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ABSTRACT
This project studies power-line communication { PLC } to apply in data communication,
including appliances control. The first step will design interfacing circuit for power system will be build

for later application
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12-2G Romex NM-B 34.67 0.713 0.045 143.40
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¥ ¥
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msan TH 14 1a
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1200 Tae 4 Timer 1 2.6
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oL ’ b 4 o A
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- Single Processor Mode
- Multiprocessor Mode
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SMO SM1 SM2 REN B8 RBS8 Tl R1
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a_a [ o 1 q -1 ] {
M3 Ins luddmiunsdaiudygadeyanivdenfisrnnn mizhwaonusiiandezend

n’l & v o (Y o o o ¢t o Al ad @ d“
mn‘lu 1 f33 ‘K\‘lﬂ’Ji‘Uil:?’llﬂﬁiﬂH1ﬂ1S°ﬁiTﬂ51u‘1}’ﬂUﬂ’Jﬁdlﬂu‘i:USI’Jﬂ'I'I"IU'I’J‘H']u ANITUUUNAIU

Foni mydadeyauvudlnsda

2.4.28 nﬁir'a'l’fmgnuuuazﬁﬂmﬁn (Asynchronous Transmission)
= I A 7 v - w 4w
fumsudilgminsgalas hurdudodinils damsdedoyanuuozd Iasimiuezino 14
o [ [ Ly o d 1 3 [ = as
FUM3Ha8NUTE(Character) inazmannm1af1d nanfegluuvusamsdadoyouuveosgslasia
aefifindudu Sart bio dumsvengasuduroamsdadoya o msndouaniuzvesiinarsly
LE_ 1

' el =] o o | o
Asdadioyain Idle State @oruzi hifideyady) Feszdvuswiulumodafoyaiiiuia 1 ne

Marking vuiluerenizniims dadoyn

71367
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[ .:} 9 1 o - s 1
msdadoyaiidudonnu(Text Data) szninegunssilamafuneniunesiniumsds
9/ L) - [ 1 = =; £ o = o
Joyaumezdalasiia mumdanmsdadasuduoenluuds wwdluiadeyaimon 7 a nie 8 fin
1 =] o - -q’ o = o as o
wdusdezilus Wadnuszrilnle awdaumi3a (Parity bit) $1uou 1 da dimfumsanieianinu

Aanaavestoyanazilavhodisiianga (Stop bit) $ 117w 1 1A nFernni

.

Tifidoyadis ididayad

Isb msb l

!

TV AT ) 1 I o 1 0 1 0 dinmya

31 2.12 ApvuamsdtoyauuuesF Inniauosddnys v s1Hd (ASCID)

'

sUfi2.12 narmamsdadoyaunuezdalasdaveadnusz v aesdeagluaniuz tde State

w

aunasyinszgnimualdfiaoius MARK fieiia “1” msdadnuss v Gududromsalauszay

ussduiluaniuz SPACE foiia <o (asudu) mudvdadoya wisada uaziiangs (a1

2.4.2.9 M3asveyanuuBn s

o o

lumsdadeyauvudeInsila s1ezdadgydnualSiuaunnluniu@ed snddediasy i

a

3 o ¥ 3 a o = ] ul: .5 & —
Yayailuvnaiy yavaadoyafidudnuss 8 dn szgndweanldasnitasnaivqga eeziiunya

» » r
Joyafifinguussdoya(Block of Data) Tums dwindoyouvudalasiail sramvewaaziinn

yimsdaez 14avdoaiu

[}
] el »

ar &y, e 1 o o ar s g '
Fmsuitmseeseyldn daladluusnuesdrdnesdus miunaods dJoyatigndariiulay

u

=]

FEnsdalanTarzgasunswiuiiunguvesdoya naziidauduvesufonszladdnusedan
(SYN Character) Fuilusnvszensilflumsarugumsdaiudeyalasiisnuszdaalgluuves
finfie 00010110 (lEiARTWHBVILUAYA : Odd parity) unzgUpseiFudoyavzaouaiisguuiuiini
1 t T o o - o9 d'.i o o o o o Moa 1 A
daniifidulansatusavseadtha lenududauseFadudigunisiiveznnnldnuiibs
& = o 3 o ' - 5 o e = o a o A o
yrisuduFivzaanduvesiinnguaz s in teunuddrysi 1Aasddnusnarsgdinanu1an
K] 1 d v o ) ot ! a o o o
do demiidanlundozvien udmiléddnyszgafifiada@on1d 3 dwduvesudenduily
ey c:: ] o = a Al [ = ' = o
53037 Wigndearin msrzluvanstivuanvesdiafiunudisnysivsieitlasafugduvuves

Snusz an1d
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¥ 3o 1

lumisdadoyaunudalnnia wxdiflynufeadunisda Tns g melddiumsuinadudu
uazyangavesdoyaegiila Feiludlv1kTaold twwwzdSaTns Tud(Synchronizing bit pattern)
yisudunimsdudondaya

duilumisdadoyauvudaTnnialanldlis Tanoasiia Character-oriented Protocol 9214
8n3zAUA (Control Character) Fart 2 Hadafufugiliagalns lud Fuiodsu18sussnsuh
mnsasudunsrdafidydnunila

duflunsdadoyanvuFalanialaol¥Tus Inneavils Bitoriented Protocol 9314 Flag
01111110) sfugtuvudadainslud devmiuszduduvousaned (Headen), doya (Data) uaz
301095 (Trailer) Mud1Fy Aauaaalugaiz 13 §neesoglumeius deal State dgyanunioly

A 1 r r d'
’Ni]‘iﬂﬂﬂu Flag #4190 T10U13001UDY

Flag Header Data Trailer

F

NANIANITA

3 2.13 Apdrveadsusalasin

dounns1afid iy veans §auny Character-oriented Protocol 1 Bit-oriented Protocol 14U
] »
s lumsimuamyaisudunazfugardsy Tuszuuns§auuy Bit-oriented Protocol A2519%
ar ] A’ d’ - - A ) ¥ at o s I os
aseassuazdatumstugamsuiidalatani Tavhidestuiumisdifalsegivveuuaea
o b sy ﬂ' ] i L) o = o ] ] o
8 1a #33TMstimneanudsuernsziinnueniia N da Taoh N duduiunsilaq adalsh
»
L =t 10 1] 1 L} A )
A lTunlfia Inseadniilies 181 w1z lums 1daudiung sz 1divsudaiinnuen
» ' .
(Husrurunives 8 Gia ad1915AAsEUUMITNUVY  Bit-oriented Protocol WuTAnenmiez i
& ] w =1 .
Throughput duumeun voas £1UMITANIS A 1FILUD Character-oriented Protocol
tsvedaunadiums dadoyaunvesd Inndadoamsiadudunasasuiind 1 uuday
oo = o 1 o ] 1y = as o o o
#2903 lnnuunlumsdadldannniimsdsfeyauvudalnsia Uszana 20 wefifud anw

uanaeiienvezdunaluiudoundidoyaidunnamsiuinmeiven

2.5 AdneanBgATY

o
o o r

ivanindyaudiasalunuudyagiu fiesmlsznevvesdygrunianuddegiudiu

glamnzmfez 1iuszuudomsildmuolaoass ud LAz 1 deriuszuui lvou i
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ar

e ' o 4w ' o , o
AmBAL IR gy szuuTnsdwifiesdesringum uas livnne fumsdadyaraniulaoass
¥ 4 ' da YA . ¥ _a g o o
awaauludmniding dudu Saiuiludedinsuequamnsioheminasuvesdagialu
z . z
uuudyaguligaiuldmnedums oy
A o oy, 4 = Ll ar L] 1 & oy :
FaluilegiuIEns femsiion1¥atasaueqmaiuadiiaunsnarw 1iiesninsyuuatasaiiu
n'z = - - ar o’ an [] g o '3 3 a .
HuufMIFetege nazimsWanngunseimefudinensdies iad 1w 1A unumskandng
‘I’ ey ;a ar A‘ W ' A c; =
usnvIniludrdvaoauegiadu fimrnsohsudisiadounsaian el lomafezifaniy
Rewaiatiouns TEmsuagmadygrauniddyyiuiiimsasaeaiiidsiueg 3 wuuingq
Auiufie
LA NOAAAN B UNTYA
(Amplitude Shift Keying : ASK)
2.M5UBYPAAMIAID
(Frequency Shift Keying : FSK)
3.msuagaaniuva
(Phase Shift Keying : PSK)
Tavndunwii = A cos 2L+ @) Tuiil A Al wouwdgavosndumy
- = ’
£ Ao AEN

@ fio Aurlaisudu(Initial Phasc)

Ayg
L LT : !
H

Ay
ASK

gy
FSK

ﬁqmﬁ
PSK

1 2.14 nSeuifivuginduvesdineavsaiaduria 3 38
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dygruavasamuuud undugddmdsuuaassialuund t uaz o lunisueaian
o aa JE R - sa P a - A v =
dyyiuatasail vialuruwisniimesie uaundys A1l n5e ol veanduwidezaou 1
AWADIUT 1 M5B 0 VBIR QY IUUTUUA
ﬂ’ B - r r A 1 L d‘ Qf L] =1
Taolulnsaniiiudnuauzmsandesennaniosdafmasoasuriumaae Wil ued 220
< ' 4 e 4 | o
Thad Fuflumomeaumsanaduegniolu Famuneumailil Wes muvunine 19uns dedygnu
atasafioemnenesiswanuveynsuld  Wuwamlfiients gyidsvesduyanalumuouas
= as A 2 - ry ar a’}l g " a a o
iTema grsununndygradusui ifadoyafanainld dniudeldnmsdedilssdniaim
J -] =1 o Pt § Ll L]
wedu  Saduiudealimsulasdyapuzthdiaealfidugduuufimnzaulumsdeime
NBALA
FEntvuiTugdunuilFlunis dadiumonewnia 1 Ade nsaanuy FSK (Frequency
Shift Keying) 1ﬂu3’ﬁ'ﬁﬁun1§"{ums?hf?tynymfhumwhaqﬁ'q'luszuu'imﬁwﬁﬁugmuazszuu
ABUNIADS 151 MU LAN (Local Area Network) 138 n1saaderu Tuidy iiloaninmsday
o L] 1 & T a = a4 r
FSK iilumsudasgiuunaiaealiieglugivesnnud Saesliv difadannusunas Tl

6

reliidannuRawan lumsdadyanudoyanindygrusuniudig

2.5.1 MINLQEANIIAING

]

ar =

dm3unsdlyes FSK ANudveanduwvingdl 2 anuid 7, dmsuduanafidiu <ruazanyi

g

£, dmSudgananiiu <or

Acos Q7S+ ) itoduynnaudiu 17
s(t) ;
Acos Q7fer ) dindyygnauiiu <o

2.5.1.1 FSK Transmitter

madadyyis FSK iivdnmshdiedeyafidudygruasasanidnyusdoyaluudes

Ed
=1 » ar ot

2 3} a4 A a - o 3 - ar
Mlvawddeumiedisanu ldawmswaounlasvesdoyaluuifidun dnfudygrams

r
=~

ewiyavedafuila FSK  sragluglveannuifiinsa/iounatetraaeiiios (Frequency
Continuous) iiadoyatuBunanidsuulanin aozaodn “1~ Muassn “0” misluniandudu
2030 “0” uanin “1” v3e Mark Frequency (£ ) a¥ANNATIA00N “0” 13D Space Frequency (f)
4:‘ = d' d' 1 5 =3 4; A o by as

msnfasunamismseuvesnnuliudazasezifaiuiie rouzvosnsind i dy

Wufdsumlaniufe danimsulanunlawedyy weentznihiudasimsudoudasduana
< aa 3 & o = o -

i ludiasausquatuninde dasinisnldsuntasveadygnadudunaues FSK Generator 9

isunh Sasrdaniedasn imbuily dade3uif (bps) dudasinsidsuniasvesdyaudi
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»
191dWAYRY FSK Generator 130031 8A5108a 130 uBAISN aiulumsdefoyadiomaiia FSK

s i 1 or or A ar 1
BATIVAIMNUOATIVBAINNE B3 FSK Transmitter UAAIAIFIR 2.15

F
Binary 5
digitat m J_ . 1:
itnput -
: Analog
N FSK output
Analog E -
input Analog - o - digual J . i /\/
I e N
Frequency
fm —
rs + 1 I- 1 1 1
. | — —f— - : ——— Time
Binary 0 1 0 ! 0
input
Binary
. 1 0 1 0 1 0 1 0 ! 0
Input
B
AU RS R AU AU PUPE S AUUNE S NP SR
Analog' 1 [ 1 [ :
output

fm fs

fin : mark frequency , fs : space frequency

U 2.15 ndnmsuardygnuduns i0iyavos FSK



23

2.5.1.2 FSK Bandwidth
: ¥ o A g PLEE g o S A
Tuszvumsfemsdoyadrsdygraeuinon wiadyauanuiiunuuaiatiiudinde
] ¥ >
Ansandlududuusn ilesnniinisves FSK efuufiugru@osuduiinmsues FM dniums
afvwiagasaea i ldmdnnisves FM ynetha _
i o % o o & o
nIngUin2.16 uaasfieds FSK uequalmes salduanmsi@edtu M yeaiadufeldndnnms
Y93 VCO (Voltage Control Oscillator) 93tfud18asnsulasunlasid 1hgavesdyanaduna:
b= 3 4 i g o o £ o 4 i
wedwdedoyaluusidnvazidiu 1 uaz 0 sdududidfedyaufinioy (Square Wave) Ay

dretndagalh 2.16 Wudgeulusi i

Binary input FSK Analog output
> Modulator >
UL veo /\/
{Tb { Tb { Tb ! Tb ! Tb { Tb | To | Tb { Tb | Tb | Tb | Tb | Tb |
: : : :

Input’101’01050151050i010

! e T .

i I A . O N D e T

i A P

| T R S Sy I

! A £ A

=Pt ; R
Output | fm | fs & fm | f5 | | fs ¢ 51 51 fim! fs

517 2.16 FSK uoqiained

a3 s A e v = 4 = v o = d e oo '
ANUAHANVBIMHAYUITUAUMIAUATIMUIVBILAITN ATTUND I B URWIZANUEVaNRY Dt
o o an a . - | o
1AUIMAD ANudIgRveIdyy uATasaideamsninueqeauyy FSK vzimifiuasimiliveain
o~
1IN Ao
£, = Lasn/2 2.11

die £, - AwAguqavesdynudiaeathinnueqan
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A71U0NA1(Center Frequency = f,) 484 VCO 9384 IUAMNUINAI93ZNI W Mare Frequency (f ) i

Spare Frequency (£)

[———— Dlevistion —

317 2.17 madisanunm

aedn “1” Mudunaszdouanuives veo on £ Tihdu £ szduiimsnldoundasves
Foyalunimudunanin 1 1uidlu o vda o il 1 3z ldAnutionsinaves veo hounso
doavulbinsgnin £ M £ dieann1dnanuud 1 FSK dufenisuegaa wuu FM daiu

Fu1in5uoREn (Modulate index = MI) Tu FSK Avi11ée1n FM fip

mi- & 2.12
Ja

i MI fio AriiMsNOYLOR
Af fie miloauuvoInNud inqeInAutnata (Hz)

£, #o anubvesdyaiuminnuegian

1
= »

’ ] = - 4 a4 A =
a1 M1 wwoudT i gagede 1 M iiilRuuuddaindiefiqe sufadwiomsidisanuves

anudgnueEALduazANIdYeIF Y IMIMiNNLoIaATin1Iga
Tumsueaaaiuy FsK i Af sziflunisiisanunauliqega (Peak Frequency Deviation)

o o A a4 . , o >
mmﬁmummﬂgnua@mﬂuﬁq FAUAUNINUATIUUANANISHIN AU ] Wufio

i"‘___f*'. 2.13

Af ==
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ﬂm‘ﬂuamwmﬂ31uﬁqaqm‘fuaq'ﬁ'mumn?mmuwﬁgmmﬁmﬁmw?iu"mmagmﬂ
(Fyanudtaeaydomamuzmansiniiu «1” sxlusadusmismuennizisu s Taad niodui
aoin “0” Aoz liussduosninnefiluszfunedn “0” 191 0 Taad Aafuniudfidoauues Fsk
ﬂxtfjuamummi’iﬂ:ﬁuazm_ﬁuizﬁ’umnﬁuqmuummmﬁqqqﬂmna

£, Auanuindnvesdoyaluuiddrusuya Fozihitundiadnefigade f = daum 2

» »
MU s1zeniummmnsamag M1 1dvin

o= 12

1,12

(f.-1)

= 2.15

7

MI 2.14

& 4
o f - Autibsanugaga

£, onndavesluuidgge

U b ;I - o - r é
Tumisdadygia FM 121d anunhaveanuudiag szudsdulasasefival M1 Fq
[ADINUAL FSK 9if MI Taeaq T azdealinidindy 1.0 o Iidlu FM mruddasaunauiSund

Minimum Nyquist Bandwidth (f )

2.6 sHavenI
2.6.1 3¥ia ASCIT

SHa ASCH (American Standard Code for Information Interchange ) L'i‘]u‘iﬁ’dﬂ’l 1012 7 4
Futhuditonldfunniigalummsgening sia ascr 7 fia Wuswad Wunudgdnuel (s
FUAVIATOINUIBITIAADY LAz BNYITATLRUAIAY) S11u2U 128 A2 fiMuamiasyIuvesTia
ASCI fiBe 01U IRTFTUUMINA (American National Standard Institute 139 ANS defmua‘tily
WA ANST X3.4 naspudanandhnasgiuvesenimdsrenndosfumaigiuizniig
Uszine CCITT T.50 (International Alphabet No.5 #38 TAS) uazu1asgu ISO 646
Tunsdadeyalumalfiainininmiuiad s 16110 ludwmisiaiodfygaqaMost

Significant Bit #38 MSB) iWe 1§ lumsasasTanmmmanmalumisdadeya
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A15190 2.3 uaRIIia ASCIE 7 1in

b, 0 0 0 0 1 1 1 I

b, 0 0 1 1 0 0 1 |

b, 0 1 0 ! 0 1 0 1
b, b, b, b,
0000 NUL DLE SP 0 P p
0001 SOH DClI ! 1 A Q a q
0010 STX DC2 “ 2 B R b r
0011 ETX DC3 # 3 C S c s
0100 EOT DC4 $ 4 D T d t
0101 ENQ | NAK % 5 E U e u
0110 | ACK | SYN & 6 F Y f v
0111 BEL ETB ‘ 7 G W g w
I oo0o0 BS CAN ( g H X h X
1001 HT EM ) 9 I Y i y
1 010 LF SUB * J Z i z
1011 VT ESC + ; K [ k {
1100 FF FS , < L \ I |
1101 CR GS - - M 1 m }
1110 SO RS . > N ~ n ~
1111 SI Us / ? 0] _ o DEL

M31aN2.4 sHA ASCH witaiiey

v BNUTE ANUNLY

0 NULL SEnilafiesi danismizanaiadianale luedaiuiinwsuilui

2240304 Nuli H§3910 Carriage Return (e 1¥insoariuwilauns 1yl
madwgaveminszauileythuniosiiud hand 18§ Nult §e
W msvyalszasidunaweatig

1 SOH Start of Heading umaandennufimundiudiuniliveniade

2 STX Start of Text HOAIYAG UAUVDITOAI T IV0AN IS

3 ETX End of Text LtrAagARUEAvYBITER I
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AN 2.4 (AD)SHE ASCII FiANEAY

s onNvUsY AUNINY
4 EOT End of Transmission lli‘l’ﬁdi}ﬂéﬂffﬂﬂmdﬂﬁﬁi
5 ENQ Enquiry Tauundgniihudrunilsvesressing nsudi$ana lums
veldnouiumesthosuaeusums185usnas
6 ACK Acknowledge M3ap3 U0 143 IY1IMS
7 BEL dufvevennamesiuea
8 BS Backspace
9 HT Horizontal Tab
10 LF Line Feed Y8 uussalmiludumisay
11 VT Vertical Tab
12 FF From Feed taounihnszam uvitanih
13 CR Carriage Retum [Aow 1fdu1s3%a 11an3 a1 1¥1RA Line Feed 42t
1uiiu
14 SO Shift Out fMuAgAd uAuvesTHaRLgURIFHLBUATIA 1Y Esc unu
15 SI Switch In fimuAgaG AU HaRLguiiGuduTay SO
16 DLE Data Link Escape milouny Esc
17 DCI
18 DC2 Device Control 1 12 4 1Wamdseal il Fandeams vienaldiu
19 DC3 wosiTuaudiSan
20 DC4
21 NAK | Negative Acknowledgement ﬂa?:in’fagaﬁﬁn‘fu"laj'lﬁqn%"uadngnﬁm
11 NUANLAANAIAN1INISE
22 SYN Synchronous Idie titeuu Null uagniFlumsdomsuuudainsia
Moaualiqinsaloresdadalas ludfusyniensds
23 ETB End of Transmission Block gn#luiidemsds¥oyagujsfiuugen
24 CAN Cancel 1i9¥41 YoyagndsTulnsgniielyl
25 EM End of Medium 1is§3unfiaaramilnszay
26 SUB Substitute uf lvAsnusfiduniianatn gnlfinoLsiadugauesnis
Aaauuiu
27 Esc Escape ﬁdiﬂﬂléuﬁuﬂﬂdﬁﬁﬁﬂuiﬁﬁﬂﬂ1hﬂ151ﬁﬂ’)1ﬂﬂ UITHLPTY
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A1519% 2.4 (AD)IHY ASCII BiANIAY

e onuse AUMINY
28 FS File, Group, Record a2 Unit Separator Mud1Ay 19meadimuavaua
LHINAMULITIAIN
29 GS
30 RS Far e e P ] @
¥ Adnusinfouiunisgna
3] Us
32 DEL

iiadana(dnss inSeanungdssnaeu wazdug) gty lunsufinnefudazirsnysi
r »
uand1adu szgrumuAaus mauiidafusiuaumari Taodndtiad1o1n o &a 127 n$ee1n 0 54 255
A £ & = o« = - ] o [y & o Qe =}
tiv i ludnilaamisofidiein o fa 255 TusailusssumanesIinil ludunuddnysuie

ar

wsomurssnaoundazd ludeyafifiudond Taediindnsudimsusuddsnys fusua
& o - A - a & -

fin EBCDIC FagniFlunouRumesviladuveslefidy uax siia ascu Sagnldiunouiinney
914l

M1313 ASCH a1 adumams IS uausznne 32 89 126 unuduas #2805 1n50aMuY
13saasunardydnyelildauialdduqduauein o 89 31 uaz 127 Haaumuiofisy ($u

. o o iw 1 4

Carriage Retumn, Line Feed ttaz@16nus# 1dmuisanamana lddua

fedaru 42 A gty luavg by fe 65 Tugilveaauguaes fio 01000001 A3 BINIY

- &

aowan gy Tuayg iy fie 44 dsfie 00101100 Tugilvouavguaes

A o Y & s ow oo - -

wesnind i 127 huavgwaelsifisaiaiiadaoysvianuagnunudig 0 fa127 ause

o & s a o L o 4 vd a ¢ b S s d d19!

gndulunilalud Tassemednunitaia issninm¥yeialuludnilsfudguidaia sztula
T Ascal Ifosdiaguddann dadagadises’d

AL AADs nawria lnaviiantatiad msunmsidswa v ldis Wafiuand1aiu 256 2
123 dus v lalay Asc uazdrufinfognl¥dimsusnuszanend dadnvaimendiamans
o A 1] ldd' [ r-| o s o Q. -
8Av52nT 1N tazduqmusanisoonuuy Taalidn lilluns gud mudnus sy (Extended

»
T é g =1 1] o =y £
Character#HA1H FIUNVEUATIUUANA nuuuﬂﬂummai’ﬂuawuﬂ

2.7 miudaadlugimsveynss

- o A > o o oA o ]
ﬂﬂu‘l‘l’lmﬂilﬂﬂuniﬁnﬂlﬂﬂllﬁ:'ﬂﬂmiﬁ'ﬂlilﬁilulm‘mm'm "u1ﬂﬂ')‘|u1uuﬂ1uﬁHHQQﬂﬂq

o 3 o @ 1 A L " 1 : A & 1 . =
vIndauntwesneuiumed ldadwdu uildgndalinSaasnilafiaudezgndalinateta
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at g ] o A @ o AA o a o ] 5 u’: a
wioududugadinarniednhaddnvazdluuvinu swoudiefgadaluniianianzus fu
lﬁ' v = Q’: = o ar 3
auinses ua Tavdndszihunlanfondguunla mizaniunsuiunasmums odnufonilalud

=] 14 3/ u’/’ &
dlussaioylunimiisg
] ﬁ'g - -'1 o <A o o '
(oannmsdemsninaoutuaes lUdigunraidunawyliatlunuueynsy Huea1yN
b 4 ] = -é L) ar f 14 a e [} =]
doyagndalifinzuilsiin #dousomsfomsdesmmsni ludfisuinuuannudisenlufiay
=Y b3
inlA
A\ly ' ' Y 4 a a &
nnii lananuudrnmodeyalumdemsuuueynsy TiNesao1us MARK uaz SPACE ¥4
Tuns@lvesmsisenne lavasaiifuus sduTdiaunseuanad i deyalaqignasdoagn
utlaaliifluduves MARK uaz SPACE Aoy dmfumsdadoya MARK unudi “1” uaz SPACE

unuhn “o”

2.8 WIN§ U RS-232-C
& a . = P v w oo A A P . &
dhunesgruwilsiignimuaiuuisuoiiududanaequins s et I lumsild
o Y oa r w o ' a ) > Y aa Ve ' '
gunsaivndrdamsiuriinusuiuld Sunasgu Rs-232-C g uAteu ¥ fusdaums vaw
'?I’r}’ﬂ Tﬂuﬁmmsgmﬁ'lﬁgnﬂizmﬁ'l%'t'u?] f1.#1.1969 1At Electronic Industries Association (E1A) 1
asulunsuGLus DA MIUAIMUAMSIToUADTE M1 O3 luDa (Terminal) uaz Tudy Tauh RS

»
1UH01191n Recommended Standard

2.8.1 Faya i ¥ anualy RS-232-C
- Protective (PG 1 1)

=2 wooar A‘l -1 -
KU1WDI ADIVDAUAITDINITDAWAU

]
=

- Transmit Data (TD 1v12 )

4
[
= 1

ar - - as o 1 o
Sudyanuiidsesnuon DTE @ lulnsasufiuned) T luduniedeid Tavas iy

-]

1uTnsneufumesdasuniomiesiind e lifidyanudieonamunmyssasdnesinuiiiu «17
ANz “OFF” niowihdu Stop bitliieziiusyuves1s DTE AeslidsdoyanenTisuniidyn w
Request to Send (RTS), Clear to Send (CTS), Data Set Ready (DSR) ita2 Data Terminal Ready (DTR)
ﬁanmf’f&:sagﬁuﬁnnx “ON”
- Receive Data (RD "U‘I‘I'q"l 3)

Hhumaveadganadllbs DTE 1501ﬂﬁﬁ'ﬂgmﬂ1ﬂn%’nnﬁmmﬁyﬂzﬁﬁmumwﬁ‘]u “1"#50
an1z “OFF”
- Request To Send (RST 11117% 4)

910 DTE 111 DCE

a1z ON fio 1sf 11 DCE 81U Transmitting Mode Ao 1)

Az OFF i 11afu1d DCE og1u Receiving Mode A 11
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msalaonon OFF dfu ON MumsuenlW DCE Samsfuszundoms moldgamig
soiouuaz I dganal Clear to Send (CTS) ndunilumsuenddald

msulaeuain oN 1u oFF fumsuenld pcE defeyaruresdomsinuaudandylvey
11 Receiving mode wounulW TS 1§11 “o
- Clear to Send (CTS -un‘r'i 5)

910 DCE 11/ DTE a11220N wunsanuifoyann DTE ¥ 2 szgadade Tl ugeana
doms (TududadoyavenmuTnsdwi) Wufl CTS 92 ON 1&2970 DSR 1ag RTS agluan1gON
uag1Tims Foudovonsvsdoms (queme Insfn) raFouds
- Data Set Ready (DSR V1 6)

910 DEC 1 DTE Ao amumfouealusiimiiies sxdiu oN miay) deidle

- DCE (Tuid) nindosag uazeyluaeus Off Hook (nilousny Tnsdnn)
- DCE 'hl'ﬂg"l‘u Test Mode
- DCE fimsaadgygalidaypumoeduds

DSR ogluaniaz ON iilumsuen DTE nlududodhiumeTns s suZosudmdeuiioz
tadaya

DSR 841u@n12zOFF nuwtal DTE A519 Ring Indicator
- Signal Group (SG mﬁ 7

fAp mosveIdganaynia
- Carrier Detect (CD 'u‘l‘vq; 8)

v1n DCE1l DTE

o o

707122 ON mua DCE Sufagnauwnilusemudemsiszinsavogqian'ld

(1

L3

an1z OFF fie lilaiudye wes 1sias n3eldsudygnuud liauns ofuegaaeidoya
pon1A
- Data Terminal Ready (DTR 917 20)

910 DTE 11 DCE

an1az ON Minodlad1 DCE W uumeioudefudsu uazinugesmanane 1iaed (m3
%01 Channel ¥ Idmaroma fle myuSundaudiontosa luia) & DCE minsoaeusudyanudon
(Cal) ¢ AlmBUSY (Answering) tifoilFayg 5un Ring Indicator 11X DTR ON oY

@n12z OFF fieny uazife OFF u&19z4011 ON Snouni1 DSR 12 OFF 8t
- Ring Indicator (R1 -u']ﬁ 22)

910 DCE 11 DTE miloudganauFonvos Insdny uaiiiuasaealdluszuuaoy 186a Tusld
(Auto answer) fayqaies ON diofidya anszaaudiun uazes OFF sznhafusdevoansza

dygrufivimnniineudinasiyes Rs-232-C sufluannzlaanizniludazgaeluil

MARK/SPACE, ON/OFF, ap9n0/ aosn |
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Anuduiuissninan s dynugaeg fussduus s lduand 3 lumse Rs232-C 19
Negative 8D3NUNUTEALIS 1A UA199 TADUT IRUYDIT SR LT 9T U199 vegniaisufiudag o
n'inuﬁuﬂnmnf':‘ﬁnszﬁ’mmﬁuszwin -3 1 +3 Taad eziflumsgrsvesnisnliouanin gufu
Sehilimsseymonizvosdaygrasaei

Tumsumuan®n 1 n3ea0uz Mark Driver #83910u538u 19 -5 §9 -15 Toad daulums
HNUADIN O 38 Space Driver ABIDMITIAUIZTU I 5 83 15 Toad

217431 RS-232-C 0bu ATl Noise Margin Wi 2 Toad damiunnudumuiszning

usuuazanuzyaIdyn luea 3daglh 2.8

+15V +15V
Space
Space
Logic 0
Logic 0
On
On
+5V #
. g _ 3V
Transmistion Transmistion
Region noise margin 2V Region
~ ’ 3V
-15V
Mark
Mark
Logic 1
Logic 1
& Off
Off
SV -15V

310 2.18 uamannuduius sz has duuazanuzveadggw

2.9 u3UAITRHS (Hand shaking)
tunaeansfiqunsaithudeduiiudesiiginsalthusundounszsudoyanielumed sy
[ ar A o o o é ] ' o ] P | - o
ﬂ']'iﬂqqlﬂi.llﬁlﬂ[ﬂlﬂ'iﬂqwnw AT IVDINMTABAITDIVIINTIAIIUITAIVDUAIDIWUWIATOIWUN
doasziumsddoyavesneuiuaeswundiunioviiersudeyaluiesudordudumsdifoya

= ¢ A P Qs ol 4 P - o fa 1 3

MInRRNRIABIIATBININTUSBnnTomi Tashineufiaumesdfineshimsolszuanadoya
RS aidusasfidoyadun aaeansd deadivamsgnaandunnginsaithesulydsednsal

y 1A ' v g ' 2 A oa
thudaioudeimieunTebismsiifuai usudiinfa Falieg 2 guluuude
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¢ p d g o
2.9.1 g13A5U8UATARY (Hardware hand shaking)
ﬂ ¥ P P 1 a o
1Wumsldueudiinnalasmmz enuqumisdadoyn Tavdndgunsal DCE 14 Dsrifhu
o -: A‘{ LY J 3 as o
mouauarAnueuen DTE Iiugnilavunaswieuiisudeyaiuminsold crs dumouaud
o l: o
wanuasyld
o 4!’ Qs 5 LY d' [
gunsel DTE 14 DTR JumousudiFafandmiiousn DCE 1iundorfiosfunaz14 pTs
o of cr =y o n’ v qvg ar g 1 °
dlumonsuadanuasy TavdnAmougudiananariniwous s IWhuandenisdaaus e

TauozussduIWthaudiomsadagnugadanig

2.9.2 «nas‘vlm-fuauﬁlﬁ‘nﬁq (Software hand shaking)
» v
fo dygruusudidniigndaniioutudoyalawmodoya TXD 1az RXD, a102 uay
= a W 2 aad ar 4
mu3 unuiiez hanessusuddnia Taunrmzdusuluaianiusudidnia eiignldialude

= 4 - g as
ADURAADS ABARSDININIT RO TS

2.10 Waludst (Null Modem)

et Ikndrnsounthiludrinluneuusn rs-232-c W IFdmsuRmuamsEouso
szudnames iuoaduiiu DTE fulududuihy DCE Ao 1&iimsii T yszgndldfumsidorso
sgndngunsalBnnmowiailuldgnimualfifu  DTEwSe  DCE adralaadianila iy
Tulnsnoufiunnsniomnsoaum

ipsninlifinasguiisaiiqunsainisdlu DTE wie DCE vosnfidssuiiudoudoude
gUnstl DTE aesdmiequnsal DCE aosdaddrofiludnuzsuiidesinsdoudame 2 uu
gilnsaldus o3 vugdnsaldfneauarmes vuguastiFausnfumo2 vudafiaes a1
usudiFnianidoagnTviliud winornzFoiaoRimyiidenseginsalirowazims vl
fisuih13melu Tidnsdilamefiogasanaransenneszgnisundt waTu (Null Modem) i
1¥gunsal DTE aeadigeiu i Tashideadigunsal DCE WiumaimTolumandufufiesznia

DCE fiu DCE




2.11 ARUNINIADSIYY 9 WU (DB-9) UAziY 25 AV (DB-25)

LE LT TY') 13

S————:%
=8 1 m
o e e e 1
m—t 1=
”~

A
4

nru:u!u::;:;;:;"*-uu-
BRI

31 2.19 uameneuinmes DB-9 uag 1L DB-25

A15197 2.5 510AZBUAVIA N ¥DINDUITINIRDS DB-25

UL GLE TR T GaaTa LY %‘wmmuﬁmnﬁm
1 Protective Ground
2 Transmitted Data
3 Received Data
4 Request to Send
5 Clear to Send
6 Data Set Ready
7 Signal Ground
B Received Line Signal Detector
9 Received for Data Set Testing
10 Received for Data Set Testing
11 Unsigned
12 Secondary Received Signal Detector
13 Secondary Transmitted Data
14 Secondary Clear to Send
15 Transmitted Signal Element
Timing(DTE source)
16 Secondary Received Data
17 Received Signal Element Timing
18 Unsigned

33



195190 2.5 (A0) SwatBuavIAI| UBINOULI NIAB T DB-25

ninuavndyy I

d o
Fousawdygn

19 Secondary Request to Send

20 Data Terminal Ready

21 Signal Quality Dctector

22 Ring Indicator

23 Data Signal Rate Select (DTE/DCE

Source)

24 Transmitted Signal Element
Timing(DTE source)

25 Secondary Received Signal Detector

AN 2.6 TIUASDUAV IR VDIADUIINADS DB-9

vinuavnTy I Foveamuduanu
1 Data Carrier Detect
2 Received Data
3 Transmitted Data
4 Data Terminal Ready
5 Signal Common
6 Data Set Ready
7 Request to Send
8 Clear to Send
9 Ring Indicator
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3.0 As9aaveeszuy

Tassafvesszuunsdedoyalunuguginsallifiniussss no udaodusien Sauans
Iidagalit 3

MAX232 =) MODEM CI,'){IE;]

AC.
LINE 220V

MAX232 K== MODEM <,‘:‘>{I[m=]

117 3.1 Tassrdhevesszuumsdenrsdoya

Tnssadnvesszulsznouluda

A =, o
- InSpInBURANDS

Amnhfudiudsudidaoind1dau Taovedadoyai 185 uneiney sl
TuTnsneuInaaes mmsdafoyaluiigamugmumasy
- waguannazmhiids (Tuduninda)

yruogamos i mihiidsdygramuguit 1dimndhldudhgmolnidued Tasesfins
ueﬂ_mmflu FSK (Frequency Shift Keying)

- Avegaauaddil@ (Tududsy)
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Tugatissimihnesiudygyrunuguidaiuangame 1Wihed niimsasdddauas

Auoguaandinniimsaveqasud szinmsvoodygiaie IWdynah 1dnduudy

h

[
s =

dygnunmnsahlihsznananaz daald

- lulnsaoulnsamesamsy

] I3

ﬁmmﬁi"'uﬁngmumrlé’ammiﬂi:manamﬁhﬁn’lﬁmLﬁﬂmuanmsﬁnmaaﬂmﬁﬂ
taws (Opto Coupler) t1az Relay 484 Load Switch
- Load Switch

Tnﬂﬂﬁmwﬁ1msmuq:uffmswzmuamnm:ﬁﬁ'qlflﬂ-i’lmvinfu 47997 Load
switch oy lundeasuusazniaarunsofivzin ldeduginsaliniiniouen 18 s & i
nasa IiuSewaay az1¥n15AA-AUvos Light Emitting Diode (LED) ludivenaniuzi
woinmuiiimsaugy Taudle 145udyg aeingidndefidanudadaluTnsaouInsoned

o ¥ o A A o ar A, Y = e ﬂ ar 4
ﬂi]z'l"nﬂ"lifﬁ’lqﬂf}!fl{lml“ﬂﬂﬂzﬂ']'Llf]llﬂ'lﬁﬂ%ﬂuﬂﬂﬂﬂ') Relay S3M1HMUITHTUBULLURAININY

td

wldisreunseniuguinanaian 1a

InsardeszumsieasdeymiussszaoudiudmanaFumasladgln 3.2

Max232 =3 MODEM <,'—_—[>IIH

AC.
LINE 220V

LOAD SWITCH <:_D MAX232 <::—_> MODEM \‘/L___\,>D:]:T_EH

30 3.2 Tnssadhaveassuumisdedeya Tuaunuginsel Indh
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) b « M [] '
Tudmveamsdemsteymiu litfsziduludnvuzmis fomsuuy 2 Aamauanuazom
4 A ' g s o 3 = 4 o & o o - ¥
nishissnuvunadgnanduazdnvuzvesoyaiidomsMuiusziluddnusniedonnu
s 1 A @
aunsoldaouduld TnodmTdsunsumumndannisold Mouse 1az Keyboard lumisdams

A199 14

3.2 @mvaardume sl (Hardware)
[¥] 1w a - J
3.2.1 NasSu-dadyanadoyannnianeniumes
ansoesauvBiazeiemsiiuIdnnnquiveanasgumemeynsy (Rs-232-C)lay
AygruidnnneuiIme s MInesNeynIu(RS-232-C) seiffudyauunin (MARK) uazeamls
& as R A o
(SPACE) Faezilussdu sz 0-15Tad murouzveadoyandwenuuazilodygyiudoya
filddwvenuuirngdonh llnfdoussiuvesdyyunou miwdygrudeyafiezinnegian
»
wnazAouiiuszduns sdu'IW AMuUeA(TTL : Transistor Transistor Logic) Thuszduussdud o Toad
L g [ 4 o >

fiu 5 Taad awaeuzaedn “0” uag “1” dromauail i ldinslasssdudygradeyanin

3 oInauRuAes 1auld loFiues MaX-232 FudlsuTeduns iy

4.TUF

le

L

T2 0UT T2IN TXD

o [ ow
10

R2 IN R20OUT GND
CONNECTOR

(DB-9) 1 MAX-232 6 8 an

4.7uF

4 I
e c BB T a7
[ 1
7 9
g

MODEM

U7 3.3 2vsnarmimsisendnsznina lududunouiune s iu MAX-232

o

TumsiFowdoszninluduiuneuriaeiesl 2 YofidoaRese Tafiaov RX vorTuduosne

AUV TX Y0IADUWAADS LazY1 TX 104 TUdy 92A0A YY1 RX 499A0uRImes TARIL MAX-232
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wswhdygad lulnsnounsamesadreeannezdiunu o 81 5 Toad Fafusidealidye

AINA1 A MAX-232 emlaafludyanuuuy Rs-232

3.2.2 230suvaanied
yndnnssfidhuszuudidansedinddeimsiidvasesiftelmunsamnuldedani
ﬁ'u‘i"uﬂ:ﬁ'aqﬁ'ﬁ'nww‘ﬁﬁn1’4’1?5&‘1uumiqihu1ﬂl§ruu1ﬁﬁ'uaqwsei1af| Faynaaes il luTassandl
Aoams Tidesiiunszuaas swazihusduifszduneil soufumsadinsestumaiideiong
Fuanszuaiinimfudass s Infhns sumaduliifuus s Iifhnssuaass wazases fow
szavusadulinedt Taolugaaesundasiolniivzs wus siuIiiszdu + 12 Taad Tldnel¥iy

2295 wazansmi lihlssgnalFaudussfususduag 18 Tasmsnlaonlod

Posttive Regulator

A +12 Volt
m 7812 O
1 3
Bridge B
. o]
Rectifier o cil + C 2 cs | o+
1 Z2004LF " 100nF] 20UF]
0 Vol (CT)
0
1 + 1 1 +
2 C4 1 Cé
22001LF 100mF { 220uA
2 €2 3 o

a2 -12 Yolt

Negalive Regulator
3UN34 29esumnasnv

3.23 NosuanananIufugUnsalindh
Iﬁaﬁﬁumzﬁmﬁmuquum'n:muqmnmzﬁ15«%-%11&11‘1:11 iwuaoa Ila1qualuy
fifioz19nsAn-Au Light Emitter Diode (LED) W83 udmgunndidideddanuda da
noulnsames Aezviimsadadyeulifiieey Tdflnlaes (Opto Coupler) Fuiiugunsaidu
usnverevsAuRy FimhAidheindwiomeunszue Ivnszsneinmag s s Ieladush
grvsineuInsaeilunsdififennufiawaianiomagaidu uazezsudyyradhuideuiioe

1 as 4 - y [ = o4 g r b
T Trig ($171v1v83@7 Relay Faimihiimilowdhudmraindi ldinmumsoniuguinandieq id



IV N

K2 10k} DI I_N i @

QL IN3%04

ol
At
]

N -,

% : +
Lo ™ owlt = 77
. MCS-51 , SV

el Y3

4 L]

= R0Ed} g puont - ®

() -

A |
NJ.\I: \\ ’
IC3

77

IV

RELAY4

v @
R
wer 5 |
15 L
cions |

- S 77

3.5 nesganuqugUnselInifh




LAMPS

1

ﬂn
\el

+LEV

mzokf2l  pg vaont 12v _in ®
'_‘}}};‘Qn -3 F. X -t

FTLRTIS 818 12¥ ®

Ri131300) 5
i

[ 3
1. q L@ Q7 23904
IC7 4N25 b

L
- L@ QB8 2ZN3904
csans| ™

;.'-' /;7 yord

3135 (A0 ) 2esgAnIURUYnsal WAL

40



41

324 dmvedludn
' o ; 3 . . b o = ar
Tudmvoalumanilis1zly Single Phase Power Line Modem ¥a%i 103 ST7538 (luda

oo W . . . o ) o
Yszwanaiiddy uamiiu 1oF Power Line Communication AigUuvumsFemsdudnuuzad

quvangduaz 1dmatlamsusa@auuy FSK

i svas Dis &ise TESTY TEST? TESTA o FFo
i 4
. CAFRIER B
COFD DerEETIaN TEST T ™
A
ann e el o o] s o] o
y A 4 AMPL
- la—03 RM
SERIAL | F{;E\R ’
INTERRACE a— CONTRCL
FEGDATA o AEQISTER gungm{ A1
" ReTx i {
| Fe ™ " | voumeE
e h weouiarar 7 & ™1 auer [~ % ] contraL Vernes
REGDK Crar . FU ' Sl
Jos TRl
= TIME BASE , - gl “:,TH
N VREG e
> 1 Wdc
" } Fa
X00  Xn WD TOUT RETD MUK 20e X0 COUT  CMING  GPLLS DN DA
- . =
11% 3.6 A2 Block Diagram yp3 103 ST 7538
PLC PLC
MODEM MODEM
+5V/ +12V ] — +5V/ 412V
+5V/ -12V +5V/ -12V
RxD
coM1 . l: L ] . RxD MCS-51
N
TxD TxD
AC. 220V
GND GND
| .

i 3.7 uermamsiondo TuduiuluTasaeuInsames MCs-51




- Tindiu PLC Single Phase

A1519% 3.1 A wBugataziomivyavel lufiu

Pin Symbol Description Direction

1 +12V +V in Input

2 GND Ground Input

3 -12Vv -Vin Input

4 RxD-232 RS232C level Data in Input

5 TxD-232 RS8232C level Data out Output
6 RxD-TTL TTL level Data in Input

7 TxD-TTL TTL level Data in Output
8 Reserved - -

9 Reserved - -

o ) : o o '
AN 3.2 Maatves@andiueann

Jumper Connection

Baud Rate Selection Remark
Jp2
600 bps Close Close - Default
1200 bps Close Open
2400 bps Open Close -

]
4800 bps Open L i Open
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33 msadinesuegaauay 1esaNegian
Lﬁ'mﬂumswmmunﬁ'l%"fmﬁnﬁlﬂwmmT:u@aﬂ'u Sudfufnesanisadunesuequaauas

= =4 < = { o A !
'Namuagmﬂ'lﬁmmsn‘lﬁh1u1ﬁmﬁaun?amlsznmmwﬁ"lnﬁnﬁuannin@a i luduveams

afrafulduiweniiy 2 dyugai

33.1 msadasesuegan
mafuiadygw Fsklnudon1¥lofued xr-2206Tavesimihiindoudeyarineatida
n

munlulnsnouInsamedilludyyin Fsk Tasdediaror #n1wd 115 kHz uasdasila <47
AMNA 125 kHz Tomnnudumuiio 7uas 8 vealedezifumsmuannuivesansa 1 uns 0

d N0 9 veslodses Autindaygo FSK uaadluglnas

Vee
] L IuF
4
- o lr L ks —— - 16
= 3 © Mult T
VP A i~ 12
| T c l'|V00 iR sine 2
<1V F2 L 6.0 ~ ° Shaper - E/\ZOO
. 9| | ¢ r_—' VAVAY
FSK Input RT3 Current | [ L )
[sz\“'/\‘g _1Switches‘ I . ] 1'—7— - —— FSK Output
VAV L -]
SN N 1
Fil=1R1C 10 XR-2206
F2=1/R2C & =+ . R3
Tlup K
| | =< 10uF

Ve o AAN, - = AAA
5.1K 5.1K

3171 3.8 uansnes mauogon FSKauld lod Xr-2206

smualfaudilddu Fl=110 kHzuaz F2= 120 k2 §ufusmuald c= 100 pF

AU MIAI RI,R2 uaz C 1Aoinaums
1
Fr=—t
CxR
ao L 1
""" CxF  110kHzx100pF

laz F =
? CxR




= 90.9kQ
1 1
" CxF, 120kHzx100pF
= 83.33kHz

=] A - | q' o
wonld RILR2 18w VR 100 kQ o3 13manug umumuisuon g

3.3.2 MIadNeosANegIan

maRuegaaiiuazion1dled xr-2211 vimhiinlaoudyau Fsk dudeyansaeandad
e Tudagunsalinousn lumsiSudn@ueguam lanlufanudmudin 12 veelod
XR-2211 uateadagiia.o

INPUT SIGNAL 0.1uF i Y o
o—L 1o T R—
— -] 3 X 12; ¢ T
Ry - G R 2 " R
|, 2 L !
2 -«
5 1 o I “ § 'J; J A
1 O_MJ_ I
OUTPUT [ e i fL |
— L N
_ - ——

1U% 3.9 wamanes mnRuagan laols lod Xr-2211
fiMIumAIR,, R, ,C,,C, , R, ,C,,R, uarR, lAninauns

f.=FxF,

‘R:=Ro+£
2



R, =Ro+&
2
C0= 1 . RIZsz
Roxf; (‘FI'_Fz)
uaz C, =l§9x—?"—;4’=0.5
R g

fmuald R, = 10kQ (@gsening 10kQ—100kQ yz1d

fo=JFxF, = J110kHzx120kHz =115kHz
Ry =R+ _jokn4+ 1% =15k
2 2
1 1
C, = = = 0.8965nF
R xf, 10kQ % 115kHz

_ Roxfy , __10kQx11SkH:

= = 2 = 230kQ
(F, - F) (120kHz —110kHz)

_1250xC, _ 1250x0.8965nF

C =
R x{? 230k % 0.5°

=19.489 pF

R, =R x5 =230kQx5 =1.15MQ

R, =R x5 =115MQx5 =575MQ

R (R +R)xR;  (1.15MQ+230kQ)x5.75MQ
" (R + Ry +R.) (230K +5.75MQ +1.15MQ)

~ 1.113MQ
_ 0.25 _ 0.25
¥ (R, xBaudRate) (1.113MQx1200bps)
= 70.487 pF

wdonldd R uaz c A lndwsasusmsiuald
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Serial ConTrol TYPE

kg

| Monitor Sending Messages

IEBEE

| I - J Inas ;EP_ ' P_Ff] 4

Test Comn e amme —

17 3.10 whaaTlsunsudmFunsugugns e i wagasaumn

Amaiauves lsunsyludmvesTdsunsumdnuazdmveamsaunuidsgiii 3.1
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o * f
// Program : ConTrol $ TYPE

// Description : Contrel Device

// Filename : ConTrldT.c

// C complier : Keil 7.50

f R e e >/
#include <reg5l.h> // Header include register for normal MCS-51
#include <stdio.h> // prototype declarations for I/Q Ffunctions
#include <string.h>

#include <stdlib.h> // Standard functions.

#include <ctype.h> // Prototypes for character functions.
sbit Out0 = P1~0; // Define port for Cut at P1.0

sbit Qutl = P1~1; // Define port for Qut at Pl.1

sbit Out2 = P1+2;

shit Out3 = P173;

sbit Qutd4 = P1°4; // Detine port for Out at P1.4

shit Qut5 = P1+5; // Define port for Out at Pl1l.5

sbit Cuté = P1°6;
sbit Qut? = P1~7;

/**\l’*********************&*&***********************1—***&************/
/******i********** Function for delay time *************************/
/**********************k****t***************************************/

/*** Constants ***********************4‘**********k*****************/

#define TRUE 1

/*** Global Variables ****-k*-k**************************************/

char code menu{] =

" \n L1}

"t*xE*k*x  Yot++ Control 8 TYPE *hkkkpi\pnn
"+ CPU: ATB9C51 +\n"
"+ Device -+ Display =======mcc=w———— +An"
"1 1 | TYPE 1, (Press Buttom 1)} [\n"
"2 | TYPE 2. (Press Buttom 2} [\n"
"I 3 | TYPE 3. (Press Buttom 3) |\n"
"4 | TYPE 4. (Press Buttom 4) |\n"
"I 5 | TYPE 5. (Press Buttom 5) |\n"
"l 6 { TYPE 6. (Press Buttom 6) |[\n"
"7 { TYPE 7. (Press Buttom 7} |\n"
"| 8 ! TYPE 8. (Press Buttom 8) |\n"
M e ————_——_— +\n"
"command :";

/*** Functlons *******i‘*t***ii****k*******k************************/

// Function : initializing for stream I/0
// Initializing serial port input/output
// Parameters : nothing

// Returned : nothing

void init serial (veoid) {

SCON = 0x50; // Setup serial port control register Mode 1:
// 8-bit uart var baud rate REN: enable
receiver
PCON &= Ox7F; // Clear SMOD kit in power ctrl reg This bit

// doubles the baud rate



TMOD |= 0x20; // Set Ml for 8-bit autorelcad timer

THE1 = OxFA; // Set autoreload value for timerl 4800 baud
// with 11.05%2 MHz xtal

TR1 = 1; // Start timer 1

TI = 1; // Set TI to indicate ready to xmit

}

void delay{unsigned int tick)
{

unsigned int =x,y; // Keep for counter loop
for{x=0;x<tick;x++) // Loop for delay define by tick
variable
{
for{y=0;y<133;y++); // Loop for delay 444 time

)
'

void title{void)
{
unsigned char dat;

dat=4;

dof
Qutl=1;
delay(150);
Qut0=0;
delay{150};

}while (—--dat);
}

/******+i*i*++++++********+**+i-*ir****i-*i-*ir****-\l—**********i—i*i—***i—*i«-&/
/***************-ﬁ-*********** Maln Program **‘i’*********i—*****i—**i—*i—**/
/*********i’**********i—********************-k-l-************************/
void main(void)

char rxDat, i=0;

P1=0;
title();
init_serial{}; // Init serial stream input/output
printf (menu) ; // Show menu

printf(">>>> Start \n"):
delay (1000} ;
while (TRUE)
{
rxDat=_getkey():
if{rxDat=="%"}
{
rxDat=_getkey();
if (rxDat=="1")
{
rxDat=_getkey(};
if (rxDat=='E")
{
rxDat=_getkey (),
switch(rxDat) {
case 'A':0utO=1l:break;
case 'a':0ut0=0;break;
case 'B':0utl=1;break;
case 'b':0utl=0;break;
case 'C':0ut2=1;break;
case 'c':0utZ2=0;break;
case 'D':0ut3=1l;break;
case 'd':0ut3=0;kreak;



case 'E':0utd4=1;break;
case 'e':0utd=0;break;
case 'F':0utb5=1;break;
case 'f':0utb=0;break;
case 'G':0uté6=1;break;
case 'g':0ut6=0;break;
case 'H':0ut7=1;break;
case 'h':0ut7=0;break;

}
1

/****************************** End ********l‘********************ii/
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ST7538

POWER LINE FSK TRANSCEIVER

m HALF DUPLEX FREQUENCY SHIFT KEYING
(FSK) TRANSCEIVER

m INTEGRATED POWER LINE DRIVER WITH
PROGRAMMABLE VOLTAGE AND CURRENT
CONTROL

a8 PROGRAMMABLE INTERFACE:
- SYNCHRONOUS
— ASYNCHRONQUS

m SINGLE SUPPLY VOLTAGE (FROM 7.5 UP TO 12.5V)
m VERY LOW POWER CONSUMPTION (Iq=5 mA)

m INTEGRATED 5V VOLTAGE REGULATOR
{(UP TO 100mA} WITH SHORT CIRCUIT
PROTECTION

m 8 PROGRAMMABLE TRANSMISSION
FREQUENCIES

m PROGRAMMABLE BAUD RATE UP TO 4800BPS

m RECEIVING SENSITIVITY 1 mVRMS

m SUITABLE TO APPLICATION IN ACCORDANCE
WITH EN 50065 CENELEC SPECIFICATIONS

m CARRIER OR PREAMBLE DETECTION
= BAND IN USE DETECTION

» PROGRAMMABLE REGISTER WITH
SECURITY CHECKSUM

m MAINS ZERO CROSSING DETECTION AND
SYNCHRONIZATION

BLOCK DIAGRAM

TQFP44 Slug Down
ORDERING NUMEBER: ST7538P

s WATCHDOG TIMER

DESCRIPTION

The ST7538 is a Half Duplex synchronous/asyn-
chronous FSK Modem designed for power line
communication network applications. It operates
from a single supply voltage and integrates a line
driver and a 5V linear regutator. The device oper-
ation is controlled by means of an internal register,
programmable through the synchronous serial in-
terface. Additional functions as watchdog, clock
output, output voltage and current control, pream-
ble detection, time-out, band in use are included.
Realized in Multipower BCDV technology that al-
lows to integrate DMOS, Bipolar and CMOS struc-
tures in the same chip.
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S$T7538

PIN CONNECTION (Top view)
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PIN DESCRIPTION

N° Name Type Description
1 CD_PD | Digital/Qutput Carrier or Preamble Detect Quiput.
™" No Camier or Preamble Detected
"0" Carrier or Preamble Detected
2 DVss Supply Digital Ground
3 RxD Digital/Output RX Data Output.
RxTx Digital/input Rx or Tx mode selection input.
with internal pull-up " - RX Session
"0" - TX Session
5 TxD Digital/Input TX Data Input,
with internal pull-down
6 GND Supply Substrate Ground {same function as PIN 41)
7 TOUT | Digital/Qutput TX Time Cut Event Detection
"1" - Time Out Event Occurred
"0" - No Time-out Event Occurred
8 CLR/T Digital/Output Synchronous Mains Access Clock or
Control Register Access Clock
9 BU Digital/Qutput Band in use Qutput,
"1" Signal within the Programmed Band
"0" No Signat within the Programmed Band
10 Dvdd Supply Digital Supply Voltage
11 MCLK Digital/Qutput Master Clock Qutput
12 RSTO Digital/Qutput Power On or Watchdog Reset Qutput
13 TEST 3 | Digital{lnput Test Input. Must be connected to DVss during Normal Operation
with internal pull-down
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ST7538

PIN DESCRIPTION (continued)

N° Name Type Description
14 WD Digital/Input Watchdog input. The Internal Watchdog Counter is cleared on the
with internal pull-up falling edges.
15 ZCOUT | DigitatfOutput Zero Crossing Detection Output
16 ZCIN? Analog/input Zero Crossing AC Input.
17 NC Floating Must be connected to DVss.
18 DVss Supply Digital Ground
19 ATOP1 Power/Output Power Line Driver Qutput
20 PAVss Supply Power Analog Ground
21 ATOPZ2 | Power/Qutput Power Line Driver Qutput
22 PAVce | Supply Power Supply Voltage
23 cL2 Anatog/Input Current Limiting Feedback.
A resistor between CL and AVss sets the PLI Current Limiting Value
24 ATO Analog/Output Small Signal Analog Transmit Output
25 SGND Supply Analog Signal Ground
26 XouTt Analog /O Crystal Outpui- External Clock Input
27 XIN Analog input Crystal Oscillator Input
28 Avdd Supply Analog Power supply.
29 Vvsense? |Analog/input Output Voltage Sensing input for the voltage control loop
30 TEST2 | Analog/Input Test input musl be connected SGND
3 RxFO Analog/Output Receiving Filter Qutput
32 RA| Analog/Input Receiving Analog Input
33 VDC Power 5V Voitage Regulator Output
34 NC floating Musl Be connected to DVss.
35 TEST1 | Digital/input Test input. Must Be connected to DVss.
with internal pull-down
36 REGOK | Digital/Qutput Security checksum logic output
"1" - Stored data Cormupted
"0” - Stored data OK
37 ¢ MINUS? | Analog/input Op-amp Inverting Input.
38 C PLus® |Analog/input Op-amp Not Inverting input.
39 NC floating Must Be connected to DVss
40 C_OUT | Analog/Qutput Op-amp Output
41 GND Supply Substrate Ground (same function as PIN 6}
42 PG Digital/Qutput Power Good logic Output
"1" - VDC is above 4.5V
"0" - VDC is below 4.25V
43 REG_DATA | Digital/input Mains or Control Register Access Selector
with internal pull-down | ™1" - Control Register Access
"0" - Mains Access
44 NC floating Must be connected to DVss.
<t>  If not used this pin must be connected to VDC
<2>  {Cannot be left floating
<3> Cannot be lefi floating
<4>  |If pot used this pin must be connected to VDC
<6>  If not used this pin must be tied low {SGND or PAVss or DVss)

g
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ST7538

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
PAVee Power Supply Voltage -03 to +14 A"
AVgq Analog Supply Voltage -0.310 +5.5 \'
DVa4 Digital Supply Voltage -03to+5.5 \Y
AVo/DVss | Voltage between AVgg and DVgg -0.310+0.3 \Y
Vi Digital input Voltage DVgs - 0.3 to DVgg +0.3 v
Vo Digital output Voltage DVgs - 0.3 to DVgq +0.3 \Y
o Digital Output Current -2 to +2 mA
Veense Voltage Range at Vsense input AVgs - 0.3 to AVgy+0.3 v
RAI Voltage Range at RA| Input -AV4g - 0.3 to AV4q +0.3 v
ATO QOutput Current at ATO Output -2to+2 mA
ATO Voltage range at ATO Qutput AVgs - 0.3 to AVgq +0.3 A"
ATOP1,2 | Voltage range at Powered ATO Qutput AVgs - 0.3 to +PAV +0.3 v
ATOP Powered ATO QOutput Current 400 mARms
Tamb Operating ambient Temperature -40 to +85 °C
Tstg Storage Temperature -50 to 150 °c
ATOP1 Pin | Maximum Withstanding Voltage Range +1500 v
ATOP2 Pin | 1est Condition:IC[?F-AEC-Q100-002- "Hun"l.an Body Model” 11000 v
Acceptance Criteria: "Normal Performance
Other pins +2000 A"
THERMAL DATA
Symbol Parameter :3::&' Unit
Rihj-amp1 | Maximum Thermal Resistance Junction-Ambient Steady State(*) 35 °CIw
Rthj-amb2 | Maximum Thermal Resistance Junclion-Ambient Steady State(**) 50 °CIw

(") Mounted on Mullilayer PCB with a dissipating surface on the botlom side of the PCB
(") t's the same condition of the point above, without any heatsinking surface on the board.
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ST7538

ELECTRICAL CHARACTERISTCS
(AVce = DVee = +5V, PAVec =+9 V, PAVss, SGND = DVss = 0V,-40°C < Tamb < 85°C, unless otherwise specified}

Symbot Parameter Test Condition Min. Typ. Max. Unit
AVce, Supply Voitages 475 5 5.25 A
PAVcc - Ve | PAVce and DV e Relation DVgc < 4.75V 0.1 1.2 v
during Power-Up Sequence
PAVee - AV | PAVee and DV Relation AV < 4.75V 0.1 1.2 A
during Power-Up Sequence
PAVcc Power Supply Voltage 75 125 \Y
Max allowed slope during 10 Vims
Power-Up
Alce + Dice | Input Supply Current Transmission & Receiving mode 5 7 mA
| PAVce | Powered Analog Supply TX mode {no load) 30 50 mArms
Current RX mode 500 | 1000 | pA
Maximum total current 370 | mArms
Digital /O
ViH High Logic Level Input Voltage 2 \'
Vi Low Logic Level input Voltage 0.8 \Y
VoH High Logic Level Output Voltage | lon= -2mA 35 \'
VoL Low Logic Level Qutput Voltage | lop= 2mA 04 \'
Oscillator
ViHx XIN High Levei Input Voltage External Clock 3 v
ViLx XIN Low Level Input Voltage External Clock 2 \'
DC XTAL Clock Duty Cycle External Clock 40 60 %
Xtal Crystal Oscillator frequency 16 MHz
Tclock | Oscillator Period (1/Xtal) 62.5 ns
Xtalgsr | External Oscillator Esr 40 Ohm
Resistance
XtalcL External Oscillator Stabilization 16 pF
Capacilance
Transmitter
IATOP Qutput Transmitting Current in | Vsense connected though a
programmable current timiting | 100pF cap o GND; Rel=1.85kQ, 250 310 370 | mArms
RiLoap =152 (as in fig. 13)

VaTO Max Carrier Output AC Voltage | RgL = 1.85k() Vsense=0V 1.75 2.3 3.5 Vpp
Vatooc | Qutput DC Voltage on ATO 1.7 2.1 2.5 \Y
HD2ar0 | Second Harmonic Distortion on | Vayo = 2Vpp; Fc=86KHz -55 42 dB

ATO
HD3ato | Third Harmonic Distortion on Varto = 2Vpp; Fc=B6KHz -52 -49 dB

ATO

VaToP(ac) | Max Carrier Output AC Voltage |Rci = 1.85k02 35 46 6 Vep
for each ATOP1 and ATOP2 Vsense=0V
pins PAVce 2 ﬂTO—;(A—Q +7.5V

Varoprioc) | Output DC Vollage on ATOP1 35 4.2 5 v
and ATOP2 pins
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ST7538

ELECTRICAL CHARACTERISTCS (continued)
{AVce = DVee = +5V, PAVec =+9 V, PAVss, SGND = DVss = 0V,-40°C < Tamb < 85°C, unless otherwise specified)

Symbol Parameter Test Condition Min. Typ. Max. Unit
HD2arop | Second Harmonic Distortion on | Vatop = 4Vpep -55 42 dB
each ATOP1 and ATOP2 pins No Load
Vatopr = 4Vpp -65 -53 dB
RLopap =502 (Differential}
Carrier Freguency: 132.5KHz
HD3a1op | Third Harmonic Distortion on Varop = 4Vpp -56 -49 dB
each ATOP1 and ATOPZ2 pins No Load.
Vatop = 4Vpp -65 -52 dB
RioaD =50Q (Differential)
Carrier Frequency: 132 5KHz
VATOP Accuracy with Voltage Control  |Rg = 00 -1 +1 GST
Loop Active
GST ALC Gain Step Control loop 0.6 1 1.4 dB
gain step
DRNG ALC Dynarmic Range 30 dB
VCLy Voltage control loop reference | Figure 13 170 190 210 mVpg
threshold on Vsense pln
VCLuyst | Hysteresis on Voltage loop Figure 13 +19 mV
reference threshold
CCLrn Current control loop reference | Figure 13 1.80 1.90 2.00 v
threshold on Cgenge pin
CCLuysT | Hysteresis on Voltage lcop Figure 13 210 250 290 my
reference threshold
Vgense | VSENSE Input Impedance 36 KQ
TRxTx Carrier Activation Time Figure 16 - 600 Baud Xtal=16MHz | 0.01 1.6 ms
Figure 16- 1200 Baud 0.01 800 ps
Xtal=16MHz
Figure 16- 2400 Baud 0.01 400 us
Xtal=16MHz
Figure 16- 4800 Baud 0.01 200 us
Xtal=16MHz
TALC Carrier Stabilization Time Figure 16. 3.2 ms
From STEP 16 to zero or From | Xtal =16MHz
step 16 to step 31,
TsT Tstep Figure 16 200 us
Xtal =16MHz
Receiver
ViN Input Sensitivity (Normal Mode) 1 2 mVims
Input Sensitivity (High Sens.) 500 uVrms
Vin Maximum [nput Signal 2 Vrms
Rin Input Impedance 80 100 140 k2
Vep Carrier Detection Sensitivity 1 2 mVrms
{Normal Mode)
Carrier Delection Sensitivity 500 UVrms
(High Sensitivity Mode)
VBu Band in Use Detection Level 77 85 dB/
pvrms
6/30 Kyr




ST7538

ELECTRICAL CHARACTERISTCS (continued)
{AVce = DVee = 45V, PAVec =49V, PAVss, SGND = DVss = 0V,-40°C < Tamb < 85°C, unless otherwise specified)

Symbol Parameter I Test Condition I Min. | Typ. l Max. | Unit ]
Voltage Regulator
vDC Linear Regulator Output -25<Tj<125C 4.9 5.05 52 v
Voltage O<lo<100mA
-25<Tj<125 C 4.7 52 - \Y
O<lo<150mA
Line Regulation 7.5V <PAVcCe<12.5V 10 50 mv
Idc=10mA
Load Regulation 5mA<idc<100mA 20 75 my
Vin=7.5V
I(Vvpc) | Linear Regulator Current 150 180 210 v
Limitation
UvLO Input Under Voltage Lock Out 3.7 39 4.1 \Y
Threshold
UVLOnwys | UVLO Hysleresis 340 mV
PG Power Good Output Vollage 4.3 4.5 4.7 v
Threshold on VDC pin
PGuys PG Hysteresis 250 mv
Other Functions
TrsTO Reset Time See Figure 18; Xtal=16MHz 50 ms
Two Watch-dog Pulse Width See Figure 18 3.5 ms
Twm Watch-dog Pulse Period See Figure 18 Two + 1490 ms
35
Two Watch-dog Time Out See Figure 18 1.5 s
Tout TX TIME QUT Control Register Bit 7 and Bit 8 1 s
See Figure 17 3
Torr Time Out OFF Time See Figure 17 125 ms
TorrFD RxTx 0->1 vs. TOUT Delay See Figure 17 20 us
Tep Carrier Detection Time Control Register 500 Us
selectable by register bit 9 and bit10 1 ms
Figure 10 3 ms
5 ms
Toco CD_PD Propagation Delay Figure 10 300 500 us
Mcik Master Clock QOutput Control Register fclock
Selectable by register bit 15 and bit 16 fdock/2 MHz
see table 6 fclock/4
Baup Baud rate Control Register 600 Baud
bit 3 and bit4 1200
see table 6 2400
4800
T Baud rate Bit Time (=1/gauD) Control Register 1667 s
bit 3 and bit 4 833
see table 6 417
208
Zero Crossing Detection
ZCpEL Zero Crossing Detection delay | Figure 19 1 us
{delay between the ZCIN and
ZCOUT signals)
Kys 7/30




ST7538

ELECTRICAL CHARACTERISTCS (continued)
{AVce = DVee = 5V, PAVec =+9 V, PAVss, SGND = DVss = 0V,-40°C < Tamb < 85°C, unless otherwise specified)

Symbot Parameter Test Condition Min. Typ. Max. Unit
ZCnow) |Zero Crossing Detection Low -45 -5 mv
Threshold
ZC(HiGgH) | Zerc Crossing Detection High 5 +45 my
Threshold
ZC(orFseT) | Zero Crossing Offset -20 +20 mv
Operational Amplifier
Cout(sync) | Max Sync Current 15 28 45 mA
Coutiscurce) | Max Source Current =30 =20 =10 mA
Cintorisety [ Input Terminals OFFSET -38 +38 mv
GBWP Gain Bandwidth Product 6 7 9 MHz
Serial Interface
Ts Setup Time see figure 3,5,6,7& 8 5 ns
TH Hold Time see figure 3,5,6,7 &8 2 ns
Tcr CLR/T vs. REG_DATA or RxTx |see figure 3,5,6,7 &8 Te/d
Tce CLR/T vs. CLR/T see figure 3,5,6,7 &8 Tg 2*Tg
Tos Setup Time see figure 3,5,6,7 & 8 Te/d Te/2
ToH Hold Time see figure 3,5,6,7 & 8 Tg/d Tel2
Tcrp see figure 4 TH Tef2
8/30 [S72




19-4323; Rev 11, 2/03

+5V-Powered, Multichannel RS-232

General Description

The MAX220-MAX249 family of line driversfreceivers is
intended for all EIA/TIA-232E and V.28/V.24 communica-
tions interfaces, particularly applications where £12V is
not available,

These parts are especially useful in battery-powered sys-
tems, since their low-power shutdown mode reduces
power dissipation to less than 5uW. The MAX225,
MAX233, MAX235, and MAX245/MAX246/MAX247 use
no external components and are recommended for appli-
cations where printed circuit board space is ¢ritical.

Applications

Portable Computers

Low-Power Modems

Interface Translation
Battery-Powered RS-232 Systems
Multidrop RS-232 Networks

N AKX/

Drivers/Receivers

Features

Superior to Bipolar
+ Operate from Single +5V Power Supply
(+5V and +12V—MAX231/MAX239)

+ Low-Power Receive Mode in Shutdown
(MAX223/MAX242)

+ Meet All EIATIA-232E and V.28 Specifications

+ Multiple Drivers and Receivers

4 3-State Driver and Receiver Qutputs

¢ Open-Line Detection (MAX243)

Ordering Information

PART TEMP RANGE PIN-PACKAGE
MAX220CPE 0°C to +70°C 16 Plastic DIP
MAXZ220CSE 0°C to +70°C 16 Narrow SO
MAX220CWE 0°C to +70°C 16 Wide S0
MAX220C/D 0°C to +70°C Dice*
MAXZ220FPE -40°C to +85°C 16 Plastic DIP
MAX220ESE -40°C to +85°C 16 Narrow 50
MAX220EWE -40°C to +85°C 16 Wide SO
MAX220EJE -40°C to +85°C 16 CERDIP
MAXZ220MJE -55°C to +125°C 16 CERDIP

Ordering Information continued at end of data sheet.
*Contact factory for dice specifications.

Selection Table

Power No. of Nominal SHON Rx
Part Supply RS-232 No. of Cap. Value & Three- Activein Data Rate
Number {V} Drivers/Rx Ext. Caps (uF) Siate SHDN {kbps) Features
MAXZ220 +5 22 4 0.1 No - 120 Ulra-low-power, industry-standard pinout
MAX222 +5 242 4 01 Yes — 200 Low-power shutdown
MAX223 (MAX213) +5 4/5 4 1.0(0.1) Yes v 120 MAX241 and receivers active in shutdown
MAX225 +5 %] 0 — Yes v 120 Available in SO
MAX230 (MAX200) +5 580 4 1.0(0 1) Yes -— 120 5 drivers with shutdown
MAX231 (MAX201) +5and 22 2 1.0(0.1) No — 120 Standard +5/+ 12V or banery supplies;

+7.510 +13.2 same funclions as MAX232
MAX232 (MAX202) +5 22 4 1.0{0.1) No — 120 {64} Industey standard
MAX232A +5 2i2 4 ot No — 200 Higher stew rate, small caps
MAX233 (MAX203) +5 22 0 - - No — 120 Mo external caps
MAX233A +5 212 Js] — No — 200 No external caps, high slew rate
MAX234 (MAX204) +5 40 4 1.0¢0.1) No — 120 Replaces 1488
MAX235 (MAX205) +5 5/5 0 — Yes — 120 No external caps
MAX236 (MAX206) +5 4/3 4 1.0(0.1) Yes — 120 Shutdown, three state
MAX237 (MAX207) +5 543 4 1.0(0 1} No — 120 Complemenis iBM PC serial port
MAX238 (MAXZ208) +5 44 4 1.0(0.1} No — 120 Replaces 1488 and 1489
MAX233 {MAX209} +5 and s 2 10(01) No — 120 Slandard +5/+ 12V or battery supplies;

+7.510 +13.2 single-package solution far IBM PC serial port
MAX240 +5 5i5 4 10 Yes — 120 DIP or flatpack package
MAXZ241 (MAX211} +5 Af5 4 1.0(0.1) Yes — 20 Complete IBM PC seriat port
MAX242 +5 2/2 4 01 Yes v 200 Separate shutdown and enable
MAX243 +5 22 4 a1 No — 200 Oper-ine detection simplifies cabling
MAX244 +5 810 4 10 No — 120 High slew rate
MAX245 +5 8/10 1] Yes v 120 High slew rate, int. caps, two shutdown modes
MAX246 +5 8/10 1} —_ Yes v 120 High slew rate, nt. caps, three shutdown modes
MAX247 +5 8/9 4] . Yes "4 120 High slew rate, in\. caps, nine cperating modes
MaX248 +5 8/8 4 10 Yes v 120 High slew rate, selective hali-chip enables
MAX243 +5 6/10 4 10 Yes v 120 Available in quad flatpack package
MAXI.N L Maxim Integrated Products 1

For pricing, delivery, and ordering information, please contact Maxim/Dallas Direct! at
1-888-629-4642, or visit Maxim’s website at www.maxim-ic.com.
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+5V-Powered, Multichannel RS-232
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Figure 5. MAX220/MAX232/MAX232A Pin Configuration and Typical Operating Circuit
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Features

* Compatible with MCS-51" Products

* 4K Bytes of In-System Reprogrammable Flash Memory
~ Endurance: 1,000 Write/Erase Cycles

* Fully Static Operation: 0 Hz to 24 MHz

* Three-level Program Memory Lock

* 128 x 8-bit Internal RAM

* 32 Programmable I/O Lines

* Two 16-bit Timer/Counters

+ Six Interrupt Sources

* Programmable Serial Channel

* Low-power Idle and Power-down Modes

Description

The AT8SC51 is a low-power, high-performance CMOS 8-bit microcomputer with 4K
bytes of Flash programmable and erasable read only memory (PEROM). The device
is manufactured using Atmel's high-density nonvolatile memory technology and is
compatible with the industry-standard MCS-51 instruction set and pinout. The on-chip
Flash allows the program memory to be reprogrammed in-system or by a conven-
tional nonvolatile memory programmer. By combining a versatile 8-bit CPU with Flash
on a monolithic chip, the Atmel AT89CS51 is a powerful microcomputer which provides
a highly-fiexible and cost-effective solution to many embedded controt applications.
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The AT89C51 provides the following standard features: 4K
bytes of Fiash, 128 bytes of RAM, 32 ¥/O lines, two 16-bit
timer/counters, a five vector two-level interrupt architecture,
a full duplex serial pori, on-chip oscillator and clock cir-
cuilry. In addition, the ATBICS1 is designed with static logic
for operation down to zero frequency and supports two
software selectable power saving modes. The Ildie Mode
stops the CPU while allowing the RAM, timer/counters,
serial port and interrupt system to continue functioning. The
Power-down Mode saves the RAM contents but freezes
the oscillator disabling all other chip functions until the next
hardware reset.

Pin Description

vCC
Supply voltage.

GND
Ground.

Port 0

Port 0 is an 8-bit open-drain bi-directional /O porl. As an
output port, each pin can sink eight TTL inputs. When 1s
are written to port 0 pins, the pins can be used as high-
impedance inputs.

Port 0 may also be configured to be the multiplexed low-
order address/data bus during accesses to external pro-
gram and data memory. In this mode PO has internal
pullups.

Port 0 also receives the code bytes during Flash program-
ming, and outputs the code bytes during program
verification. External puflups are required during program
verification.

Port 1

Port 1 is an 8-bit bi-directional ¥O port with intemat pullups.
The Port 1 output buffers can sink/source four TTL inputs.
When 1s are written to Port 1 pins they are pulled high by
the internal puliups and can be used as inputs. As inputs,
Port 1 pins that are externally being pulled low will source
current {I,; } because of the internal pullups.

Port 1 also receives the low-order address bytes during
Flash programming and vernfication.

Port 2

Port 2 is an 8-bit bi-directional I/O port with intemal pultups.
The Port 2 output buffers can sink/source four TTL inputs.
When 1s are written to Port 2 pins they are pulled high by
the intemal pullups and can be used as inputs. As inputs,

Port 2 pins that are externally being pulled low will source
current (I, ) because of the internal puliups.

Port 2 emits the high-order address byte during fetches
from external program memory and during accesses to
external data memory that use 16-bit addresses (MOVX @
DPTR). In this application, it uses strong internal pullups
when emitting 1s. During accesses lo exlernal data mem-
ory that use 8-bit addresses (MOVX @ RI), Port 2 emits the
contents of the P2 Special Function Register.

Port 2 alsc receives the high-order address bits and some
control signals during Flash programming and venfication.

Port3

Port 3 is an B-bit bi-directional YO port with intemal pullups.
The Port 3 cutput buffers can sink/source four TTL inputs.
When 1s are written to Port 3 pins they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 3 pins that are externally being pulled low will source
current (I, ) because of the pullups.

Port 3 also serves the functions of various special features
of the AT89C51 as listed below:

Port Pin Alternate Functions

P3.0 RXD (sefial input port)

P3.1 TXD (serial output port)

P3.2 TNTO (external interrupt 0)

P3.3 INTT {external internupt 1)

P34 TO (timer O external input)

P3.5 T1 (timer 1 externat input)

P3.6 WR (external data memory wrile sirobe)
P3.7 RD (external data memory read strobe)

Port 3 also receives some control signals for Flash pro-
gramming and verification.

RST

Reset input. A high on this pin for two machine cycles while
the oscillator is running resets the device.

ALE/PROG

Address Latch Enable output pulse for latching the low byte
of the address during accesses to external memory. This
pin is also the program pulse input (PROG) during Flash
programming.

In normal operation ALE is emitted at a constant rate of 1/6
the oscillator frequency, and may be used for external tim-
ing or clocking purposes. Note, however, that one ALE

AlNEL 3
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pulse is skipped during each access to external Data
Memory.

If desired, ALE operation can be disabled by setling bit 0 of
SFR location B8EH. With the bit set, ALE is active only dur-
ing a MOVX or MOVC instruction. Otherwise, the pin is
weakly pulled high. Setting the ALE-disable bit has no
effect if the microcontroller is in external execution mode.

PSEN

Program Store Enable is the read strobe to external pro-
gram memory.

When the ATB9C51 is executing code from external pro-
gram memory, PSEN is activated twice each machine
cycle, except that two PSEN activations are skipped during
each access to external data memory.

EA/VPP

External Access Enable. EA must be strapped to GND in
order to enable the device to fetch code from extemal pro-
gram memory locations starting at 0000H vp to FFFFH.
Note, however, that if lock bit 1 is programmed, EA will be
internally latched on reset.

EA should be sirapped to V¢ for internal program
executions.
This pin also receives the 12-volt programming enabile volt-
age {Vgpe) during Flash programming, for parts that require
12-volt Ve,

XTAL1

Input to the inverting oscillator amplifier and input to the
internal clock operating circuit.

XTAL2
Cutput from the inverting oscillator amplifier.

Oscillator Characteristics

XTAL1 and XTALZ2 are the input and output, respectively,
of an inverting amplifier which can be configured for use as
an on-chip oscillator, as shown in Figure 1. Either a quartz
crystal or ceramic resonator may be used. To drive the
device from an external clock source, XTALZ should be left

unconnected while XTAL1 is driven as shown in Figure 2.
There are no requirements on the duty cycle of the external
clock signal, since the input to the internal clocking circuitry
is through a divide-by-two flip-flop, but minimum and maxi-
mum voltage high and low time specifications must be
observed.

Idle Mode

In idle mode, the CPU puts itself to sleep while all the on-
chip peripherals remain active. The mode is invoked by
software. The content of the on-chip RAM and all the spe-
cial functions registers remain unchanged during this
mode. The idle mode can be terminated by any enabled
interrupt or by a hardware reset.

It should be noted that when idle is terminated by a hard
ware reset, the device normally resumes program execu-
tion, from where it left off, up to two machine cycles before
the internal reset algonthm takes control. On-chip hardware
inhibits access to internal RAM in this event, but access to
the port pins is not inhibited. To eliminate the possibility of
an unexpected write to a port pin when Idle is terminated by
reset, the instruction foliowing the one that invokes Idle
should not be one that writes to a port pin or to external
memory.

Figure 1. Oscillator Connections

c2

! -)P-———-I——— XTALZ
} |

| o T
?——)i——-—o— XTAL1
|

|

|

dl-. GND
=

Note;: C1,C2 =30 pF £10 pF for Crystals

= 40 pF £10 pF for Ceramic Resonators

Status of External Pins During ldle and Power-down Modes

Mode Program Memory ALE PSEN PORTO PORT1 PORT2 PORT3
Idle Internal 1 1 Data Data Data Data
Idle External 1 I 1 Float Data Address Data
Power-down Internal -El‘ T 0 Data Data Data Data
Power-down External o . I 0 Float Data Data Data




Figure 2. External Clock Drive Configuration

NG —————— XTAL2
EXTERNAL
OSCILLATOR XTAL1
SIGNAL

Power-down Mode

In the power-down mode, the oscillator is stopped, and the
instruction that invokes power-down is the last instruction
executed. The on-chip RAM and Special Function Regis-

Lock Bit Protection Modes

ters retain their values until the power-down mode is
terminated. The only exit from power-down is a hardware
reset. Reset redefines the SFRs bul does not change the
on-chip RAM. The reset should not be activated before Ve
is restored to its normal operating level and must be held
active long enough to allow the oscillator to restart and
stabilize.

Program Memory Lock Bits

On the chip are three lock bits which can be left unpro-
grammed (U) or can be programmed (P) to obtain the
additional features listed in the table below.

When lock bit 1 is programmed, the logic level at the EA pin
is sampled and latched during reset. If the device is pow-
ered up withoul a reset, the lalch initializes to a random
value, and holds that value until reset is activated. It is nec-
essary that the latched value of EA be in agreement with
the current logic level at that pin in order for the device to
function properly.

Program Lock Bits
LB81 LB2 LB3 Protection Type

1 u U U No program lock features

2 P u U MOVC instructions executed from external program memory are disabled from
fetching code bytes from internal memory, EA is sampled and latched on reset,
and further programming of the Flash is disabled

P u Same as mode 2, also verify is disabled
4 P Same as mode 3, also exiernal execution is disabled

AIMEL 5
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Programming the Flash

The AT89C51 is normally shipped with the on-chip Flash
memory array in the erased state (that is, contents = FFH)
and ready to be programmed. The programming interface
accepts either a high-voltage (12-volt} or a low-voltage
{(Vce) program enable signal. The low-voltage program-
ming mode provides a convenient way to program the
AT89C51 inside the user’s system, while the high-voltage
programming mede is compatible with conventionat third-
party Flash or EPROM programmers.

The AT89C51 is shipped with either the high-voltage or
low-voltage programming mode enabled. The respective
top-side marking and device signature codes are listed in
the following table.

Voo =12V Vpp= 5V
Top-side Mark AT89C51 AT89C51
XXX X00-5
Yyww Yyww
Signature (030H) = 1EH {030H) = 1EH
(031H) = 51H (031H) = 51H
(032H) =F FH {032H) = 05H

The AT89C51 code memory array is programmed byte-by-
byte in either procgramming mode. To program any rion-
biank byte in the on-chip Flash Memory, the entire memory
must be erased using the Chip Erase Mode.

Programming Algorithm: Before programming the

ATB9C51, the address, data and control signals should be

set up according to the Flash programming mode table and

Figure 3 and Figure 4. To program the AT89C51, take the

following steps.

1. Input the desired memory location on the address
lines.

2. Input the appropriate data byte on the data lines.
3. Activate the correct combination of control signals.

4. Raise EAVpp to 12V for the high-voltage program-
ming mode.

5. Pulse ALE/PROG once to program a byle in the
Flash array or the lock bits. The byle-write cycle is
self-timed and typically takes no more than 1.5 ms.
Repeat steps 1 through 5, changing the address

and data for the entire array or until the end of the
object file is reached.

Data Polling: The AT89C51 features Data Polling to indi-
cate the end of a write cycle. During a write cycle, an
attempted read of the last byte written will result in the com-
plement of the written datum on PO.7. Once the write cycle
has been completed, true data are valid on al! outputs, and
the next cycle may begin. Data Polling may begin any time
after a write cycle has been initiated.

Ready/Busy: The progress of byte programming can also
be monitored by the RDY/BSY output signal. P3.4 is pulled
low after ALE goes high during programming to indicate
BUSY. P3.4 is puiled high again when programming is
done to indicate READY.

Program Verify: If lock bits LB1 and LB2 have not been
programmed, the programmed code data can be read back
via the address and data lines for verification. The lock bits
cannot be verified directly. Verification of the lock bits is
achieved by observing that their features are enabled.

Chip Erase: The entire Flash array is erased electrically
by using the proper combination of control signals and by
holding ALE/PROG low for 10 ms. The code array is written
with all “1"s. The chip erase operaticn must be executed
before the code memory can be re-programmed.

Reading the Signature Bytes: The signature bytes are
read by the same procedure as a normal verification of
locations 030H, 031H, and 032H, except that P3.6 and
P3.7 must be pulled to a logic low. The values returned are
as follows.

{030H) = 1EH indicates manufactured by Atmel
{031H) = 51H indicates 89C51

{032H) = FFH indicates 12V programming
{032H) = 05H indicates 5V programming

Programming Interface

Every code byte in the Flash array can be written and the
entire array can be erased by using the appropriate combi-
nation of control signals. The write operation cycle is self-
timed and once initiated, will automatically time itself to
completion,

All major programming vendors offer worldwide support for
the Atmel microcontroller series. Please contact your local
programming vendor for the appropriate software revision.
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Flash Programming Modes

s AT89C 51

Mode RST PSEN t ALE/PROG EA/Vpp | P26 | P27 | P36 | P37
T
Write Code Data H L H/12V L H H H
o i
— [ - L.
Read Cede Data I H H L L H
— = -
Write Lock Bil -1 L H12v H H H
—~_
J— —— p— 4. — p— —_— —
Bit-2 | H r L I Hit2V H H L t
w PN
I T i
Bit-3 H L - HI12V H L H L
| ~
b —
: Chip Erase H L i (1) H/12V H L L L
i e
| Read Signature Byte Ho L | H H L L L L
Note: 1. Chip Erase requires a 10 ms PROG puise. '
Figure 3. Programming the Flash Figure 4. Verifying the Flash
T TV T +3V
ATB9CS51 ¢ ATBICS1 ©
aoDR. AL ATy Veo | — appr. 20 AT o, Ve |
OQQOH/OFFFH PGM OOQOH/FFFH PGt DATA
P20 - P23 PO pe— , P2.0 - P2.3 PO | » rUSE 10%
A8 - ATl DAlA A8 - AN §
. 3 PULLUPS)
~—» P2.6 —» P26
SEE FLASH 1 » P27 ALE le— PROG SEE FLASH ——wl P27 ALE l¢— —
PROGRAMMING — PROGRAMMING — :
MODES TABLE i ——>» P36 MODES TABLE | by P36 oy
L P37 L—s P37 ! ™
XTAL2 EA je— - VNV r—o|— XTALZ EA j4——
3-24 MHz 3-24 MHzl L
= T T
1 : ~——
g L
n T= |
I . i
iy |
- XTALT RST |« V. LﬂA?-» XTal1 RST |[4— -— V,,
E: GND PSEN t— &—| GND PSEN |——
7
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FEATURES

e Low-Sine Wave Distortion, 0.5%, Typical

Excellent Temperature Stability, 20ppm/°C, Typ.
wide Sweep Range, 2000:1, Typical

Low-Supply Sensitivity, 0.01%V, Typ.

Linear Amplitude Modulation

# TTL Compatible FSK Controls ‘
= Wide Supply Range, 10V to 26V

¢ Adjustable Duty Cycle, 1% TO 99%

XR-2206

Monolithic
Function Generator

June 1997-3
APPLICATIONS

= Waveform Generation
e Sweep Generation

» AM/FM Generation

e V/F Conversion

& FSK Generation

® Phase-locked Loops (VCO)

GENERAL DESCRIPTION

The XR-2206 is a monolithic function generator
integrated circuit capable of producing high quality sine,
square, triangle, ramp, and pulse waveforms of
high-stability and accuracy. The output waveforms can be
both amplitude and frequency modulated by an external
voltage. Frequency of operation can be selected
extemally over a range of 0.01Hz fo more than 1MHz.

The circuit is ideally suited for communications,
instrumentation, and function generator applications
requiring sinusoidal tone, AM, FM, or FSK generation. It
has a typical drift specification of 20ppm/°C. The osciliator
frequency can be linearly swept over a 2000:1 frequency
range with an external control voltage, while maintaining
low distortion.

ORDERING INFORMATION
Operating
Part No. Package Temperature Range
XR-2206M 16 Lead 300 Mil CDIP -55°C to +125°C
XR-2206P 16 Lead 300 Mil PDIP —40°C to +85°C
XR-2206CP 16 Lead 300 Mil PDIP 0°C to +70°C
XR-2206D 16 Lead 300 Mil JEDEC SOIC 0°C to +70°C

©1972

e TEM

EXAR Corporation, 48720 Kato Road, Fremont, CA 94538 & {510) 668-7000 # (510) 668-7017
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2 EXAR XR-2206

AMS! SYMA2 AMSI 1 = SYMA2
STO SYMA1 STO 2 = SYMAT
MO WAVEAZ MO 3 [ WAVEA2
Vee WAVEA1 Vee 4 F3 WAVEA1
TCA GND TC1 5 ) GND
TC2 SYNCO TC2 6 [ SYNCO
TR1 BIAS TR 7 = BIAS
TR2 FSKI TR2 8 — FSKi

”

PIN DESCRIPTION

Pin # Symbol Type |Description
1 AMSI 1 Amplitude Mpdulating Signal Input.
2 STO 0 Sine or Triangle Wave Output.
3 MO O Multiplier Output.
4 Vee Positive Power Supply.
5 TC1 | Timing Capacitor Input.
6 TC2 | Timing Capacitor Inpul.
7 TR1 O Timing Resistor 1 Output.
8 TR2 o] Timing Resistor 2 Output.
9 FSKI | Frequency Shift Keying Input.
10 BIAS (0] Internal Voltage Reference.
1 SYNCO 0] Sync Qutput. This output is a open collector and needs a pull up resistor to Vee.
12 GND Ground pin.
13 WAVEA1 I Wave Form Adjust Input 1.
14 WAVEA2 | Wave Form Adjust Input 2.
15 SYMA1 | Wave Symetry Adjust 1.
16 SYMA2 | Wave Symetry Adjust 2.

LAY SV BT LT LTS TEOM
3
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XR-2206

DC ELECTRICAL CHARACTERISTICS

22 EXAR

Test Conditions: Test Circuit of Figure 2 Vce =12V, Ty = 25°C, C = 0.01pF, Ry = 100kS2, Rz = 10k, Ry = 25kQ

Unless Otherwise Specified. S¢ open for triangle, closed for sine wave.

XR-2206M/P XR-2206CP/D
Parameters Min. I Typ. I Max. | Min. l Typ. | Max, | Units |Conditions

General Characteristics

Single Supply Voltage 10 26 10 26 v

Split-Supply Voltage +5 +13 +5 +13 v

Supply Current 12 17 14 20 mA Ry = 10kQ

Oscillator Section

Max. Operating Frequency 0.5 1 0.5 1 MHz |C=1000pF, Ry =1kQ

Lowest Practical Frequency 0.01 0.01 Hz C =50uF, Ry=2MQ

Frequency Accuracy +1 +4 *2 % of f, |fo = 1/R4C

Temperature Stability +10 +50 +20 ppmy°C | 0°C < Tp < 70°C

Frequency . R4 = Ry = 20k

Sine Wave Amplitude Stability? 4800 4800 ppmi°C

Supply Sensitivity 0.01 0.1 0.01 %N [ Viow = 10V, Vyign = 20V,

R;= Ry =20kQ
Sweep Range 1000:1 | 2000:1 2000:1 fyu=f, |fy @ Ry=1kQ
fL @Ry =2MQ

Sweep Linearity
10:1 Sweep 2 2 % fi = 1kHz, fyy = 10kHz
1000:1 Sweep 8 % f, = 100Hz, f; = 100kHz
FM Distortion 0.1 0.1 % *+10% Deviation

Recommended Timing Components
Timing Capacitor: C 0.001 100 | 0.001 100 wF Figure 5
Timing Resistors: Ry & Rz 1 2000 1 2000 kQ

Triangte Sine Wave Output! Figure 3
Triangle Amplitude 160 160 mvWkQ | Figure 2, 3¢ Open
Singe Wave Amplitude 40 &0 80 60 mV/kQ | Figure 2, 31 Closed
Max. Qutput Swing é 6 Vp-p
Qutput Impedance 600 600 Q
Triangle Linearity 1 1 %
Ampiitude Stability 0.5 0.5 dB For 1000:1 Sweep

Sine Wave Distortion
Without Adjustment 2.5 25 % R4 = 30kQ2
With Adjustment 0.4 1.0 05 1.5 % See Figure 7 and Figure 8

Notes

1 Output amplitude is directly proportional to the resistance, Ry, on Pin 3. See Figure 3.

2 For maximum amplitude stability, Ry should be a positive temperature coefficient resistor.
Bold face parameters are covered by production test and guaranteed over operating temperature range.

TEOM
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XR-2206
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DC ELECTRICAL CHARACTERISTICS (CONT'D)

XR-2206M/P XR-2206CP/D

Parameters Min. I Typ. I Max. | Min. I Typ. I Max. | Units |Conditions
Amplitude Modulation

Input Impedance 50 100 80 100 ke

Modulation Range 100 100 %

Carrier Suppression 55 55 dB

Linearity 2 2 % For 95% modulation
Square-Wave Output

Amplitude 12, 12 Vp-p | Measured at Pin 11.
Rise Time 250 250 ns Cy = 10pF

Fall Time 50 50 ns C_ = 10pF
Saturation Voltage 0.2 0.4 0.2 0.6 v IL = 2mA

Leakage Current 0.1 20 0.1 100 A Veg = 26Y

FSK Keying Level (Pin 9) .1 0.8 1.4 24 0.8 14 24 v See section on circuit controls
Reference Bypass Voltage 29 31 3.3 2.5 3 35 A Measured at Pin 10.
Notes

! Output amplitude is directly proportional to the resistance, Ra, on Pin 3. See Figure 3.
2 For maximum amplitude stability, Ry should be a positive temperature coefficient resistor,
Bold face parameters are covered by production lest and guaranteed over operating temperalure range.

Specifications are subject to change without notice

ABSOLUTE MAXIMUM RATINGS

PowerSupply . ... 26v
Power Dissipation ....................... 750mwW
Derate Above 25°C . ......... ... .. ... 5mwW/°C

Total Timing CUITEN oo, 6mA
Storage Temperature ............ -65°C to +150°C

SYSTEM DESCRIPTION

The XR-2206 is comprised of four functional blocks; a
voltage-controlled oscillator (VCO), an analog multiplier
and sine-shaper; a unity gain buffer amplifier; and a set of
current switches.

The VCO produces an output frequency proportional to
an input current, which is set by a resistor from the timing

terminals to ground. With two timing pins, two discrete
output frequencies can be independently produced for
FSK generation applications by using the FSK input
contro! pin. This input controls the current switches which
select one of the timing resistor currents, and routes it to
the VCO.

TOM"
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£=0.01uF
2 I‘
¥ R=1MQ
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2
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3
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Figure 9. Frequency Drift versus
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Figure 10. Circuit Connection for Frequency Sweep.

Temperature. .
Vee
]
T 1uF
4
k| 16
_ 5
N _L Mutt, 15 S Closed For Sinewave
c vCo And
T Sine 14
6 B Shaper S
9 13 -~ 200
M
7 Current .
A " 2 Triangle Or
Ry 1K 2__ Switches +1 < Sine Wave Output
1" / Square Wave
= \——\/——/ Output
R 10]12 |3 XR-2206
= R, 10K I O

"'lHlﬁ

Veo o—vv

1

50K
na
* Vee
T 10uF
PV E|I

51K

5.1K

Figure 11. Circuit tor Sine Wave Generation without External Adjustment.
(See Figure 3 for Choice of Rj)
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Symmetry Adjust
T £ 16
= Mult. stm _
1 C e And 15 S Closed For Sinewave
F= RC T 6 Sine 14
= || Shaper Sy R
[*] 13y/ A
4]
z Current 2 Triangle Or
Ry 1K 8} Switches { Sine Wave Qutput
= , " ¢ Square Wave
= _I_ Qutput
R 0]z |3 .
L Rs XR-2206 A W I
+ 50K
1uF
:=!: g + Vee
10uF
Voo o—ans—! [t

5.1K

5.1K

Figure 12. Circuit for Sine Wave Generation with Minimum Harmonic Distortion.
(R Determines Qutput Swing - See Figure 3)
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1 16
= 5 %
. Mult. 15
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<1V Fa 6 =| | Shaper 13 200
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FSK Input > R 711 cument )
Ry 8] | Switches l+1, —< FSK Output
= n
F1=1RIC |
F2=1/R2C ﬂl__l 12 |3 R XR-2206
. 50k
- WwF .
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Vegom—rn— I
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Figure 13. Sinuscidal FSK Generator
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XR-2211
FSK Demodulator/
Tone Decoder

—'ﬂ/__/'ﬂﬂ[: /e

FEATURES

e Wide Frequency Range, 0.01Hz to 300kHz
e Wide Supply Voltage Range, 4.5V to 20V
HCMOS/T TL/Logic Compatibility _
FSK Demodulation, with Carrier Detection

June 1997-3
APPLICATIONS
e Cailer Ydentification Delivery
e FSK Demodulation

e Data Synchronization

L ]

e Wide Dynamic Range, 10mV to 3V rms e Tone Decoding
e Adjustable Tracking Range, +1% to 80% e FM Detection

e Excellent Temp. Stability, +50ppm/°C, max, e Carrier Detection
GENERAL DESCRIPTION

The XR-2211 is a monolithic phase-locked loop (PLL)
system especially designed for data communications
applications. It is particularly suited for FSK modem
applications. It operates over a wide supply voltage range
of 4.5 to 20V and a wide frequency range of 0.01Hz to
300kHz. It can accommodate analog signals between
10mV and 3V, and can interface with conventionat DTL,
TTL, and ECL logic families. The circuit consisis of a basic
PLL for tracking an input signal within the pass band, a

quadrature phase detector which provides carrier
detection, and an FSK voltage comparator which provides
ESK demodulation. External compeonents are used to
independently set center frequency, bandwidth, and cutput
delay. An intemal voltage reference proportional to the
power supply is provided at an output pin.

The XR-2211 is available in 14 pin packages specified for
mititary and industrial temperature ranges.

ORDERING INFORMATION

Operating
Part No. Package Temperature Range
XR-2211M 14 Pin CDIP (0.3007) -55°C to +125°C
XR-2211N 14 Pin CDIP (0.3007) -40°C to +85°C
XR-2211P 14 Pin PDIP (0.3007) -40°C to +85°C
XR-2211ID 14 Lead SCIC (Jedec, 0.1607) -40°C to +85°C

MW AT T L T TLT
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EXAR Corporation, 48720 Kato Road, Fremont, CA 94538 @ (510) 668-7000 # FAX (510) 668-7017
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PIN CONFIGURATION

Vee
INP
LDF
GND
LDOQN
LDOQ
Do

14 Lead CDIP, PDIP (0.300")

FEFEFE]

(14 TIMCA Vee = TIMC1
[ TIMC2 INP = TIMC2
1124 TIMR LDF [ TIMR
(1] LDO GND [/ LDC
[l VRer LDOQN [ VRer
(sl NC LDOQ = NC

8] COMPI DO — COMP|

14 Lead SOIC (Jedec, 0.150")

PIN DESCRIPTION

Pin# Symbol Type |Description
1 Vee Positive Power Supply.
2 INP l Receive Anatog Input.
3 LDF o Lock Detect Filter,
4 GND Ground Pin.
5 LDOQN O Lock Detect Output Not. This output will be low if the VCO is in the capture range.
6 LDOGQ O Lock Detect Output. This output will be high if the VCO is in the capture range.
7 Do 0] Data Cutput. Decoded FSK output.
8 COMP | 1 FSK Comparator Input.
9 NC Not Connected.
10 VRer o] internal Voltage Reference. The value of Veer is Veo/2 - B50mV.
1" LDO 0 Loop Detect Qutput. This output provides the result of the quadrature phase detection.
12 TIMR | Timing Resistor Input. This pin connects to the timing resistor of the VCO.
13 TIMC2 | Timing Capacitor Input. The timing capacitor connects between this pin and pin 14.
14 TIMCA1 | Timing Capacitor Input. The timing capacitor connects between this pin and pin 13.
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ELECTRICAL CHARACTERISTICS
Test Conditions: Vg = 12V, T = +25°C, Rp = 30K, Cp = 0.033pF, uniess otherwise specified.

Parameter ! Min. J Typ. I Max. L Unit J Conditions
General
Supply Voltage 4.5 20 \'4
Supply Current 4 7 mA Rp = 10KS2. See Figure 4.
Oscillator Section
Frequency Accuracy + +3 % Deviation from fg = 1/Rg Cp
Frequency Stability
Temperature +20 450 ppm/*C |See Figure 8.
Power Supply 0.05 0.5 %V Voo =12 +1V. See Figure 7.
| o2 %V Vee = +5V. See Figure 7.
Upper Frequency Limit 100 300 kHz Rp = 8.2K%2, Cy = 400pF
- Lowest Practical Operating 0.01 Hz Rg= 2MQ, Cp= 50uF
Frequency
Timing Resistor, Rg - See
Figure 5
Operating Range 5 2000 KQ
Recommended Range 5 KQ See Figure 7 and Figure 8.

Loop Phase Dectector Section

Peak Output Current +150 +200 +300 pA Measured at Pin 11
Output Offset Current 1 wA
Outpul Impedance MG
Maximum Swing +4 +5 A Referenced to Pin 10
Quadrature Phase Detector Measured at Pin 3
Peak Output Current 100 300 wA
Output Impedance 1 MQ
Maximum Swing . 1 Vpp
Input Preampt Section Measured at Pin 2
input Impedance 20 KQ
Input Signal

Voltage Required to

Cause Limiting 2 10 mV ms

Notes
Parameters are guaranteed over the recommended operating conditions, but are not 100% tested in production.

Bold face parameters are covered by production test and guaranteed aver operating temperature range.

— AT TOM
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DC ELECTRICAL CHARACTERISTICS (CONT'D)

XR-2211

/WA ’[J/:Z L

Test Conditions: Vcg= 12V, Ty = +25°C, Rg = 30KS2, Cy = 0.033F, unless otherwise specified,

Parameter I Min. I Tvp. I Max. I Unit | Conditions

Voltage Comparator Section

Input Impedance 2 MQ Measured at Pins 3 and 8
Input Bias Current 100 nA '
Voltage Gain 55 70 dB Ry = 5.1KQ

Qutput Voltage Low o . 300 500 myv le = 3mA

Output Leakage Current 0.01 10 pA Vg = 20V

Internal Reference

Voltage Level 4.9 5.3 5.7 A Measured at Pin 10
Qutput Impedance 100 Q AC Small Signal
Maximum Source Current 80 RA

Notes

Parameters are guaranteed aver the recommended operating conditions, but are not 100% tested in production.
Bold face parameters are covered by production test and guaranteed over operating temperalure range.

Specifications are subject to change without notice

ABSOLUTE MAXIMUM RATINGS

Power Supply ... i e 20V
Input SignalLevel ........................ 3V rms
Power Dissipation ...........ccoieeann.. 900mwW

Package Power Dissipation Ratings

CDIP . 750mwW
Derate Above To=25°C ............... 8mwi/°C
PDIP . 800mwW
Derate Above Tp=25°C .............. 60mwW/°C
SOIC e 390mw
Derate Above T4 =25°C ............... Smw/°C

SYSTEM DESCRIPTION

The main PLL within the XR-2211 is constructed from an
input preamplifier, analog multiplier used as a phase
detector and a precision voltage controlled oscillator
(VCO). The preamplifier is used as a limiter such that
input signals above typicalty 10mV rms are amplifiedto a
constant high level signal. The multiplying-type phase
detector acts as a digital exclusive or gate. Ilts output
{unfitered) produces sum and difference frequencies of
the input and the VCO output.  The VCO is actually a
current controlled oscillator with its normal input current
(fo) set by a resistor {Rg) to ground and its driving current
with a resistor {R4) from the phase detector.

The output of the phase detector produces sum and
difference of the input and the VCO frequencies

(internally connected). When in lock, these frequencies
are fi+ fyco (2 times fyy when in lock) and fiy - fygo (OHZ
when lock). By adding a capacitor to the phase detector
output, the 2 times fyy component is reduced, leaving a
DC voltage that represents the phase difference between
the two frequencies. This closes the loop and allows the
VCO to track the input frequency.

The FSK comparator is used to determine if the VCO is
driven above or below the center frequency (FSK
comparator). This will produce both active high and
active low outputs to indicate when the main PLL is in tock
(quadrature phase detector and lock detector
comparator).

™
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Fiiter Filer FSK
P et [ o o >0
FSK
Comp

¢l
vCo
Input —

Preampl

N _,’ E Lock Detect
9 Det[—> D: Qutputs

Lock Detect Lock Detect
Fiiter Comp

Figure 2. Functional Block Diagram of a Tone and FSK
Decoding System Using XR-2211

Voo
Rg
A R
Loop
— Phase i W )y 7
Detect ]
" FSK
- Comp.
Internal
Reference

’ 42* ‘_c# 1
&
LDOQ
Quad
—|  Phase - LDOQN

Detect 3 Lock 5

Detect
Comp,

Rp Co

Figure 3. Generalized Circuit Connection for
FSK and Tone Detection
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DESIGN EQUATIONS

{All resistance in €, all frequency in Hz and all capacitance in farads, unless otherwise specified)

(See Figure 3 for definition of components)
1. VCO Center Frequency, fg:

__1
fo— Ry Cy

2. Intemal Reference Voltage, Vrer (measured at pin 10):

Vioer = (% )—650mv in volts

3. Loop Low-Pass Filter Time Constant, t:

LI

T = C,Rpp {s2C0NdS)
where:
_ Ry Re
Rep = (R, + R; )

if Rg is co or Cp reactance is oo, then Rpp = R1
4. Loop Damping, ¢:

Note: For derivation/explanation of this equation, please see TAN-011,

5. Loop-tracking

. af
bandwidth, *= -E
af _ By
fa R,
Tracking
Bandwidth
o Af Af
] 1
i ]l i [ 1
e fy fo lfz fLH

o/ A/ A/ a/ v
8

TEM
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6. FSK Data filter time constant, tF:

Ry - Re

= WR—F}-CF (seconds)

 XR-2211

T

7. Loop phase detector conversion gain, Kd: (Kd is the differential DC voltage across pin 10 and pin11, per unit of

phase error at phase detector input):

K, = Vieer - Re[_volt
47 10,000 | radian

Note: For denivalion/explanation of this equalion, please see TAN-011.

8. VCO conversion gain, Ko: (Ko is the amount of change in VCO frequency, per unit of DC voltage change at pin 11):

K. = -7 _ { radian/second
7 Ve Co- Ry volt

9. The filter transfer function:
S W— S~ dw =0
F(s) T+ 9R.C, at 4 Hz. Jo and w
10. Total loop gain. K1-

_ R 1
K, = KyK;iF(s) = (5’000_00.([;1 + RF))[SGCOﬂdS]

11. Peak detector current |

VRE

| P -
A 20,000

(Vg in volts and 1, in amps)

Note: For derivation/explanation of this equalion, please see TAN-011,
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APPLICATIONS INFORMATICN

FSK Decoding

Figure 10 shows the basic circuit connection for FSK decoding. With reference to Figure 3 and Figure 10, the functions
of extemal companents are defined as follows: Ry and Cy set the PLL center frequency, R4 sets the system bandwidth,
and C4 sets the loop filter time constant and the loop damping factor. Cr and Rg form a one-pole post-detection filter for
the FSK data output. The resistor Rg from pin 7 to pin 8 introduces positive feedback across the FSK comparator to
facilitate rapid transition between output logic states.

Design Instructions:

The circuitof Figure 10can be tailored for any FSK decoding application by the choice of five key circuitcomponents: Rg,
R4, Cq, C1 and Cg For a given set of FSK mark and space frequencies, fo and f,, these parameters can be calculated as
follows:

(All resistance in Q's, all frequency in Hz and all capacitance in farads, unless otherwise specified)
a) Calculate PLL center frequency, fo:

fo=m

b) Choose value of timing resistor Ry, to be in the range of 10KQto 100K Q. This choice is arbitrary. The recommended
value is Rg = 20KQ. The final value of Rq is normally fine-tuned with the series potentiometer, Rx.
RX

R, = R°+T

c) Calculate value of CO from design equation (1) or from Figure 7

=1
Co_ Ro'ﬂu

d) Calculate R1 to give the desired tracking bandwidth (See design equation 5).

Rn'r;a
R = ——% 2
(AR

e) Calculate C1 to set loop damping. (See design equation 4):
Normally, ¢ = 0.5 is recommended.

1250-C,
Ry~ ¢?

C =
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f)  Theinputto the XR-2211 may sometimes be too sensitive to noise conditions on the input line. Figure 4 illustrates
a method of de-sensitizing the XR-2211 from such noisy line conditions by the use of a resistor, Rx, connected
from pin 2 to ground. The value of Rx is chosen by the equation and the desired minimum signal threshold level.

20,000

Vi minimum (peak) = V-V, = 4V + 2.8mV offset = Vegrosgain—"p
1 X.

or R, = 20, 000( ‘:IR‘E/F—1 )

V| minimum (peak) input voltage must exceed this value to be detected {equivatent to adjusting V threshold)

Vee
To Phase
Detector
Va Vb
Rx 20K 20K

=Y

O
g
_B____®__

Vrer 10

Figure 4. Desensitizing Input Stage

g) Calculate Data Filter Capacitance, Cg:

R _ (RF+ Rt)'Ra
“m " (Ry+ Re + Ry)
S < N— Baud rate in —
Cr = (R, Baud Rate) a seconds

Note: All values except Ry can be rounded to nearest standard value.
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Design Example:

1200 Baud FSK demodulator with mark and space frequencies of 1200/2200.

Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

Step 6:
Step 7:
Step 8:

Step ©:

Calculate fo: from design instructions

(8) f, = /1200-2200 =1624

Calculate Rg : Rg =10K with a potentiometer of 10K. (See design instructions (b))

(B) Ry= 10+ (12—0) = 15K

[

Calculate Cg from design instructions
(@ Co= Tso001628 = 39F

Calculate R4 : from design instructions

_ 20000-1624-2 _
(@ Ry = (2200--1200) 51,000

Calculate C, : from design instructions
_ 1250-38nF _
(e) Ci= Figo0-050 = >9F

Calculate R : Rp should be at least five times Ry, Rp = 51,000.5 = 255 KQ
Calculate Rp : Rg should be at least five times Rg, Rg = 255,000-5 = 1.2 MQ
Calculate Rgum ;
{Re + Ry) Ry
= F 7 W8 _ 240

Rsum (Re+ Ry + Ry) 240K2
Calculate Cg .

C. = 0.25 —1nF

" {RgyBaud Rate)

Note: All values except Ry can be rounded to nearest standard value.
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etec c 5% L ¢ Data
) toF L 10> Fsk Ourtput
- Ry - Comp.
Input 2 _Eg internal
Signal > o|1 . Reference
1p

tock 3
Detect
Comp.

Figure 10, Circuit Connection for FSK Decoding of Caller ldentification Signals
(Bell 202 Format}

Vee

5.1k

Comp.

Internal
Reference

Input 2
Signal > |

6 LpoQ

5 LDOQN

Detect
comp.

Rp Cp

Between 400K and 600K

Figure 11. External Connectors for FSK Demodulation with Carrier
Detect Capability
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VISHAY

4N25/ 4N26/ 4N27/ 4N28

Vishay Semicondurctors

Optocoupler, Phototransistor Output, With Base Connection

Features

= lsolation Test Voltage 5300 Vs

= |merfaces with Common Logic Families

+ Input-output Coupling Capacitance < 0.5 pF
* Industry Standard Dual-in-line 6-pin Package

Agency Approvals
« UL File #£52744 System Code H or J
» DIN EN 60747-5-2(VDE0BB4)

DIN EN 60747-5-5 pending

Available with Option 1

Applications

AC Mains Detection

Reed relay driving

Switch Mode Power Supply Feedback

Telephone Ring Detection

Logic Ground isolation

Logic Coupting with High Frequency Noise Rejection

Description

The 4N25 tamily is an Industry Standard Singie Chan-
nel Phototransistor Coupler.This family includes the
4N25/ 4N26/ 4AN27/ 4N28. Each optocoupler consists
of gallium arsenide infrared LED and a silicon NFN
phototransistor.

These couplers are Underwriters Laboratories (UL)
listed to comply with a 5300 Vs isolation test volt-
age. This isolation performance is accomplished
through special Vishay manufacturing process.
Compliance to DIN EN 60747-5-2(VDE0884)/ DINEN
§0747-5-5 pending partial discharge isolation specifi-
cation is available by ordering option1.

These isolation processes and the Vishay 1509001
quality program results in the highest isolation perfor-
mance avaitable for a commercial plastic phototrans-
istor optocoupler.

N 6
c z32 [5]c

NG (3] 4]E

The devices are also available in Jead formed config-
uration suitable for surface mounting and are avail-
able either on tape and reel, or in standard tube
shipping containers.

Note:

For additional design information see Application
Note 45 Normalized Curves

Order Information

Part Remarks
4N25 CTR » 20 %, DIP-6
4N26 CTR » 20 %, DIP-6
4N27 CTR » 10 %, DIP-6
4N28 CTR > 10 %, DIP-6 )
4N25-X006 CTR > 20 %, DIP-6 400 mil (option €)
4N25-X007 CTR > 20 %, SMD-6 {option 7)
4N25-X009 CTR > 20 %, SMD-6 {option 9)
4N26-X006 CTR » 20 %, DiP-6 400 mil {option 6)
AN26-X007 CTR > 20 %, SMD-6 {option 7)
4N26-X009 CTR > 20 %, SMD-6 (oplion 9)
4N27-X007 CTR > 10 %, SMD-6 (option 7}
4N27-X009 CTR > 10 %, SMD-6 (option 9)
4N28-X009 CTR > 10 %, SMD-6 (option 9)

For additional information on the available options refer to
Option Information.

Document Number 83725
Rev. 1.3, 16-Apr-04

www vishay.com
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VISHAY

Vishay Semiconductors

Absolute Maximum Ratings
Famb = 25 °C, unless otherwise specified
Stresses in excess of the absolute Maximum Ralings can cause permanent damage to the device. Funclional operation of the device is

not implied al these or any other conditions in excess of thoss given in the operational sections of this document. Exposure to absolute
Maximum Rating for extended periods of the time can adverssly affect reliability.

Input
Parameter Test condition Symbol Value Unit
Reverse voltage VR 6.0 v
Forward current I 60 mA
Surge current t<1i0ps IrsM 25 A
Power dissipation . Paigs 100 mw
Output
Parameter Test condition Symbol Value Unit
Collector-emitter breakdown voltage Veeo 70 v
Emitter-base breakdown voltage Veeo 7.0 v
Gollector current I 50 mA
Collector currrent t<1.0ms Ie 100 mA
Power dissipation Pass 150 mw
Coupler
Parameter Test condition Symbol Value Unit
Isolation test voltage Viso 5300 Vams
”breepage 27.0 mm
Clearance 270 mm
Isotation thickness between 204 mm
emitter and detector
Comparative tracking index DIN IEC 112/VDEO0303, part 1 175
Isolation resistance Vip = 500V, Tymp = 25°C Rio 1012 e
Vio = 500 V, Tymp = 100 °C Rio 101 9!
Storage temperature Teg -565t0 + 150 °C
Operating temperature Tamb - 5510 + 100 °C
Junction temperature T 100 C
Soldering temperature max.10 s, dip soldering: Ted 260 G
distance to seating plane
21.5mm
Document Number 83725

www . vishay.com
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VISHAY

4N25/ 4N26/ 4AN27/ 4N28

Electrical Characteristics

Tamb = 25 °C, unless otherwise specified

Minimum and maximum values are testing requirements. Typical values are characteristics of the device and are the result of engineering

evaluation. Typical values are for informalion only and are not part of the testing requirements.

Vishay Semiconductors

Input
Parameter Test condition Symbol Min Typ- Max Unit
Forward voltage '} Ip = 50 mA Ve 1.3 15 v
Reverse current’ V=30V In 0.1 100 nA
Capacitance Vr=0V Co 25 pF
" Indicates JEDEC registered values
Output
Parameter Test condition Part Symbol Min Typ. Max Unit
Collector-base breakdown lg =100 pA BVepo 70 v
voltage?
Collector-emitter breakdown lg=1.0mA BVceo 30 v
voltage!
Emitter-collector breakdown lg =100 pA BVeco 7.0 v
voltage®
Igeo(dark)!! Ve =10V, (base open) 4NZ5 5.0 50 nA
4N26 5.0 50 nA |
4N27 5.0 S0 nA
AN2E 10 100 nA
lcaotdark)”? Vca = 10V, (emilter open) 2.0 20 nA |
Collector-emitter capacitance | Veg=10 Cce 6.0 pF
" Indicates JEDEC registered values
Coupler
Parameter Test condition Pan Symbol Min Typ. Max Unit
Isolation voltage” Peak, 60 Hz 4N25 Vio 2500 v
4N26 Vio 1500 v
aN27 Vio 1500 v
anNz8 Vio 500 v
Saturation voltage, coliector- lcg = 2.0 mA, 1z = 50 mA VeE(sat) 0.5 v
emitiar
Resistance, input output™ Vip=500V Rio 100 GR
Capacitance (input-output) f=1.0MHz Cio 0.5 pF
1 |ndicates JEDEC registered values
Current Transfer Ratio ‘
Parameter Test condition Pant Symbol Min Typ. Max Unit
DC Current Transfer Ratio  |[Vce= 10V, lg=10mA 4N25 | CTRpc 20 50 %
4N26 | CTRpc 20 50 %
4aN27 | CTRpe 10 30 %
4aN28 CTRpc 10 30 %

") indicates JEDEG registered value

Document Number 83725
Rev. 1.3, 16-Apr-04

www vishay.com
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4N25/ 4N26/ 4N27/ 4N28

Vishay Semiconductors

Switching Characteristics

—
VISHAY

Parameter Test condition

Symbol Min Typ. Max Unit

Rise and fall times [ Veg = 10V, Ig = 10 mA, Ry = 100 0

th 2.0 us

Typical Characteristics (T, = 25 °C unless otherwise specified)

1.4
13|
> L Ta=-55C
g',. 1.2
] [ — | Ta=25C
s 14
> |
h=l
s 10
E b
2 08 Ta=85C
+ o038
07 ETEEETE iataan et dais
A 1 10 100
I - Forward Gument - mA
bty fn

Fig. 1 Forward Voltage vs. Forward Current .

15
Normalized tor |
Vee=10 V, IF=10 mA, Ta=25C
E GCTRce(sal} Voe=0.4 V
Q
o 10
L)
N Ta=25C
E
=]
z
r 05
5
z / — 00— | NGTR(SAT)
Qo= | NCTR
0.0
1] 1 10 100
i - LED Cument - mA
—rh_07

Fig. 2 Normalized Mon-Saturated and Saturated CTR vs. LED
Current

1.5
| Normaized to: |
o - Vee=10 ¥, IF=10 mA, Ta=25C
5 r CTAce(sat) VeewD.4 V
® 10
H |
E [ Ta=S0°C //
E 0.5 I 5
34 [ NCTR{SAT)
< i NCTR
0.0 i i L
A 1 10 100
- LED Current - mA
LX)

Fig. 3 Normalized Non-saturated and Saturated CTR vs. LED

Current
15
| Normatized to: i
- L Voe=10 V, Ir=10 mA, Ta=25°C
5 | CTRoe(sat) VeemDA V /
% | Ta=70°C
ﬂ.: 0.5 3
5 NCTR(SAT)
< —o— NCTR
00 L ol i3ty L i i1
A 1 10 100
Ir- LED Currenl - mA
L

Fig. 4 Normalized Non-salurated and saturated CTR vs. LED
Current
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