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ABSTRACT

This project develops a power line communication system which can
send the data via power line cable. The receiver and transmitter adapters are
develops to perform the communication, and are used to remotely control the
equipment. The main advantages of the system are low cost, flexible method and
long distance of communication. As seen in the simulation results, the success of
digital data transfer and the robustness against random noise the developed system

are clearly shown.
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2.5.7 F5vasnsdsnazmaila (Transmission Mode Techniques)
® MIddmygy NIRRT (Simplex W30 One - Way Transmission) n15a4
Fyrawvuilunanfefusrddfifismaioaidy faudiddasidyyindeamad
audainezFennisdedyaiamaieniiin Sumdnd Jasdyyraazdslimadenlnefiu
elianunsalaneuls wWu nsdingnsyatedes msunsawlnsyie

y
o

o m’saqammmmﬂ (Half - Duplex ‘vﬁa Either - Way) nydsd LUl
L“'@Q’ slavihnsdsdyanuluuds m‘uﬂﬁ]u‘mammmuwaamﬂuuwsunmmmﬂsumLUum
dadayeynuun dugdsfunusundugFusnuaduiuls Lmlmmmiaaaaw‘,mmmwﬂu'lu

=
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2.6 NTURYLAALYIIUIN (Amplitude Modulation: AM)
Werwualvi dyqnideyafie X, (1) = 4, cos(@, /) Syaamide
X, (1) =4, cos(w,t)

XM(f) XAM(r)

@ X.(0)

JUT 2.14 249585 19F Y QY 10UDRLANNNIUIAUUUULR

sratiudey mmuamam‘uwmﬂ ﬁ]vwaulmammimu

@

X ®)={4,+X,(0)}cos(w,t)
={4,+ 4, cos(w,t)}cos(w.t)

={4 {1+ fl”' cos(m,t)}cos(w,t)

(4

={4,{1+ u,,, cos(w,t)}cos(w,)

={A {1+ m(t)} cos(w,t) (2.4)
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A = L | .
“ A9 AYUNITUGLER (Modulation Index)

oy P =

(4

dyUIMUALUUAUSIYIAg Y (Normalized

m(t) = Ly, cos(w, 1) 7D
Baseband) mMsuagianuuuilla annsuandyaundunwivinduunlngjfudygyim DSB-SC

aunsvesdyauiuoganua vzl 1y

X (6) = A4, cos(a,t) +m(t) cos(w, 1)
={A,. +m(t)}cos(w )

_ %(ew ey +‘”?<e"‘”=' reT/oly (2.5)
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(2.6)
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JUR 2.15 uamsaiUAnsudyaavesnisuegandaun (8]



it

ot

AN Modulation Messege), im=dHz

T AN, A T e s >
2} S ol
1 . b, SOOI s owsap gl isnsan 5___-”»“ ______________________
2 ;
& ..“‘i“‘a““““‘.‘-.“’Ui.“'--—“’“ih“-i. e
* ! A Modulation (e, to=100KHz | L,
I i I | i i 1 . 1. Lt | i i
0 pl i til AU LA R
_33 N %y B i_ EZPEFERELE i AEFFILEF .'[ AEETELRFR
® A Modliation (&/5 Nermalthod.), fo=100KHz, fm=dkHz z
_“”,Nuwmuegm.,“ oy | ':; \ . I B-p- M...,.é“ R
'I .!‘.r" 3 " f fEI ' i : LU "1"1-‘ A é
' = LA A |
2 4 0 1 2
: x 10

5U# 2.16 msueguandeuunn wansdyanalulamuna (8]

2.6.1 ﬁ'ﬂvﬁmsnagtaﬂ (Modulation Index)

v A
Rnauns (2.4) wle g, = Am

c
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dyndeyadedyyunvitdaziieni dulinisueguan (Modulation Index) Fsarausnidu

wWoesidud Al ld win 4, =1 uéda |4,| szvendrdeiinisuegian Iﬂ&}ﬁﬂwqﬂ|ﬁ(t)| <1¥58

=4 < ' [ a
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. < < sl g a
m(t)’ >1 v u> 1 feefednfunegianiueg
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2.7 MIARANTRINDALUULUNSNIE (Band pass digital communication)
mi?%ams%’ayaﬁ%maawﬂfaqé’mmwmﬁﬁ Tuvnstesdygrunlimunzay

Wy AsdsdyaMRInealTIvesdy g IMeuIann ﬁﬁumaﬁ’u Ao Yosdararindslnings
sonuuuitelddmudeidanulidn et lddyyunines sxfoavdoudyyin
Aimeatiliivunsaniuredyyn wadaitunlfdsudyguninealinunzauiu
Josdygynouiasn Ae nsusgLaty Tnedyaraunidudimndgygrudeyariud
dosdyqns uag uenannsidsudygralimnauiudosdyyiands madanisue
graduddimnuiifigaiuludesdyanuiifiaunfeunu (Bandwidth)  SaiavinAngs
Lmﬁﬂmma@a%‘u Ao n1swdsuudatruin Aud uaziWavesdyyI NI (Carried
signal) Imaa"ﬁywmﬁiﬁmaaﬁﬁ’faﬂﬂ'}‘iuaﬂl.amﬁwmﬂLtﬁuamﬂuiwﬁu é’mmmwwmsnmﬂ?{au
YU m'ma viawa ussiuiiuiveudaSenindumswaey Ghif) Teeidlewasuauns
Aud maLWﬂlﬂmuumanammmﬂ%Lsamﬂ Amplitude - shift Keying; ASK, Frequency
- sh:ft Keylng, FSK, Phase - shift Keying; PSK muamummaamﬁmiuamammmuma*]
fhvisandaanil

o anuilunisdseyagedn (Maximum data rate)

° ﬂ’nmiw::Lﬂumaammﬁﬂwmmﬁwﬁqm (Minimum probability of symbol

error)

1 ]
o

e mdslumsaernana (Minimum transmitted power)

q

s

° LLuuﬁﬁﬂﬁﬁaqamﬁywﬁaﬂﬁqﬂ (Minimum channel bandwidth)

® ﬂ’l‘iﬂuc&iaﬁmmﬂm‘iumumﬂﬁaﬁ (Maximum resistance to interfering
signal)

® mmejdmﬂ"uaﬂ’mﬁ)‘iﬁaaﬁfjﬁ (Minimum circuit complexity)

2.7.1 msuagiaaniueulagn (Amplitude-shift Keying: ASK)
Wuniswasuruingesdygyranineg ansldsuduseiuiuiueu wu
msdsunmdadeya 0’, ‘17 arladyyraiuiusuassszaubaundt nsusgaaLuy
. o ey v s v ) v Qs [ ¢ A v
binary ASK lunsdilssaugaaunudeya ‘1’ uazssdudygramvadugud Wedoya
W1 wagsedvdygnammadugud dedeyadu "0’ 2zi5undn msuegianuuu on-off
keying: OOK sauanslugun 2.21 (n)



T ¥ 7
i 4 : i ¥
: i ' i ' 3
5 1 i ' }
5 et s o im0 5
‘ e N SRS, SR S e e
' : : T
' ' ' X
F : : '
' '

¥
f
-
]
¥

i 0
t i
1 ]

45 i v o,

i

3 P : +
B A R

}

200 400 800 8G0 1000 1200 1400 1800 1800 2000

ASK modulation

T
i
.

£l

'
[
'
"y
¢
‘
5

1000 1200 1400 1800 1800 2000

i\ FDU N
t

10110

Map to
Buase-band

=
sUN
Y

2.18 (n) Binary ASK (BASK) [9]
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3ﬂﬁ 2.18 () Multi level (4-ary) amplitude shift keying (4-ary ASK)
JUN 2.18 dryaynnd ASK [9]

ahugﬂ‘ﬁ' 2.21 (@) Wunsiasuseiudygranvedu 4 seau Geazvinli
annsaunudnteyalaaosUaluuiazseiurosdygamive (undl NsLegRLUY M-ary
- ASK Tneii M = 4 Li,as%wm'flugﬂﬁ 2.21 (n) N8l binary ASK mswAsuudamivieusas
a3 e Dondoyanildngndseenluniafudnun aulunsd Ul 221 (@) ms
LﬂgauLLUaaﬁmmwmwwwzLLGiaSﬂ%g&LLam';"]ﬁﬁWﬁ’agaamﬁmgﬂé@aaﬂlﬂﬁa'%“wﬁwmuam’lﬁ
Wi wudadeyafivindiu nsdl M-ary ASK aglddruauntsiGeunasdynammedes
ASandn munedansaslitaiy Fesnsmawasuulasesdygamveiisenth ven (baud)
fendudnsnsivesdydnvaiianuduiusiudnsiiin fe dwmiladydnval Aeniledn
dnsusrdawinduuen W nsdl binary ASK uil dmilsdydnualvindu 2 90 1wy d-ary ASK
Sasnsrdafazannnitven demnnsdifvendusasmsiasuwlamesdaygrumveiian
wihfuiansdl binary ASK uay d-ary ASK dnasdanaiiluldvesdyanamilasnuiuune
Iovmesdynmaaesunuaglimeiuudlisainivsfufeisisoinliaunsoddeyad
fnsOngaluludesdynami wuudinviuauld
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2.8 N1IENE A IMWUUIUAKUYA (Baseband Transmission)
mﬁmgﬂqué‘fﬁyfmmﬁﬁmaaimaﬁLLm'amﬂTaﬁLmu@hUé’ty,tgﬂ:uﬁgﬂéwmﬁ’ulﬂ
w407 uwnwedmaalviusaiush uaz “17 wnuadedrygradlaihusedugs wininag
ihdyarufineadiiiutesdygioaieliarunsosusarddussuuivanuuslaagned
UszAns iy dnduardesinsanguiuuvasdygraiieay Faiemluunilay

NANMFULUUTBIE Y IMLUUANY AAsIetdnuzresdygin ieRansundendeidsves

dyanalunsiazuuy
Digital
Informaticn
Source: Format
L L [T
i i |Enceder *| Transmitter
Analog Y Samﬂéfl—'(:uanﬂzer—-l Coder — (modulator)
Information .. e e T
1 Pulae
gnirz Waveferms | Channel
.......... Fomal......... |
Anaiog 4-=—- Low-pass | I socoder -
Information ! | Sitsr ! g:mgfﬂ Receiver

E}esﬁﬂ&ticn ------------------------------ r

Digital ~ *
Informalion

5UH 2.19 szuunisdedygIaLuuaL U [12]

2.8.1 NMSNBYLANH Y IUUUVLUFRUUA
dumsuegandygndldannisinguuuunedlidinsdunsdndiet
< a o a t 74 A 1 0 1 I 1 ar -ﬁl’
wismsdnssnudyyaliegluguiuuinvangay nauagviinisdeiugesdyginlaensada

]
as =

Lisfewvhnswandeyaitilundudyanunduny uiazdosinnsandesdnyaniviinisds
uadBdngunuudyand NsiEenisn1suegan ‘ﬁuagﬁuﬂﬁa
1) vilndesdnyand
2) WL
3) Usednsameeassuuiidoans
)

4) ANUAUNIURDF QYR IITUNIY

2.8.2 vilnvaswaduagian
FmsweganlngliviadlnrumiumsindesiuiiBnsvananishe
1) MsveganneLaNndgnvaiad (Pulse Amplitude Modulation €831 PAM)
2) MsuegaRLULTNAIRad (PulseDuration Modulation tod1 POM) viae1ai3enisiii
Pulse Width Modulation (8837 PWM)
3) MsuagLaRALILaad (Pulse Position Modulation g891 PPM)
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wanantvninsihdygisiadruruiunmImeulndisiaiunsanazaing
9 v v ¢ & aa = & ad i 2
doyaeumegianuuusiaiad vieniendedn PCM duluisnisueguanildiuluszuy
) o v clad d = v | 1Y = a
Insdmilaenily uagdaliismsdunivannmsdudedussuu PCM Sneriiuu n1suagian
wuuwAasm (DM) wag MIuegianwuusianadnasia (DPCM) sy

2.8.2.1 NINBYLANVNUDUNAYAVBIWAH
(Pulse Amplitude Modulation)

Fmsuegrarmauouwagavesiad (PAM) T szifiunisdedayanaiadis
wonfiagauustunmuunvesdyananasiiiudyaude o Inedygraiadidess
szemvhevasiadasiniaue Tnseaifuadsudimasunmain (rectangular pulse) wiearaidu
sUNsaBY BeTSmsaidtgnegianiuy PAM aunsa shidlaemsldasestniesns
Tuneufufeu nstnfiegsluuLULEaAs U ﬁ’mﬁmﬂugﬂﬁ 2.19 deyayruiegian s(t) i
suwuUaE

S(t) = Yne —0 X(T)R(t—nT) (2.7)

a LY o A ala 2 v &
Ied ht) Wuiadsuamdemuanniiinouniiseaiad (aperture) T uaz
T, Wutnwesmsindhegn dmsvanasuvesdygameganaziizuuuudu

s(f) = £, 32 X(f — nf,)H(f) (2.8)

s & s

Toaii HP \unamsudaniBiesvesdyaawad h(t) «i‘hﬁgﬂuuumﬁ
H(f) = Tsin c(fT)exp (—jmfT) (2.9)

NaNN3 2.8 ineziuldindyansegen PAM sziinalidayqradians
x(t) HueumagaRaieulunazaziinnisusgiananiian T=2 duiunishuegian
(demodulation) dtygnad PAM UuagiinIATuaielsenausien99snIaskuuEumfaLeeiu
@ [ ' as P P s | o =l A a <
Aiuwh danansluguin 2.20 Beiiusuvinilasiimsneuaussdeueunagady

1 1 f

[H(F)|  Tsinc(T)  sin (nf)

(2.10)

TumeUifudaen T=T, ssfidndosnda 0.1 Fevhldeauiisuniaieund
97 (amplitude distortion) Yesdgygy1aunagian PAM aziiAntosnin 0.5 lWesidus Faa1avh
Lisransafiazdnadiuvesinuuinesnainaiaiuled
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JUT 2.20 uansdygrainsuegiaani e nignvesiad

@/

Yosdgqn A mMsunsdsdugin . PAM  UuazAesiiluuAInAnI1anall

s o & ' v

WIE  dyarniiadiaviiaianuninweiwaduas  Feazvililuuninvisesdygyind PAM

¥
o 1

nisnduuuiinvivesdyyng e uenaniiussansnmuesdyyiamogan PAM sonns

&

s

£

Uasiudaausumutulialiuninnsasdygradinaiseuiasnlaenss 3uiliszuunisus
uanwuy PAM  Lidufilendwiumsdidoyesserlng udeendlsfiniussuy PAM 18y
YUunISUINYBINSESsd I aegasuy PCM Aifeallutiagiu uazduduuuimisly
nsdedyanalussuuiafindnduvuutasal  Fsanunsadedyaravaedygiuniinly
Yy IMAEINULA

2.8.2.2 NMsuagianuuutaenireaduaznisuagian Anwmiewad
(Pulse Duration Modulation and Pulse Position Modulation)
nsudTulssssdninmuesnsUesiudyiasuniuvenisuagianwuy
PAM lglnensldnaani@dugvesiaduniumsyydainnsdndiens (sample value)
Yo YIUIIENT gmuﬁ%’t%’uamwagm adhsdysniuagan PAM Fi¥8nnsiifende n1sue
AaALUUYINTIIREE (PDM) uazn1suegian sruvawad (PPM) Inanisuagianuuu PDM
%za%’wé’mmwmﬁ’aﬁﬁﬁmauwﬁgmﬂ@‘ﬁu,sw'%ﬂm'mnﬁ'ﬂa‘uaqﬁaﬁl,l,ﬂiﬁummu.auwégmaa

s '

Ay uYNETT AUNTUBYEALUY PPM axasadyquiadninaueundyauasainuning

<o
]

Al wisundaSuduresiadezanaty  TnsasidumisSudulndfuiumisvesnisdn
Mot ueunagavesdyg i sios uazsiimuwmiaiudiuiiaainunisdindogng
mﬂﬁumﬂLLauwégmﬂuaaé’mvfynmﬂﬂm551@'7@@ HI9E14UDINTUBNARLUY PDMUGE PPM
awmammm’lﬁﬁﬂﬁﬁqgﬂﬁ 2.21 MINBY@ALUY PDM thazfoensiddmesdyaosiad
wsfummaLnveadyg aiadtevad A un i nntedeinsidedeiiinnty 39
linisueguanwuy POM lifiauumngaulunisldanin sFafumndesnisasaduain
ueguanlagliiadaivsyavsnmlundvesmstiostudyanusumuiiandissuy PAM 1ae
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WenldiBmsueguaniuy PPM ins1g351eeaeins Masdsiaeninisuuu PDM Jadgyaa
uagLan PPM tuansafidzuanalaluguuuudiel

s{t) = Mgt e h(t— 0T = ksx(nTy)) (2.11)

Tne? kp Uudranula (sensitivity) vesuegian suviniad (pulse

&

position modulator) uaz h(t) Wuwadsunsedmasn eldlidyguwadiazduianis

Y
k4 =l

wiauiu (overlapping) dyanauiad h(t) zpefiguuuunail

ot ] B [2(6) I mae

h(t) =
(t) LO Cther 212
= -] v nl-:‘l 1 s o 1 ar § ::EHI
P Vlﬂmﬁ’u.lLﬂ@ulﬂﬂ']ﬂ’)’]lll’m@ﬁfﬁnﬁiﬂﬂLﬂﬁl AL NATAIU
t
O3 AN (2.13)

H H
i i i

JU# 2.21 FA19E19T09NTUBYAAUUY PPM kg POM

I :H:lﬂgﬂzﬂ

i P ¥ P P
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O oA v VI = =i o | a a ) a1 o
uupsAImNnINTBadIAgaisevilvlidiiensmdeuduasiinndu T,
o v &

$ ¢i Qs =
= 2 favndgyaunad ht) Wuluaudeulvvesauns wazdeygauagLan s(t) 1onsins

L7

FNFIDEMMLNZANLANTTAINTONVZASF Y MYNE7S X(t) ndUAUIAle

menage signal simple and u(t) v(t) | threshold | i(t) | pulse cheeping PPM signal
X(t} —Pp —> —> > —>
hold circuit detector filter
s(t)
r L
pulse triangle function
generator 5 generator

E‘Uﬁ 2.22 ‘Ué’ﬂﬂlﬂ@3LLﬂ'iﬂJﬂ’]P‘.ﬁlQ°lIE]\1ﬂ’133JE]ﬂLaWLL'U‘U PPM

AAdeetsuy PPM axansauandldfiudentaezunsuluguil 2.22 &
L's’lawmma‘%vwaigumaumﬁa%'wﬁ’mmgmua@Lam PPM siail 'Lu‘ﬁ’jumamL'iﬂﬁ’tyzmmanLam
PAM agQnaseandegyiautnians x(t) lneruastniegnemnely %ﬂﬁtyfy'lmua@mm PAM
ﬁiéf%tﬂugmﬁiuﬁulﬂ (staircase waveform) u(t) mﬂﬁuﬁwﬁ’]ﬁ’mﬁmm ut) 15Uy
é’mfymgﬂﬂﬁuﬁm?{aa (saw tooth waveform) Geagléidayaassn vit) Syae vit) ﬁazgn
dudhdmssdumsalaad (threshold detector) thaasednygudunad (mpulse) 7
ﬁWLLwﬁﬁ\aﬁmmmmuqué (zero crossing) anenuInuAau avhlwlsiounsuvesdya
Juwad i(t) ?faé’agmgmuaamm PPM, s(t) anansofineasresnndiyanaduiad i) dlelaens
thdanasnnseuisasnIsiidinanevaussBuiadidudyaaiad ht)

dmiuniasuvesszuy PPM ssiitumeumsvihonsdsd duneuusnifums
wdasdnyaamenian PPM Wegluguvesdya amanian POM dsdya asegian POM #ild

1 v

wgnandludnssduiinsanaglidygrueenainiendudygin PAM Susianunsoanias

[ |

ai1edyn s xt) ndvAunldlaenisldnesniaiuvesmsueganuuu PAM fina

<o

mLLé"fLuﬁﬁaﬁmumisuumima@Lam‘[ma'l,%'ﬂ’aéﬁﬂa"mhumﬁal,ﬂui:ﬁuuElmaaﬂﬁu%uflu
e ﬁ'ﬁﬁtﬁadmﬂi:ﬁwmiua@LamLmuﬁmmmﬁ%ﬁﬁzuuﬁaﬁLwﬁﬂ%LLUULLﬁmmm"lﬁﬁ
uALaTauINsNIesELUmaluladfdneainuintnTy isu*tm'ﬁma@l,awfhﬁléfgn

wnuilamsueganillészuuAineanfiu seuu PCM
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2.9 ﬂ’l‘iﬁ%’]ﬂﬁ@@’]ﬂdﬁﬂﬁl’]ﬂﬂﬁﬂﬂﬂLaﬂ@sﬂ‘ﬂuﬂﬂ (Demodulation)
2.9.1msa¥edygyranAulagendunsau (Envelope Detector)
iﬁﬂﬁiﬁlﬁ%"ummﬁHmﬁauﬁwgumwdﬂaLLa:‘:ﬁau"ﬁ'}w'ﬁwﬂ’mws
Usznauselelen faufivdszquarisiunm wdnnsife dswenessiosanvesdya oy
wivgn seaindetuded vlElETya m@) Tues ﬁaﬁy’umﬁm&fﬂizq%ﬁaqmmzam
fussezmulazaumveIsisulasesnduni Tngaguiide dulinauegandodigs
177 Imsﬁ’immﬁ*nmﬂﬁumméfaqqaﬂ'i’lmmﬁ‘uaqﬁmﬂpm%’m&amﬂ‘] dielilanisada
ﬁmmwmﬁuﬁﬁﬁqm Aaasi RC Adwiinisuegian (u) warAiAduN I (@) Faadl

AUFUNUS Ao
RC < L NIZ# (2.14)

paanusanansla sanalull

Vel nsaudipg mit)

—b! 2 ¥ e,
D .
R C
@ veft)
Lol 1
O b}

éﬂ frﬁ' rc

JU# 2.23 1ashmawesiaeltnsoudyauteya (10]

MNUSIUEIIRS £, (Aalv ffiulszagnusyqauuseiu E,) aunisnsaglseqd de

V() = E e /7€ (2.15)

4 aw j i T . o 1
Wielit szeeviessninndudygiami (Feruna) ARefude 7, 1neiT, = — lag

JC

ol @ ' =y @ ' v &
o, =27f, LLax’memmmaamimaﬂizqumqu T, w30 RC >>1/w, USWMUATBUANY
Useyanunsaisdssnnaianawgraduliadu vie
E t

k()= E,~—=—
c() 2] RC

(2.16)

wagnAeen sl V(1) anunsawdeuudadimnzaniu m(r) wsdedld nsaneusyqding
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wuweIzileenvasdyauraunvesonuls  wadesliinnluauvhiidyeimemiunsi

(nsav) ey

1. )<1+pcos{w, (t, +T.)} (2.17)

RC

(I1+pucosw, t,)(1-

Wewmnmmdaiunmeazgainianuivesdygiateyauin vie o, >>e,) duiu
(1+ ucos{w, (t, +T,)} =1+ pcos(w,t, + »,T,)

=l+ucoswm, t,cosw,T. —usinw,t,sinw,T,
=1+pucosm,t, —uw,T. sinw,t, (2.18)

AINUINANNTS (2.11) Fadieulualandu

{1+ pcos(w,t,) (1 + ;CC) <1+ ucos(a,ty) — uw, T, sin(w, ;)

¥/ T
1-——+ pcos(@ t,)— uu——cos(@. t
R HHOOS(@,1y) ~ - Ecos(@, )

<1+ pcos(w,ty) — pw, T, sin(w,t,)

m

v, f/,
———pu——cos(@w t,)<—uw T sin(o t
RC /'[RC ( mO) lu m-c ( ”’0)

ﬁl—{l +pcos(w,t,)} 2 uw, sin(e@,t,)

RC
- !
139 — VL cos(fv’" o) (2.19)
RC 1+ uw, sin(w, t,)
1 -
70 —{1+ pcos(w,t,)} = po,, sin(w,t,)
RC
Wl P L,u cos(@, t,) > uw, sin(w,t,)
RC RC m m imn

1 1
@ sinw t,)———cos(@ t,)) < — (2.20)
ﬂ( m " 0) RC ( " 0)) RC‘



wie o’ +(I‘!%)2 sin(w, ¢, — tan™ - lRC)SE%

8/
v/

P & <, a o ! o v ¢ a1
Lua\‘ﬁl'lﬂauﬂ’ﬁum@ﬁLﬂuﬁ}iﬁW/}ﬂm‘U@Q 1, MUY (LWWQU%W&UNWWQQ@@)

1 1
N
Hf o, (RC) RC

= 1 1
150 Nfa o & — T}
ula, (RC)] (RC)
. 2
Faazvinlnls i AL S(L)z
'/ ARE)> "RC
,L£2 2 1“,”2
N (RC)Z
Eh)
2
aete & VWO (2.21)
oW O

2.9.2 nsanedyanAulaeli@lasianimanas (Synchronous Detector)

’]‘Q’Q‘ﬁ‘?ﬁiﬂ'ﬁﬁaaWI'F’]LG]EJ%(;IIQLLE“IGNﬁﬂgﬁﬁ’m’1‘iﬂﬁ%ﬂ‘ﬂﬂ@ﬁuaﬂmﬂﬁ@ﬂg’lmm
BN X, = () = {4 +m(t)}cos(w,r) Tnelaiurivan 4,

X A0 (&) dlt) L ow l;f{ £)
pass o
Filter

cos e (t)

UM 2.24 1935huequawmeiuuudilasiafmeawas [11]

N5U
Y

d() = X 1, (1) cos(@,0)
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={A4, +m(t)}cos*(w,t)

= %{AC +m(t)} + %{AC +m(t)}cos(2m,t)

DN IUI9DINTOIMIUAINNDF

)= %{Ac ()= %Ac ¥ %m(r)

4 w 1 . o &
wisnAdudyaalinse EAC anunsangidalagldiuiuuszgu
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NANISNAADILALNISODNLUU

3.1 HANIINARADY
Tunisneassveslassnunisdeanrsiuanglniniids  (Power  Line
Communication) aztflunsnwmdnnsiildlunisdeansluiil asudseeniu 2 daushefiu
fa ludrunedadygralaenisuegan (Modulation) sewinsdyaaudeyadniudysyiu
. § @ a 5 & as =l
Wy (Carrier Signal) wazniasudygalaunis (Demodulation) unisulasdygun
Fuinbinduludygaudoyamiouda Weuaninisdeasiusznitanaiuwasnings
3.1.1 nMInnaaIn1AdednyyIa

@

nsnaaesdIuYsINIAdsd) M lneni1suegaan19uuIn (Amplitude-Shift

as

Keying: ASK) 1ludnuaizvesnisusquandgyeannes fu dyanmwng (Carrer Signal)

@
'

Tngiunsasuruinvesdyaamive dsmswisudussiuiiviuey wu msudeuny
Undaya‘o’ ‘1’ wlidyafiwiueuaassziu Bendndunisuegianuuy binary ASK Tu
nsdiildsdugeaaunutona’t’ wassdudynpamvaduguidodoyaiu'e’ wFenin
\Jun1sueguankuy on-off keying; OOK

nsnaaaslagldlusinsy MATLAB Simulink Tudiuvesniadstidiudsenau
fagui 3.1 fwandendadelui

1. Bernoulli Binary Generator snapududyandeyaiisomisds

2. Signal Generator {I’Waaﬂgﬂuﬁ’mwzyﬂmwﬁ (Carrier Signal)

3. cross product $1a880u3ATAM (Modulation)

4. Gaussian Noise Generator $1aeadudiygasumuluanslu

SSMET =
Binary Input
ASK Signal
Bemoulli m
Binary » > >
Bemoulli Binary Product T Output Signal

Generator

Inunn b Y L

LY P - Gaussian 1

: . Signal Noise

Signal Carrier Gaussian Moise
Generator Generator

JUN 3.1 2933uegLandu (modulation)
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FUABUNNSNAGDS

1. Wm'1‘Saﬁwﬁmm’lmmmaammadﬂﬁm 3711 Bernoulli Binary Generator Ing
mmimqmwwﬁmmaimiﬂ 3.2 oA Sample time fia Lanfidstaya 1
Jsaiuazld Bit rate wihify 4 bps

2. Ymsadrsdygraumive (Carer Signal) niadesiilindeyeyras (Signal
Generator) Tagdsrmiaiiinasiegy 3.3 Tassin o, =1000 rad/sec a8l
anudindun iy f =1.57 kHz

3. yhnsadnespadyyIn 990 cross product  winhdgguRlneatay
Fyramveidasodniu Input ?Jaw“hqﬂnsfﬁl,ﬁa'lﬁl,ﬁmnﬁua@l,amma
U9 (Amplitude-Shift Keying: ASK) 904%79a1u Output

4, LﬁmmnL“fJumﬁa'qﬁagamuawlwﬁw%‘wsﬁﬁsyﬁmmun’m'l.umalw o3
fiosdnassdynusunuiutuindie Tnevin1ssiassein Gaussian Noise
Generator

sUnsmnan1manaInIagdedyyIunalal (Scope)

a 9
JUW 3.2 naldeyeynew Binary Input
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gﬂ‘ﬁ 3.4 N3MNTUBALANNINYUIA (Amplitude-Shift Keying: ASK)

NNFUN 3.4 auindygraseganiansdsuruevesdygnamivedaiu
mswasuseduiwiueu wu nsiwdsumudedeya 0 1 wwlddygniuiveugessdusigy
Fadulumungui
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NNFUA 3.6 LWunsmidaedtaemsladaygimsuniudildlunsvsui 3.4 &
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3.1.2 NMSNARBINIATURY I
Iua'awaqmrﬂ%’uwﬁmﬁwﬁmﬂﬁmmmﬂﬁuw"mzaan’l,ﬁmﬁaLﬁﬂ»aé’fgfuﬂm%'aya

mﬁanﬁ%’msi,wﬂﬁm_,fymﬁ'iwmﬁuaguam (Demodulation)  Iael435@elasiafnaines
(Synchronous Detector) a¢inann15vneude ﬁ'}m'aLUEa‘EJuLLanL,Lauwﬁgmwaaﬁ’fymﬂmna@,am
WUU ASK ﬁ%’umLLaﬂ%'ﬁtyzy'lmwmzé’wﬁﬁﬁmmﬁLLazLWamiaﬁuﬁuﬁtycgﬁmwwwxLawﬁ‘lﬂumi
uagLan

nsveaadlagldlusinsy MATLAB Simulink Tudiuaesnasuiidrulseney
3.7 fnwanduadsoluil

1. Fysyreunegiaaniesuuns (Amplitude-Shift Keying: ASK) 1udtygyras Input

'
=l

AegUR

UYDITEUU

2. 3esriuiindyaya (Signal Generator) Srasadudyaamnenadeiid
mmﬁLLaxLWawi'nﬁu’LumauuaﬂLam

3. Analog Filter Design $1aesidurasnsasenude itensesdoyeiananud
qaﬁammﬁwmsaanmnﬁﬁy}ywmyaga

4. Compare To Constant Massilunsasiuisuifisudyaia (Comparator)

=Y

inmhnuwasdggnateuasndudyawiinea 1 s

. /I |

Input Signal Product RX

Output lowpass

butter

= \ W N,
Product1 Compare Binary Output

Ansleg To Constant
Filter Design
oooo m
+T+]
Carriert
Signal
Generator1

al = a o s
JUA 3.7 2sashuegianuuudslasiasivaines (Synchronous Detector)
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Undyy nueguanneuing (Amplitude-Shift Keying: ASK) iludunmnues
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TOSHIBA 25C1815

TOSHIBA TRANSISTOR SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

25C1815

AUDIO FREQUENCY GENERAL PURPOSE AMPLIFIER APPLICATIONS. Wik i zom.

DRIVER STAGE AMPLIFIER APPLICATIONS.
. S1MAX.
« High Voltage and High Current ; i

: VCcEO =50V (Min.), Ic=150mA (Max.) )

«  Excellent hpg Linearity 5
: hFE(2)=100 (Typ.) at Vgg =6V, Ig=150mA _EF'
: hpr Ig=0.1mA)/hpg (I =2mA)=0.95 (Typ.) . E
e Low Noise : NF=1dB(Typ.) at f=1kHz 9 z
¢«  Complementary to 25A1015 (0, Y, GR class) 000 o
[N TETSPEee)
MAXIMUM RATINGS (Ta = 25°C) P 0 s
n
CHARACTERISTIC SYMBOL | RATING UNIT 3 s =
f @ Q 3
Collector-Base Voltage VeBO 60 Vv 1R G
Collector-Emitter Voltage VCEO 50 A%
Emitter-Base Voltage VEBO 5 v 1. EMITTER
2. COLLECTOR
Collector Current Ig 150 mA 3 BASE
Base Current Y- I 50 mA JEDEC TO-92
Collec:tor Power Dissipation Pe 400 mW EIAT SC.43
Junction Temperature T; 125 C TOSHIBA 2.5F1B
Storage Temperature Range Tste —55~125 °C Weight : 0.21g
ELECTRICAL CHARACTERISTICS (Ta =25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. [MAX. | UNIT
Collector Cut-off Current IcBo | Vep=60V, Ig=0 — — 0.1 | wA
Emitter Cut-off Current IEBO VEB=5V, Ig=0 — — 0.1 | A

hrE(1)
Ver =6V, Ip=2mA 70 — 700
DC Current Gain (Note) CE C
hrr2) | VCE=6V, Ic=150mA 25 100 —
Collector-Emitter Saturation
Wialtiisre. V(CE(sat) | Ic=100mA, Ig=10mA — 0.1 | 0.25 v
Base-Emitter Saturation Voltage | VBE(sat) | I¢=100mA, Ig=10mA — — 1.0 V
Transition Frequency fp Veg=10V, Ig=1mA 80 — MHz
Collector Ouput Capacitance Cob Vep=10V, Ig=0, f=1MHz | — 2.0 3.5 | pF
_— . Ve =10V, Ig=—-1mA
B > = —
ase Intrinsic Resistance I'bb f= 30MHz 50 Q
. ; Veg=6V, Ic=0.1mA
N F : — ; B
oise Figure NF £=1KkHz, Rg=10k0 1.0 10 | d
Note : hpg Classification 0:70~140 Y : 120~240 GR : 200~400 BL : 350~700
961001EAA2
® TOSHIBA is continually working to improve the quality and the reliability of its products. Nevertheless, semiconductor devices in general can
malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical stress. It is the responsibility of the buyer, when utilizing
TOSHIBA products, to observe standards of safety, and to avoid situations in which a malfunction or failure of a TOSHIBA product could cause loss
of human life, bodily injury or damage to property. In developing your designs, please ensure that TOSHIBA products are used within specified
operating ranges as set forth in the most recent products specifications. Also, please keep in mind the precautions and conditions set forth in the
TOSHIBA Semiconductor Reliability Handbook,
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TOSHIBA

25C1815
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@ The information contained herein is presented only as a quide for the applications of our products. No responsibility is assumed by TOSHIBA
CORPORATION for any infringements of intellectual property or other rights of the third(garties which may result from its use. No license is granted

implication or otherwise under any intellectual property or other rights of TOSHIBA C

e information contained herein is subject to change without notice.

RPORATION or others.
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TOSHIBA 25C1815
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421F101 42|F122
421F102 421F123 IF Transformers
421F129

421F103

y—T Stamp

_—

e T T

Dimensions (In.)

<— 4+ .01—>
27 Schematic
N P2,
( @
®
Specifications:
* Type: Sub-miniature * Mounting: PC
Mouser A(?!_F;I;Etailc;n Impedance | Unload Tuning - Turns Cap
x nductance
Stock No. (IF) Pri. | Sec. | @ Value Capacitance (1-2) | (2-3) | (4-6) | Color
Center Frequency: 455KHz +3%
421F101 1st B0KQ | 600Q | 80+20% |180PF+5pF (ext.)| 680uH 70 | 87 | 7 Yel

42IF102 2nd 30K | 50002 | 80+20% [180PF+5pF (ext.)| ©680uH 98 | 57 | 7 | White
42IF103 3rd 20KQ | 6KQ | 75+20% |180PF+5pF (ext.)| 680uH 103 | 50 | 27 | Black
Center Frequency: 10.7MHz +3%

42|F122 | 2nd & 3rd | 15KQ | 300Q2 | 80 min. | 47PF+5pF (ext.) | 4.5uH 7 7 1 |Brown
421F123 1st 25KQ | 4KQ | 95+20% | 47PF+5pF (ext.) | 4.5uH 5 9 2 | Green
42IF129 | 2nd & 3rd | 15KQ | 100Q |100£20% 30PF 7.4uH 12 | 6 1 Black

[Quality, Speed, & Service (800) 346-6873 http://www.mouser.com
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Philips Semiconductors

Product specification

Low power quad op amps

LM124/224/324/324A/
SA534/LM2902

DESCRIPTION

The LM124/SA534/LM2902 series consists of four independent,
high-gain, internally frequency-compensated operational amplifiers
designed specifically to operate from a single power supply over a
wide range of voltages.

UNIQUE FEATURES

In the linear mode, the input common-mode voltage range includes
ground and the output voltage can also swing to ground, even
though operated from only a single power supply voltage.

The unity gain crossover frequency and the input bias current are
temperature-compensated.

PIN CONFIGURATION

D, F, N Packages

N
OUTPUT1 | 1 14 | OUTPUT 4
o r‘i% —1‘3_] o
+#INPUT1 | 3 12 | +INPUT 4

v+ | 4 11 | GND

+INPUT2.| 5 10 | +INPUT 3
-INPUT2 | 6 % @ 9 | -INPUT 3
ouTtpuT2 | 7 8 | OUTPUT 3

FEATURES
TOP VIEW
® |nternally frequency-compensated for unity gain SL00065
® Large DC voltage gain: 100dB Figure 1. Pin Configuration
® Wide bandwidth (unity gain): 1MHz (temperature-compensated)
® Wide power supply range Single supply: 3Vp¢ to 30Vpc or dual
supplies: £1.5Vpg to £15Vpe
® Very low supply current drain: essentially independent of supply
vaoltage (1mW/op amp at +5Vp¢)
® Low input biasing current: 45nApc (temperature-compensated)
® Low input offset voltage: 2mVpg and offset current: 5nApc
® Differential input voltage range equal to the power supply voltage
® Large output voltage: 0Vpg to Vee-1.5Vpg swing
ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE DWG #
14-Pin Plastic Dual In-Line Package (DIP) -55°C to +125°C LM124N SOT27-1
14-Pin Ceramic Dual In-Line Package (CERDIP) -55°C to +125°C LM124F 0581B
14-Pin Plastic Dual In-Line Package (DIP) -25°C to +85°C LM224N SOT27-1
14-Pin Ceramic Dual In-Line Package (CERDIP) -25°C to +85°C LM224F 0581B
14-Pin Plastic Small Outline (SO) Package -25°C to +85°C LM224D SOT108-1
14-Pin Plastic Dual In-Line Package (DIP) 0°7C to +70°C LM324N SOT271
14-Pin Ceramic Dual In-Line Package (CERDIP) 0°C to +70°C LM324F 0581B
14-Pin Plastic Small Outline (SO) Package 0°C to +70°C LM324D SOT108-1
14-Pin Plastic Dual In-Line Package (DIP) 0°C to +70°C LM324AN SOT27-1
14-Pin Plastic Small Outline (SQ) Package 0°C lo +70°C LM324AD SOT108-1
14-Pin Plastic Dual In-Line Package (DIP) -40°C to +85°C SA534N SOT27-1
14-Pin Ceramic Dual In-Line Package (CERDIP) -40°C to +85°C SA534F 0581B
14-Pin Plastic Small Outline (SO) Package -40°C to +85°C SAS534D SOT108-1
14-Pin Plastic Small Outline (SO) Package -40°C to +125°C LM2902D SOT108-1
14-Pin Plastic Dual In-Line Package (DIP) -40°C to +125°C LM2902N SOT27-1
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Philips Semiconductors

Product specification

Low power quad op amps

LM124/224/324/324A/
SA534/LM2902

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
Vee Supply voltage 32 or +16 Vbe
VIN Differential input voltage 32 Vbe
VIN Input voltage -0.3to +32 Vpe
= Maximum power dissipation,

P Ta=25°C (still-air)’!
N package 1420 mw
F package 1190 mwW
D package 1040 mwW
Output short-circuit to GND one amplifier? )
Continuous
Vee<15Vpe and Tp=25°C
i Input current (Vy<-0.3V)3 50 mA
Ta Operating ambient température range
LM324/A 0to +70 °C
LM224 -25 to +85 °C
SA534 -40 to +85 10
LM2902 -40 to +125 C
LM124 -55 to +125 °C
Tste Storage temperature range -65 to +150 °C
TsoLp Lead soldering temperature (10sec max) 300 “C
NOTES:

1. Derate above 25°C at the following rates:
F package at 9.5mwW/°C
N package at 11.4mW/°C
D package at 8.3mW/°C
2. Short-circuits from the output to Vog+ can cause excessive heating and eventual destruction. The maximum output current is approximately
40mA, independent of the magnitude of V. At values of supply voltage in excess of +15V ¢ continuous short-circuits can exceed the
power dissipation ratings and cause eventual destruction.
3. This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of the
input PNP transistors becoming forward biased and thereby acting as input bias clamps. In addition, there is also lateral NPN parasitic
transistor action on the IC chip. This action can cause the output voltages of the op amps to go to the V+ rail (or to ground for a large
overdrive) during the time that the input is driven negative.
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Philips Semiconductors

Product specification

Low power quad op amps SAB534/LM2902
DC ELECTRICAL CHARACTERISTICS
Vee=5V, Ta=25°C unless otherwise specified.
LM124/LM224 LM324/SA534/LM2902
SYMBOL PARAMETER TEST CONDITIONS - - UNIT
Min Typ Max Min Typ Max
o ettt Rg=0Q 2 45 +2 +7 s
m
09 =8l vilage Rg=0£, over temp. +7 +9
AVs/AT Temperature drift Rg=0£, over temp. 7 7 uv/reC
| | N @ Iin(+) or Iin(-) 45 150 45 250 A
ut curren 8 &
BIAS i Tn(*) or NG, overtemp: 40 300 20 500
Alg|as/AT | Temperature drift Over temp. 50 50 pA/°C
In(+)-lin(- +3 +30 +5 +50
los Offset current InC k) nA
Iin(*)=lin(-), over temp. +100 +150
Algs/AT Temperature drift Over temp. 10 10 pA/°C
v Common-mode voltage Ve300V Vee-1.5 0 Vge-1.5
cM 3
ranged V<30V, over temp. 0 Veg-2 Vee-2
c - jecti
CMRR e gy reiealie Vee=30V 70 | 85 65 | 70 B
g RLZZKQ. VCC=30V.
V
ouT Output voltage swing over temp. 26 26 vV
" R 10k, Vee=30V,
v \
OH Output voltage high St 24 28 27 28 Vv
R <10k
V) s
oL Output voltage low Pty 5 20 5 20 mV
Sy Seu 15 3 1.5 3
over temp.
lce Supply current - mA
LS
over temp. 0.7 32 0.7 .2
Vee=15V (for large Vo
swing), R 22k 50 100 25 100
AvoL Large-signal voltage gain Vce=15V (for large Vg VimvV
swing), R 22kQ, 25 15
over temp.
Amplifier-to-amplifier f=1kHz to 20kHz,
coupling® input referred 20 Y& o
PSRR Power supply rejection ratio Rg<0Q 65 100 65 100 dB
Output current Vin+=+1V, Viy-=0V,
source Vee=15V 2 40 o "
Vin+t=+1V, Vig-=0V,
V=15V, over temp. L i 10 i A
m
ViN-=+1V, V|y+=0V,
louT Qutput current Vee=15V 10 20 10 20
5 ViN-=+1V, Vg +=0V,
sink Vec=15VY, over temp. 5 8 8 g
Vin-=+1V, VN +=0V,
Vo=200mV 12 | 50 12 | 50 pA
Isc Short-circuit current 10 40 60 10 40 60 mA
GBW Unity gain bandwidth 1 1 MHz
SR Slew rate 0.3 0.3 Vius
VNoIsE Input noise voltage f=1kHz 40 40 nVAHz
Voiee Differential input voltage? Vee Vee v
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Product specification

LM124/224/324/324A/
SA534/LM2902

Philips Semiconductors

Low power quad op amps

DC ELECTRICAL CHARACTERISTICS (Continued)
V=5V, Ta=25°C unless otherwise specified.

LM324A
SYMBOL PARAMETER TEST CONDITIONS ~ UNIT
Min Typ Max
Rs=0Q +2 +3
Vos Offset voltage? P a—— = mv
AVog/AT Temperature drift Rg=0Q, over temp. 7 30 uv/ec
) lin(+) or (=) 45 100
lBias i Iin(+) c:r Iin(-), over temp. 40 200 nA
Algas/AT Temperature drift Over temp. 50 pA/°C
lin(+)-Iin(-) 45 +30
los Offset current 'lN(*’)‘li:E‘)v ey o g 75 nA
Algs/AT Temperature drift Over temp. 10 300 pA/°C
Vewm Common-mode voltage range? Vees30v 0 Vee-1.5 Vv
7VCCSSOV, over temp. 0 Vec-2 \
CMRR Common-mode rejection ratio Vee=30V 65 85 dB
VouTt Output voltage swing RL:it?I‘_ :/E?r?;SDV. 26 Vv
Vou Output voltage high R <10k, Vog=30V, over temp. 27 28 \
VoL Output voltage low o’:‘:'ta?tg:fn%. 5 20 mV
lce Supply current R =, Vcc=30V, over temp. 1.5 3 mA
R =<, over temp. 0.7 2 mA
AvoL Large-signal voltage gain Vce=15V (for large Vg swing), R 22kQ 25 100 Vimv
Vee=15V (for large Vg swing), R 22kQ, 15 V/mv
over temp.
Amplifier-to-amplifier coupling® T T::ﬁ :Z;?;Hdz' -120 dB
PSRR Power supply rejection ratio : Rg<0Q 65 100 dB
Oitg::cce“"e“t Vin+=+1V, ViN-=0V, Vee=15V 20 40 mA
Vint=+1V, V ny-=0V, Vge=15V, over temp. 10 20 mA
louT QOutput current VinN-=+1V, VN +=0V V=15V 10 20 mA
sink ViN-=+1V, V|y+=0V, V=15V, over temp. 8 8 mA
VinN-=+1V, Vy+=0V, Vo=200mV 12 50 LA
Isc Short-circuit current? 10 40 60 mA
VDIFE Differential input voltage3 Vee v
GBW Unity gain bandwidth 1 MHz
SR Slew rate 0.3 Vius
VNoISE Input noise voltage f=1kHz 40 nVAHz
NOTES:

1. Vg = 1.4Vpc, Rs=0Q with Ve from 5V to 30V and over full input common-mode range (0Vpge+ to Vg -1.5V).

2. The direction of the input current is out of the IC due to the PNP input stage. This current is essentially constant, independent of the state of

the output so no loading change exists on the input lines.

3. The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3V. The upper end of the

common-mode voltage range is Vs -1.5, but either or both inputs can go to +32V without damage.
4. Short-circuits from the output to V¢ can cause excessive heating and eventual destruction. The maximum output current is approximately
40mA independent of the magnitude of V. At values of supply voltage in excess of +15Vpe, continuous short-circuits can exceed the
power dissipation ratings and cause eventual destruction. Destructive dissipation can result from simultaneous shorts on all amplifiers.
5. Due to proximity of external components, insure that coupling is not originating via stray capacitance between these external parts. This
typically can be detected as this type of coupling increases at higher frequencies.
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Philips Semiconductors Product specification

LM124/224/324/324A/
Low power quad op amps SAB34/LM2902
EQUIVALENT CIRCUIT
% BHA 100#;\(% & BuA
:J’: Cc |
Q2 a3 Rsc
A . —"0 oUTPUT
INPUTS = = ar }”\'Jms
F ',’\Jom a1z 8 50uA

Figure 2. Equivalent Circuit
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Philips Semiconductors

Product specification

Low power quad op amps

LM124/224/324/324A/
SA534/LM2902

TYPICAL PERFORMANCE CHARACTERISTICS

Supply Current
4
T
b~
<
E 3
=z
3
[*4
(=]
£ 2
w
4
[4
=
o
% 1~ Ta =00°C to *125°C A
[N /
% —
v TA = -55°C
0 I I |
0 10 20 30 40
SUPPLY VOLTAGE (Vpg)
OP054508
Voltage Gain
160 ! | |
_ R +20 KQ
o 120 :
S sl R +2KQ
#
It
§ 80
5
[e]
>
|
140
2
2
0
0 10 20 0 40
SUPPLY VOLTAGE (Vpg)
0OP05480S

Qutput Characteristics
Current Sourcing

8 T T T
V+
g B
+
2z sl Ve Vs
=+
S >
> 5
- = 5p— —
£ w lo
gl
2 F 44— L =
V75 ruls
o &L 3| INDEPENDENT OF V+
> o Tp = +25°C /
2
v
1
0.001 001 0.1 1 10 100
1g* - OUTPUT SOURCE CURRENT (mApg)
OP054605
Qutput Characteristics
Current Sinking
10 T T
vt =45 Vbe
i v¥=+15vpc =
e vt =+30vpe 7
& 1
=
-
o
>
5 o
o +
5 041 viiz
o
[}
(=]
: L
o0} A Ta = +25°C
0.001 0.01 0.1 1 10 100

10 - OUTPUT SINK CURRENT (mApc)

OP05490S

OUTPUT CURRENT (mAdc)

VOLTAGE GAIN (dB)

90
80
70
60
50 P
[
40 T~
[~
30
—
20
10
0
55 35 -15 5 25 45 65 B85 105 125
TEMPERATURE (°C)
0P05470S
Open-Loop Frequency
Response
140
V'O 1om
120 0.1uf
VIN
N,
100 \ Vo
80 By = =
\ v* =30 Vpc AND
60 \\515“0 < TA < +125°Q
40
v* 21010 15Vpc AND
20| ~55°C < TA < +125°C

Current Limiting

10 100

1K 10K 100K 1M 10M

FREQUENCY (Hz)
OP05500S

SL00067

1995 Nov 27

Figure 3. Typical Performance Characteristics



Philips Semiconductors

Product specification

Low power quad op amps

LM124/224/324/324A/
SA534/LM2902

TYPICAL PERFORMANCE CHARACTERISTICS (Continued)
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Figure 4. Typical Performance Characteristics (cont.)
TYPICAL APPLICATIONS
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Non-Inverting Amplifier

Input Biasing Voltage-Follower
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Figure 5. Typical Applications
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NE555
KYI SA555 - SE555

®

GENERAL PURPOSE SINGLE BIPOLAR TIMERS

= LOW TURN OFF TIME

a MAXIMUM OPERATING FREQUENCY
GREATER THAN 500kHz

= TIMING FROM MICROSECONDS TO HOURS

s OPERATES IN BOTH ASTABLE AND
MONOSTABLE MODES

s HIGH OUTPUT CURRENT CAN SOURCE OR
SINK 200mA

= ADJUSTABLE DUTY CYCLE

= TTL COMPATIBLE

= TEMPERATURE STABILITY OF 0.005%

e

PER°C
N D
DESCRIPTION DIP8 S08
The NE555 monolithic timing circuitis a highly stable (Plastic Package) (Plastic Micropackage)

controller capable of producing accurate time delays
or oscillation. In the time delay mode of operation,
the time is precisely controlled by one external re-
sistor and capacitor. For a stable operation as an os-
cillator, the free running frequency and the duty cy-
cle are both accurately controlled with two external

ORDER CODES

resistors and one capacitor. The circuit may be trig- Part Temperature Package
gered and reset on falling waveforms, and the out- Number Range N D
put structure can source or sink up to 200mA. The NE555 0°C. 70°C K R
NES555 is available in plastic and ceramic minidip A /- _40° C Y § .
package and in a 8-lead micropackage and in metal o N
can package version. =L £rC AT s :
PIN CONNECTIONS (top view)
[: 1 8 :] 1-GND
2 - Trigger
3 - Output
E 2 7 :] 4 - Reset
5 - Control voltage
6 - Threshold
I: 3 6 ..__I 7 - Discharge
8 - Vce
4 5[]
110

July 1998




NES555/SA555/SE555

BLOCK DIAGRAM

Vot =
- |
THRESHOLD come DISCHARGE
CONTROL VOLTAGE ——1 R
[ FLIP-FLOA
a |
ouTt
TRIGGER
| |
INHIBIT/
RESET 3
RESET !
RN 17,
SCHEMATIC DIAGRAM
VOLTAGE
THRESHOLD PUTELE
COMPARATOR . T = o | eeseccicsmememmmmmmmmmm—————-
Vcc‘O—é ------------------------------ ; ---------------
i ‘|| Ra R8
! 1 1k 5k
=)
THRESHOLD o : ’!
) R9
Qitanz| |- 5
TRIGGER 02__ﬁm Qo Q13
y 1
RESET o Qs
DISCHARGE O— ' ;
Qi EE_' 15:?5 m’?}i mRui
GND © ! ,_ _____ ' 77777
TRIGGER COMPARATOR FLIP FLOP
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter . Value Unit ]
Vee Supply Voltage 18 Vv
Toper | Operating Free Air Temperature Range for NE555 0to 70 %€
for SA555 —40 to 105
for SE555 —55 to 125
Tj Junction Temperature 150 °c
Tsy | Storage Temperature Range -65 to 150 °c

4
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NES555/SA555/SES555

OPERATING CONDITIONS

Symbol Parameter SES555 NE555 - SA555 Unit
Vee Supply Voltage 4510 18 4.5t 18 \
Vin, Viig, Vi, Vreset | Maximum Input Voltage Voo Vee v

ELECTRICAL CHARACTERISTICS
Tamb = +25°C, Vcc = +5V to +15V (unless otherwise specified)

SE555 NE555 - SA555 .
Symbol Parameter Unit
Min. Typ. Max. Min. Typ. Max.
lec Supply Current (Rp =) (- note 1) mA
Low State Vee = +5V 3 5 3 6
Vee = +15V 10 12 10 15
High State Vee = 5V 2 2
Timing Error (monostable)
(Ra= 2k to 100kQ, C = 0.1uF)
Initial Accuracy - (note 2) 0.5 2 1 3 %
Drift with Temperature 30 100 50 ppm/°C
Drift with Supply Voltage 0.05 0.2 0.1 0.5 %N
Timing Error (astable)
(Ra, Re = 1k to 100kQ, C = 0.1uF,
Vee = +15V)
Initial Accuracy - (note 2) 145 2.25 %
Drift with Temperature 90 150 ppm/°C
Drift with Supply Voltage 0.15 0.3 %IV
VL | Control Voltage level A
Ve = +15V 9.6 10 10.4 9 10 11
Veg =48V 2.9 3.33 3.8 2.6 3.33 4
Vi Threshold Voltage \
Vee = +15V 94 10 10.6 8.8 10 11.2
Vee = +5V 27 333 4 24 3.33 4.2
lih Threshold Current - (note 3) s 0.1 0.25 0.1 0.25 A
Viig Trigger Voltage [ Vv
Vee = +15V 4.8 8 5.2 4.5 5 5.6
Vee = +5V 1.45 1.67 1.9 1.1 1.67 22
Itrig Trigger Current (Virig = 0V) 0.5 0.9 0.5 2.0 pLA
Vieset | Reset Voltage - (note 4) 0.4 0.7 1 0.4 0.7 1 \
Ireset Reset Current mA
Vreset = +0.4V 0.1 0.4 0.1 0.4
Vreset = OV 04 1 0.4 1.5
VoL Low Level Output Voltage \Y
Vee = +15V,  loink) = 10mA 0.1 0.15 0.1 0.25
logsink) = 50mA 0.4 0.5 0.4 0.75
logsink) = 100mA 2 2.2 2 25
losink) = 200mA 2.5 2.5
Vee =+5V,  logsink) = 8mA 0.1 0.25 0.3 0.4
losink) = 5MA 0.05 0.2 0.25 0.35
VoH High Level Output Voltage \%
Vee = +15V,  logsource) = 200mA 12.5 12.5
[D(soume) = 100mA 13 13.3 12,75 13.3
Ve = +5V,  lojsource) = 100mA 3 3.3 2.75 3.3
Notes : 1. Supply current when output is high is typically 1mA less.
2. Tested at Ve = +5V and Ve = +15V.
3. This will determine the maximum value of Ra + Rs for +15V operation the max total is R = 20M£ and for 5V operation
the max total R = 3.5MQ.
W 3/10




NE555/SA555/SE555

ELECTRICAL CHARACTERISTICS (continued)

5 - SA555 .
Symbol Parameter e - . Unit
Min. Typ. Max. Min. Typ. Max.
laisery | Discharge Pin Leakage Current 20 100 20 100 nA
(output high) (Vgis = 10V)
Visisaty | Discharge pin Saturation Voltage mV
(output low) - (note 5)
Vee = +15V, lgis = 15mA 180 480 180 480
Vce = +5V, lgis = 4.5mA 80 200 80 200
tr Output Rise Time 100 200 100 300 ns
tf Output Fall Time 100 200 100 300
tof | Turn off Time - (note 6) (Vreset = Vee) 0.5 0.5 us

Notes : 5. No protection against excessive Pin 7 current is necessary, providing the package dissipation rating will not be exceeded.
6. Time mesaured from a positive going input pulse from 0 to 0.8x Vcc into the threshold to the drop from high to low of the
output trigger is tied to treshold.

Figure 1 : Minimum Pulse Width Required for Figure 2 : Supply Current versus Supply Voltage
Trigering
0-5415 0-5416
w Y 4 [ Is |
{ns) [ (maA)
— . 128°C g#-ssec
8
150 u &
125 6
-55°C_
100
=
= )\ L4#T17) __,'ﬁ,& 4
1 L1 =<
= — _/.l/____ 2
L—/
22 ?‘ 70°C
| 125°C
1 1 0
0 01 0.2 03 Vy (V) S 10 15 vsqw
Figure 3: Delay Time versus Temperature Figure 4 : Low Output Voltage versus Output
Sink Current
G-5026 G-5&17
ta —1 ) %
: i I V1| Vg=5v
e
1.015 =
1010 + ! _ss-c] zs'c[ 125°C]
] 17
1005 FRW/4
-~ /
1000 Efians ]
1‘-'1""' - o1 >
0.995 " 2
J =
0.990
w898 L | ! 0.01
=50 -25 0 25 50 75 TymplC) 1 z 5 10 20 Iguk!mA)
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NE555/SA555/SE555

Figure 5: Low Output Voltage versus Qutput Figure 6 : Low Output Voltage versus Output
Sink Current Sink Current
G-5418 6-5419
[:"‘ Vg=10V i I l ‘:o, Vg =15V
125*C
25°C
-55°C
1-55(*C|
' 1
= 7
- d . 1 =
. = G e 2
L Fssic
]
001 0o
! ? 5 10 20 Igyk(mA) 1 2 5 10 20 Igyk(mA)
Figure 7 : High Output Voltage Drop versus Figure 8 : Delay Time versus Supply Voltage
Qutput
G-54620 G-5025
tv) [P
8 -55-cl /
16 ] ! ]
25°C I 1.015
L4
2 = 1.010
125" {oet
1 ——— =] 1005 ‘\
o 1000 3 |
N |
0.6
0.995
0.4 1
o Vg =5V to 15V 0.930
0 I J 0.885
1 2 5 o 20 Isgurcg!mAa 0 5 10 15 Vg (V)

Figure 9 : Propagation Delay versus Voltage
Level of Trigger Value

G-5%2
td
(ns)
350
00
N /[
200 747
150 V. f
--'d
~55°C
100 AV o*c
fmmeT
- 25°C
50 : 70°C
: 125°C
L
0 Ll 02 03 vpiv)
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NE555/SA555/SE555

APPLICATION INFORMATION

MONOSTABLE OPERATION

In the monostable mode, the timer functions as a
one-shot. Referring to figure 10 the external capaci-
tor is initially held discharged by a transistor inside
the timer.

Figure 10

Voe* =5 to 15V
CcC
o

Trigger

Output

The circuit triggers on a negative-going input signal
when the level reaches 1/3 Vcc. Once triggered, the
circuit remains in this state until the set time has
elapsed, even if it is triggered again during this in-
terval. The duration of the output HIGH state is given
by t=1.1 R1Cs and is easily determined by

figure 12.

Notice that since the charge rate and the threshald
level of the comparator are both directly proportional
to supply voltage, the timing interval is independent
of supply. Applying a negative pulse simultaneously
to the reset terminal (pin 4) and the trigger terminal
(pin 2) during the timing cycle discharges the exter-
nal capacitor and causes the cycle to start over. The
timing cycle now starts on the positive edge of the
reset pulse. During the time the reset pulse in ap-
plied, the output is driven to its LOW state.

When a negative trigger pulse is applied to pin 2, the
flip-flop is set, releasing the short circuit across the
external capacitor and driving the output HIGH. The
voltage across the capacitor increases exponen-
tially with the time constantt = R1C+. When the volt-
age across the capacilor equals 2/3 Ve, the compa-
rator resets the flip-flop which then discharge the ca-
pacitor rapidly and drivers the output to its LOW
state.

Figure 11 shows the actual waveforms generated in
this mode of operation.

When Reset is not used, it should be tied high to
avoid any possibly or false triggering.

6/10

Figure 11
t=0.1 ms/div

I I |
INPUT = 2.0VAdiv

OUTPUT VOLTAGE = 5.0V/div

At AL L
| [ [

CAPACITOR VOLTAGE = 2.0V/div
R1=9.1kQ, C1 =0.01uF, R = 1kQ

Figure 12
C 7
r
) an /{ /, /
Y/ R
o 7
s ,/9%“,{ P
0.01 /////// fé\
ol A A
B (¢Yee Y10 1008008 M ()
us s ms ms ms s

ASTABLE OPERATION

When the circuit is connected as shown in figure 13
(pin 2 and 6 connected)ittriggers itself and free runs
as a multivibrator. The external capacitor charges
through R+ and Rz and discharges through Rz only.
Thus the duty cycle may be precisely set by the ratio
of these two resistors.

In the astable mode of operation, C4 charges and
discharges between 1/3 Ve and 2/3 Vec. As in the
triggered mode, the charge and discharge times and
therefore frequency are independent of the supply
voltage.

73




NE555/SA555/SE555

Figure 13

Voo =510 15V
cc P

Qutput

R2

Control
Voltage

c1

Figure 14 shows actual waveforms generated in this
mode of operation.

The charge time (output HIGH) is given by :

t1 =0.693 (R1 + R2) C4

and the discharge time (output LOW) by :

t2 =0.693 (Rz2) C+4

Thus the total period T is given by :
T=1t+1t2=0.693 (R1 + 2R2) C4

The frequency ofoscillation is them :

fe I 1.44

T (R1+2R2) Cq

and may be easily found by figure 15.
The duty cycle is given by :

i &
HB= R1 + 2R2
Figure 14
t=0.5 ms/div

OUTPUT VOLTAGE = 5.0V/div

\

CAPACITOR VOLTAGE = 1.0V/div

R1=R2 =4.8kQ, C1=0.1uF, R_ = 1kQ

b7

Figure 15 : Free Running Frequency versus R,
Rz and C4

(o]
sl N NN
RN
T (‘@\_}\\74’53 o N N
oor| o NN NN
0.001 \\\\\‘\
0.1 1 10 100 1k 10k f,(Hz)

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 16 shows the circuit.

Figure 16 : Pulse Width Modulator.

O Vec*

Modulation
Input
QO

|
—l
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NE555/SA555/SE555

LINEAR RAMP

When the pullup resistor, Ra, in the monostable cir-
cuitis replaced by a constant current source, alinear
ramp is generated. Figure 17 shows a circuit con-
figuration that will perform this function.

Figure 17.

Figure 18 shows waveforms generator by the linear
ramp.

The time interval is given by :

1= (23 VecRe (R1:Ry C

= Vge = 0.6V
RiVce - Vee (R1sRg) oo
Figure 18 : Linear Ramp.
: ||
=7
] K
/J E /1
Vee = 5V Top trace : input 3V/DIV
Time = 20us/DIV Middle trace : output 5V/DIV
R1 = 47kQ Bottom trace : output 5V/DIV
R2 = 100kQ Bottom trace : capacitor voltage
Re = 2.7kQ 1V/IDIV
C =0.01uF

8/10

50% DUTY CYCLE OSCILLATOR

For a 50% duty cycle the resistors Ra and Re may
be connected asin figure 19. The time preriod for the
output high is the same as previous,

t1=0.693 Ra C.
For the output low it is t2 =

Rg - 2Ra
[(RARB)/(RA + RB)] CLn lim’ ]

Thus the frequency of oscillation is f = T

Note that this circuit will not oscillate if Rg is greater

Figure 19 : 50% Duty Cycle Oscillatar.

Vee

| O Ve
Ra
51k
Re
g Wy
22k
OutO 0.01uF

L;’_'_[ T =|:o,oc1uF
&

than 1/2 Ra because the junction of Ra and Rg can-
not bring pin 2 down to 1/3 Vcc and trigger the lower
comparator.

ADDITIONAL INFORMATION

Adequate power supply bypassing is necessary to
protect associated circuitry. Minimum recom-
mended is 0.1uF in parallel with 1F electrolytic.

g




NE555/SA555/SES555

PACKAGE MECHANICAL DATA
8 PINS - PLASTIC DIP

[
= =
¥ F
= =¥ bi
B |B1
!bJ . E
| |
e3 Z
Z
D
1 T
8 ]
|5
1 4
Lt [P DYV il N
T 3 Millimeters Inches
imensions
Min. Typ. Max. Min. Typ. Max.
A 8.82 0.131
a1 0.51 0.020
B 1.15 1.65 0.045 0.065
b 0.356 0.55 0.014 0.022
b1 0.204 0.304 0.008 0.012
D 10.92 0.430
E 7.95 9.75 0.313 0.384
e 2.54 0.100
ed 7.62 0.300
e4 7.62 0.300
F 6.6 0260
i 5.08 0.200
L 3.18 3.81 0.125 0.150
Z 1.52 0.060

q
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NE555/SA555/SE555

PACKAGE MECHANICAL DATA

8 PINS - PLASTIC MICROPACKAGE (S0O)

PM-SO8.EPS

L
(o ]
o N‘I ]
[ A\ 1 _ \ ™\
{ B |
<
\'LJ—D—LI—L %J\ \1 ;
ol Jel s s |
ed
1
D
fnnf NN\
(8 5
(¥
1 4
\\_ }J
W AR [l
. . Millimeters Inches
Dimensions
Min Typ. Max. Min. Typ. Max.
A 1.756 0.069
al 0.1 0.25 0.004 0.010
a2 1.65 0.065
a3 0.65 0.85 0.026 0.033
b 0.35 0.48 0.014 0.019
b1 0.19 0.25 0.007 0.010
o 0.25 0.5 0.010 0.020
¢l 45° (typ.)
D 4.8 5.0 0.189 0.197
E 5.8 6.2 0.228 0.244
e 1.27 0.050
e3 3.81 0.150
F 3.8 4.0 0.150 0.157
L 0.4 1.27 0.016 0.050
M 0.6 0.024
S 8° (max.)

S08.TBL

Information furnished is helieved to be accurate and reliable. However, STMicroelectronics assumes no responsibility for the
consequences of use of such information nor for any infringement 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 STMicroelectronics. Specifi-
cations mentioned in this publication are subject to change without notice. This publication supersedes and replaces all infor-
mation previously supplied. STMicroelectronics products are not authorized for use as critical components in life support
devices or systems without express written approval of STMicroelectronics.

© The ST logo is a trademark of STMicroelectronics

© 1998 STMicroelectronics - Printed in Italy — All Rights Reserved
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The Netherlands - Singapore - Spain - Sweden - Switzerland - Taiwan - Thailand - United Kingdom - U.S.A.
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SHARP

PC817 Series

PC817 Series

# Lead forming type (I type ) and taping reel type

High Density Mounting Type
Photocoupler

(P type ) are also available. (PC8171/PC817P )

#% TUV (VDE0884 ) approved type is also available as an option.

W Features
1. Current transfer ratio
(CTR: MIN. 50% atl¢=5mA ,Vce=5V)
2. High isolation voltage between input and
output (Vi : 5 000V ms)
3. Compact dual-in-line package

PC817 : 1-channel type
PC827 : 2-channel type
PC837 : 3-channel type
PC847 : 4-channel type

4. Recognized by UL, file No. E64380

B Outline Dimensions

W Applications

1. Computer terminals

2. System appliances, measuring instruments

3. Registers, copiers, automatic vending
machines

4. Electric home appliances, such as fan
heaters, etc.

5. Signal transmission between circuits of
different potentials and impedances

( Unit : mm)
PC817 PC827
2544025 Internal connection diagram 264025 Internal connection diagram
CTR @, 0 ©9 IR} ®0 ®e
R / 3 e [
; a g? ke Anode 3 82 T
o in
Anode mark = &3 & [H-| mark LRl rBI-] I—BI-'
LI &) 5
(O] ) @_9)2@ [ORERENC) @@ Anode
fgj nh @@ Cathode
®B@ Emitter
762203 ®® Collector
. g 9.66%0.5
%’ @ Anode %’ %
b ST @ Cathode | 2 L
Bieidn @ Emitter E. P
\;B I\ 18\ @ Collector
6=0t013" 8=0t0 13"
PC837
Internal connection Internal connection
. 2544025 diagram E : 2.54=025 diagram
o E
; 2000 00 6 ©06006
g@@?‘%?g IXIIULSJJ oo an
g [5h =4 SiE < E% Ea
< 2 o = "
R RN S R
_lIJz'.JI_‘-LII_‘lw ®@®®©® T o
ollee® e @@O Anode O|@0® 66
i Cathode 0.9=02
0'9;0.3 @@ @ Emitter 12203
1.2+0: ®® Collector s 19.82%05
e 14,74%05 762:07 £ |5
a > w .
=5 o o u)]
« 1 A +0.1 6=0to 13"
= ~.|9 g 0.5 o]
2 0.5%01 0 DTS @A Anode @ QBB Emitter
@@®® Cathode OEI® Collectar

“ In the absence of confirmation by device specification sheels, SHARP takes no responsibllity for any defects that occur in equipment using any of SHARP's devices, shown in catalogs,
dala books, etc. Contact SHARP in order to obtain the Jatest version of the device specification sheets before using any SHARP's device.”




SHARP PC817 Series
M Absolute Maximum Ratings (Ta=25°C)
Parameter Symbol Rating Unit
Forward current I¢ 50 mA
“'Peak forward current Iem 1 A
fapr Reverse voltage Ve 6 \4
Power dissipation P 70 mW
Collector-emitter voltage V ceo 35 Vv
Emitter-collector voltage V gco 6 \
Output
Collector current Ic 50 mA
Collector power dissipation Be 150 mW
Total power dissipation P 200 mW
“[solation voltage Viiso 5000 V tms
Operating temperature T opr - 3010 + 100 .5
Storage temperature T s - 55t0 +125 iC
“3Soldering temperature T sl 260 °C
*1 Pulse width<=100ps, Duty ratio : 0.001
*2 40 to 60% RH, AC for I minute
*3 For 10 seconds
B Electro-optical Characteristics (Ta= 25°C)
Parameter Symbol Conditions MIN, TYP, MAX. Unit
Forward voltage Vr Ir=20mA - 1.2 1.4 Y
— Peak forward voltage VM I = 0.5A - - 3.0 \
Reverse current Ir Vr=4V - - 10 LA
Terminal capacitance C. V=0, f= 1kHz - 30 250 pF
Output | Collector dark current Iceo Vee=20V - - 107 A
“*Current transfer ratio CTR Ip=5mA, Ve =5V 50 s 600 %
Collector-emitter saturation voltage V cegsan) Ir=20mA, I c= lmA - 0.1 0.2 \
Transfer | Isolation resistance Riso DC500V, 40 to 60% RH 5x 10 10" - Q
charac- | Floating capacitance Ce V=0, f= IMHz - 0.6 1.0 pF
teristics | Cyt.off frequency £ Vee=5V,[c=2mA R.=1009Q, - 3dB - 80 - kHz
Response time | oocome | U Ves=2V,Ic=2ma, Ry=100Q - s 4 =
Fall time tr - 3 18 Ws

*4 Classification table of current transfer ratio is shown below.

Fig. 1 Forward Current vs.

Ambient Temperature

60
Model No. Rank mark CTR (%)
PC817A A 80 to 160 50
PC817B B 130 to 260 _
PCB17C ¢ 200 to 400 i \
PC817D D 300 to 600 e \
PC8%7AB AorB 80 to 260 g 30
PCB8#7BC BorC 130 to 400 é \
PCB#7CD CorD 200 10 600 g u \
PC8#7AC A,BorC 80 to 400 £
PC8#7BD B,CorD 130 to 600 L
PC8#%7AD A,B,CorD 20 to 600 .
PC8 %7 A, B, C, D or No mark 50 to 600 .25 0 25 50 75 100 125

#:lor2or3ord

Ambient temperature T, (*C)




SHARP

PC817 Series

Fig. 2 Collector Power Dissipation vs.

Collector power dissipation P ¢ (mW)

Fig.

Current transfer ratio CTR (%)

Ambient Temperature
200

150

: X

N

- 30 0 25 50 75 100 125

Ambient temperature T , ("C)

4 Current Transfer Ratio vs.

Forward Current
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Fig. 6 Collector Current vs.

Collector current [+ (mA )

Collector-emitter Voltage
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Fig. 3 Peak Forward Current vs. Duty Ratio
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Fig. 5 Forward Current vs. Forward Voltage
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. PC817 Series

Fig. 8 Collector-emitter Saturation Voltage vs. Fig. 9 Collector Dark Current vs.
Ambient Temperature f\mbient Temperature
0.16 10 -
B T = 20mA Veg =20V
= 0.14 - -6
= Ic=1mA < 10 //
o o II
> 012 g —
g / = 107 .
g o0l0 [ g Il
g 1 3 2 -
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5 ol ) i
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§ 3 A
g 004 © &
= 10-10 o
S o002 A
=
4
0 10-1LE
-25 0 25 50 75 100 .25 0 25 50 75 100
Ambient temperature T, ("C) Ambient temperature T, ("C)
Fig.10 Response Time vs. Load Resistance Fig.11 Frequency Response
500
Vep =2V Veg =2V
ety [c = 2mA
100 Ic = 2mA I c
Ta=25°C 0 ~ 3 ] Ta=25C
50
) t e N
2 2 iR 3 N A
PRET) =0 %l : . Moo
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2 td | A &
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Abstract

This project develops a power line communication system
which can send the data via power line cable. The receiver and transmitter
adapters are develops to perform the communication, and are used to
remotely control the equipment. The main advantages of the system are
low cost, flexible method and long distance of communication, As seen in
the simulation results, the success of digital data transfer and the robustness
against random noise the developed system are clearly shown,

Keyword: Power Line Communication (PLC)
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