelkoviletal otny lkova 3.1 .

Keyboard Decoder :

ApxXlKA TO BaOIKO OAOKANPWHEVO OAOU TOU KUKAWMATOG Tou ovopaletal PIChip
eléyxel eav £xel matnBei kamowo mARKTpo oto kAaBLé e€éayovrag Suadikn mAnpodopioa.
‘Enewta auti n mAnpodopia amokpuntoypadeitat and to decoder chip kat n mAnpodopia
tpododotel Ta MARKTpa TOU TiLdvou. Katd To mATnpa Twy TTANKTPWY EVEPYOTIOLOUVTAL KOL OL
aleOntrpeg Twv oktaBwv nou Stafalovrat and to PICsynth toun.

PICsynth Dual DCO (Digitally Controlled Oscillator) :

To PICsynth mapdyel 2 ToAavVTWTEG oXeSOV TTAVOUOLOTUTIOUC TETPAYWVIKNG LOPDNC
TOUC OTIOLOUC UITOPOUE VA XELPLOTOULE KOl VO EMEEEPYACTOUE XWPLOTAL.

18



Waveshape :

Metd to PICsynth oL teTpaywvikég Kupatopopdég sloépyovial oto waveshape
KUKAWHO. TO OUYKEKPLUEVO KUKAWHA SnULOUPYEL OKTABEC KOl €XEL TNV LKAVOTNTA Vva
LETATPETEL TNV TETPAYWVN KUHatopopdr) tou PICsynth og Tplywvikn, TTaARo Kal evog ei6oug
TPLOVWTH Kupatopopdn.

4. VCF (Voltage Controlled Filter) :

AkolouBel To emoOpevo KUKAwHA TO omoio eival éva ¢IATpo to omolo €xeL Tnv
LKOVOTNTO VO QTTIOKPUTITEL R Vo Tovilel SLadopeg ouxvoTNTEC.

5. VCA (Voltage Controlled Amplifier) :

To teleutalo KUKAwHa Tpv TNV £€080 £ival To KUKAwUA To omoio eAEyxel To attack
Kal to release TnG KABe votag KABWGS KoL TNV EVTAon TNG TEAKNG €660V TNG CUOKEUNG.

3.2 PICsynth Chip

To PICsynth chip eivat éva custom made 18-pin toutdkt tumou PIC18F1220. AwaB£tel
arpeggiator, portamento kot 800 oscillators ek Twv omolwv o évag éxel petaBAntod pitch. To
TOUMAKL elval oxedlaopévo va ocuvdéetal pe évav decoder 74HC154 kat €va KAaBLE TLAvouU.
OL £€oboL mou mapayel TO TOUTAKL €ival cupPartoi pe omolodrimote GAAO KUKAwQ
(Waveshaper/VCF/Envelope/VCA) wote va SnuoupynBel £va HovodwVIKO avaAoyLKO
synthesizer.

Ma va AELITOUPYNAOEL TO TOUTAKL MPEMEL va. ouvOeBel oe €vav KEPAWLKO avINXNTH
(resonator) twv 10Mhz o omoioc otav déxetatl AC pelpo TPodoSOoTEL TO TOUTAKL NXOVLKES
Sovnoelg. To TOUTAKL £XEL TN SUVATOTNTA VO TTAPAYEL VOTEG UE CUXVOTIKO VP0G amo 262 Hz
— 3960 Hz 6nAadn amod tn vota C4 £€wg tnv B7. To PIC chip efdyel 2 TETPAYWVLIKEC
KU OTOPopdEC Twv 2602 Hz.

19



Ewodva 3.2 Ceramic resonator

3.3 To NAEKTPOVIKO KUKAWOL

Kewbaard ?va
Octave L1234
0sClL

0 B uf

ar wooasf

5 16 el future use

ar 9 w

e g b

e S

€ 6 £

e s 8

an 4

d 3 8

or 2 19
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260k
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»
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Repeat. uaveshaper for asc 2
Uses ather -2 of 4528 and LM324

t
asct osct UAVEL —
From PIC E To Uaveshaper &
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Ewova 3.3 To oxnuatiko tou PICsynth.

tou PICsynth. To

JTNV TAPATIAVW ELKOVOL PBAETTOUME OAOKANPO TO OXNUOTLKO
oxNUOTkO auvtd ulomolOnke mavw os 3 Statpnteg MAAKETEG. Moapakdtw Bo peAetiooupe

XWPLOTA TNV KAOE pia amod autec.
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Ewkova 3.4 IXNUOTKO TNG MPWTNG MAAKETAG.

e Tpododooia

H tpododocia Tou KUKAWHATOC YIVETAL OO VOV ETOOXNUATLOTH TOU EUMOPLou LE
DC tdon ota 12V. H tdon mou xpslaldpaoTte ival 5V, yia tov Adyo autd xpnotomnolnonke o
regulator LM78L0O5 pe tn Swatagn mou daivetal otnv swkova 3.4 . O regulator €xeL tnv
Kavotnta va petacynuoatilel ta Volt. To ouykekplpévo povtélo Sivel wg €€odo ta 5V mou
elval auta nou xpelaldopaoTte.

AdoU Aoutov to kKUKAwpA TpododotnBel pe to kKatdAnAo pedpo pmopst va eAéyxet
To KAaPLE Tou €xel ouvdedepéveg TIG 12 voteg otov decoder (74HC154) kot TautoXpova
MOALG TtatnBel To MANKTPO EAEYXETAL KAL | EKAOTOTE OKTARA.
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O SlokomTng mou KAelvel To KUKAWUO VOTa-oKTARa eivat n k&Be vota oto KAaPLE Tou

NOTA #©
OKTABA

Key detatil

TILAVOoU.

Ewova 3.5 AR amekdvion Tou KUKAWUOTOG VOTAG- OKTARAG.

la to kAaBL€ tn¢ kataokevng BAgme evotnta 3.4.

Akopa €xel evdlad£pov va Tapatnprjoou e o0tL oto Seltepo modapdkt Tou PICsynth
chip elval ouvoebeévo Eva TTOTEVOLOUETPO TO OTOL0 £XEL YeELWBEL 0TO €va TOU AKPO KAl OTO
Ao maipvel taon 5V pe anotédecpa va Unmopel va pag Swoel tn Asttoupyia Tou tuner yla
tov OSC1.

Onwc BAEMOUUE Kal 0TV €lKOva 3.4, n TpWTN TAAKETA €XEL TPELG £€080UC OL Omoieg
elvat ot g€ng : OSC1, OSC2 kat TRIG pe T SUO MPWTEG VA ELOEPXOVTAL OTLG €L0OGS0UC TNG
Waveshaper mlakétag evw n TRIG £€060¢ mnyaivel oto KUKAwpA Tou Envelope.
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Waveshaper nmAakéta
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Ewova 3.6 Ixnuatikd tng Seutepng mhakétag ya évav oscillator.

e Tpododooia

2TO OUYKEKPLUEVO KUKAWHA Ta SU0 OAOKANpWUEVA TIOU XPNOLUomoloUuE B€Aouy
Sadopetikn tpododocia to kGOe £va. To pev 4520 dual binary counter xpnotpomotei 5V
Tou Tapvel and tnv PICsynth mAakéta, evw to LM324 ypelaletal 12V ta omoio maipvel
KateuBeiav armd to TpododoTIKO.

TNV Mopanavw ekova BAEMoupe To waveshape KUKAWHA ylo TOV €vav amd Toug
6Uo0 talavtwteg (OSC1). Eva (610 KUKAwA LoxUEL Kal yLa tov dgUtepo Talavtwtr(0SC2).

Onwc¢ daivetal kot otnv ewkova, N eicodoc tou oscillator yivetal oto 10° modapdkt
Tou 4520 dual binary counter. To 4520 dual binary counter, sivat évag SUTAGG LETPNTHG TTOU
niepthappavel SUo eloddoug pe Eexwploteg e€660uC yla TV KAOe €locodo, omote pe évav
4520 pmopolpe va KaAUoupe Kat Toug U0 TAAAVIWTEG TOU KUKAWHATOG. Méoa amod Tig
Aewtoupyieg Tou 4520 Kat TN SLATAEN TWV AVTLOTACEWV Tou Selyvel Kal n elkéva 3.6, £xouv
dnuoupynBel amd TNV apylki ouxvotnta €L0060U AAAeG SUO VEEC OUXVOTNTEG €K TWV
omoiwv n pia eivol pa oktaBo xapunAotepn kot n AAAN pio oktdfo uPnAdtepn amod thv
vota mou naiytnke oto KAaPLE Tou Tdvou. Emiong €xel oxnUATLOTEL N KUUOTOMOPdN HLE TO
oxnua ramp wave. OL TPELG AUTEG CUXVOTNTEG EVWVOVTAL O€ €vayv SLakormtn tumou SP3T mou
elvat Stakomtng 3 eloddwv kat piag e€odou.

3TN OUVEXELX TO OHO ELCEPXETOAL OE EvaV TETPATIAG TEAEOTIKO €VIOYUTH, Tov LM324.
Onwg kat mpwv pe tov 4520, xpnowomolovvtol to 2/4 TOu EVIOXUTH yla TOV TPWTO
TaAavTwTh Kot ta urtdhouta 2/4 yio tov deltepo.
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Elval onuavtikd va avadépoupe OtL os pla ek Twv €l0o6dwv Tou LM324 €xoupe
ouvdedepévn oe Slatan oelpag pia avriotaon Kal €va MOTeEVOLOUETPO. H avtiotaon €xeL To
€va NG AKPO OTa 5V KOlL TO TIOTEVOLOUETPO £XEL TO £VA TOU AKPO YELWUEVO, EVW TO HECALO
Tou modapakl mnyaivel otnv eicodo tou LM324. Me autr tn ouvdeopoloyla £xoupe Tn
Sduvatotnta va eAéyxoue to pulse width tng pulse kupoatopopdng mou pog Sivet n €€odocg
Tou LM324. (BA. moSapakt 8 Tou LM324 otnv ekova 3.6). H £€0dog 8 tou LM324 adou
TLEPACEL QMO WO OEPA AVTIOTACEWVY KAl TTUKVWTWV yivetal elcodog otnv endpevn Statagn
Tou LM324 wote va pag Swoel TNV TPLYWVIK Kupatopopdr). OL TPELG QUTEG TEALKEG
KULOTopopdEC Tou pag Sivel To waveshape KUKAWRA KATaAfyouv o €vav SLOKOTITN TUTTOU
SP3T kot cuveyilouv tn por TOuG TPOC TNV £mMOpevn TAAKETA. Omote ol €€odol Tng
waveshape m\akétag eivat WAVE 1 yia tov mpwto todavtwth kot WAVE 2 yia tov deltepo.

.
VCF/VCA nAakéta
1@ak
VCF
@.022uf| @.022uf a1
7
A—H vea
R 47bpt 2 -lv—& lue
P 1aak
uaveL —| luf gk
WAVE2 + 2n39%24
_| 1eak 1eak a2,
LuF
Freq &'\/\/‘
Ll rau Mad j AD 1aur
or LFOL 3% L4
Man| 6 valt line
3
TREC 160k Attack s J_ o
10k Decay 04 10k 1@aut Volume Output
ln4L48 Se@ osc1 [ ;566 ™ l
Envelope tna148

Ewova 3.7 IXNUOTIKO TNG TPLTNG MAAKETAG.

e Tpododboaia

TNV tpitn Kal tedeutaia Bactk TMAAKETA TNG KOTOOKEUNG XPNOLUOTOLETAL TIAAL O
TEAEOTIKOG evioxutng LM324 ondte maipvoupe 12volt yia tnv tpododocia tou amd t0
TPoPodoTIKO.
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MapaTNPWVTAG TO OXNUATLKO TNG ekovag 3.7 PAémoupe otL ta WAVE 1 kow WAVE 2
EVWVOVTAL OTNV €l0080 6 TOU TEAEOTIKOU EVIOXUTH WOTE va €XOUME oKplBwg (Sla
eMefepyacio Tou oAUATOC Kal yLa TI¢ U0 KUUOTOHOPdEG.

Apxkad ag Soupe to VCF pépog tou KukAwpatog. Ta apywka VCF mpeaBelouv TIg
Aé€elg Voltage Control Filter kot ouoctlaotikd eival éva ¢IATpo ouxvoTHTWV OmMou Ta
XOPOKTNPLOTIKA auTol Tou ¢iAtpou pmopouv va eheyxBouv aAAalovtog ta volt otnv eicobdo
Tou. Onw¢ daivetal kol amd TNV MOPAAVW ELKOVOL UTIAPXOUV KATOLOL SLAKOTITEG OTO
KOUKAwpa. Evag tou tUmou on/off pe tnv ovopoaoia resonance kot évag tumou SP3T mou
£XOUE XPNOLUOTIOLNOEL APKETEC POPEC EXPL TWPA.

Resonant cival 1o ¢iATpo ocuxvoTATWV TO oOmoio meplAapUPAVEL TIUKVWTEG Kal
OVTLOTAOELG KOl N AELToupyia Tou gival OTL EVIOXUEL TN CUXVOTNTA ATOKOTG Tou diAtpou.

Filter
ain

1 ' Cutoff
1 Frequency
1

e Creguency

Ewoéva 3.8 Resonant filter

MNapatnpnon:

Kolttwvtog To oxnuatiko BAEMOUUE MW UTIAPXEL €vag Slakomtng tumou SP3T otov
omoio kotalnyouv tpia Sladopetikd onpata pe T ovopaocie¢ AD-MOD-MAN. Katd tnv
uAomoinon TNG KATAOKEUNG SLATILOTWONKE OTL UTPXE SLAPPON ONLATOC KL OE QUTO £malle
POAO TO OTL TA OHUATA AUTA €ixav uPnAn TAon Kal 0Tt 0 SLAKOMTNG IOV XPNOLUOTOLRONKE
ATAV KAKAC TOLOTNTOG HE OMOTEAECUA va UTApXeL autr n Slappor). MNa tov Adyo auto
adatpédnke o Stakomtng MOD kot avtikataotadnke pe Slakomntn Vo Stadpopwyv. Opwe yLa
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va pnv amhomolnBel n katookeln aAAA Kol yla HEYOAUTEPO NXNTLKO evSladEépov,
SnuioupynBnke pia GAAN mAakéta pe €vav LFO o omoio¢ umaivel otn 6é¢on MAN Tou
oxnuatkoL. Onote o Slakotng yivetal évag on/off Stakomtng tou LFO.

To ¢piAtpo NG KaTaokeUNnG eival éva high cut filter.

Me tnv 6l Aoyikr) ou Asttoupyel éva VCF kUKAwpa Asttoupyel kat to éva VCA
KUKAWO LOVO TIOU OTNV MPOKELUEVN TIEPLTTWAON AVTL yla cuxvotnta e8w eAEyXeTAL N €vtaoh
ToU fXou otnVv £€£060 TOU KUKAWUATOC.

AkOpa, pépog tou VCA KUKAWHOTOG €ivol kol To envelope KUKAWMO TO OToOio
kaBopileL to attack kat To decay TIg kaBe votag mou mailetal.

3.4 KAaBLE A KTpou
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Elkova 3.9 ZXNUATLKO TTARKTPOU.

To PICsynth chip elval kataokevaopévo yla va avayvwpilet kKAaplé 3 1/2 kai 4
oktaBwv. Onwg daivetol kol 0To SLAYPAUMO POAG OTNV TIOPATIAVW ELKOVO, N TTAAKETA TOU
TANKTpOU Ba MpEMeL va amoteAeital ano pia ypapun yla Kabe oktaBa kal amnod 12 ypopueg
yla tnv k&Be vota. Ot 12 ypapupéc Twv votwyv ocuvdéovtal ot 12 mpwrteg €€66ou ToU
74HC154 evw ol YPAUPEC TwV OKTABWVY ocuvdéovtal mavw to PIC chip. Xe kdBe onueio oto
omoio SLaoTaUPWVOVTAL Ol YPAUHUEG VOTWVY - OKTAPAG UTIApXEL évag Slakomtng dnAadn éva
“kAeldl”. Mpémel va umdpyxet pia diodog cuvdepévn o oslpd pe k&Bs mANKTpo tou KAaBie
KoL Thv KAOe ypappn votag.

OLYpauUEG TwY OKTAPwWY o popdn adpavetlag €xouv unAn T avtioctaonc. Otav
natnBel To ekAaoToTe MARKTPO MAVW oTto KAAPLE To PIC chip capwvel tnv ypauun votag-
OKTAB G KaL N AVTiOTOON OTNV YPOULN TTou evepyomnolnBnke pewwvetal. Ou Siodot eival
anapaltnTeg ya tnv anoduyn PpaxuUKUKAWUATWY OE TEPIMTWGN MOV TILECTOUV SUO 1 Kol
nepLoootepa MARKTpa. O TUTOC TwV S106wvV eival 1N4148.
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H kopudala vota C pnopel va mapapeivel aveaptntn. TNV MPOKELUEVN TIEPLTTTWON
oUVOEBNKE oTNV TPONYOULEVN ATO AUTAV OKTAPa.

Odbnyiec os nepintwon mou kAaBie dev givar 12 ypoauuwy votac kat 4 ypauuwyv oktaBoc:

Oplopéva kKAaBLE eV €xouv EEXWPLOTA TIC YPUUUEG OKTABAG TTapd LOVO pia ypappn
Tiou SLEPXETAL aTtd OAO TO HAKOG TNG TAQKETOG TOU TANKTPOU. € TEPIMTWON TTOU LOYXUEL KATL
TETOLO €lval amapaitnTo va KOTEL N ypapun LeTal Twy votwv C kal B og kaBe oktafa (ue
TPUTINUA TNG MAAKETAC). 2T ouveéxela Ba mpémel va ouvdeBel éva kaAwdlo og kABe pia and
TI¢ veodnuloupynBeioeg ypaupEg. AkOpa og epinmtwon mou dev uttapyouv diodot Ba mpémel
va tpooteBolv yla KaBe vota EexwpLoTd.

Ta opyava tng Hohner kot ta meploootepa anod ta ¢onva Casio elval autd mou
€Youv To KAOBLE TOU XPelAlETAL QUTA N KATAOKEUN. XTNV CUYKEKPLUEVN TEpIMTWON TO
TANKTPO BPEONKe amod £va MAALO APHOVIO AYVWOTNG LAPKAG.

3.5 Mpooopoiwon

Ma tnv mpooopoiweon Ttou synthesizer to mo Baokd otolyelo mou xpelalOUAOTE
glvat to PICsynth Chip To omolo eival éva «xelpomointo» oAokAnpwUEVO Kal Sev Umopol e
Va TO TIPOCOOLACOULE XWPLG VO EEPOULE TOV KWOLKA TOU WOTE VAL SWOOUE OTO TIPOYPAUA
mou Ba KAvel TNV mMpooopoiwaon TI¢ akplBeic mapapétpoug tou oAokAnpwpévou. MNa Tov
AOyo auto Sev ouveyiotnke n dladikaaoia Tng mpooopoiwong.
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KEDAAAIO 4
YAOMNOIHZH

4.1 Yhoroinon KataoKeung

To apyikd otadlo tng Stadikaciog autAg NTav n eVPecH Kol ayopd Twy
efaptnuatwy. O Adyog ou £kave L8laitepn kal umtepBoAkad xpovoBopa tn Stadkacia autn
ATOV OTL TA TIEPLOCOTEPA QMO AUTA Ta €€apTNATA ayopdoTnKay amno SladopeTikd sites Tou
efwteplkoL Omwe ebay.com, das musikding.de, picsytnth.000space. Emtiong ka®’ 6An tn
SLAPKELD TNG KOTAOKEUNG Kal yLa To AOYo Tou OTL UTtpEaV LEPLKEG TIPOOONKEC KUKAWUATWY
ouveyxlotnke n avalAtnon KAmowwyv e€0pTNUATWY aKOUO Kot EEOTALGUOU.

AdoU Aonov ayopdotnke n mAsloPndia twv pepwv tou synth Eekivnoe n
KOTAOKEUN TOU KUKAWUOTOG. Kal oL TPELC PAOLKEC TIAAKETEG KATAOKEUAOTNKOV Ot TNV apXn
TIAVW o€ SLATPNTN TTAAKETA e TTAPAAANAEG XOAKOYPOULILEG.

Ewova 4.1 Adtpuen mAakéta pe mapdANAeG XOAKOYPOUUEG.

JTn OoUVEXEl éva emiong xpovoPBopo pépoc tng Swadlkacioc Atav n evpeon
ouppatou MANKpou. Metd anod apketd PAglpo Bpebnke éva MaALd Kal XOAACUEVO APLOVLO.
‘Exovtag To TANKTPO MAEOV UIMOpoUcaV Vo YiVOUuV oL OUVOECELG ETOED TWV TAAKETWY Kol
OKOUO VO YIVOUV UETPNOEL WOTE VO KOTIOUV Ta EUAA OTIG avaloyeg SLOOTACELG KAl va
Eekwvnoel n Sladikaoia KATAOKEUNG TOU KOUTIOU Tou synthesizer. AKOUO KOTOGKEUAOTNKE
éva mpoxelpo control interface pe okomd to va e€akplBwOdel n ocwotr Aettoupyio Tou
KUKAWUOTOG HE TOUC OLOKOTTEC KOL TA TIOTEVOLOUETpa. Adou kémnkov ta EUAa Ko
BLdwOnkav, TomoBetBNKe PG OTO KOUTL TO TTARKTPO, TA KUKAWHATA KaBw¢ Kal to control
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interface To omolo KATAOKEUAOTNKE KOL AUTO Ao EUAO. ITNV KATOOKEUT £XEL TIpooTeOEel Kall
XWPOG yLa Thv TomoB£Tnon tablet kabwg kat poptioTrg yLa To tablet.

4.2 JTAAIA THZ KATAZKEYHS

ITIG MOPOAKATW ELKOVEG Ttopoucstaletal n  dadikaoia TG KATOOKEUNG OAWV TwV
LEPWV TOU synthesizer, amd TV KATOOKEU TWV TAAKETWVY PUEXPL TA AUTOKOAANTO Tou control
interface.

Ewova 4.2.1 ToroBétnon Bdong ohokAnpwpévou yia thv VCA/VCF mAakEéta.
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Ewoéva 4.2.2 Niow 6gn tng VCA/VCF mAakétag. Ot Awpibeg xaAKoU £X0UV XWPLOTEL yla vaL unv umtdp&ouv BpaxuKuKAWaTA.
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Ewova 4.2.3 OhokAnpwpévn VCA/VCF mhakéta Xwpig TO TOUTAKL.
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Ewova 4.2.4 OAokAnpwiévn mAakeéta Waveshaper.

g EEE op 5 0088080088 =.=. a0

3
" ar ac

Ewova 4.2.5 NaAtd appdvio ard To onoio nmaipvw To MARKTPO.
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Ewova 4.2.6 NAakET TARKTPOU.

Ewova 4.2.7 20vdeon tng mAakétag tou MARKTpou We tnv PICSynth mAakéta kat alayrh ¢opdg Twv 106wy TG MAAKETG TOU
TIAAKTPOU HE OKOTIO TN cUMPBATATNTA TOU KAOBLE.
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Ewova 4.2.8 O\o to syntesizer mpLv Tnv cuvdecpoloyia.

Ewova 4.2.8 $Uvdeon tou synth mavw oe mpdxetpo control interface.
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Ewova 4.2.9 Miocw oYn tou mpdxelpou control interface.

N &
Sove
Cde

Ewoéva 4.2.10 Bay o mARKTpwv.
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Ewoéva 4.2.11 Bay o koutioU.

Ewova 4.2.12 Avolypa BECEwWV yLa TO TIOTEVOLOMETPA KAl YLOL TOUG SLOKOTITEG.

35



G.-SXNTH

PICSYXNTH V&

ON/OFF ATTACK

FILTER MAIN OUT RESOMANCE
LFO TUNER VCA

Osc1l 0Osc2 ON/OFF ENVELOPE

TUNER Pw /Tw Pw /Tw VOLUME

Ewova 4.2.13 H ewkova auth dnuoupyndnke o éva mpoypapupa {wypadikig Kot Uotepa TUNwOnke amod éva tunoypadeio oe
QUTOKOAANTN HopdN yLa TNV SNULOUPYIA TWV ETIKETWV.

Ewoéva 4.2.14 KOAnua twv eTiketwv oto Control interface.
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Ewkéva 4.2.15 To KOUTL TPV TV TOMOBETNON TwV KUKAWRATWY KL TOU TTARKTPOU.

Ewova 4.2.16 To KOUTL META TNV EYKATAOTACH OAWVY TWV EE0PTNUATWVY.
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Ewoéva 4.2.17 H miow 6yn tou synth.

Ewova 4.2.18 H ohokAnpwpévn TAEov Kataokeur tou PICsynth cuvdepévo otnv mpila kat pe to tablet cuvdedepévo otov
doptiotr tou synth.
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4.3 XPONOzZ KAI KO2TOZ KATAZKEYHZ

To kOOTOG TNG KATAOKEUN G UTtoAoyileTal tepinmou ota 150€ kat meptAapfavel OAa Ta
UALKA TIOU Xpnoulomolntnkav. ITtnV OCUYKEKPLIEVN €pyacio, emeldr] mpaypatonol)nke
pokpLa amo to TEl kal Sev UTIHPXE KATIOLO EPYAOTHPLO NAEKTPOVIKNAC OTO Omoio Ba pumopouoe
va KOTaoKeuaotel To synth, XpeLAoTnKeE va OyopOOTEL KL KATOLOG EPYOOTNPLAKOG
€€oMALOOG. O £EOTTALOUOG TTIOU OYOPAOTNKE lval: KOANTAPL, KAAdL, TTOAUUETPO, TPOUTIO KOl
€vac PnoLokog moApoypddog yla LETPHOELS O OTOL0G OUWG SEV NTAV LKAVOG, AOYO KAKOU
software, va avtlkaTaoTNOEL €vav TOAPOYPAdOo epyactnpiov. Metd amo OAEG QUTEG TIG
OYOPEG TO KOOTOG aveéPnke ota 280€. AKOPO Yl TNV KATAOKEUN Xpelolotav €va KAOPLE
TILAVoU To oTmoio BpéBnke péow dilou. Itnv nepintwon mou dev Bplokdtav Ba Empene va

OYOPOOTEL UE QAMOTEAECUA VO OVEBEL AKOLLO TIEPLOCOTEPO TO KOOTOG KATOOKEUNG.

O XpOVOC KATAOKEUNG €AV UTIOOE00UE OTL OAQL TaL EEAPTHLOTO KOL O QTTOPALTNTOG

e€omALopOG eixav ouMexBel eival mepimou otoug 2 HAVEG.

YAIKA NOY XPHZIMOMOIHOHKAN T1A TA BAZIKA KYKAQMATA

Mna to PIC board

PICsynth chip

74HC154 IC

10Mhz kepapko avtnyntn (ceramic resonator)

78L05 5v puButotn (regulator)

0.1 uF moAueotepLkoU MUKVWTECG (polyester cap)

10 uF 16V nAektpoAuTikd mukvwtn (electrolytic cap)

16 Spouwv kalwdlotawvia yia tn cUVEECN e TO TTAAKTPO.
100K ypoappiko (linear) motevolopuetpo

P P P NR PR P

Avtiotdoelg 6x4.7K
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MNa to Waveshape kUKAwpa

4520 cmos dual divider

LM324 tetpamAo teAeoTikO evioyuth (Quad op-amp)
10K linear motevolopetpa

1M linear moTevoLOUETPO

0.1 uF TOAUEOTEPLKO TIUKVWTH

1 uF nAekTPOAUTIKOUG MUKVWTEG 16V

47 uF NAeKTPOAUTLKO TTUKVWTN 16V

0.01 uF moAueoTEPIKOUC TTUKVWTEG

1p3t cupOpEVOUC SLAKOTITEC

A NEFPNRFEPRFPLPNPRLPRP

Avtlotdoelg  6x4.7K, 4x10k, 10x100K, 8x200k, 2x133K, 2x2.2M

MNa to VCF/VCA/Envelope KOKAwpa

LM324 Quad op-amp

2n3904 ) BC547 tpaviictop

1N4148 8u6doug

10 uF mukvwTn TavtaAiov 16V

1 uF nAektpoAuTtikoUG MUKVWTEG 16V
0.1 uF MOAUEOTEPLKOUC TIUKVWTEG

10 uF nAektpoAuTiko mukvwTH 16V
100 uF nAektpoAUTIKO TUKVWTA 16V
0.022 uF moAueoTteptkoUG MUKVWTEG 16V
470 pF disc KEPAPLKOC TTUKVWTNAG
100K ypOULKA TTOTEVOLOETPA

5K AoyaplOuLKO TTOTEVOLOUETPO

1K trimmer horizontal

SPST oupopevo SLakomTn

SP3T cupdpevo Stakdmtn

P P PR WRPNRPRPNDMRPNDPR

Avtiotaoslc 1x100 ohm, 1x560 ohm, 2x330 ohm, 2x2.2K, 7x10k, 1x22K, 4x100K, 2x1M
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Avadopa

1  MNAAktpo 3 % 1 4 oktaBwv UE TIG S1080UC TOU O CELPA UE TOV KABOE SLaKOTTN TOU
TIANKTPOU TO oToio mapBnke armd MaAld appuovio.

8 Knobs

4 TpoOoTATEUTIKEG BKEG yLa TO KABE OAOKANPpWHEVO
3 NAAKETEG

1 Zeuyapt OnAukol RCA Buopatog

1 DCBuoua

KaAwdia, evioxupéva koAwdla

YAIKA NOY XPHZIMOMNOIHOHKAN ZTHN =YAINH KATA>KEYH

Mo TNV KAtaokeur) Tou EUALVOU PEPOUC TNG epyaciag xpelalotay éva eibog EUAou To
omoio va sival apketd ehadpl aAAd Kat yepo. Mo Tov Adyo auTto xpnotpomnotnonke VA0
TUTIOU KOVTPA TTAOKE TO OMOL0 TTANPOL TG mapandvw tpoiinobéaels. To mayog Tou EUAou
elvat ota 1.2 cm . Akopa, xpetalotav eva Koppdtt EUAou yia to control interface to onoio va
ATV OPKETA AEMTO KO EUKOUIITO WOTE VA KOTIEL KAl va TPUTNBEL yLa va mopEcouy va
TIPOCOPLOCTOUV EMAVW TOU TA TIOTEVOLOUETPA KoL oL SLakormteg. To E0Ao mou
XpnoLpomnolndnke ntav tumou voBomay.

Awaotdosig ZUAwv
Kuplw¢ cwpa TG KOTAOKEUNG :

Katw emidpdvela : 86X26 cm
MNiow oyn : 83X9 cm
Miow kamakL:  86X4 cm
Katw nmpdooyn : 83X1.7 cm
MNavw npéoodn: 83X4 cm
MAaiva : 26X9 cm
Z0Aa otRPLENG TOu VOPOTAV : 2 KOUMATLA 26X2 cm Kat 9X2 cm.

Control Interface : 83X12.5 cm
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Awadopa YAKA Kot epyaleio
Ta epyaleia TOU XPELACTNKAV YLA TNV KATAOKEUT ATAV: 0€ya, Tpumavy, BLdoAoyog,
TUOTOAL Le0TN G KOAAOG GLAIKOVNG, KABWCE KOl LETPO YA VAl ElvVOL OWOTA KoL opoLopopda Ta

KOUUATLO TOU EUAOU TTOU KOTTNKOWV.

Mo TNV cuvapuoAdyNnon TNG KOTAOKEUNG XpELaotnkay emiong: Pideg, pevteoLdec,
kapdakia, Beviivokoha, yuahoxopto, {eotr KOAQ GIALKOVNG, BepVikl EUAOUL Kal pal PO OTPEL.
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KEDAAAIO 5
A=IOAOIH2H KAI EMIAOIo2

AZIOAOIH>H

To ouykekplpévo Bépa to eméAefa kabBwg mapouaiaos TOAD peyalo evbladépov
AOYWw TG SUOKOALOC TIOU €iXe WG KATAOKEUN aAAG KOL TIPOCWTILKAC TIEPLEPYELAG OTOV TPOTO
KOTAQ Tov Ormoio Aeltoupyel oucoLAOTIKA £va TETOlo Opyavo. lNa to KaAutepo Suvatd
QMOTEAECUA XPNOLHOTOONKav Katd Baon UAKA TTOAUC KAARG TOLOTNTOC. AKOUO TA OPXLKA
oxédla tou synth efehixbnkav oe oxéon HeE TO OPXLKO OXESLO TNG KATAOKEUNG HUE TNV
npdoBeon uLag emmAéov Aettoupyiag, Evav usb doptioth.

O XpOVOG TIOU XPELACTNKE ATAV QPKETOC, WOTOOO TO OTNMOTEAECHO OSLKOLWVEL TNV
avapovn kabwg dtakpivovtat ToAAd BeTikd oTolyeia Tou synth kdmola amno ta onola eivat :

e AvKal povodwviko synthesizer mapdyst Vo pwvec.

e |kavotnta Stadopetikng enefepyaciog kat yla tic SUo pwvEC.

e APKETEC EMIAOYEC OTO TEAKO NYNTIKO amoTEAETHAL.

e OAa ta mMARKTPA KAl OAEG oL AsLToupyleg Tou synth, akOpa Kal auTég mou POoBEeceE 0
vpadovtag Astitoupyolv cwoTd.

e O nxog tou synth pmopoUpe va moUpe OTL €lval OPKETA LKAVOTIOLNTIKOG Kal Ba
uropouloe va otabel og kamola mapaywyn.

e  AOyw NG evowpdtwong doptiotr ala kot Oéon yla tablet n kataokeun pmopel va
xpnotuomnolnBet akdua kal oe live performance.

MapoAo autd Slokpivovtal Kot KAmoLa apvNTIKA otolxelo Omwe ouvABwc cupBaivel oTig
OQUTOOXESLEG KOTAOKEVEC :
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e Yrmapyxel kamoto mpoBAnua oto pulse width motevolopeTpo kat Twv SU0 TaAAVIWTWY
Tou synth pe anotéAeopa n pulse kupatopopdr va €xel TOAU XOUNAOTEPO CAUA OO
TG dMeg 8U0, Kal pOvo ot pia CUYKEKPLUEVN BEon TOU TMOTEVOLOUETPOU Tailel
owoTA. Auto ToAU TiBavo va odeidetal otnv apxtkn oxediaon tTou synth amnd tov
KOTQOKEUOOTH TOU ylati £ywve MOAAQTTAN €€£TA0N MAVW OTO KUKAWMO yla Tuxovta
Aaon.

e AOyw TOU TPOTIOU KOTOOKEUNG KOL TOU TUTOU TwV EUALVWVY HEPWV TNG KATAOKEUNC,
KOAO Ba ATtav va pnv JETAKIVELTAL TTIOAU.

e  Kokng molotntag mARKTPO.

e Aev undpyel midi eloodog/é€oboc.

To PICsynth mou SnuiloupynBnke amotelel pia dpKeTA MEPITAOKN KATAOKEUT] e TIOAEG
Aewtoupyieg oL omoiec oto oUVOAO TOUG AslToupyoUV OMwWE Ba €MPene, YWPLG OLOUVEXELEG
ONUOTOG KO LE T TIAAKTPA, TOUC SLAKOTITEC KOl T TIOTEVOLOUETPA VO AVTOTTOKPivovTaL.

2YTKPIZH

Ta synthesizer Tou gumopiou (akopa Kot ta maAald povtéda) elvatl cadwg avwtepa
OTO XOPOKTNPLOTIKA TOUG, amod tnv mMAnbwpa twv GIATpwy PEXPL Kal T UNXAVEG cUVBECNC
TOouG. MopoAa auTd To TMANKIPO TIOU KOTOOKEUAOTNKE Ba pmopouos va avieneféABeL ot
KATIOLa TTapaywyn).

ATO TO EUMOPLKA POVTEAX TwV synthesizers 6ev BpéBnke kAmolo mou va polalet
TANPWC UE TNV KATOooKeun. Eva HOVTEAO e TO omoilo potalel Aiyo eival to Minicon tng
etalpiag Steiner Parker. Mpokettal yla €va povodwviko ouvBeodilep TECOAPWY OKTARWV Kal
plog dwvng. Asttoupylkd umootnpilel akplpwe O,TL Kot To synth g mapouoag epyaciag
(ektog amd tnv ENewpn Segltepng dwvng). Opwg mopeXel Kol GAAEG Asltoupyieg yla
napddelypa eivat yevvrtpla AeukoU kat pol BopuBou, €Aeyxo otnv TayxuTtnTa Kot oto Babog
Tou nxou, low — high — band pass envelope, protamento, pitch bend, gate k.a. Twpa 6c0v
adopd tnv roldtnTa Tou AXoU, Sev Ba umopoloape Vo KAVOULE KAToLo oUykplon Adyo tou
otTL 8ev untdpyet Stabéotpo to Minicon.
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EMIAOIOz

Juvoilovtag, n €eKkmoOvnon Hiag TETOLAG KATAOKEUNG NTAvV pio emipopdwtiki
eunelpia, kaBwg pabaivelg mwg ¢tdyvetol amd To UNdEv pilo cUuoKeun TNV omola
XPNOLUOTIOLEL [l LEYAAN pePLdA HOUCIKWY (Kal OXL Lovo). Ektog amd tnv eknaidsuon mou
Séxeoal KOTA TNV SLAPKELA TNG KATOOKEUNG TAVW Of NAEKTPOVIKA KUKAWMOTA, £pyoAEia,
€UAQ KOl TO MAVIPEUA AUTWY, LaBaivelg WG Vo 0PYAVWVELS TG OKEPELG 00U, VA KAVELG TOV
KATAAMnNAo oxeSLaouo TPV MPAELELG TO OTLONTIOTE KAl KOO TILO CNUOVTLKO glval otav yivel
to AaBog, va Bpebei o Tpomog va SlopBwbEL.

BEATIQZEI

BeAtwwoelg mou Ba pnopouoayv va yivouv oTtnv KOTAokeun :

- TUMwpa TAAKETWY WOTE va PelwBel apketd n mbavotnto Slappowy TOU OHUOTOG.

- Atonoinon 6Awv Twv duvartotrtwy tou PICsynth Chip (portamento, arpegio).

- X0vbeon tng £€660u Tou tablet otnv €€060 Tou synth wote va umapxel éva cAua
otnv £€060 yla peyaAUTePN TPOKTLKOTNTA TN KATOLOKEUNAG.

- Kartaokeur midi kukAwpatog yla midi out.

- Kataokeun piAtpwv.

- Avtkatdotoon MARKTpWY e MARKTpa KaAUTEPNC ToLdTNTaC.

- KaAUtepnc moldtntag SLaKOTTEG.
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MNAPAPTHMA 1 : 32XHMATIKO KAI TAHPO®OPIE> TIATO LFO KAI TON USB OOPTIZTH

Tot UAKG TTOU Xpnotpomotndnkay gival :

310 VCF pé€pog tou oxnuatikol BAémoupe OtL n pio B£on otov TpUTAG Slakomtn
ouvdéetal pe mnyn 12volt A pe kamnowo kKUKAwpa LFO(Low Frequency Oscillator).

ApxXLIKA ouvEEBNKE 0 SLOKOTTNG e Ttnyn 12v. Mapatnpndnke OpwWG OTL TO NXNTKO
anotéAeopa Sev lxe KATOLO evlLladEPov Kal 0 AOyog ATav OTL EpoLlale PE KATToLa AAAN
€TUAOYH TOU SLOKOTTTN. Mo ToV AOyo auTO amodacioTNKE N KATAOKEUT VOGS arhou LFO.

To Baolkod otolyeio yla autd To KUKAwUA Atav €vag 555 Timer kal ta oxedla

Bp€bnkav amo to Sladiktuo.

555 Timer, 1 mukvwtn 1uF, 1 avtiotaon 1K, 1 motevolopetpo 500K, 1 mMAaKETA Kal LEPLKA
KaAwdLa.

x 1uF Cap

1P Apybijs yoo| Aew
pleoq 1nduid 1nok Jey) ajou asea|d

§GG/Wod opebmmm
1e suoldNAsul dais Aq daig

WM Iowil] §6S

s9le)s paun I
YLYZ-90¥ZS VI ‘spidey Jepad 'A E I
¥1¥Z X0g'0d IEE
wod' {0390

Gnd
N
+3 ~15v

Potentiometer

Square Output >
Low Ramp ,

The 555 can be used as a High
Frequency Oscillator or as an LFO.

Ewkova 1 : NMAnpodopieg LFO kal oxnUOTIKO.
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O dopTtioThg Tou Xpnotpomnolndnke eivat évag ¢popTioTg auTokLvATou. OL $opTIOTEG
QUTOL €X0UV TNV LBLOTNTA Vo AetToupyoUV e Tdon Twy 12V kal va e€ayouv 5V otnv usb Bupa
TouG. H cuvdeopoloyia Tou pe To UTIOAOUTO KUKAWHA lval TTOAU amAn. Mo cuyKekpLuéva,
adpoU KpaTNBNKe HOVO TO KUKAWHA KAl OXL TO EEWTEPLKO epiPANpUa, cuvEEDNKE MAVW otnv
KEVTPLKNA TINYI TOU KUKAWMATOG, IOV €ival tng Taéng twv 12V, pe évav on/off Stakomtn. Na
onUelwOel OTL N yelwon oto KUKAWHA aUTO Ppioketal oTo PeTAAALKO epiBAnua TG usb
Bupag, evw ta 12V cuvdéovtal TAVW 0To UETAAALKO EAaopa TOU GOPTLOTH QUTOKLVITOU.

Ewdva 2 DopTLoTrG QUTOKWVATOU.
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NAPAPTHMA 2 : DATASHEET PICSYNTH CHIP

PICSYNTH V4 CHIP
Datasheet updated 22 March 2012

The PICsynth V4 chip features :

Cool Arpeggiator

Portamento

Dual oscillators with adjustable pitch Oscillator 1
Pitch up to B7

The chip is designed to be connected to a decoder

(74HC154) and standard organ keyboard. It scans the keyboard and produces two
oscillators and one trigger output - the chip can be connected to any
Waveshaper/VCF/Envelope/VCA circuits to produce a monophonic analog synth.

Full details of an analog synth can be found on http://picsynth.000space.com
FEATURES

The chip supports a button matrix (all momentary action push buttons) to control the
Arpeggiator and Portamento :

74HC154 pin Pin 14 Pin 15 Pin 16 Pin 17
Arpeggiator Off Up Down Up/down
(oct 4 line)

Arpeggiator Slower Faster Hold Release
(oct 3 line)

Portamento Off Slow Med Fast

(oct 2 line)

Mode Normal Organ

(oct 1 line)

When the Arpeggiator is turned on you can press up to 8 keys in a chord pattern and the
synth will cycle through the notes repeatedly. The default pattern is up ie lowest to
highest note but can be changed to Down or Up/down.

For example if E,G,B,E (E minor chord) are held down and Up/down is selected the notes
will be played in order E,G,B,E,B,G,E,G,B,E etc...

Holding down Slower will slow down the arpeggiator, holding down Faster will speed up
the arpeggiator. The speed is remembered until next power off.
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Pressing Hold will hold the current pattern and lock the keyboard. Pressing Release will
clear the pattern and play the new pattern of held down keys. Hold is useful when you
want to adjust the sound while the pattern is repeating.

Portamento (or glide) : Portamento is turned on by pressing Portamento Slow, Med or
Fast buttons. The notes will glide between each other at the rate selected.

Organ mode is activated when you press the organ mode button. After this button is
pressed the PICSynth will turn on and off the oscillators when a key is pressed and
released. This is useful if you want to build a very simple PICSynth with just the chip,
maybe a wave shaper and no VCA at all - similar to how an organ works.

PIN CONNECTIONS
The chip is an 18 pin package as pictured.

PIN 1 is oscillator 2 output

PIN 2 is pitch adjust pin. PIN 2 should be connected to analog voltage from 0-5v to adjust
pitch of oscillator 1. The pitch adjust only works when a key is being pressed.

2.5V is the center position. For example connect to slider of a 100K linear pot connected
between 0 and 5V.

PIN 3 is detunel option. Normally this is made high. A low on this PIN will provide a
nice close detune option across all octaves. The pitch adjust (PIN2) is disabled when PIN
3 is made low.

PIN 4 is PIC reset and should be made high.

PIN 5 is ground.

PIN 6-9 are "octave sense" lines. Pin 6 is referred to as octave 1. Pin 9 is referred to as
octave 4.

PIN 10-13 is the "note bus". Pin 10 is least significant bit.

PIN 14 should be connected to regulated +5v

PIN 15 and PIN 16 should be connected to the outer pins of a ceramic oscillator.

The center pin of the ceramic oscillator is grounded. A crystal can also be used with
2x22pf capacitors.

PIN 17 is oscillator 1 output.

PIN 18 is trigger output.

The new button matrix is connected between 74HC154 pins and octave lines ie just like
extra keys on the keyboard. For example when you press Arpeggiator Off button it should
connect PIN 14 line of 74HC154 to octave 4 line - there must be a diode in series with
each switch (cathode to 74HC154 line).
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NAPAPTHMA 3 :DATASHEET LM78L05 REGULATOR

National
Semiconductor

LM78LXX Series

3-Terminal Positive Regulators

General Description

The LM78LXX series of three terminal positive regulators is
available with several fixed output voltages making them
useful in a wide range of applications. When used as a zener
diode/resistor combination replacement, the LM78LXX usu-
ally results in an effective output impedance improvement of
two orders of magnitude, and lower quiescent current. These
regulators can provide local on card regulation, eliminating
the distribution problems associated with single point regu-
lation. The voltages available allow the LM78LXX to be used
in logic systems, instrumentation, HiFi, and other solid state
electronic equipment.

The LM78LXX is available in the plastic TO-92 (Z) package,
the plastic SO-8 (M) package and a chip sized package
(8-Bump micro SMD) using National’'s micro SMD package
technology. With adequate heat sinking the regulator can
deliver 100mA output current. Current limiting is included to
limit the peak output current to a safe value. Safe area
protection for the output transistors is provided to limit inter-

May 2003

nal power dissipation. If internal power dissipation becomes
too high for the heat sinking provided, the thermal shutdown
circuit takes over preventing the IC from overheating.

Features

m | M78L05 in micro SMD package

Output voltage tolerances of £5% over the temperature
range

Output current of 100mA

Internal thermal overload protection

Output transistor safe area protection

Internal short circuit current limit

Available in plastic TO-92 and plastic SO-8 low profile
packages

No external components

Output voltages of 5.0V, 6.2V, 8.2V, 9.0V, 12V, 15V
See AN-1112 for micro SMD considerations

Connection Diagrams

S0-8 Plastic (M)
(Narrow Body)

Ny
Vour—{'* 8—Viy
oND—2 7}-onp
oND—{3 6-oND
Ne—{4 sf-ne
00774402
Top View

8-Bump micro SMD

83
Vour = A3 €3 |— GND
Vour —{ A2 c2 |~ enp
vy =] A1 ct—NC

=l B1

|

Vin
00774424

Top View

(Bump Side Down)

(TO-92)
Plastic Package (Z)

ouTPUT ,—_‘ INPUT

GND
00774403
Bottom View

micro SMD Marking Orientation

XT = Date Code
X T |

1

Pin A1 is identified by lower left
corner with respect to the text.

00774433

Top View

© 2003 National Semiconductor Corporation DS007744

www.national.com

siojejnBay aANISOd [eulWIa)-E SBLIAS XXT8LINT
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LM78LXX Series

Absolute Maximum Ratings (ot 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/

Distributors for availability and specifications.

Power Dissipation (Note 5) Internally Limited
Input Voltage 35V
Storage Temperature -65°C to +150°C
ESD Susceptibility (Note 2) 1kVv

Operating Junction Temperature

S0O-8, TO-92 0°C to 125°C

micro SMD -40°C to 85°C
Soldering Information

Infrared or Convection (20 sec.) 235°C

Wave Soldering (10 sec.) 260°C (lead time)

LM78LXX Electrical Characteristics Limits in standard typeface are for T, = 25°C, Bold typeface
applies over 0°C to 125°C for SO-8 and TO-92 packages, and -40°C to 85°C for micro SMD package. Limits are guaran-
teed by production testing or correlation techniques using standard Statistical Quality Control (SQC) methods. Unless other-

wise specified: |5 = 40mA, C, = 0.33uF, Cy = 0.1pF.

LM78L05

Unless otherwise specified, V,y = 10V

Symbol Parameter Conditions Min Typ Max Units
Vo Output Voltage 4.8 5 62
7V €V < 20V
1mA < |5 < 40mA 4.75 5.25 v
(Note 3)
1mA < Ig < 70mA 475 5.25
(Note 3)
AVg Line Regulation 7V <V 20V 18 75
8V < Vi <20V 10 54 -
AVg Load Regulation 1mA < | < 100mA 20 60
1mA < I < 40mA 5 30
la Quiescent Current 3 5
Alg Quiescent Current Change 8V <V, <20V 1.0 mA
1mA < Ig < 40mA 0.1
Vi, Output Noise Voltage f =10 Hz to 100 kHz 40 W
(Note 4)
Ripple Rejection f=120 Hz
AAV\;':T 8V < Viy < 16V 47 62 dB
lpk Peak Output Current 140 mA
AVo Average Output Voltage Tempco lo = 5mA X
— -0.65 mV/'C
AT
Vin (Min) Minimum Value of Input Voltage 67 = v
Required to Maintain Line Regulation
05a Thermal Rgsistance 230.9 W
(8-Bump micro SMD)
LM78L62AC
Unless otherwise specified, V\y = 12V
Symbol Parameter Conditions Min Typ Max Units
Vo Output Voltage 5.95 6.2 6.45
8.5V <V, < 20V
1mA < | < 40mA 5.9 6.5 v
(Note 3)
1mA < I < 70mA 5.9 6.5
(Note 3)
www.national.com 2
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LM78LXX Series

Typical Performance Characteristics

Maximum Average Power Dissipation (Z Package)

INPUT-QUTPUT DIFFERENTIAL (V) POWER DISSIPATION (W)
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Typical Performance Characteristics (continued)

Quiescent Current
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NAPAPTHMA 4 : DADASHEET 74HC154 LINE DECODER

Philips Semiconductors

Product specification

4-to-16 line decoder/demultiplexer

74HC/HCT154

FEATURES
* 16-line demultiplexing capability

* Decodes 4 binary-coded inputs into one of 16 mutually
exclusive outputs

« 2-input enable gate for strobing or expansion
* Output capability: standard
* lcc category: MSI

GENERAL DESCRIPTION

The 74HC/HCT154 are high-speed Si-gate CMOS devices
and are pin compatible with low power Schottky TTL
(LSTTL). They are specified in compliance with JEDEC
standard no. 7A.

QUICK REFERENCE DATA
GND=0V;Tamp=25°C;t, =t;=6ns

The 74HC/HCT154 decoders accept four active HIGH
binary address inputs and provide 16 mutually exclusive
active LOW outputs.

The 2-input enable gate can be used to strobe the decoder
to eliminate the normal decoding “glitches” on the outputs,
or it can be used for the expansion of the decoder.

The enable gate has two AND’ed inputs which must be
LOW to enable the outputs.

The “154” can be used as a 1-to-16 demultiplexer by using
one of the enable inputs as the multiplexed data input.

When the other enable is LOW, the addressed output will
follow the state of the applied data.

TYPICAL
SYMBOL |PARAMETER CONDITIONS UNIT
HC HCT
tyutein | propagation delay A, Ento Y, CL=15pF;Vcc =5V 1 13 ns
C input capacitance 35 35 pF
Cep power dissipation capacitance per package |notes 1 and 2 60 60 pF
Notes

1. Cppis used to determine the dynamic power dissipation (Ppin  W):

Pp=Cpp xVee? x i+ 3 (CpL x Vec? x ) where:
fi = input frequency in MHz
f, = output frequency in MHz
3 (CL x Vee? x f,) = sum of outputs
C_ = output load capacitance in pF
Vcc = supply voltage in V

2. ForHC the condition is VV, = GND to Vcc
For HCT the condition is V, =GND to Vcc - 1.5V

ORDERING INFORMATION

See “74HC/HCT/HCU/HCMOS Logic Package Information”.

September 1993
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Philips Semiconductors Product specification

4-to-16 line decoder/demultiplexer 74HC/HCT154
PIN DESCRIPTION
PIN NO. SYMBOL NAME AND FUNCTION
1,2,3,4,5,6,7,8,9,10,11,13,14,15,16, 17 Yoto Yis outputs (active LOW)
18,19 [ enable inputs (active LOW)
12 GND ground (0 V)
23,22,21,20 Agto As address inputs
24 Vee positive supply voltage
VOE 9) E"cc
Y 2] 23] 40 3 ?§ al ?t;
5] [~ 23— Ay Yop—1 | o 3 2, A3
] 16% pt T, apd
%3] [1) Az Yq jo—2 A apt 2, 2
2] (] As 22— ;| spt spt
il o =g 4 ]
¥s ] [19] & ]~ 1t
15 M N e i
Y1 (5] [7] %16 gosas Raz | ot o i
Yo 5] 6] ¥1a Y14 Jo— 16 w — 12 :_}3
Yo [10] 5] V13 :: :B Y15 j0—17 AN ) :: E LN :: K16
m 73] %12 ey Iy A e i
- 5] % 7287484 7287485.1 7298937
E'—m‘m
@) (b)
Fig.1 Pin configuration. Fig.2 Logic symbol. Fig.3 IEC logic symbol.

R
:__:':_n@ DECODER
% P 72 TYa ? T"s Tva T"7 7"3 T"n T“oT'nT"uT"':T"uTYu
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7287434

Fig.4 Functional diagram.
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Product specification

74HC/HCT154

4-to-16 line decoder/demultiplexer
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Philips Semiconductors Product specification

4-to-16 line decoder/demultiplexer 74HC/HCT154

DC CHARACTERISTICS FOR 74HC
For the DC characteristics see “74HC/HCT/HCU/HCMOS Logic Family Specifications”.

Output capability: standard
Icc category: MSI

AC CHARACTERISTICS FOR 74HC
GND =0V;t =t =6ns; C_=50pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT Vee WAVEFORMS
+25 -40 to +85 | -40 to +125 V)
min. | typ. | max. | min. [ max. | min. | max.
teuL/ teLn propaga_tion delay 36 150 190 225 ns 2.0 (Fig.6
A to Y, 13 |30 38 45 45
10 |26 33 38 6.0
teui/ ey | propagation delay 39 150 190 225 |ns 2.0 (Fig.7
E. toY, 14 |30 38 45 45
1 26 33 38 6.0
trui/ triy | output transition time 19 75 95 110 ns 2.0 (Figs6and7
7 15 19 22 45
6 13 16 19 6.0
September 1993 5
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Philips Semiconductors Product specification

4-to-16 line decoder/demultiplexer 74HC/HCT154

DC CHARACTERISTICS FOR 74HCT
For the DC characteristics see “74HC/HCT/HCU/HCMOS Logic Family Specifications”.

Output capability: standard
Icc category: MSI

Note to HCT types
The value of additional quiescent supply current ( Ic¢) for a unit load of 1 is given in the family specifications.
To determine Icc per input, multiply this value by the unit load coefficient shown in the table below.

INPUT UNITLOAD COEFFICIENT
A, 1.0
E, 1.0

AC CHARACTERISTICS FOR 74HCT
GND=0V;t =t =6ns; C_=50pF

Tamb (°C) TEST CONDITIONS
7T4HCT
SYMBOL | PARAMETER UNIT |y . | WAVEFORMS
+25 -40 to +85 | -40 to +125 V)
min. | typ. [ max. | min. | max. | min. | max.
teui/ teLy | propagation delay 16 35 44 53 ns 4.5 |Fig.6
A to Y,
teui/teuy | propagation delay 15 32 40 48 ns 45 |Fig.7
E,toY,
trul/ truw | output transition time 7 15 19 22 ns 4.5 |Figs6and7

September 1993
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Philips Semiconductors

Product specification

4-to-16 line decoder/demultiplexer

74HC/HCT154

AC WAVEFORMS

A INPUT

¥, OUTPUT

7287483

(1) HC : Vi =50%; V; = GND to Vee.
HCT:Vyy =13V;V, =GNDto 3 V.

Fig.6 Waveforms showing the address input (A,) to
output (Yn) propagation delays and the output
transition times.

E, INPUT

¥, OUTPUT

7287482

(1) HC : Vi =50%; Vi = GND to Vee
HCT: Vi =13V, Vi =GNDto 3V

Fig.7 Waveforms showing the enable input (En)
to output (Y,,) propagation delays and the
output transition times.

Fig.8 1-of-16 decoder; LOW level output is selected.

APPLICATION INFORMATION
Ag o— Yo Ao o— Yo
Ay ¢ B i) M
A2 ’ A7 —] .
A e A3 e .
lo—— V15 o— Y15
" =D
7222196.1 > 7222197.1

Fig.9 1-0f-16 demultiplexer; logic level on selected
outputs follow the logic level on the data input.

September 1993

PACKAGE OUTLINES
See “74HC/HCT/HCU/HCMOS Logic Package Outlines”.
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5 Pin Configuration and Functions

FK Package

20-Pin LCCC D, DB, J, N, NS, PW, W
(Top View) 14-Pin SOIC, SSOP, CDIP, PDIP, SO, TSSOP, CFP
(Top View)
5 5.
£020% 10UT ] 1 U14]4OUT
o § 1IN-[] 2 13[] 4IN-
1N+ a2 2 " 2 e 4N 1N+[[3 12l 4IN+
NC []s 17 [JNC Vee [] 4 11 [] GND
Vee [ 6 16 [] GND 2IN+ | & 10[] 3IN+
NC []7 15 [ NC 2IN-[] 6 9[] 3IN-
2N+ 18 14 [ 3IN+ 20uT([]7 8[] sout
9 101112 13
Pin Functions
PIN
SOIC, 2300 1o DESCRIPTION
NAME Lcce NO. ggf?s';%';"
CFP NO.
1IN= 3 2 | Negative input
1IN+ 4 3 | Positive input
10UT 2 1 [0} Output
2IN- 9 6 | Negative input
2IN+ 8 5 | Positive input
20UT 10 g [0} Output
3IN- 13 9 | Negative input
3IN+ 14 10 | Positive input
30UT 12 8 [0} Output
4IN— 19 13 | Negative input
4IN+ 18 12 | Positive input
40UT 20 14 [0} Output
GND 16 11 - Ground
1
5
NC 171 — — Do not connect
15
17
Vee 6 4 — Power supply
Copyright ® 1975-2015, Texas Instruments Incorporated Submit Documentation Feedback 3
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LM224K, LM224KA, LM324, LM324A, LM324K, LM324KA, LM2902
LM124, LM124A, LM224, LM224A, LM2902V, LM2902K, LM2902KV, LM2902KAV
SLOS066W - SEPTEMBER 1975-REVISED MARCH 2015

6.4 Thermal Information

LMx24, LM2902 LMx24
o D(soic)] DB |N(PDIP)| Ns (SO) PW FK J (CDIP) | W (CFP)
THERMAL METRIC (SSOP) (TSSOP) (Lcee) UNIT
14 PINS | 14 PINS | 14 PINS | 14 PINS 14 PINS 20 PINS 14 PINS | 14 PINS
Rgja@®  Junction-to-
ambient thermal 86 86 80 76 113 — — —
resistance S
Rgyc®  Junction-to-case
(top) thermal — — — — — 5.61 15.05 14 65
resistance

(1)
(2)
(3)

temperature is Pp = (Tymax) — Ta)/Reya. Operating at the absolute maximum T of 150°C can affect reliability.

(4)

temperature is Pp = (Tymax) — Tc)/Reuc- Operating at the absolute maximum T of 150°C can affect reliability

6.5 Electrical Characteristics for LMx24 and LM324K

at specified free-air temperature, V; = 5 V (unless otherwise noted)

For more information about traditional and new thermal metrics, see the /C Package Thermal Metrics application report, SPRA953
Short circuits from outputs to VCC can cause excessive heating and eventual destruction
Maximum power dissipation is a function of Tjimay), Raja, and Ta. The maximum allowable power dissipation at any allowable ambient

Maximum power dissipation is a function of Tyyay), Rgya, @and T¢. The maximum allowable power dissipation at any allowable case

LM124, LM224 LM324, LM324K
PARAMETER TEST CONDITIONS!" T UNIT
MIN TYPE) MAX MIN TYPE) MAX
Voo =5 V1o MAX, Vg = Viggmin 25°C 3 5 3 7
Vio Input offset voltage Vo=14v Fallrango 7 51 ™
25°C 2 30 2 50
o Input offset current Vo=14V nA
Full range 100 150
25°C -20 -150 -20 =250
I Input bias current Vo=14V nA
Full range -300 -500
500 Oto Oto
Ve - 15 Vec-15
Vier Common-made input voltage range | Vec =5V to MAX = = v
0 o
Full range Voo -2 Voo -2
RL=2kQ 25°C Vec-15 Ve -15
R =10 kO 25°C
Vou High-level output voltage v
[Re=2ka Full range 2% 2%
Vee = MAX
| RL210kQ Full range 27 28 27 28
Vou Low-level output voltage R <10 kQ Full range 5 20 5 20 mV
. Large-ignal diferenial votage Voo =16V, Vo=1Vto 11V, %°C 50 100 Ll 100 VRV
amplification R, 22k0 Full range 25 15
CMRR Common-mode rejection ratio Vic = Vicamin 25°C 70 80 65 80 dB
Supply-voltage rejection ratio %
ksvr. (AVee IAVIO) 25°C 65 100 65 100 dB
Voi/ Vo,  Crosstalk attenuation =1 kHz to 20 kHz 25°C 120 120 B
Vee =15V, 25°C -20 -30 60 -20 -30 -60
Vo=1V, Source
Vo= Full range -10 -10
mA
lo Output current Vee =15V, 25°C 10 20 10 20
Vio=-1V, Sink
Vo=15V Full range 5 5
Vio=-1V, Vo =200 mV 25°C 12 30 12 30 pA
Vee at5V, Vo =0, =
los Short-circuit output current GcbiD a5 \/0 25°C 40 160 +40 460 mA
Vo =25V, no load Fullrange 07 12 07 12
I Supply current (four amplifiers - = mA
o PRy ( Pifiers) [ Voo = MAX, Vo =05 Vec, Full range 14 3 14 3
no load
(1) All characteristics are measured under open-loop conditions, with zero common-mode input voltage, unless otherwise specified. MAX
V¢ for testing purposes is 26 V for LM2902 and 30 V for the others
(2) Full range is =55°C to 125°C for LM 124, —25°C to 85°C for LM224, and 0°C to 70°C for LM324.
(3) Alltypical values are at Ta = 25°C

Copyright ® 1975-2015, Texas Instruments Incorporated
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6.9 Typical Characteristics

10 & T 8
2 '1" S — VCC =15V
3 g7
2 &
< d 26
S =i 3
8 05 545
S 03 ] b
>
3 02 ] € 4
a o
g o §
=3
0.05 >
0.03 — VCC =15V g 2
0.02 }— — VCC=5V = [
— VCC =30V o 111
0.01 L— 1
0.001 0.01 0102 051 23 5710 20 50100 0.001 0.01 0102 051 23 5710 20 50100
Output Sink Current (mA) Output Source Current (mA)
Figure 1. Output Sinking Characteristics Figure 2. Output Sourcing Characteristics
0.09 3.25
A 2 . al ]
' 275 / / N
0.07 .
25 \
0.06 & 225
Z 005 g 2 \ !
< O = £
5 ——t— £ 175 / \ /
2 o004 I~ z ] \ /
1| 3 15 7 \ i
0.03 S 125
— o . /
0.02 ] — Input
0.75 —— Output [T]
0.01 \
05 = | |
0 0.25
-55 -40 -25 -10 5 20 35 50 65 80 95 110 125 0 5 10 1% 20 25 30 35 40 45 50
Temperature (°C) Time (1S)
Figure 3. Source Current Limiting Figure 4. Voltage Follower Large Signal Response (50 pF)
90 20
g 8o “‘\\ 175
S 70 .
2 N _ 15
€ 60 =
e N = 125
s 50 PN 2
& TN = 10
w 40 2
- a8 75
S 30 ™ 3
e a 8
5
£ 20
E NN N
3 10 =il 25 H
0 0 i
100 200 5001000 10000 100000 1000000 1000 2000 5000 10000 100000 1000000
Frequency (Hz) Frequency (Hz) .
Figure 5. Common-Mode Rejection Ratio Figure 6. Maximum Output Swing vs. Frequency
(veCc=15V)
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8 Detailed Description

8.1 Overview

These devices consist of four independent high-gain frequency-compensated operational amplifiers that are
designed specifically to operate from a single supply over a wide range of voltages. Operation from split supplies
also is possible if the difference between the two supplies is 3 V to 32 V (3 V to 26 V for the LM2902 device),
and V¢ is at least 1.5 V more positive than the input common-mode voltage. The low supply-current drain is
independent of the magnitude of the supply voltage.

Applications include transducer amplifiers, DC amplification blocks, and all the conventional operational-amplifier
circuits that now can be more easily implemented in single-supply-voltage systems. For example, the LM124
device can be operated directly from the standard 5-V supply that is used in digital systems and provides the
required interface electronics, without requiring additional £15-V supplies.

8.2 Functional Block Diagram

Vee
=6-UA =6-pA =100-pA
Current Current Current
Regulator Regulator Regulator
ouTt
IN-
t \/
IN+ — o 1 [: e =50-pA ;;7
1 Current
t % I/‘/ T Regulator
/77 77 J -—
To Other
/77 Amplifiers
COMPONENT COUNT
(total device)
Epi-FET 1
Transistors 95
Diodes 4
Resistors 1"
Capacitors 4
1t ESD protection cells - available on LM324K and LM324KA only
10 Submit Documentation Feedback Copyright ® 1975-2015, Texas Instruments Incarporated
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8.3 Feature Description

8.3.1 Unity-Gain Bandwidth

Gain bandwidth product is found by multiplying the measured bandwidth of an amplifier by the gain at which that
bandwidth was measured. These devices have a high gain bandwidth of 1.2 MHz.

8.3.2 Slew Rate

The slew rate is the rate at which an operational amplifier can change its output when there is a change on the
input. These devices have a 0.5-V/us slew rate.

8.3.3 Input Common Mode Range

The valid common mode range is from device ground to Voc — 1.5 V (Ve — 2 V across temperature). Inputs may
exceed Ve up to the maximum V¢ without device damage. At least one input must be in the valid input
common mode range for output to be correct phase. If both inputs exceed valid range then output phase is
undefined. If either input is less than —0.3 V then input current should be limited to 1 mA and output phase is
undefined.

8.4 Device Functional Modes

These devices are powered on when the supply is connected. This device can be operated as a single supply
operational amplifier or dual supply amplifier depending on the application.

Copyright © 1975-2015, Texas Instruments Incorporated Submit Documentation Feedback 11
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9 Application and Implementation

NOTE
Information in the following applications sections is not part of the Tl component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

9.1 Application Information

The LMx24 and LM2902 operational amplifiers are useful in a wide range of signal conditioning applications.
Inputs can be powered before VCC for flexibility in multiple supply circuits.

9.2 Typical Application

A typical application for an operational amplifier in an inverting amplifier. This amplifier takes a positive voltage
on the input, and makes it a negative voltage of the same magnitude. In the same manner, it also makes
negative voltages positive.

Vour

Figure 9. Application Schematic

9.2.1 Design Requirements

The supply voltage must be chosen such that it is larger than the input voltage range and output range. For
instance, this application will scale a signal of +0.5 V to +1.8 V. Setting the supply at +12 V is sufficient to
accommodate this application.

9.2.2 Detailed Design Procedure

Determine the gain required by the inverting amplifier using Equation 1 and Equation 2:

_vour
v = VIN ™
L8
v o5 @

Once the desired gain is determined, choose a value for Rl or RF. Choosing a value in the kilohm range is
desirable because the amplifier circuit will use currents in the milliamp range. This ensures the part will not draw
too much current. This example will choose 10 kQ for Rl which means 36 kQ will be used for RF. This was
determined by Equation 3.

RF
v="D%1
RI 3)
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Typical Application (continued)

9.2.3 Application Curve

o A A e VVIN

Volts
°

&
&

0 0.5 15 2

Time (ms)

Figure 10. Input and Output Voltages of the Inverting Amplifier

10 Power Supply Recommendations

CAUTION

Supply voltages larger than 32 V for a single supply, or outside the range of +16 V for
a dual supply can permanently damage the device (see the Absolute Maximum
Ratings).

Place 0.1-uF bypass capacitors close to the power-supply pins to reduce errors coupling in from noisy or high
impedance power supplies. For more detailed information on bypass capacitor placement, refer to the Layout.

11 Layout

11.1 Layout Guidelines
For best operational performance of the device, use good PCB layout practices, including:

Noise can propagate into analog circuitry through the power pins of the circuit as a whole, as well as the
operational amplifier. Bypass capacitors are used to reduce the coupled noise by providing low impedance
power sources local to the analog circuitry.

— Connect low-ESR, 0.1-uF ceramic bypass capacitors between each supply pin and ground, placed as
close to the device as possible. A single bypass capacitor from V+ to ground is applicable for single
supply applications.

Separate grounding for analog and digital portions of circuitry is one of the simplest and most-effective

methods of noise suppression. One or more layers on multilayer PCBs are usually devoted to ground planes.

A ground plane helps distribute heat and reduces EMI noise pickup. Make sure to physically separate digital

and analog grounds, paying attention to the flow of the ground current.

To reduce parasitic coupling, run the input traces as far away from the supply or output traces as possible. If

it is not possible to keep them separate, it is much better to cross the sensitive trace perpendicular as

opposed to in parallel with the noisy trace.

Place the external components as close to the device as possible. Keeping RF and RG close to the inverting

input minimizes parasitic capacitance, as shown in Layout Examples.

Keep the length of input traces as short as possible. Always remember that the input traces are the most

sensitive part of the circuit.

Consider a driven, low-impedance guard ring around the critical traces. A guard ring can significantly reduce

leakage currents from nearby traces that are at different potentials.

Copyright © 1975-2015, Texas Instruments Incorporated Submit Documentation Feedback 13
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11.2 Layout Examples

Place components close to
device and to each other to
reduce parasitic errors

Run the input traces as far
away from the supply lines

as possible
NC VS+
,,,,,,,, Use low-ESR, ceramic
| bypass capacitor
| GND VCC+
! —1=n
|
|

g§o—l

NC

[

Only needed for !
dual-supply |
operation

=
|
|
|
|

1 GND V-
L ___1 (or GND for single supply) vouT Ground (GND) plane on another layer

Figure 11. Operational Amplifier Board Layout for Noninverting Configuration

RIN
VIN
VOUT

RG

Figure 12. Operational Amplifier Schematic for Noninverting Configuration
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NAPAPTHMA 6 : DADASHEET 4520 DUAL UP COUNTER

intersil CD4518BMS,
CD4520BMS

December 1992 CMOS Dual Up Counters

Features Pinout

- High Voltage Types (20V Rating) CD4518BMS, CD4520BMS

- CD4518BMS Dual BCD Up Counter TOPYIEW

« CD4520BMS Dual Binary Up Counter

« Medium Speed Operation CLOCKA [1] [6] voD
- 6MHz Typical Clock Frequency at 10V ENABLE A IZ E RESET B

- Positive or Negative Edge Triggering atA 3] [14] Q4B

« Synchronous Internal Carry Propagation a2A [4] E Q3B

« 100% Tested for Quiescent Current at 20V Q3A E E Q2B

« 5V, 10V and 15V Parametric Ratings Q4A |'s_‘ E] Q1B

« Maximum Input Current of 1 A at 18V Over Full Pack- RESETA E E ENABLE B
age Temperature Range; 100nA at 18V and +25°C vss [g] 3] cLock B

Noise Margin (Over Full Package/Temperature Range)
- 1V at VDD = 5V

- 2VatVvDD =10V

- 2.5VatVvDD = 15V

Standardized Symmetrical Output Characteristics

Meets All Requirements of JEDEC Tentative Standard = =
No. 13B, “Standard Specifications for Description of | FUNctional Diagram

‘B’ Series CMOS Devices”
Applications
3
- Multistage Synchronous Counting CLOCK A - [— Q1A
- Multistage Ripple Counting 1 o 14 qon
55 ENABLEA c
« Frequency Dividers 2 15 s
o 6
Description R — a4n
RESET A
CD4518BMS Dual BCD Up Counter and CD4520BMS Dual 7
Binary Up Counter each consist of two identical, internally
synchronous 4-stage counters. The counter stages are
D-type flip-flops having interchangeable CLOCK and 1"
ENABLE lines for incrementing on either the positive-going CLOCK B [— Q18
or negative-going transition. For single unit operation the 9 10016 112 B
ENABLE input is maintained high and the counter advances ENABLE B c
on each positive-going transition of the CLOCK. The 10 13 B
counters are cleared by high levels on their RESET lines. 14
— Q4B
The counter can be cascaded in the ripple mode by connect- RESETE R
ing Q4 to the enable input of the subsequent counter while 15
the CLOCK input of the latter is held low.
The CD4518BMS and CD4520BMS are supplied in these o
16-lead outline packages: VDD; 16
Braze Seal DIP H4S
Frit Seal DIP H1F
Ceramic Flatpack *H6P  tHeW
*CD4518B Only 1CD4520B Only
CAUTION: These devices are sensitive to electrostatic discharge; follow proper IC Handling Procedures File Number 3342

1-888-INTERSIL or 321-724-7143 | Copyright © Intersil Corporation 1999
| Copyrig P 7-1206




Specifications CD4518BMS, CD4520BMS

Absolute Maximum Ratings

DC Supply Voltage Range, (VDD)
(Voltage Referenced to VSS Terminals)

Input Voltage Range, All Inputs . . -0.5V to VDD +0.5V

DC Input Current, Any One Input ............ccvveenn...x10MA

Operating Temperature Range . .-55°C to +125°C
Package Types D, F, K, H

Storage Temperature Range (TSTG) . -65°C to +150°C

Lead Temperature (During Soldering) +265°C
At Distance 1/16 = 1/32 Inch (1.59mm = 0.79mm) from case for

-0.5V to +20V

Reliability Information

Thermal Resistance 6ja 0
Ceramic DIP and FRIT Package 80°C/W 20°C/W
Flatpack Package .. 70°CW 20°C\W

Maximum Package Power Dissipation (PD) at +125°C
For Ta =-55°C to +100°C (Package Type D, F, K) ... ... 500mW
For Ta =+100°C to +125°C (Package Type D, F, K) . Derate

Linearity at 12mW/°C to 200mW
Device Dissipation per Output Transistor 100mwW
For Tp = Full Package Temperature Range (All Package Types)

10s Maximum Junction Temperature +175°C
TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS
GROUP A LIMITS
PARAMETER SYMBOL CONDITIONS (NOTE 1) SUBGROUPS | TEMPERATURE MIN | MAX |UNITS
Supply Current IDD VDD =20V, VIN = VDD or GND 1 +25°C - 10 A
2 +125°C - 1000 A
VDD = 18V, VIN = VDD or GND 3 -55°C - 10 A
Input Leakage Current 1L VIN = VDD or GND VDD =20 1 +25°C -100 - nA
2 +1259%C -1000 - nA
VDD =18V 3 -55°C -100 - nA
Input Leakage Current IIH VIN = VDD or GND VDD =20 1 +25°6 - 100 nA
2 ¥125°C - 1000 nA
VDD = 18V 3 -55°C - 100 nA
Output Voltage VOL15 |VDD =15V, No Load 12,3 +25°C, +125°C, -55°C| - 50 mV
Output Voltage VOH15 |VDD =15V, No Load (Note 3) 1,2,38 +25°C, +125°C, -55°C| 14.95 - \
Output Current (Sink) IOLS VDD =5V, VOUT =04V 1 +25°C 0.53 - mA
Output Current (Sink) |OL10 |vDD =10V, VOUT = 0.5V 1 +25°C 14 - mA
Output Current (Sink) IoL15 |vDD = 15V, VOUT = 1.5V 1 +25°C 35 - mA
Output Current (Source)| I0H5A |VDD =5V, VOUT =4.6V 1 +25°C - -053 mA
Output Current (Source)| I0H58 |VDD =5V, VOUT = 2.5V 1 +25°C - -1.8 mA
Output Current (Source)| I10H10 |VDD =10V, VOUT =9.5V 1 +25°C - -14 mA
Output Current (Source)| I10H15 |VDD =15V, VOUT = 13.5V 1 +25°C o -3.5 mA
N Threshold Voltage VNTH |vDD=10V,ISS=-10 A 1 +25°C -2.8 -0.7 \
P Threshold Voltage VPTH |VSS=0V,IDD=10 A 1 +25°C 07 2.8 \Y
Functional F VDD = 2.8V, VIN = VDD or GND 7 +25°C VOH>]VOL < \
VDD = 20V, VIN = VDD or GND 7 +25°C VPD/2 [VDD72
VDD =18V, VIN = VDD or GND 8A +125°C
VDD =3V, VIN = VDD or GND 8B -55°C
Input Voltage Low VIL VDD =5V, VOH >4.5V, VOL < 0.5V 1,2,3 +25°C, #125°C, -55°C & 15 \%
(Note 2)
Input Voltage High VIH VDD =5V, VOH >4 .5V, VOL < 0.5V 1,23 +25°C, #125°C;<55°C| 35 = \
(Note 2)
Input Voltage Low VIL VDD =15V, VOH > 13.5V 15:2;3 +25°C, +125°C, -55°C - 4 \
(Note 2) VOL <15V
Input Voltage High VIH VDD = 15V, VOH > 13.5V 1,23 +25°C, +125°C, -55°C| 11 - \Y
(Note 2) VOL <15V
NOTES: 1. All voltages referenced to device GND, 100% testing being 3. Foraccuracy, voltage is measured differentiallyto VDD. Limit

implemented

2. Go/No Go test with limits applied to inputs

is 0.050V max
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Specifications CD4518BMS, CD4520BMS

TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS

GROUP A LimiTs
PARAMETER SYMBOL CONDITIONS (NOTE 1, 2) SUBGROUPS | TEMPERATURE MIN MAX UNITS
Propagation Delay TPHL1 |VDD =5V, VIN = VDD or GND 9 +250C - 560 ns
Clock to Output TPLH1 10 11 T1250C 5590 " 756 s
Propagation Delay TPHL2 |VDD =5V, VIN = VDD or GND 9 +25°C - 650 ns
Fresetio Quput 10,11 +125°C, -55°C 2 878 ns
Transition Time TTHL |VvDD =5V, VIN = VDD or GND 9 *25% - 200 ns
(Nete:2) TILH 10,11 +125°C, 55°C | - 270 ns
Maximum Clock Input FCL VDD =5V, VIN = VDD or GND 9 +25°C 15 - MHz
Frequency 10, 11 +125°C, -55°C | 1.1 - MHz
NOTES
1. CL =50pF, RL = 200K, Input TR, TF < 20ns
2. -55°C and +125°C limits guaranteed, 100% testing being implemented
TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS
LIMITS
PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE | MIN MAX UNITS
Supply Current IDD VDD =5V, VIN = VDD or GND 13:2 -55°C, +25°C - 5 A
#195°¢ - 150 A
VDD =10V, VIN = VDD or GND 12 -55°C, +25°C - 10 A
+125°C - 300 A
VDD =15V, VIN = VDD or GND 12 -559C, +25°C - 10 A
+125°C - 600 A
Output Voltage VoL VDD =5V, No Load 1,2 +259C+125°C, - 50 mV
-55°C
Output Voltage VOL VDD = 10V, No Load 1,2 +25°C, +125°C, - 50 mV
-55°C
Output Voltage VOH VDD =5V, No Load 1,2 +25°C, +125°C, | 4.95 - Y
-55°C
Output Voltage VOH | VDD =10V, No Load 1.2 +25°C, +125°C, | 995 - v
-55°C
Output Current (Sink) I0LS VDD =5V, VOUT = 0.4V 12 +125°C 0.36 - mA
-55°C 0.64 - mA
Output Current (Sink) I0L10 |VDD =10V, VOUT = 0.5V 12 +125°C 0.9 - mA
-55°C 1.6 - mA
Output Current (Sink) I0L15 | VDD =15V, VOUT = 1.5V 12 +125°C 24 = mA
-55°C 42 - mA
Output Current (Source) IOH5A | VDD =5V, VOUT =4.6V 12 +125°C - -0.36 mA
-55°C = -0.64 mA
Output Current (Source) IOH5B | VDD =5V, VOUT =25V 1::2 +125°C - -1.15 mA
-55°C - -2.0 mA
Output Current (Source) IOH10 |VvDD =10V, VOUT =9.5V 1::2 +125°C - -09 mA
-55°C - -1.6 mA
Output Current (Source) IOH15 |VvDD =15V, VOUT =13.5V 1::2 +125°C - -24 mA
-55°C - 42 mA
Input Voltage Low VIL VDD =10V, VOH > 9V, VOL <1V 1;:2. +25°C, +125°C - 3 \
-55°C
Input Voltage High VIH VDD =10V, VOH > 9V, VOL < 1V 1,2 +259C, +125°C; +7 - \%
-55°C
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Specifications CD4518BMS, CD4520BMS

TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued)

LIMITS
PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE | MIN MAX UNITS
Propagation Delay TPHL1 |VDD =10V 1:2;3 +25°C - 230 ns
Clock to Output TPLH1 VDD = 15V 123 +250C = 160 ns
Propagation Delay TPHL2 |VvDD =10V 12,3 +25°C - 225 ns
Reset to Output VDD = 15V 1,2,3 +259C B 170 ns
Transition Time TTHL |vDD =10V 1;2;3 +25°C - 100 ns
TTLH VDD = 15v 1,2,3 +25°C B 80 ns
Maximum Clock Input FCL VDD =10V 1;2;3 #959¢ 3 = MHz
Frequsncy VDD = 15V 1:2,3 +25°C 4 - MHz
Maximum Clock Rise and TRCL VDD =5V 1,2,3,4 +25°C = 15 s
FallTime TFCL [VbD=10v 12,54 +25°C - 5 s
VDD =15V 1,2,3,4 +25°C - 5 s
Minimum Enable Pulse T™W VDD =5V 1:2:3 +25°C - 400 ns
Width VDD = 10V 1,23 +25°C - 200 ns
VDD =15V 12,3 +25°C - 140 ns
Minimum Reset Pulse ™ VDD =5V 1,2,3 +25°C = 250 ns
Wit VDD = 10V 1,2,3 +25°C - 110 ns
VDD =15V 12,3 +250¢ = 80 ns
Minimum Clock Pulse ™ VDD =5V 12,3 +25°C - 200 ns
Width VDD = 10V 12,3 +250C z 100 ns
VDD =15V 1:2,.3 +25°C - 70 ns
Input Capacitance CIN Any Input 1,2 +25%C - 7.5 pF
NOTES

All voltages referenced to device GND.

The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized
on initial design release and upon design changes which would affect these characteristics

[N)

3. CL = 50pF, RL = 200K, Input TR, TF < 20ns.
4 If more than one unit is cascaded, TRCL should be made less than or equal to the sumof the transition time and the fixed propagation
delay of the output of the driving stage for the estimated capacitive load
TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS
LIMITS
PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE MIN MAX UNITS
Supply Current IDD VDD =20V, VIN = VDD or GND 1,4 #259C - 25 A
N Threshold Voltage VNTH VDD =10V, ISS =-10 A 1,4 ¥75%¢ -2.8 -0.2 Vv
N Threshold Voltage VTN VDD =10V, ISS =-10 A 1,4 +25°C - +1 \
Delta
P Threshold Voltage VTP VSS=0V,IDD=10 A 1,4 +25°C 0.2 28 vV
P Threshold Voltage VTP VSS=0V,IDD=10 A 1,4 +25°C - +1 v
Delta
Functional F VDD =18V, VIN = VDD or GND 1 +25°C VOH > | VOL < \
VDD = 3V, VIN = VDD or GND VRDIZ' | VDRI
Propagation Delay Time TPHL VDD =5V 1:2::8,4 +25°C - 1.35x ns
TPLH +25°C
Limit
NOTES: 1. All voltages referenced to device GND 3. See Table 2 for +25°C limit
2. CL =50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record
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Specifications CD4518BMS, CD4520BMS

TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C

PARAMETER SYMBOL DELTA LIMIT
Supply Current - MSI-2 IDD +10 A
Output Current (Sink) 10L5 + 20% x Pre-Test Reading
Output Current (Source) IOH5A + 20% x Pre-Test Reading

TABLE 6. APPLICABLE SUBGROUPS

CONFORMANCE GROUP

MIL-STD-883
METHOD

GROUP A SUBGROUPS

READ AND RECORD

Initial Test (Pre Burn-in) 100% 5004 1,7,9 IDD, I0L5, IOH5A

Interim Test 1 (Post Burn-In) 100% 5004 Ry | IDD, IOL5, IOH5A

Interim Test 2 (Post Burn-In) 100% 5004 1,7,9 IDD, I0L5, IOH5A
PDA (Note 1) 100% 5004 1,7,9, Deltas

Interim Test 3 (Post Burn-In) 100% 5004 1,7,9 IDD, I0L5, IOH5A
PDA (Note 1) 100% 5004 1,7, 9, Deltas

Final Test 100% 5004 2,3,8A,8B,10, 11

Group A Sample 5005 1,2,3,7,8A, 88,9610, 11

Group B Subgroup B-5 Sample 5005 1,2,3,7,8A 8B, 9,10, 11, Deltas Subgroups 1,2, 3,9, 10, 11

Subgroup B-6 Sample 5005 1,7,9
Group D Sample 5005 1,2,3,8A, 8B,9 Subgroups 1,2 3

NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2

TABLE 7. TOTAL DOSE IRRADIATION

TEST READ AND RECORD
MIL-STD-883
CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD
Group E Subgroup 2 5005 15759 Table 4 1,9 Table 4
TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS
OSCILLATOR

FUNCTION OPEN GROUND VDD 9V = 0.5V 50kHz 25kHz
StaticBum-In 1 3-6, 11-14 1,2,7-10,15 16
Note 1
Static Bum-In 2 3-6, 11-14 8 1,2,7,9,10,
Note 1 15,16
Dynamic Burn- - 7.8,15 2,10, 16 3-6, 11-14 1,9
In Note 1
Irradiation 3-6, 11-14 8 1.2.°7:940,
Note 2 15,16
NOTES

1. Each pin except VDD and GND will have a series resistor of 10K = 5%, VDD =18V = 0.5V
2. Each pin except VDD and GND will have a series resistor of 47K = 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures,

VDD =10V = 0.5V
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CD4518BMS, CD4520BMS

Logic Diagrams

* ALL INPUTS ARE PROTECTED
BY CMOS PROTECTION

NETWORK
D]
RESET
7115
ENABLE
2110 I ":

*
CLOCK
119

FIGURE 1. DECADE COUNTER (CD4518BMS) LOGIC DIAGRAM FOR ONE OF TWO IDENTICAL COUNTERS

* ALL INPUTS ARE PROTECTED
BY CMOS PROTECTION

NETWORK
*
RESET
7115

*
ENABLE
2/10

*
CLOCK
119

FIGURE 2. BINARY COUNTER (CD4520BMS) LOGIC DIAGRAM FOR ONE OF TWO IDENTICAL COUNTERS

TRUTH TABLE
CLOCK ENABLE RESET ACTION
/- 1 0 Increment Counter
0 N 0 Increment Counter
N X 0 No Change
X _/_ 0 No Change
_/“ 0 0 No Change
1 N 0 No Change
X X 1 Q1thruQ4 =0
X=Don't Care 1=HighState 0 =Low State
7-1211
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CD4518BMS, CD4520BMS

Typical Performance Curves
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CD4518BMS, CD4520BMS

Typical Performance Curves
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FIGURE 12. TIMING DIAGRAMS FOR CD4518BMS AND CD4520BMS
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CD4518BMS, CD4520BMS

CLOCK
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FIGURE 13. RIPPLE CASCADING OF FOUR COUNTERS WITH POSITIVE EDGE TRIGGERING
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* For synchronous cascading, the clock transition time should be made less than or equal to the sum of the fixed propagation delay at 15pF
and the transition time of the output driver stage for the estimated capacitive load

FIGURE 14. SYNCHRONOUS CASCADING OF FOUR BINARY COUNTERS WITH NEGATIVE EDGE TRIGGERING

7-1214

76



CD4518BMS, CD4520BMS

Chip Dimensions and Pad Layouts

[P
(0.102-0254) |

4-92
(2.134-2.337)

CD4518BMS

85 -93
(2.159-2.362)

84 -92
(2.134-2.337)
CD4520BMS

Dimensions in parenthesis are in millimeters and are

derived from the basic inch dimensions as indicated
Grid graduations are in mils (10-3 inch)

METALLIZATION: Thickness: 11kA - 14kA, AL.

PASSIVATION: 10.4kA - 15.6kA, Silane

BOND PADS: 0.004 inches X 0.004 inches MIN
DIE THICKNESS: 0.0198 inches - 0.0218 inches

All Intersil semiconductor products are manufactured, assembled and tested under ISO9000 quality systems certification.

Intersil products are sold by description only. Intersil Corporation reserves the right to make changes in circuit design and/or specifications at any time without
notice. Accordingly, the reader is cautioned to verify that data sheets are current before placing orders. Information furnished by Intersil is believed to be accurate
and reliable. However, no responsibility is assumed by Intersil or its subsidiaries for its use; nor for any infringements of patents or other rights of third parties which
may result from its use. No license is granted by implication or otherwise under any patent or patent rights of Intersil or its subsidiaries.

For information regarding Intersil Corporation and its products, see web site http:/lwww.intersil.com

Sales Office Headquarters

NORTH AMERICA EUROPE

Intersil Corporation Intersil SA

P. 0. Box 883, Mail Stop 53-204 Mercure Center
Melbourne, FL 32902 100, Rue de la Fusee
TEL: (321) 724-7000 1130 Brussels, Belgium
FAX: (321) 724-7240 TEL: (32) 2.724.2111

FAX: (32) 2.724.22.05

ASIA

Intersil (Taiwan) Ltd

Taiwan Limited

7F-6, No. 101 Fu Hsing North Road
Taipei, Taiwan

Republic of China

TEL: (886) 2 2716 9310

FAX: (886) 2 2715 3029
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NAPAPTHMA 7 : DATASHEET TRANSISTOR 2N3904

[S72

2N3904

SMALL SIGNAL NPN TRANSISTOR

PRELIMINARY DATA

Ordering Code | Marking | Package / Shipment

2N3904 2N3904 |TO-92 /Bulk

2N3904-AP 2N3904 |TO-92 /Ammopack

= SILICON EPITAXIAL PLANAR NPN
TRANSISTOR

s TO-92 PACKAGE SUITABLE FOR
THROUGH-HOLE PCB ASSEMBLY

= THE PNP COMPLEMENTARY TYPE IS
2N3906

APPLICATIONS

= WELL SUITABLE FOR TV AND HOME
APPLIANCE EQUIPMENT

= SMALL LOAD SWITCH TRANSISTOR WITH
HIGH GAIN AND LOW SATURATION
VOLTAGE

TO-92
Bulk

TO-92
Ammopack

INTERNAL SCHEMATIC DIAGRAM

Co(3)
(2)
B
(1)
DsS10130
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vceo |Collector-Base Voltage (I = 0) 60 v
Vceo |Collector-Emitter Voltage (Is = 0) 40 v
Veso |Emitter-Base Voltage (Ic = 0) 6 \
Ic Collector Current 200 mA
Pwt | Total Dissipation at Tc = 25 °C 625 mw
Tstg Storage Temperature -65to 150 e
T Max. Operating Junction Temperature 150 °c
15

February 2003




2N3904

THERMAL DATA
Rthj-amb * |Thermal Resistance Junction-Ambient Max 200 ‘c/w
Rihj-case * |Thermal Resistance Junction-Case Max 83.3 ‘cw
ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified)
Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
lcex Collector Cut-off Vece=30V 50 nA
Current (Vge =-3 V)
IBEX Base Cut-off Current Vce=30V 50 nA
(Ve =-3V)
V(sr)ceo* |Collector-Emitter lc =1mA 40 v
Breakdown Voltage
(Is =0)
Vsr)cso |Collector-Base Ic=10 A 60 Vv
Breakdown Voltage
(Ie=0)
Vsr)eeo |Emitter-Base le=10 A 6 v
Breakdown Voltage
(Ic=0)
VcE(saty= |Collector-Emitter Ilc =10 mA Is=1mA 0.2 \"
Saturation Voltage Ic =50 mA Is =5 mA 0.2 Vv
VeE(sat)* |Base-Emitter lc =10 mA Is=1mA 0.85 \"
Saturation Voltage lc =50 mA Is=5mA 0.65 0.95 \
hrex DC Current Gain Ilc =0.1 mA Vece=1V 60
lc =1mA Vece=1V 80
Ilc =10 mA Vece=1V 100 300
Ic =50 mA Vece=1V 60
Ic =100 mA Vee=1V 30
fr Transition Frequency |lc =10 mA Vce=20V f=100 MHz | 250 270 MHz
Ccso Collector-Base le=0 Vee =10V f=1MHz 4 pF
Capacitance
Ceso Emitter-Base Ilc=0 VEs =05V f=1MHz 18 pF
Capacitance
NF Noise Figure Vece=5V Ic=0.1mA f=10Hz 5 dB
to 15.7KHz Rg=1K
ta Delay Time Ic =10 mA Is=1mA 35 ns
tr Rise Time Vee =30V 35 ns
ts Storage Time lc =10 mA It =-lg2=1mA 200 ns
te Fall Time Vee =30V 50 ns
+ Pulsed: Pulse duration =300 s, duty cycle <2 %
215 V<77
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2N3904

TO-92 MECHANICAL DATA

Biii. mm inch
MIN. TYP. MAX. MIN. TYP. MAX.
A 432 4.95 0.170 0.195
b 0.36 0.51 0.014 0.020
D 445 4.95 0.175 0.194
E 3.30 3.94 0.130 0.155
e 241 2.67 0.095 0.105
el 1.14 140 0.045 0.055
L 12.70 15.49 0.500 0.609
R 2.16 241 0.085 0.094
S1 1.14 1.52 0.045 0.059
w 0.41 0.56 0.016 0.022
\ 4 degree 6 degree 4 degree 6 degree
51 T
T
f
-— A .
W el
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O T .
—
L
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2N3904

TO-92 AMMOPACK SHIPMENT (Suffix"-AP") MECHANICAL DATA
DIM. mm inch
MIN. TYP. MAX. MIN. TYP. MAX.
A1 4.80 0.189
T 3.80 0.150
T 1.60 0.063
T2 2.30 0.091
d 0.48 0.019
PO 12.50 12.70 12.90 0.492 0.500 0.508
P2 5.65 6.35 7.05 0.222 0.250 0.278
F1,F2 244 2.54 2.94 0.096 0.100 0.116
delta H -2.00 2.00 -0.079 0.079
w 17.50 18.00 19.00 0.689 0.709 0.748
Wo 5.70 6.00 6.30 0.224 0.236 0.248
W1 8.50 9.00 9.25 0.335 0.354 0.364
w2 0.50 0.020
H 18.50 20.50 0.728 0.807
Ho 15.50 16.00 16.50 0.610 0.630 0.650
H1 25.00 0.984
DO 3.80 4.00 4.20 0.150 0.157 0.165
t 0.90 0.035
L 11.00 0433
11 3.00 0.118
delta P -1.00 1.00 -0.039 0.039
delta P T
P
Al T2 T
o delta H ]
H
HO
d
L ) “— o
v v
itagy ILIJS:
Pany pany ~ [Woy Y
7 Ay 3/ H ] W"
F1[F2 3 OI*
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NAPAPTHMA 8 : DATASHEET 555 TIMER

National
Semiconductor

LM555
Timer

General Description

The LM555 is a highly stable device for generating accurate
time delays or oscillation. Additional terminals are provided
for triggering or resetting if desired. In the time delay mode of
operation, the time is precisely controlled by one external
resistor and capacitor. For astable operation as an oscillator,
the free running frequency and duty cycle are accurately
controlled with two external resistors and one capacitor. The
circuit may be triggered and reset on falling waveforms, and
the output circuit can source or sink up to 200mA or drive
TTL circuits.

July 2006

Features

m Direct replacement for SE555/NE555

m Timing from microseconds through hours

m Operates in both astable and monostable modes
m Adjustable duty cycle

m Output can source or sink 200 mA

m Output and supply TTL compatible

m Temperature stability better than 0.005% per °C
m Normally on and normally off output

m Available in 8-pin MSOP package

Applications

m Precision timing

m Pulse generation

m Sequential timing

m Time delay generation

® Pulse width modulation

m Pulse position modulation
m Linear ramp generator

Schematic Diagram
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RESET 25 1o 33K
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LM555

Connection Diagram

Dual-In-Line, Small Outline

and Molded Mini Small Outline Packages

1
GND —-‘ +Vee
7
TRIGGER P~ DISCHARGE
6
OUTPUT =—md j=—— THRESHOLD
A 5 __ CONTROL
RESET VOLTAGE
00785103
Top View
Ordering Information
Package Part Number Package Marking Media Transport NSC Drawing
8-Pin SOIC LM555CM LM555CM Rails b
LM555CMX LM555CM 2.5k Units Tape and Reel
8-Pin MSOP LM555CMM Z55 1k Units Tape and Reel MUADSA
LM555CMMX 255 3.5k Units Tape and Reel
8-Pin MDIP LM555CN LM555CN Rails NOSE

www.national.com
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Absolute Maximum Ratings ot 2)

If Military/A
please the N.

P specified d

are required,
ductor Sales Office/

Distributors for availability and specifications.

Supply Voltage +18V
Power Dissipation (Note 3)

LMS555CM, LM555CN 1180 mW

LM555CMM 613 mW
Operating Temperature Ranges

LM555C 0°C to +70°C

Storage Temperature Range -65°C to +150°C

Electrical Characteristics (otes 1, 2)

(Ta=25C, Ve = +5V to +15V, unless othewise specified)

Soldering Information
Dual-In-Line Package
Soldering (10 Seconds) 260°C
Small Outline Packages
(SOIC and MSOP)
Vapor Phase (60 Seconds) 215°C
Infrared (15 Seconds) 220°C
See AN-450 “Surface Mounting Methods and Their Effect
on Product Reliability” for other methods of soldering
surface mount devices.

Parameter Conditions Limits Units
LM555C
Min Typ Max
Supply Voltage 4.5 16 \%
Supply Current Vec =5V, R = 3 6
Vee =15V, Ry = e 10 15 mA
(Low State) (Note 4)
Timing Error, Monostable
Initial Accuracy 1 %
Drift with Temperature Ra = 1k to 100k€2, 50 ppm/°'C
C = 0.1pF, (Note 5)
Accuracy over Temperature 16 %
Drift with Supply 0.1 %I\
Timing Error, Astable
Initial Accuracy 2.25 %
Drift with Temperature Ra, Rg = 1k to 100kQ, 150 ppm/°'C
C = 0.1pF, (Note 5)
Accuracy over Temperature 3.0 %
Drift with Supply 0.30 %I\
Threshold Voltage 0.667 X Vee
Trigger Voltage Vee = 15V 5 \Y
Vee =5V 1.67 \
Trigger Current 0.5 0.9 HA
Reset Voltage 0.4 0.5 U \Y
Reset Current 0.1 0.4 mA
Threshold Current (Note 6) 01 0.25 HA
Control Voltage Level Vee =15V 9 10 1 v
Vee =5V 2.6 3.33 4
Pin 7 Leakage Output High 1 100 nA
Pin 7 Sat (Note 7)
Output Low Vee = 15V, |7 = 15mA 180 mV
Output Low Veec =45V, |; =4.5mA 80 200 mV

www.national.com
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LM555

Electrical Characteristics (otes 1, 2) (Continued)
(Ta=25°C, Ve = +5V to +15V, unless othewise specified)

Parameter Conditions Limits Units
LM555C
Min Typ Max
Output Voltage Drop (Low) Vee = 15V
Iging = T0MA 0.1 0.25 \
lgink = SOMA 0.4 0.75 \
Isink = 100mA 2 25 \
Igink = 200mA 25 \
Vee =5V
Igink = 8MA \
lsink = SMA 0.25 0.35 \"
Output Voltage Drop (High) Isource = 200mA, Ve = 15V 125 \
Isource = 100mMA, Ve = 15V 12.75 13.3 \
Vee =5V 2.75 33 \
Rise Time of Output 100 ns
Fall Time of Output 100 ns

Note 1: All voltages are measured with respect to the ground pin, unless otherwise specified.

Note 2: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
i but do not tee specific per limits. Electrical Characteristics state DC and AC electrical specifications under particular test conditions which

guarantee specific performance limits. This assumes that the device is within the Operating Ratings. Specil are not for where no limit

is given, however, the typical value is a good indication of device performance.

Note 3: For operating at elevated temperatures the device must be derated above 25°C based on a +150°C maximum junction temperature and a thermal
resistance of 106°C/W (DIP), 170°C/W (S0-8), and 204°C/W (MSOP) junction to ambient.

Note 4: Supply current when output high typically 1 mA less at Ve = 5V.

Note 5: Tested at Ve = 5V and Vg = 15V,

Note 6: This will determine the maximum value of Ra + Rg for 15V operation. The maximum total (Ra + Rg) is 20MQ.

Note 7: No protection against excessive pin 7 current is necessary providing the package dissipation rating will not be exceeded.

Note 8: Refer to RETS555X drawing of military LM555H and LM555J versions for specifications.

www.national.com 4
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Typical Performance Characteristics

Minimuim Pulse Width
Required for Triggering
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LM555

Typical Performance Characteristics (continueq)

PROPAGATION DELAY (ns)

Output Propagation Delay vs.
Voltage Level of Trigger Pulse
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Discharge Transistor (Pin 7)
Voltage vs. Sink Current
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PROPAGATION DELAY (ns)

Output Propagation Delay vs.
Voltage Level of Trigger Pulse
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Discharge Transistor (Pin 7)
Voltage vs. Sink Current

Vsat (mV) PIN 7
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Applications Information

MONOSTABLE OPERATION

In this mode of operation, the timer functions as a one-shot
(Figure 1). The external capacitor is initially held discharged
by a transistor inside the timer. Upon application of a nega-
tive trigger pulse of less than 1/3 V¢ to pin 2, the flip-flop is
set which both releases the short circuit across the capacitor
and drives the output high.

+5V T0 +15V

-0 +V,
i RESET «
<
> R
< Ma
[ b3
4
TRIGGER ISCHAR
NORMALLY R o—2 7 DISCHARGE
“on”Loan S P
| msss g | HRESHOLD
| CONTROL
0uTPUT VOLTAGE
3 5 -
>

NORMALLY :, R 1 1
"0FF" LOAD S ™t
< TO1F

00785105

FIGURE 1. Monostable

The voltage across the capacitor then increases exponen-
tially for a period of t = 1.1 R4 C, at the end of which time the
voltage equals 2/3 V. The comparator then resets the
flip-flop which in turn discharges the capacitor and drives the
output to its low state. Figure 2 shows the waveforms gen-
erated in this mode of operation. Since the charge and the
threshold level of the comparator are both directly propor-
tional to supply voltage, the timing interval is independent of

supply.

/

00785106
Vee =5V Top Trace: Input 5V/Div.
TIME = 0.1 ms/DIV. Middle Trace: Output 5V/Div.
Ra = 9.1kQ Bottom Trace: Capacitor Voltage 2V/Div.
C=0.01yF

FIGURE 2. Monostable Waveforms

During the timing cycle when the output is high, the further
application of a trigger pulse will not effect the circuit so long
as the trigger input is returned high at least 10us before the
end of the timing interval. However the circuit can be reset

during this time by the application of a negative pulse to the
reset terminal (pin 4). The output will then remain in the low
state until a trigger pulse is again applied.

When the reset function is not in use, it is recommended that
it be connected to Vc to avoid any possibility of false
triggering.

Figure 3 is a nomograph for easy determination of R, C
values for various time delays.

NOTE: In monostable operation, the trigger should be driven
high before the end of timing cycle.

C = CAPACITANCE (uF)

A

NN

0.00 /‘

.001
10 us100 us1ms10ms100ms 1s 10s 100s

tq = TIME DELAY
00785107

FIGURE 3. Time Delay

ASTABLE OPERATION

If the circuit is connected as shown in Figure 4 (pins 2 and 6
connected) it will trigger itself and free run as a multivibrator.
The external capacitor charges through R, + Rg and dis-
charges through Rg. Thus the duty cycle may be precisely
set by the ratio of these two resistors.

| — O +Vee

LMS55 &
' T1

>

n ;

9 | 0.014F

FIGURE 4. Astable

—_———— AN ————
=
~
a

00785108

In this mode of operation, the capacitor charges and dis-
charges between 1/3 V¢ and 2/3 Vc. As in the triggered
mode, the charge and discharge times, and therefore the
frequency are independent of the supply voltage.

www.national.com
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LM555

Applications Information (continued)

Figure 5 shows the waveforms generated in this mode of
operation.

T
1A
N\ -
/|
7 4 V v

1]

00785109

Voo =5V Top Trace: Output 5V/Div.

TIME = 20us/DIV. Bottom Trace: Capacitor Voltage 1V/Div.
R = 3.9kQ

Rg = 3k

C =0.01pF

FIGURE 5. Astable Waveforms

The charge time (output high) is given by:
t, = 0.693 (R, + Rg) C
And the discharge time (output low) by:
t, = 0.693 (Rg) C
Thus the total period is:
T=t; +t, = 0.693 (Rs +2Rg) C
The frequency of oscillation is:

1 1.44

fo—m——
T (Ra ' 2Rg)C

Figure 6 may be used for quick determination of these RC
values.
The duty cycle is:

D=—"HB__
Ra + 2Rg

NN
NN
N

0.01
(Ra +2Rg) [ \
|

0.001

C - CAPACITANCE (uF)

0.1 1 10 100 Tk 10k 100k
f — FREE-RUNNING FREQUENCY (Hz)
00785110

FIGURE 6. Free Running Frequency

FREQUENCY DIVIDER

The monostable circuit of Figure 1 can be used as a fre-
quency divider by adjusting the length of the timing cycle.
Figure 7 shows the waveforms generated in a divide by three
circuit.

Lt

00785111
Ve =5V Top Trace: Input 4V/Div.

TIME = 20us/DIV. Middle Trace: Output 2V/Div.
Rp =9.1kQ Bottom Trace: Capacitor 2V/Div.
C=0.01pF

FIGURE 7. Frequency Divider

PULSE WIDTH MODULATOR

When the timer is connected in the monostable mode and
triggered with a continuous pulse train, the output pulse
width can be modulated by a signal applied to pin 5. Figure
8 shows the circuit, and in Figure 9 are some waveform

examples.
R S
<
> R,
¢ ® Noscuance 3
I Al
TRIGGER O~ 2 7
LMS55 6 THRESHOLD
MODULATION
INPUT
OUTPUT O—{3 5 —
1

00785112

FIGURE 8. Pulse Width Modulator
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Applications Information (continueq)

/ = 3 !
r i M, \l
~ A AN
=
|| -
00785113
Vee =5V Top Trace: Modulation 1V/Div.
TIME = 0.2 ms/DIV. Bottom Trace: Output Voltage 2V/Div.
Ra = 9.1kQ
C=0.01yF

FIGURE 9. Pulse Width Modulator

PULSE POSITION MODULATOR

This application uses the timer connected for astable opera-
tion, as in Figure 10, with a modulating signal again applied
to the control voltage terminal. The pulse position varies with
the modulating signal, since the threshold voltage and hence
the time delay is varied. Figure 11 shows the waveforms
generated for a triangle wave modulation signal.

—0 Ve

AAA
V
>
&

Msss g

MODULATION
OUTPUT O3 5}—o0 B

l_L_

00785114

FIGURE 10. Pulse Position Modulator

X %
| Nyl
\

00785115
Veec =5V Top Trace: Modulation Input 1V/Div.
TIME = 0.1 ms/DIV.  Bottom Trace: Output 2V/Div.

Ry =3.9kQ

Rg = 3kQ

C=0.01pF

FIGURE 11. Pulse Position Modulator

LINEAR RAMP

When the pullup resistor, Ra, in the monostable circuit is
replaced by a constant current source, a linear ramp is
generated. Figure 12 shows a circuit configuration that will
perform this function.

TRIGGER 2

OUTPUT O— 3

00785116

FIGURE 12.

Figure 13 shows waveforms generated by the linear ramp.
The time interval is given by:
T= 2/3VocRe (R + Rp) C
R1Vee — Vee (Rq + Ro)
Vge = 0.6V

Vge = 0.6V

www.national.com
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LM555

Applications Information (continued)

|
T P

pZ
| /

Vee =5V Top Trace: Input 3V/Div.

TIME = 20us/DIV. Middle Trace: Output 5V/Div.

Ry = 47kQ Bottom Trace: Capacitor Voltage 1V/Div.
R, = 100kQ

Re =27 kQ

C=001yF

00785117

FIGURE 13. Linear Ramp

50% DUTY CYCLE OSCILLATOR

For a 50% duty cycle, the resistors R, and Rg may be
connected as in Figure 14. The time period for the output
high is the same as previous, t; = 0.693 R, C. For the output
low itis t, =

, [Rs — 2Ra
[(RA Rg)/(Ra + RB)] Cén [2F*a = RA]

Thus the frequency of oscillation is

1

f=—
ttt

O *Vee
<
S Ra
S 5tk
Re €
4 8 2k
2 7 AAA
LMs55 6
ouTPUT O——3 5 ——c
P —7— 001F
l 0.014F

00785118

FIGURE 14. 50% Duty Cycle Oscillator

Note that this circuit will not oscillate if Rg is greater than 1/2
R, because the junction of R, and Rg cannot bring pin 2
down to 1/3 V¢ and trigger the lower comparator.

ADDITIONAL INFORMATION

Adequate power supply bypassing is necessary to protect
associated circuitry. Minimum recommended is 0.1pF in par-
allel with 1pF electrolytic.

Lower comparator storage time can be as long as 10us
when pin 2 is driven fully to ground for triggering. This limits
the monostable pulse width to 10us minimum.

Delay time reset to output is 0.47ps typical. Minimum reset
pulse width must be 0.3ps, typical.

Pin 7 current switches within 30ns of the output (pin 3)
voltage.

www.national.com
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0.010-0.020 , 45
(0.254-0.508)

Physical Dimensions inches (millimeters) unless otherwise noted
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LM555 Timer

Physical Dimensions

inches (millimeters) unless otherwise noted (Continued)
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National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves
the right at any time without notice to change said circuitry and specifications.

For the most current product information visit us at www.national.com.

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS
WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL COUNSEL OF NATIONAL SEMICONDUCTOR

CORPORATION. As used herein:

1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the body, or
(b) support or sustain life, and whose failure to perform when
properly used in accordance with instructions for use
provided in the labeling, can be reasonably expected to result
in a significant injury to the user.

2. A critical component is any component of a life support

device or system whose failure to perform can be reasonably
expected to cause the failure of the life support device or
system, or to affect its safety or effectiveness.

BANNED SUBSTANCE COMPLIANCE

National Semiconductor follows the provisions of the Product Stewardship Guide for Customers (CSP-9-111C2) and Banned Substances
and Materials of Interest Specification (CSP-9-111S2) for regulatory environmental compliance. Details may be found at:

www.national.com/quality/green.

Lead free products are RoHS compliant.
National Semiconductor

National Semiconductor

Americas Customer Europe Customer Support Center

Support Center Fax: +49 (0) 180-530 85 86

Email: new.feedback@nsc.com Email: europe.support@nsc.com

Tel: 1-800-272-9959 Deutsch Tel: +49 (0) 69 9508 6208
English Tel: +44 (0) 870 24 0 2171

www.national.com Francais Tel: +33 (0) 1 41 91 8790

National Semiconductor
Asia Pacific Customer
Support Center

Email: ap.support@nsc.com

National Semiconductor

Japan Customer Support Center
Fax: 81-3-5639-7507

Email: jpn.feedback@nsc.com

Tel: 81-3-5639-7560

93



BIBAIOTPADIA

1.

Perry R. Cook, Real Sound Synthesis for Interactive Applications, A.K. Peters
Ltd.,Wellesley, 2002.

Hubert S. Howe Jr, «Compositional Limitations of Electronic Music Synthesizers»,
Perspectives of New Music, Vol. 10, No. 2 (Spring - Summer, 1972).

John Lane k.a., «Modeling Analog Synthesis with DSPs», Computer Music Journal,
Vol. 21, No. 4 (Winter, 1997).

Pierre-Yves Rolland, Frannois Pachet, «A Framework for Representing Knowledge
about Synthesizer Programming», Computer Music Journal, Vol. 20, No. 3 (Autumn,
1996).

Martin Russ, Sound Synthesis and Sampling, Focal Press, Oxford, 1996.
http://www.chambers.co.uk/search.php?query=synthesis&title=21st ( mpoonédaon
22/6/2016).

HAektpovikég SleuBuvaoelg (Websites)

http://picsynth.000space.com/?i=1 ( npoomnéhaon 17/5/2017).

http://www.allaboutcircuits.com/textbook/alternating-current/chpt-8/resonant-
filters/ (mpoomnéAaon 5/2/2017).
http://www.samplecraze.com/tutorials/synthesis-part-5 (mpoomnéhacn 5/2/2017).
http://electronics.stackexchange.com/questions/36308/crystals-oscillators-and-

resonators-what-the-difference (mpoonéhaon 10/11/2016).

http://getlofi.com/shop/555-timer-module/ (mpoomnéAacn 23/9/2016).
https://www.gearogs.com/gear/36471-Steiner-Parker-Minicon (mpooméAlaon
26/4/2017).

94


http://www.chambers.co.uk/search.php?query=synthesis&title=21st
http://picsynth.000space.com/?i=1
http://www.allaboutcircuits.com/textbook/alternating-current/chpt-8/resonant-filters/
http://www.allaboutcircuits.com/textbook/alternating-current/chpt-8/resonant-filters/
http://www.samplecraze.com/tutorials/synthesis-part-5
http://electronics.stackexchange.com/questions/36308/crystals-oscillators-and-resonators-what-the-difference
http://electronics.stackexchange.com/questions/36308/crystals-oscillators-and-resonators-what-the-difference
http://getlofi.com/shop/555-timer-module/
https://www.gearogs.com/gear/36471-Steiner-Parker-Minicon

