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ABTRACT

Néwsday the communication system in the organization 1is very

popular to use the private automatic branch exchange (PABX). It is

o

very convenient to use the private automatic branch ethange to
communicate inside the‘ organization. This thesig will describe the
research for design and construction of the privaté automatic branch
exchange which is controlled by the microprocessor system and use the
pulse amplitude modulation speech parts system that used analog switch

for connect path and transmited to ac line.

~.



unil 1 umin

unfl 2 noejusswanms
unfl 3 HamMmMAaas
unfl 4 unastuaznTot

SRR

51
52



.
unn 1

uUnNu

msﬁwdaéammaeuumﬂuﬂaqﬁuﬁ"lﬁﬁmiﬁ'mmumﬂué'\ﬁu Famidased
a*mn‘naﬂammm'luﬂmuunﬂa Tnsswy  ilasenileruszain ad waciidseind
MW SN 'lm-uurmwwuﬂum-maouTmﬂwn“lﬂmwuﬂlunwnmﬂmaan@aau win
wiprmgsializwnalngus? smulniswrimoluidaadiann udnnoulnsdwriaouen
flagethsdna ylwnsaaaaduludsanusingnnn u.a*mﬂ:mﬂa'[mumuTauJam
masama‘luamnmwﬂvammw Luaamnﬂaa'l'nwum'\u'lummmamn‘n Fatmndns
mma'lwmmmnmmunvﬂawiatﬂamw\as aom Seleimaudluywilasmsaie
tmao'ﬁumuimﬂwnaﬂhumu T@uu'lu'[ﬂﬂﬂwnm‘namaumnmmmu‘[mﬂmnmas e
lwmmm@ma'lﬂﬂaaﬂ 24 Fala uanmnummm*uaommum’mrmmwumu T

mmmwuuﬂn ﬂ'lﬂ'ﬂﬂ?ﬂﬂﬂ Ll.ﬂ:a’uﬂ'iﬂwUWﬂUQ’\“Nﬂﬂ’\’l‘HLLﬂ-ﬂﬂﬂ'lUiﬂ’\‘ivlﬂ a3y



]
unn 2

NOBJUALNANNTT

- [ o wa
msaaagumufmﬂwrfmmam'fuum:uu PULSE AMPLITUDE MODULATION
- a 4 v [ ' “ ¥ « “ ¢ e Y
fio Lﬂsaaﬁhja‘mm’umUQmutmﬂwnmnaoﬂmﬂmﬂw'n TWinanltnoln
- P - -~ P ) - . ) < -
wnniun TaneTaslnsdwimanenmansodadaiiniagnlaian usziaTasgnimaninda

. e - [
ﬂanmmaagn‘lmau

2.1 qmauffﬁnaom‘%mqua'ma'm'lé'mfuﬁé‘xﬁa%’qoifu

1. mwnndedegaiuniouen (EXTERNAL LINE) wunoiiy Q’muaaé’ms
Tnaswriled 4 gane

2. Hgmwlnsawinulu INTERNAL LINE) 16 g

3. ldnulnidwnszuy TONE

4. susainadandaddnsandmoluldiaslaslidasfindnaususe
legnnavanuias 7 an mwmmamﬁaoﬁmﬁﬁwuﬂ il
Avuanuisaimoluaiuainnuioay 01-16

5. m"'}aaQnmmm’[maanmuuan"ld’[wum‘snwmuna'u 00 ¥wi gl

atuanitlvnenmnoaufissfadedn 7 a3 ol

2.2 szyyfnnimais 9 meluguasnsdwinaznisdmon

ansusrasRyyIman 9 melussuugusmwdalwiadasdalyd

'
. at

o« - J -~ va vy
2.2.1 dyanmlinam (DIAL TONE) fla fygnmfiteTasguauInsdwriudaliily

v e

v v - -

o . - o - v a + -
Insawrimmuan msao'qua'lufmﬁw-ﬁwsauumm:’ln;ﬂmwmavxqmmummnﬂaamw:sm

e

fAaaat
[ [ e & - ot - “ . A o~
anumzpsryimdudyguiiianuidszinm 400 H; adeaiiaani

afdN



vsabusyynlinguild 1Ic TIMER wef 555 shudwiniiuila

2

o~ - - e N o &
AN 400 Hy lasiinanmsduimasis Foo

—_
1

1.44/(Rg + 2R,)C

1.44/(0.82 + 360) x 100 x 0.014F
= 400 H,

DUTY CYCLE = Rp/(Rg + 2Ry)
= 180/(0.82 + 360)
= 0.5

222 Fyywliie (BUSY TONE) fis dynnmdeissgumulnidwriudsligly
NI wﬁemnmsnmn?amqunmumwﬁa:ﬁﬂdaﬁ‘w 'lﬁnﬂuiw'himmmﬁﬂdagmuﬁv’ﬂﬁ
snwoisvasygondudyguiauitizanm 400 Hy 63 0.5 3uafi du

0.5 UM
avsaredygaliiedld I TIMER wef 556  Fnssdusniudia

- A - 4 - Y s - s - c .
auh Uiz 400 HZ %QU“ﬂnanlﬂua“Q\"ﬂ?l““u‘u FIRIIITN 2 NUUanINn 1 HZ

Jout N TTR 193333 1

-
"

1.44/(Ry + 2R,)C

1.44/(1 + 1360) x 1000 x 1IuF

= 1H,
DUTY CYCLE = Ry /{R, + 2Ry)
= 680/(1 + 1360)
_ =049 -

2.2.3 FyonauIsnndy (RINGBACK TONE) fis sygnmifitnTasgumulnadn
uwdalwgldnmy WAIINNAMINLLRITIRBINTIRAde lﬁnﬂuiﬁmmmamiag;muTnsé‘wﬁ
Adasmrezfanslduda

SNBIUSVBIFYYIN sy grmfidautiteinm 400 Hy 69 1 3wf uas
@y 3 Jun

naTudggauld IC TIMER wed 556 asunuayginliin udaeey 2
fifiananud 0.25 Hy, DUTY CYCLE = 0.75 riwduniawnad (Walwll DUTY CYCLE iiiu

0.25 udqilowitn Jion 19929331 1



f=1.44/(500 + 660) x 1000 x 4.7uF
= 0.25 H, ‘
DUTY CYCLE = 330/(500 + 660)
= 0.28

o & A A foet ) ol
2.2.4 FyarouSan (RINGING TONE) fis sygwiiasasguaolnaiwrisalads
P .~ [ . - - “ [ .l’ P >~ > (A -~ ' -
i3 Insdmyinolu vinlinszdalnsawriastiu thaudaldnmuiniifdaimsazdedadiy
Anpmzvasdyans Wudyanm AC 50 H, Huwiadszanm 100 Thart &
wazeuutn 9 uazwiaunuayIIunnay
> Aol + J - - i
nIafedynld IC TIMER twef 556 29337 1 ruiianud 50 Hy 1993

7 2 fifianuf 0.25 H, DUTY CYCLE = 0.25 flawdanfionyesisai 1

f=1.44/(1 + 600) x 1000 x 0.047uF
50 H, Y

DUTY CYCLE

300/(1 + 600)
0.5

(u&‘-

Wasnndsemssygiuiidnais 100 hart asiulsdetudunmudaieed
fas laudauuy paundiuun3 (COMPLEMENTARY)

e wagaIMan 9 vasinidwd uaaaasgy



€753l

INOL AJudoNlY ”HHH

ang o= antvo’
8 [ 2]
) 1 ==
[ ) aNg~
LREBY
_ Tl 1n0 IH 19 )
c % 009
SSS3AN ou
¥l
s1a[T
d 234
y [}] Al
Y
o0

ledty

4

NOOoT +

nit
6

/5

I

3

L5
BELE

< .xn. t) ino ¥HLD
3] %099
SSS3IN :w
. €31
2 YL
Y .
y ) ‘ow.n\%
. v
554
338
k?.— cO'r L k: —
no.. . [ 2]
A3 . l—l

INOL ASNHE

F——— oNI9NIY

SSSIN [x089
(]

(& ]

w

(-3

o~
A=A

ANOLl 1Yld

) .
1'e —..wjr

9

Xdvyd NI 3INOL “IYNDIS




WYYOVIa 0018 BT mvm

g Yool “vl qodery LAY
(3 ]
Al 1] FILL Sl B LA ] LEAN
; A d O M I N
A UNIDNIU 103130
v
——nd PR -[-2¥]
]
ix3 .
IX3 UDVsuIIN
Y] 3 o002
. or1
\ ]
_‘ DIUUNI UZ-UZ~¢\— 4 n < 2
Q
N3D ONIM
. AVI3a noont 1
an [
v 32 %% & H vy 1
[0 =5 17] MOLINnS -y
HO 1IN ¥ 1 I
a0 1u . :
., € 133 £21I7S | /417, 4 3 17 207wk 3
4 - 4 )
T YouwiNod [ $NY $534QQV
z 22118 907 4 (1] ] 4
| 331714 UNY am
n LI WY n
T LE2 & H A W, SSud nOT s |17 . ¢
i 3
Y ¥390230
N3ID 3INOL
. 4 3 4 4N 86

O DX r WKk

SNy wiva




2.3

o o Y. §
Li‘taemnm‘%aoqua‘mnTmﬁwﬁaﬂTuyﬂnaﬂmu’l’ﬂ"’lu‘[m‘[ﬂwnamas‘ z80 n

o« & v ™ ' o - [
MINUAUMIHIU AIUU 133914 Single Board ETT lagfifaniianuinraaniasaigy

[ (5. o

MEMORY AND 1/0 AP
ET-BOARD V3.5 NEW POWER

MONITOR PROGRAI RAM I/0 PORT
0000H :
8K BYTE ROM 8255 110
DISPLAY
KEY,)/O
2000H
3K BYTE RAM 8255 110
ON BOARD PRINTER
EXPANSION
4000H
8K BYTE
PROGRAM
CARDS.
EXPANSION: -
6000H
8K BYTE
SOCKET
EXPANSION
ON BOARD
80004 — : -
AOOOH
J1 MEN
~ 24K BYTE
SOFT PROM
FFFFH| -

n 23
v

00H

20H



aafu 3oldeaniunzuuzaantadi fe .
1. 94789 RAM n38 BUFFER MEMORY E]f‘J;ﬁ 2000H - 3FFFH
2. §7M189 PROGRAM 1038992014 3Ud 6000H - TFFFH
3. §2uY89 SWITCHING MEMORY a(jAsud 4000H - 45FFH

nMIvau3niImyln
- [ [ - .«

, 23w CPU ssmudggrininTveldinidwisinmisnyiaiasinidwd
lovdyauniuny (Hook) rgnaantwmn 170 PORT MUY CPU fiz¥iins@asas
I Dial Tone 1IAMURIY Receive TBITNAIY UWAtABFINVEINIINAATRTIINDEIU

. a o AL o - & < , “ e .
Transmit IWBTUMNNLIATIATBINAZYIINTAAGD 3INUU CPU NITEUNINUIATLIATEINIEM
-~ 1 ] > ° g o . & J Ai' - I‘.:
MIAARBKIUNIY 170 PORT uffiasyiin1ssasynnt Ringing lUdanTasnaniGun :nuud

o [ . " e g v oo, . -
IBNIUNYTBAATBIT  UasinsdadIu  Receiver LINUIU  Transmiter  12LATEN

Insewyinemas

NFYBUINTAILUBN
Fuannsn CPU 9= 18TudynaMINndIn Detect Ringing HIWNA9EM 170
PORT 31n%s CPU flazfiinis HOLD mumanlaumissdyamaiuny Relay 1W Hold on
W&a6ia SPEECH PATH 289 TRANSMIT wihtudiunaamiaiiarinissmmunuiasfivanis
fads uazduiiumidadinuniasinsdwimeludaly

mslnsoanaianen
CPU a:ﬁwmmﬂaaauhfjmumu'luﬁmwa'l‘quuanvﬁa‘hi IINMING
Key 00 FINTU CPU azaTagauauuaniunialy thinafezyiinis Hold on anuanuas
dadm Receiver MUAM Transmiter W@t Sesn1ne Key vasmuluiiszgnaerim In
d2UP89 Transmiter VIR0 IKITANUEIU Receiver maoawuamﬁ'add»\"’qumumuuannaﬂ
wasa
FIUTIWASBUARLINUMIARAS Speech Path  URENNTYINIIUATNENIBLEN

artdoasaluludunas Speech Path

b L ] ; * [ >} A’
MANNIINIRYDY Speech Path i aziin1sMnulasazifunain

Tunmslfnulnsdwifinnwaiasgninsfiwdinn 9 wu indudussdad
. o . a e . ' - < v o d - 4
Switch fvnnmdeudaduiuuacdsvaaniosgniovuaiaiy  Path afieSasgnazld

a . - v - ‘ .o o 3 v oo o 1 X ~ [ 4 ‘
m!ﬂiﬂtﬂﬂﬂﬂiﬁUYlﬂE}dﬂ’l?ﬂﬂﬂiﬂﬂﬂd“Uﬂ ‘ﬁOQ:W\u"i‘m'u.lﬂ’ﬁG\ﬂG\EHJENIYH?IW'H 1 Qlu Path



P . . d 4w, . B e . A4 .

wn e lvinsdwiiasosduliginsald Path wuwle Wwnsdimm¥magaudaves Switch
“; ) 1] J *» L3 L -~ J , A A' 1

WU F22LaaaAnAIIINUUNK FytumaesmiiiimifadeszniniaTasgnifuiuin
A « - - . P - o a d X T w . .

niag infiazdpaRuiman Path Junndnniis Path &9 Path MRvdulifiazedas Switch 197
- o a - &

fuataIasinsAnrimanua

-~ . P - i - - - v -~
d19079 1ilnTdwt n 18389 wazdman Path Aawnsnltulawiaunu
“a . ' o o v -~ 3 o« [ [ v R -~ .
mammugmunmmmlmwﬂﬂwmunu m fay nladnsanaly switch lunidade
14 . P o A “ ¢ R . -~
YiIWua n*m switch Tanann1ifififia guanolnidwrinuy Matrix Switch Wuia3

GN'H% ﬂ’]tﬂﬂﬂdﬂﬁﬂ'ﬁﬂﬁ'\ﬂ'ﬂﬁ“')uuﬁﬂ 9 'lunmmmnu TV Matrix Switch
na*'lumm.au ww'\.mmmaqmﬂ'nﬂmummuu'm gl m"uetﬂumiamﬂaao Switch Y\YI‘]

n'm'na:ma

Tulnssomil TeTmminiauaduas Speech Path filwai lauld Path duaud
wanamild fesruy TOMA Tefaamdidm Path fanfludyan Pulse Amplitude
Modulation Fafifian Switch FUMTUUREHIHIM Path Geniuluiaanman 9

e mlasdupasRinsannnassdininmidedenn A UGy B uas
¢ Wiy D gl TaFuen A szgnugneanlawning Hybridge pamibudygmdiuas
Sy laodyn mudsvas A 3:0ndadIuIeT Law Pass 111#IW83 Speech Path uas
fu Switch SW1 91niufTazEw SW4 1 H1waeeT Hold il Hold Aynnouantidaamm
HIW997 Low Pass uN§dIu Transmiter 183 B NRUIARYNAT clear path asan
ATAFNUAYBY Analog Switch fi‘l’imfmzﬁmnﬁmmﬁuﬂnﬂ"'magf’i Path eanu (11399 Tluez
Foaria Votage Tiwdaiinanlyl Taun1s Switch Path rA% SW9 83 GND Mnuufezrinms
SW3 uas SW2 fiavinssedtyyman B ludy A INWAAsNT Clear Path wasvims
SW5 ffu sws asedyyinein ¢ s D INNufesims Clear Path wasyinimidau
SW7 Wty SW6 tRavmidsdygaon D W ¢ deld Fnndiwldinitnsiin
gy Pat Swinle ua:ﬁ'\mu&jmuﬁlﬂﬁws’auﬁuyqa %uagﬁum'mﬁﬁmlﬂums
Sampling RUQIMUAzTIIIRNUNIT Switch Favzuirlunidieda 1 ﬁawma:ﬁaa’lﬁw
1aRlum3 Switch Analogswitch LYny Pulse 4 §n Smndunl¥anud Sampling wiiy
15khz pulse 3=finunth 0.25 US a3 lundade 1 dawazldianuiiny 0.25 x 4uS
azwu ImangaonlElawiouiu iy 1/(15khz * 0.25:8 * 4) Fafiduriu 64 gae

134891



1C

lumalfaustane:ld oUTPUT w89 RAM lumsmauqunis Swith Taonds
370 CPU @weianyu 1/0 PORT u&2 CPU ﬁa:j‘i*mm’aaL%ﬂﬂﬁi)ﬁ')t&'lﬂﬁﬁdur'fu 3IMi% CPU
fazriimaidion RAM ﬁﬁmﬁwﬁmuqu ANALOGSWITCH wasanifipwaTanasydaulw
COUNTER COUNT ADDRESS Wit RAM Tau DATA fisanain RAM MzmUUMIGade
289 ANALOGSWITCH sialy #alulassauiils cLk Haul# COUNTER shuenufl 2 Mhz
Taufi A 289 COUNTER a:zfinnud 2 Mhz st (laiswihanilaslwiu RAM fia2lef DATA 71
i oUTPUT U CONTROL ANALOGSWITCH fifinnnain¥hanas PULSE = 0.25US 1fia937n
COUNTER fiml41iu RAM 477K ADDRESS 8 i§ufia A,-A, #aun $1an BYTE Allu
M3 COUNT sanunaziiniy 256 BYTE lumiauqu 1 fawszeaald PULSE 4 an win
AwoMTays 4 BYTE Fann ﬁa:‘loﬁwmuﬁmugmqwf'immmlﬁ'ld’ws’auﬁu Ny 256/4
= 64 gy AwARlFluNT SAMPLING Wilddai = 1/(25670.25) = 15.6khz

FIINNANNITAINGT? 5a1ﬁaanttuuwasﬁamu3ﬂf'{ 2.8 lavl¥uaniavad
40xx, 41xx WAz 42xx \IuMsanue  §IuLaAATAR 43xx, 44xx uaz 45xx 1w
Yanie Saduninsiaaaygam TX uaz RX maﬂmﬁ'wﬁusia:m‘%aaﬁméwﬁumugﬂ
wonnnitedayyniiAauaiuInifwian 9 Mo ussedashisndarmitalainmad e

Wouldsunsuliaindrimdyuimssnmmdaunanns

- V. l - . P
ﬂUa:lDglﬂ?lano%uﬁﬂd'[ﬂmlaﬂdzﬂﬂ 2.7 Iﬂﬂﬁﬂ&li{ﬂ I“Llaﬂlﬂiaﬂ 40xx
& e . & - g v e & . A . .
Lﬂuﬂqa\’ﬂ\’“uﬂ URASUDALATEN 4 TxX I.lJuﬂ'JﬂJﬂO'v\uﬂﬂdzﬂlwE]J’]Uﬂim'ﬁl’u’ﬂ'ﬂ

dawiBandanuaiunan (INTERFACE EXTERNAL)

vawifiiugan  INTERFACE m‘%ao'[mﬁ'wﬁmu'lwnumu‘ﬁum‘%'am'm
Tusumuuen (MNaIRnInIdwn) Tevsuondyanein 2 i 4 lavondv'leFiued
MC34014 Ayqisiusniiiu 4 i e saclfiimsadanindvielofaing 4066 ol
'la‘muawmmml'nqﬂmmmuuamnﬂaﬂmwamvmmam'mmumaaatyry'lmmm uazdy
susnliudyanumuitadsinnarldie  Smndygrmenuithaeseiiid
dnly asibigyelfiduesdaiunly udthdygranuddrafosdmgadiuliesinlwdwald
Woaly  waslumeasaiudne lefwesiteimirfinudensiudeiniaiasnolu

qumu’lﬁaamﬂu 2 /iy Lﬂaa'e'lﬁ'qumuTmﬁ'wﬁmuuanda‘lﬂ

wanamiudaseneuludusudivinwid  DETECT RINGING Tauld
\wa$ MC 4528 viwinfiillu MONOSTABLE MULTIVIBRATOR lasFyanmannnousna:



1t

AW ISOLATOR dwntiinn TRIGGER  MC 4528 wxdsdnyqnwdudtyyi DETECT
RINGING s 1/0 PORT iadedaludacru sa'ly TandygnomamlumsTRIGGER dway

-~ . . ~ . d . '
nUNaﬂmﬁ:“'rN resistance NYU capacitance ‘ﬂdﬂaafdrﬂuuan'ﬂaa IC

NN YD INTERFACE EXTERNAL

[3

dafdygimSunninmouan  dygaseziu C 1 uF \Ra3z  Coupling
Fyyuaaty 53 Isolator uaz coupling Ry Iy IC 4528 uazazuun ground TEwing
Sy input ftaniy ground 1892993 Tﬂuﬁ'nunywmﬁmu Isolator NNREHINIDIVT Trigger
229 IC 4528 #uflu Monostable Multivibrator sz output 7 1aw84 IC 4528 1IIn
§oynos DETECT RINGING &a1Ut 170 PORT wasseluds cpu daly uasdyymam
Al8luns trigger a:%uagﬁuuagmzwhe resistor NU capacitor "ﬁwias'wﬁ'uag;nwuanmaq
IC 4528
i HofTnswyinwuanlnadundnn DETECT RINGING sxiiulainnils
CPU ammmudnetasmouanindaslalnadnun mmiwazdadyyn HOLD ON itadadelw

' e - v e o < P v a “
RELAY defyonmanisiasmumuanidany Mc34014 alilafiuaiivinminivasiudaly
dawdansioalu

axsznavludosauivimiiidv SUBCRIBER LOOP INTERFACE lauld
IC waf MC 3419-1L Zevimifuundyninusaaiadinsdwiain 2 moiy 4 aw lay
uomils TRANSMIT waz RECEIVE wastarimibianonszusinuaiasinsdwimelu 1
Frimifiuanian1iz HOOK SWITCH wadtniaslnssm daezdaidndy 1,0 PORT e

aaFyuweliuInsnudan CPU

]
A o ’

& . 9 ’ v de -~ d
HANIINUU UJﬂT:naU‘ﬂﬂ’)Ua")uﬂﬂ'\“uqﬂﬂﬂ(ﬂa Wt RINGING (W3

& -t & J W
syanaunlduaiasgneday

[

A - + “ ¢ - e
smusedafinsunylinulnsdwi (ON HOOK) lafiuafiezuaasaniue

< - « e 0 v 4 1w - & 4 . e
maaqnaanumﬂﬂaanguu munﬂuﬂnmauqmuﬂﬁmm 48 I’Jﬂﬂ Ltﬂﬂ'\ﬂﬂ”ﬁunﬁ‘[ﬂﬁ'ﬂ'ﬂﬂ

- & - < —at - o - v [ ' '
tiadu 'laqnuas'una:'lnun's:uamnwammaoQm:mmmmmu’lﬂ fussauanaiaugmy
& - . - 3 -
Wwrneidssnm: 12 sl imaowmndiudanmmosldinunzaulasmsdasnudmuniu

~ v P o~ v [ i v
UTusnlen RF ves0etuaut] iauuliladygraasaundainis



12

) ' & -~ : t4 (] 4 & .

FIUNNTIIFUYIUIINIUY Q”HOLUBIﬂTﬂWYﬂuﬁﬂ’ﬁUn“ 'O”ﬁ'ﬂv‘\‘ﬁﬂ’l'):
maaamﬂu[aanv\m wa CPU aoammwmnammam 'i]"Yl'ﬂ“ AND GAT fhauaade
H'JYI'UTLGUENHIUN'IN RINGING 'nwmx_ls-mm 100 I’JRGI 1“llﬂlﬂ7iNIYl7ﬂWYlﬂ"l&l1ﬂ

N1@ DECODE SWITCHING MEMORY _

a‘mgﬂf'l 2.4 Wgnaanuw’lﬁd'mmiwaa SWITCHING MEMORY agﬁ
4000H fi9 45FFH 37U Taswiniimadoudayadiniiuly RAM  CONTROL
SWITCH é’tyrywmmaamsﬁmu‘]aa:%uagﬁudmmﬁaﬁa‘w vlwidulaingudsas
drunialaduniianity 15w 29 4000H s 40FFH 1uen uazdy e CPU ENABLE
andulaingus  hi¥FygimmIdedumiann cPU vl daaamiasanudienu
dumiefgrerhn 74Ls244 Feasrhmhiniin BUFFER uaniile CPU msdoutays
BoudavzWRynnm CPU ENABLE Hunita ua:a'(wmwm COUNTER ENABLE 1Ty
Ta3ngud *m'meuarunntuammanmumwmmmmtm 4000H {3 45FFH auiu
Taanﬁuu vhldaansndudayalaadraidon ilassndyin WR duladnniladay @
Fi4 &) COUNTER 35Yn1sdedaumisuny CPU asaa an 00H §9 FFH auninazdl

nATLALY aga’luﬁmmﬁw‘ﬁ na1eNn
N1@ DECODE PORT

13 DECODE PORT w14 7415138 iiludarhwinditt Teez1d A4 fia
A7 uszdyunm 10RQ vhlwlddunisvaswaimiu 80H fia 83H uaz 90H fia 93H
2 yuanvamiinasnaimany 9 ldasunoliludnves SOFT WARE lugavie 9
§2u31n13 DECODE PORT 'lG'fua_m'l'YsTag;dﬁ 2.5



13

13
AOW3L  DNWDLIMS 300030 L 472 e

) o
YM v LS

—

M "
QUNI (gD
9YN3  ¥3INNOD
» ! . 140¥ - 000y
V Sy O 3
4 Q
2“<||.|||~njo & ».., | .Uﬂl 44y - 00y
Sl yY— _.IJf —'U 1) G
Y n ol :_ } 3 -
"y T W DA 939 Ood °...U.-I 147y - 001y
Siy Qto
e
H H.«Mvn %) 122 o R adsp - ooty
. | svw - oopy
i
' U._l 449% - 006
TG




14

dW1d

1 -1 %204 }

t-24

0
+

Py 1o g pde ot 67 upd

£

13539
W

°<,

IM

4

6628

Hé¢b - 0b

gel

<€ 0 O

% ;
o ~| A
Gorg e $2
P ™Y o094 o
—( —<|I||||. —(
0l-
) NO Q0H | o oy
M M M
© 1-94 o o
Le .
bq-eq t-vd CGe8 d-a

HES - 03

oto1

by
i
Sy
Ty



15

nLvd uouads nepeennistuciucwpupl 93 upl

o) FYX I S-S MY M EX LY Sjw

N2

o JBQUNN JUMNNIC # X ] ]

LU LI

I

U

-

U

U

HOLINS

SOIUNY NOULNOD TUNDIS

LG, N

vs
—
) ano $5vd HO1 2
In “Y4¢ ou |1
('3 p u
1\_\ $5vd MO A
o} H

4%
\ 2
A : anou $50d MO 2
||u oy ) 4
2s n
Id\« $svd hon A
TR BT

LY
—
N anom S5ud MO w
o o |12
vs u
.IoU\' S59d HOT A
| -4 11

£s
|
£ _.o._ox L5Vd NOT 2
tl'ﬂ\u . oy 1
£ 43 “
.\—\ . SUVd MO -l .>.




16

£
1’!
A > 8 . -
E== : ]

s K =
S e L73
<&
$ =

3

o
I'Fk.

b} ";Ph+
r?—u_.i
he

$_12
n_%
§

2
%

(1
12
3

]

YL—1

LA

l’l.J

L E—

v LA e
r[::.

r(:k

f— 1 LTJH

g
o1
i
;i
-4

o

Ko es 15, 18

]
an

« Breefoament Muder

¢ ANALOG-SWITCH

I

’RK’F*#F E8553ZE28 'EE:C;K: u
-
g‘!SSSS!l gi::?xtl.li.ut‘- G SESISSISECY IXISELES U

19919

]:I d IRANAR 1 ;L IRRRAR]
ol i

g L l L—E.g“L 2 3 = g

r \\x
esee Jrxi
b o ¢ -
:2:::;::: LEEZLEER j
—; :!:f.!t‘;;!é::j ~EEEL RS
[AREBRA WRERA|
o A o R
g v .| Lo TS

N
o

anld

s 27 A7% RAM CONTROL SPEECH PATH ua




17

——g*——co-% FROM CPY

—————
4000 - AOFFH 2

N
AVOON - AAFFH > —

N
. 42008 MFFH/

—_

£500 W~ AYFFY>

BligoH - AFE R >—

A500H- ASEFR >

———-——Gm:msx ENABLE

31]?\ 2.8

—>Rx (Ex1- EX4)
}__>£x (n1-1N2)
> &% (INS-1INg) .

> Rx (INg - N 12]

> Rx (N3~ muj

s I/p DTMF

‘ - T, -
BUFFER J 10U 1 1pF e % (Ex1- Ex4)
', |
) Q | LPF e TX (N1 -1Na)
1y — 7 Aot
I |
T - -
+ BUFFER J 10U 1 1PF —e— A (NS - Ng)
i
I q, a0t —] LPF —e— TX (ING - IN12)
{11t - 7 {
BUFFER . | | LPF e TX (N33~ ML)
— 7 AOLL N
>
§ g A 1 LPF l___e—D\AL,BUSY,R\NG"MCH
‘111 v—‘ : / ve
BUFFER 4 .4. HoLD |— LPF
¢ ’ 4064
: ] Hovp LP
S11 - ‘3/ 204 | LpPF
J
BUFFER 3, i { Hotp — LPF
WO
: { HouD
i - %, a0u oA Lpe
L BUFFER q " | HOLD |— LPF
3 s 0bb
' [: g, { HoLD i LPF
buL + " A0Lb
T BUFFER 1o
<
BUFFER COUNTER 05C
7415 244 7415 393 2 MHz



18

U
LN4LN0 LEIMSNUYL

.
INIT TYNEILXT 677 mﬁr

()
by
_»:u 010K
! B oxy
293
1ageN!
v 7
u - '
o =
w T .
o T awias
i L5 W Galhvh "
¥ 4089 " O
%) L0dNE 3A1323Y
¥n_oxl .
| 5 S 4 YY)
. LN =N
s AT
RN, wZN\:
L
6%
- z9
LYo T8 =
2 !» Lt
.—OHM.L
T anz ooeQ .
N e 0 A¥108 1
® M|y
£
v




19

(211S) dOOT JIA1ADSHNS Lepener O E.—m.

Y T IR 11 = - S S EX T sy
. [~
A3 daquny Jusundod ex Y .
1
¢ PO -
4
8y—0-
. L\. .
noz 6TyEoH nvooT ¢
. .
oA  33A :
1)
4nbY
_]\/\I\||41 LUH et
HLZT _ : 0LTIrN
n9'az &l fEy Ty
—py{ 054  N@ | 3 %606 4OOWNT g4
er{ osH  XsM by—— 44—~ .
—eyd 10d 90 | O 13
N\
oY | 0%4 ISl lﬂlL = T41 L
7| IX¥ 5«8 =2 & iR 4
Aoz TeTAOW
_ T oun X <2
EET=¥I> _ ¢ _
R _
<J0%SH ot
. v &
. T
AOTSRTED
'




20

audlfnas MI8870
- \fudsuuazneamiaaaul (DTMF.reciver)
- finleion 13 ADeT=e Lidoafu TTL
- qunsomsarzeonmoluiladle
- munsoUSumiatnd (guard time) lef
- {Iwladgmunings

19y mT88 70 TuflZen

vl uswsluanaulnia

A L= L ¥
wIasdlasnulnsawrimielng

L J .~ - [ 4
Fwasinuasdamia

FnuianunsuRaes

a f a
1'51““]73\"5” TuTHInUounIe PABX
1

Ry nunssnlnsawyina

wiaenuluy

mtmuquqﬂnsrﬁmwﬁﬂmé’wﬁ
v o o -~
vniasaIa NN INTANN

1

Taseds9vy MT8870

L J &

Toseafamoluvas MT8870 UTznauidasnIadnnul  URTNITORRTAR

o o~ L -“ hd & -t Y 2 0 g

Sarruneaiaea dwledfaselaoldinalulad iso -cmos IREIUIBIATNTRIRD LT

- & - ‘ L %3 L ¥ .‘: J = °

maRiaraInTiLN NG aes IRaaTITULAz0BATRANY 16 anudeanilusagwaalzue

-~ [ » -ib > ) - ‘I— . N\ ‘ & [ > [

4 fia uanfatengygITN mumﬂauﬂmﬂuaaﬂuauﬂ SiunTndSusanvenele

' « -

Tmumaqﬂmnfmuuan mﬁvgmﬂmwmawﬁ 3 amue U 2,11 uAMIVEY MT8B70

uaz3Un 2.13 uralaseadanmoluvas MT8870 S

Wodsunsriiosmylus MT8870

nulu MT8870 Usznaudiudaiudfty 5 §Iu
nManTaIaud (filter section)

—
.

nmanaaIWa (decoder section)
MATENURYYIMAIINUANEAN (differential input)

MAATIIRBURY Y (steering circuit)

o M LD

mafufianud (oscillator)



21

.~ -
NMANTAIFUYIUAIIND

Tudanfezusndygin DTMF ﬁnnmanﬁuu%'auuﬁ'n AHUITNNITNEATHE
mmﬁﬁamm‘nunmua"mafmzmm TaglFasemnsasunuanuiisudy 6 Tiia aladanki:
Hiaad (six-order switched capacitor band pass filter) -mm'mnmwn‘lau 2 423 A8 19 ..
ﬂ'nuf'{gaua:'mqmmnm '

mzm_?iis
A DTMF nnnnsamumauuma-mumwwnamwamwnaamﬂumm'ﬂ
Tavlfinafiammuuyu@laes ua~ummswaaum‘mn‘nmm’mﬂummnmmmu DTMF
wiald maﬂaanu’hﬂmnﬂmwnaummnamuamnaaan‘nmmnuugnmao Fryyrmfin
EST (early steering) Faruanfiddmiuafinaamienanuiiang 9 You uam’lugﬂv‘i 2.12

naum*ummamwam'\unaan'lﬂma‘mwa ANTATINHAUTIIAUD bzt atlel

rfirzpzmaudimuaniahi Taofnaanszuzamnnaulndwd Tadasnaguliil
anudsanunutnmwaseals fasiursesdiuiiez sy T@uﬁa'i'lé'tgnvnmﬁv'uvhignﬁao
dutnaasrhle swnsoaslalasld RC dainmpuan é’mmmf‘im EST aniiu
“high” W% 'lnmﬂmnm.u-nmnuﬂ'nun DTMF 11781 mnﬂ.l'n 2.14 a1 EST (iu
“high” ilW v, awu Fufiuyszg C azmpysey vl v, awuwmmmw’[aaﬂ e NN
nanswasdneamasaniiuaiay 4 e ﬂua.tauams'n'muma'lﬂ@‘mnuuuqunm wialn

falaasunsu (timing diagram) gt 2.17 azdhlaldhond - :

o gmiuAh fnsalndf (gard time) Wi anufia Framua AN aTEIN
3z vannnITsaIa ﬁaqz'lﬁ":'umsuau%’uiwé’mmmmwt‘{ﬁv’u
nnﬂaamaweﬂm'\nmnmm'mmu RC fifo mm'lnuumao maammwmmwmmmmu_ 4
meamnn'nna'mm'h aoa.mmmLnﬂaotﬂumta'ﬂaan'lﬂ n’nmnmﬂa*nm’:mnam
'lmwngﬂn 2.14

n'm'uumé'mm'lmm'mlmnehe

2nTdUuBUNAIEs MT8870 Humeasmesatusuilfiawnsaufudanume
Tﬂummawmuuamwum‘lﬂmﬂn 2.15 uammma‘msmuv.anmnuauwmqmmmf
mmmaem'umumwumnmwaaauwmua.auwumw&‘lﬂmu
gamvony (A, diff) = R5/R1
; 5uw‘gm5uﬁuﬂwﬁ' (Zindiff) = 2 R1%+ (1/we)’



22

[ J
mamwuanud
2’ -l -l . -t [ v e~
'lumﬂumu'lu'lam:mnmmagmuh (NEuddauinIsnostuIa  3.58
¥ v ol » - -~ J A
Mh, AgnsalFnulanud medassesinfiennufuradlugiin 2.16

DTUNLTUABUNTIAIIY

A - aTInUeNNITIN ucimunm‘lﬂgnﬁm ta’lﬁvgﬂ‘hitﬂ%z‘uu

8 - AW #n QNATIINY ﬁmunawﬁgne‘n’aemmﬁgnnamﬁaua:uawﬂfﬁtmﬁm
C - 3uAuf #n ﬁaaﬁwaqnv‘x’ammﬁmé’mawﬁag:wniw:'lﬁ’fum'mf{ﬁgnGTaa'lw'
D - La'm'vgmﬂ%"uu"lﬂtﬂu'laﬁuﬁumwﬁ

E - Aaf #n+1 INATIIWY AUIAONGBY ﬂ'nu‘f';gnnamﬁ'aua:uaﬂﬂi'

F - anud #n+1 wwll Hromeligndas indwadiniuaaday

*¥

P ' ‘ - o~ ’ - Vel
G - el #n+1 TRIONEBY Lms’fv!ﬂueuawﬁ‘agauﬁom‘mnlvmngnﬂaa

apLufAn
v, - Fygrosnnul DTMF fidin
EST - Early Steering output Huamm'mﬁ'ﬁgnﬁaq
St/Gt - Steering input / Guard Time output §3usiany RC Mmuwuan
Q1-Q4 - @1dwa BCD 1w 4 Oa _
STD - Delayed Steering output WuaasinnuanlauniomolySaunaiaud
finua n’jauammwugnﬁawaaé‘rgmnm
TOE - Tone Output Enable (input) 1¥munu Q1-Q4 WilnladuRuaud
teec - muL'Ja'mmﬁqa'?‘m'naaauwumwﬁ DTMF udehigneas
taec - muhaiguﬁqﬂﬁﬂ"aen'mﬂ‘auami‘na"mty‘rmﬁgnﬁm
to - L1a1§uﬁqﬂszﬂinaﬁ'ry.tywm DTMF ﬁgne‘x’ae 2 AN
too - nmmuﬁqm’iuau‘lﬁé’mvty'\mmu'lﬂ'lﬁ'luﬂ'\unmm’mz‘{ﬁgnﬂ"aq
top - nnflflumIananudgaiuanud DTMF figndes
ton® - mflflumsamameswolusesdygnuaud DTMF figndas
tare - mialnfreamninganudl DTMF

tara - mialnfveammieluvesniud DTMF



23

wN+[T] I u]voo-
’N-E slice 17 ] $2/6T
65 3] ) esT
vReF [ 1t) StD
cele] wrsaro o .
ic»[] g a3
o5t (O 2] 02
osc2 (] 7} o1
vss (5] %) e
* sohy vss

MTISI0NE 18 PIN PLASTIC
MTR0LC 13 PIN CLADIP

‘11.‘?\ 2.1
]

Veou Fricn NO JOE Q, Q, Q, _-Q»
ovs 1209 1 H o | o N
91 1336 2 H 0 0 1 0
6 1477 3 H o -0 | "1 1
1 120 4 i 0 ! ) o
170 1336 3 N 0 1 0 1
70 1477 6 H 0 1 L 0
B2 1209 7 H 1 o0 1 1 1
852 Y £ H ) 0 .0 o
i 1477 9 H ) 0 o |
941 133 0 H | 0 ! 0
_

- 941 " 1209 . RO 0 | 1
81l 1477 ’ H. Y 0 0
697 1633 A H 1 1 ‘0 1

e
170 1633 B H 1 1 1 o
—_——— - . 3
E 152 1633 c H ] : 1 1
84 163% D H 0 0 0. 0
. ANy L]z z ] z




- VREF
VoD — s —
) ) ‘
[ TN )
Crucurt / vaLr -
surne
.. 1 ‘Cmr
e KIAS chour
rowLr LM G
. t NI =
I~ \ viAL UITAL cont «©
H 1ont f,‘t"“"_‘"::‘_""" RIS CONVERTES 3
ih E / PLTLE YTV T ARDLATUN 3 Y
LtUw Leur
TN .
e[}
o TOAIL
i (111 / S1 STLLKING
N CLOCLS (% S FU R I
- — g o T
oW o %/CY i TV ot
.
oy
n 213
Y
Yoo mO—————_L voo O__j
- . -—C
51 e s161O—— s167 O
A [o1d] -
= : LA S £
b b L b1}
LR 2 < ' <
€5t Baras 3R 32
L —— estO est O
- . 3 WCTP o (2 Clia (VOO /(VDO VTS " WP o IE‘CII- IYDO2(vOO ¥YTSi]
MT8870 { €74 « n0¥ia (¥, /v, ) (CTa 8, Cl Y ¥ ) 20/ Vou)
L GTP = (2Q) i [YDO /(YDO- YT} LRI RV TR B
1 rarsadales IGIF WCIT (GT o ™ anseanales 1CTAINGIP 14CTAY
ay
. an 214
v -
<y Hy .
3 . ' )
- H MR M1 6870 Anvuwnnmmnaisfuduna
. C = C,=10nF
R =R &R = [00KO fFuienna 2%,
c; R Ry:= 60K K, & JTSKOD  milwnnis 236

AAAA

Rlai

Shitvum il (A, aff) =

- - o ¢
ouynAVNIHIY

-O— - Ziore) = 2 \/u: . (é )

~
1in 215

o



25

Ls. ouls vt
C e ovinly
[ 4] . ox?
-
ol ___1_".—qg|
<

CoDpf B ~) Hsu

)
3dn 216

LVENTS | - A ! 8 e | e { F ]
e _p 4 3t tuc E<— 54—1.3 -’-: -9; e :-<—
[ TOKE TONE
Vin —-—-[ }—~l }--'—"—"“ TONE #n sn-t wa=t [T
\ D, O I
so NN s T o koo AT L

A 7 AN -

—- —ili M=l HIGHIMFEOANCE e
Q.G BLCON0 TONE & fn-i) :,/-u' 4 n _>_——_——/ £ (n+ 1)
| —- Rt a—
S‘\D. — __.J ‘ ‘| l —‘P: :<_, Loy
1

. . ;e ey
TOE | I



26

d e

MANTBIAIINTN . PR

WM IRadaR 299N Input wae Output VeI MINIIAT Control Speech
& v . 4 . [ o
Path 1% 9:1TENaUNE7997 Analog switch Telinmhem ludnsmcuas TDMA Jyynao
A - . ' & -
Pulse Amplitude Modulation TIfi8 N7 Switch WTIFYW IV UIRTBEN

[

a~Lﬁu'i'1z'{mtmmﬁ%'unTﬂ'leTuﬁ 37N Transmit usiaw'h ua%msioﬁmﬁﬂammm
@19 9 17w Dial Tone, Busy Tone uaz Ring Tone amm'\mmv\uﬂu a:ilauit Analog
Switch Folumilaudatns Low Pass Filter fiswidn Analog Switch Fuur9aTnies
ﬁ'tyrgwm'luu"mm'mnmuoua:mﬂumsﬂmmgammaaarymnm'lﬂ'lummgmmns Low Pass
Fiter axvsznavludan Op-Amp uszguninlian doludnwoar Active Fiter i VR. 10

K-OHM (Tua13u gain 2893997

I 218 2997 Low Pass Filter
A ]

- o o S
FINTITTNISESNTVOIAT LTUY amm'umnmua'm‘-Anaiog - Swilch 8anus
fin amm'\mm,ﬁanau'lﬂtm'zws Interface LTW amnnm Receive 'ﬂENI’nTﬁWYI PRIVINFIU
Analog -_Switch ¥UA29:@01T1933 Low Pass Filter uas Hold Lwa Hold ammmtm‘h'm.

AT N ‘DG‘N’%' Low Pass Filter a:ﬂsm:mwaaanvjty'\mngn Sampling uanwm:mgﬂuu

.oozz;]?;

1R 219 997 Hold
L}




27

> = ' - J ) et Q‘: ] -~
URZ2937 Hold 9:177995 Buffer \DunanuatyanmunasaIasn uaznasnIniues ldetn
2437 Low Pass Filter 8n#

duiBousoas Power Line

IINMIANIINTAINLBIT  PABX  szinitlunsfadassnivguay
pABX fulnidwriudaziaianiu axldmoidn iiainlderzninainsdwdiny PABX "1‘541'59;
au UznoulUdofygimuen 9 ﬁa:muf‘jmu 1oun SygonFes, Styim Dial, FyugIm
Ring  URsSQy@ns Busy %ﬁmmmméwf{a-ﬁmsﬁa Tﬂumsa'oﬁmmmﬁrdamﬁw
KUY LTU maunm.mamm'\m Dial §931 ITMGUNaTRRIUNUA USRS PABX vsuammm

‘h! ua*a*mamm'\m Busy mm‘nmu‘lmﬂo mamnnm Ring Back U']I.&JE]H”IU’HJ a‘mmsao

fnfs PABX :HINTYQUIM ng Tone wfATdTY mn.azuu‘lumwmﬂaavﬂs.naumu

AN 4 FiD

Y

. Ring Tone
2. Ring Back
3. Dial Tone

4. Busy Tone
5. Speech Path

fyuroran 1-4 sndudnsmuemsdefayauuy Puise duda 5 aiu

FUYIOMFLY SNHUENITRIULATY WY Analog

1un’xsﬁot‘1’az‘;auuu Puise waz Analog W IINMTANENTIIWR IC #
(M 1893 3zRuininmsemiluuuy bi - directional %ﬂ'ﬁammwijaﬁ'u TaomTusy
- By ﬁw:'lﬁ'ﬁmsmmuuunaugszﬁ WYY Full Duplex 3z@aslid@inysznaui9T-2 1o e
1dauazTudays FauaunsnasimuafianeImsiualalaees

duilunnsiudeFugmuuy Pulse munsnazlfomlaiay uwiduiudyonm
Analog 3:8M3 Moduiation Faamtudnsuizyas PWM laoiaTdynim Analog a0 Mod MU
Fynne Puise dedayssaniauazlnienriutaysazinng  Demodulation WUDIFTY I
Analog 8anin



28

Inmnaassiudsdayain IC # LM 1893 sunIniuuasdeteyald lau
¥maiud uﬂmtﬂs"unsﬂ'nnmmu‘[mawm*ﬂaommu
1. 1U3U Impedance YDIMRTINIAAY Uaz2993TUEY uRIRamMad AC
Line 1% fifn Matching i
5. HmIuy gain WelWiudyyaldauasiitezininw
3. fmserssaumsiudedygnn laowdauiiu 2 nad fis
3.1 niwesmidedynn Puise Tasmahusaaaies axilims
ATaROLLE) lapdalwia
3.0 N3RwBIMIEIEQYIM Analog 9fimi Mode STygyImieab
carrier Wi lJyeMIRIF U™ Speech Path
4. nAirnea Noise vasdyyms inmzlumidsdygnnidn AC Line ifia

. & [ ke o et .
rynpmmmumv.‘lﬂ IRTICOTURLTIIEABINUNNTRA Noise



29

ANIT OV AcpuMmpgeunLniflupcusetyrcg weaderq ydorg 0z2°2 w:w

uqub#cw

X1

Xy

Sbst W1 Cbbl Wi
Wi gy
.Z_.Snc.ﬂ.y..—. QAL9I3y
Codt W oL W1 fsng
W Y A
A1y :_Ewc.m»._. A

X8Vvd

X1




30

) =
e Reccive I Tnterface {:§ :
PERANES |

LM 1943
suﬂ 9.21 Block Diagram af¥usnniusin AC LINE

2993 Receive :iuduaIn AC - Line 1171 Tavaziinsanaiga

AU
- ’ g : . .
18 Ring Tone 31N RYYIUITONATIIRDUURIAD Ringing Gen 1
o ~ ¢
(309 nIAn
, * & ‘ Ao [t
2. #ynos Dial, Busy 8933z HMIINIINT Interface twailauitnInsdnn
-t . > & J‘ bt z G S
3. SygroaAueasgnannmuiyRImilng Mode  AIKWNNAIILNE
L J L w -
Demod AyyMRaL EYINL Rx 1972937 Interface
Rx
/b = o\
Transmitt b
dl= Y Tnterface
N N el A
LM 1843

sufl 2.22 Block Diagram madedumuiay AC LIRE

2437 Transmitter v:fedqm Hold 1 Wauny g PABX \Wov:1WHs Dial

Tone 11 Taugnmede 9 Tumainu ssUszneuludaudans 4 fie
1. Ao Hook g PABX ' '

- - = “ = ad - o
2. syprumduniniion theGuueiaanaunmw
T e - N v d o A - - - .
3. syprudnsdylinaTessy Woinmsununiaiiunly  launssa

-~ -~ ad .
Ay s Mod Ry \Wodsaan 1y AC Line

“ o —a Y o o M m 8
u‘msngaoqua'wfmﬁwnamfuuﬂ . RINADI/THININBUNITODNULY

1“01’86ﬂuUU1§UR'\UIﬂ1ﬂWY{ v'mﬂuﬂ'acmummanmﬂ'uu mathm'uufnu

faitnuszvulnidwinan mmanmﬂmnanﬁa vTaa‘lummuwsam'lm.uulmﬂwnwan

YhauRanan ua~uamamnﬂﬂﬂanus-uulmﬂwn"lﬂmu FIMU MIBBNULUTNEWTINBY
i anaigufssdniinadniimualy i ARelostunaiFufiomieiuld uszdy

'rauh\mmnmua-wwuﬂuamnﬂﬁﬂﬂazmm'un ussinnundodels



31

iaﬁmuﬂﬁv'lﬂvao'qumuTmﬁ'vaﬁé’off
1. Buuauduesnathinuiides 600 Tavu
2. AenumumMuTERIRamoaihtunTNerezuy | aavliaatalas
20 Alalavy
3. nuuslumolniawd ddathalsy 20 Tafuani
4. m‘sa@maus:wiwqumufmﬁ'wﬁﬁ'um‘%aﬂmﬁ’wﬁg\aqﬂ‘l:jtﬁu 7
LATLUR
5. miaanaudyanmnuluszuyline 33 wedus
anm

6. qﬂnﬂﬁﬁﬁmﬁmﬂmﬁmiaoﬁ'uﬁtgry'lmm:ﬁm?mwmﬂﬁuﬁ
nisdesnalduRuandunnin. 800 levufiarud 25 1Fsed  uss
Litaunan 20 flalavu fienwd 1 AlaFsad

7. madeudenizfmiarasaneiudynionizas dasdarumnuly
Auddadn 1 8 2.2 ulasvhia

8. nidwiarsisasiniudnonmnids  asdosmunsarinemlaiseay
SyanunTzasesud 35 1ad uasgegaliiiin 100 Taad Aianad 25

- (4
\Fsad
NIRRT D IS

Tusmidaudaiiazl435 Modulate dyanmudassluawaulnim dansdadygw
sy ool BISLINE CHIP Sunzfeusedygnmlasldszuy Carrier-Current-
Transeiver (€CT) lugiluans Biock Diagram ugmamhamsssswiaudalald BISLINE
CHIP @naufx (Controller) aziilu@aidion Mode lun1idiadainazdmiady twmz Chip
AuAY_(Controller) :1ludaLaan Mode luns@adainazdmiasy e chip e'ﬁﬂrgnaan
wuuaaMlnszuy Half-Duplex fig fralanamismunsariemldathadem Sunle
Lifds axmsiu-gondauiulile nanmaemlasnin 9 fa waowuzmisds (Tx
MODE) 'ﬁ’agaﬁviwma:gn Modulate w521y FSK finrufinaasiud 50khz - 300khz-ud
seeentenumelWin. uasluenuenaiy (Rx MODE)  &qqnmiazin%  Coupling
Transformer 1TMaNMWMIAN PLL- Based Reciever USIHMAINTEY MvajUsyMdn 9

aanI



32

POWER LINE

—> 32
L9

Z - 2
v &

ORRIER ARTER
QIRRENT ¢ QIRRENT 3¢
™R ™ "t e ™ %4
SEL  TUA AT SR oA PATA

{ ] ] [
4
MASTER suye
CONTROLLER ZONTRIULER
AT AooRESS 4 == AT APDRESS 2
L }
_ I LN |
¥ 1
KErBoARY SR ) crvsog
LoAD '

Ul 2.23 Block Disgranm LRAIn19nnIunasdu i FanAaiauty BI-LINE CHIP

nads
'lumsmanamwmsﬁmwaa Chip (MODE). mmmnaan‘lﬁ'[aumn‘mm Logic i

11 5 1w Tx Mode u szepudalien 5 O Lognc (Uu High -mmmmao'uauanu Baseband

#7495 Khz (Square Wave) maua*nmxnmn 17 (Date In) 3:WTudU Modulate Date il
2110 ma'lﬂmn'nn'mﬂunrua'lmumu Low TC (Triangle Wave - Current Control Osillator)
Faimudvauutszann +- 2% a‘muumunnam ICO maamzytynm‘lﬂmunummﬂa

ﬁ'tytyﬁm'muu (Sine Wave) 'na'm Sine Shaper ‘zm' deliver n:.uamnammmmuulm

10387 ALC (Automatic Level Control)
ol o J &

W oenUss3 1 200 NIsu&NTUIIN Output Amplifier BBAUMNY

Resonant Tank Usnanznua1ved Line Impedance Iz niin1Ia33189 Voltag

(Step Down Transformer) H% Coupling Capacitor (CC) panlydimuinim

mamunuaaﬂmwmum'uan Output Amplifier

1 10 (Carrier 1/0) TN
o

en T 1

& v N (A4 [ J -~ + " -
dhn Line Impedance fifiby § ol Imfiadonags ueazliviy

aryzy'mx mm‘a‘mauamwmnu ursdafn Line Impedance Sfnannazililinniaises

Output firn 10 mnn‘ndnn 299384 ALC s:tapuranituasan Output Amplifier i

Voltage nmoummn



J3

INIT OV nupeopuLusste pgzez u:w

i

rF 3
HoONM o> M
L4dS A*3T3Y 1S4S Ms
s A M 1o L3
1a953A Aw s
. H H : L
. Olp-r1 > Nisoo8¢ hovliel N K i
2wy TIV N3z £ siscowBE o J
R —2Yjoaqa (3 O w(Z v ..(1
ws - II_HI XY 1w o 13544009 _
ey —b-
_ and ¢ 1D373s oL v v
“— * Y A~ - T4 VidAE
ey . T con < TTB 4 WIN 0 T4 E d5a =1 T1UH DY DN'ia
_ . M A\ — 27| 10 Zo o091 [T ~ LI
L M . J\U\Mq 10 oY» oux 12 o211V _
{ ed
4>
£5 10 ¢ as "T ©d + &.w




i

34

LM1893 '\mnnaanuuum'lnmn’muammmmmm_lmv. Tasfimsuaqian
ammm%nﬂwnv«uauﬂmmmmmﬂsmﬂanmmaenwuaman‘lﬂ ua~aaamm'xm‘1ﬂ
mumu'lﬂwmmsanu ‘ﬁnvmmmuamaﬂﬂul'n PLL mawmmamwaoamtu'mmaua
wdanntmaaTssualduda a~uau1v\amnnnvuauauuummammuumu‘lﬂ muu aa
'hLﬂuﬁmﬁﬁmnsam’nuﬁé’mmm Audio ua:mmmuammmmumu 2IFTNRAURMAR
uasSUveIRTY YT Audio Tﬂums'l-n'mms'muammmmwmaaumu 286N LM339,
%aﬁwmwnawanvlrmmmw'[ﬂul'nmuﬁuummJ (Comparator) u.uumﬂmanwsmaav

gnimualiiizniad 9 Lwaaﬂarynvmumn'm'lamaauau'nqm

19393 Tx Mode 3WMNAT a*muaoammmmuw'ﬂﬂmu wsclanysndtad
dric\ TRy maInas R uas C 92 Lﬂummwuﬂmﬂ'nunnma (Center Frequency;

) vaaauaREluNT Modulate RTyRyIme mmRengUnIotaneng 9 aldan Data Sheet

189 LM1863



35

MATY -

Fonlnueilalaslian 5 Hsomadn LoA Feazrinlismdlflunasds
Funmean (Tx Mode) Livinw Sygrmwane, unudymImIunu, ﬁ'ryty'lmmmm;ﬂm
I’MNMINTEAU a:t'ﬁw’\ﬁm’uﬁwannsmaemwﬁgwaeé'ﬁ:u Falsznoudan C usz T
LazEINNTBIMLALLLLOLAINE  SuanawmeluthalfiRem, Fygmauniulugaed
$fa uazmMIsaneRNENTMYBIT Y MIUNINAHIWT s AR unsrasladies
Tapaznadaminunresmsing  esstufitdhdygiunmetesiiy 2993Em
Balanced Norton-input Limitter Amplifier 3N@ DC offsets ttaziwﬁmumvaaﬁmtynmﬁa:
My PLL @9@uATIIAnusan Ha@9enms Demod Boiflumasndiuarvduida
Yaznavlusme fygan AC uas DC, Noise system DC offsets Tautwassinsaanniien 3
d7u uarlJTudIn offsets cancel circuit defferential -ffma‘vm‘fv:ﬁ'mmﬁaﬁﬁ’ngtywmﬁuvgn +,-
50 mv gnéem-‘(’i Slicing tiialsfieufidtyim Comparator 33uMy DC offset UasRyQIMIY
Mudldwadt +.-50 my WuAs laariias “window” 1837997 offset cancel 2933Rz Fusi
DC 17{gn'lu'n'vwi'm'uaeé’mvty'\m'luuvia:'hqLﬁaﬁa:muquﬁmjyﬂmlﬁﬁu'lﬂzj Taariian
“window” wyni=Aidya e +,-50 mv, DC offset ssgniivlilavdaifivdszy ¢ Tlaw
w3 Charge waiuliatetn 9 uunlidhuBaduluzag offset cancelling #9W% Fynm

JunIMazgniiaaantll nisusy1eenya Comparator wlTu@nTssR Y IMTUNINALA?

] .
ol [

« ad . ’ o &
\iudsey Sedyynmiideidaindnaaims Charge ssgninvaly

Line Carrier Detection

mIfiuansanasudygIuwme (carrier) selinsudiissaanalivem
ﬂ"ﬁum«a%’uwhﬁvfu ua:ma:ﬁ‘mé’nvn&:vﬁuﬂﬂ'jqu‘lﬁa’mmuqummmmmqé’nvnywm Rx n
pnsAdtliffygawmatan wiakthAsimIumsalemaiaziiansmuiuzes
Fyuradun Soenfalunsdifilivds (ransmitter) nany 9 dimnian 9 furliniss
Fyorianuianaale

Fwnlifimsnsesfyanfianafisiaseil (detector) wWiaminuuwiavas
&1 ty'ummv\:‘lu'goﬁotzﬁuﬁ‘tﬁmwauﬁa é’tynpmtmﬁvgm"'i'lﬁn:tﬁﬂmwﬁﬂwmm‘fu usziiu

-

-—

“ . o A\ A g "l' bt “. [} B G
WaHaNlA faumnudasinaTssausyyadaysnaaninmlaniunsd@nlildd

[

ATIVIUFUUININUL

v



36-

ANIT OV vienguiveece 62°2 ﬁzw

»TSUY = Z2a‘’va

E/70EEWN

{
ONIV HIMOI O»L W: s
“} w 5]
ool 11

g

= |
0 *
0ozZn
\ E/EFENTY
AT -
Ed
2 gumn b
1410
o
et
m.. ¥ 2] vsl
fwM T 43 NsU LD In—”l
F \/\/\H\I\(
1
3
=
(7]

T 40




- v - I L 4 i [ -'
mIsanMuIAaNaIeIINMINTEY  (trig) Winasudaungaszidunisiiy

- -~ [ [ P ' ~ o - -
Iaﬂ'lﬂﬂqzlﬂﬂn'lﬂ“nu'ﬂa@ﬁtyfy']m luad‘]'lﬂ‘lumu'ﬁn ATIVAIUAUUININT mlmm§n 9

v

A,

& uazBnsunada Lﬁﬂmmﬁ.’m_nmmaaé’mﬂﬁm’m udnmMANLFVEI LM1893 Fawann
Wasusnmzsassygnaawiynldlunsdifieglu RX mode szt hifiFy o meidhani
anflunssalgmiainsn mnrnanstufypamme laussianulhannwe davin
§mm1mmmuﬁa:'hiﬁuaviaé’tymmﬁa’ﬂﬂmﬁauﬁ'umﬂ'ﬁ's:uu Handshaking uaztsesly
wdnmisansn s outlmnfammissassy g

- A i . & A‘ A
nmsRnsanudaswui lumahlfldnulusuugasmnssundausy

dawunn 9 Sayarmgnasegiuwiaaium 9 uwazazdudyIniTumugs 9 mseziinsuan
dasnmaamimuiusesdyyin lavhisududeslidn Hardware 3o Software 18IN13

aneiusyme IR lFlumssadynauaas gy



38

SOFTWARE

a ' w 4 - I'e ' a é é
. nwsmﬂﬂanuaﬂnsmﬂwﬂuanvaa1uTﬂ71ﬂ7Lﬁaxﬁa1aew1unwoaugn/Laﬂngnwafn 1o
L)

L4

o ( a’ -1 ( {_ w v -]
Telo%iuos 8255 TazluirSos PABX 4991319¥AMUALUDINDTNANN 8255 2 gsed

L. 8255 §UIN AINUA L%
1.1 PORTA 1 tﬁu:awﬁgﬂwaénéaﬁqum RING ENABLE %a781a% 1 09 8
(Luaiveinan EOH)
1.2 PORTE [ \iuierr nwafnavammwm RING ENABLE ¥31@1a1 9 O3 16
(LydINDINAD B1H)

’ = 4 4 ' o
1.3 PORTC 1 uuatﬁu 2 &7UPD MDIM C uy UREW2IN C RIS Loy

Loy

[v0}
N

F3 b wRtn € a1t L UuioinuriaTiENn il 82K d9RuIINANS HOLD

E ﬁ e RUA. . AR]
FII0 N IMITHRTS BN

1R, o ua%n i Lu.llT‘NﬂﬂaiﬂﬁM“ﬂlam g2H Sudn UL RING DETECT

niRToe ins Sunaiavon

Ca

S, 8255 §INE9Y DINLOLK .

2

o é v ou - v &
.1 PORTA 2 LﬁuauWﬂNaiﬂﬁxﬂﬂlaﬂ 9CH Fuannin HOOK QﬁﬂtﬂiaoTﬂiﬂuﬂ
- 3 o

n101 wangiay (-8

[
[

' - ll L v ﬂ' y “ (
PORTE_2 (UBWMNIWDITHANELAY 91H JUSYN HOOK AT Insdun

ﬂ\uqhﬁuﬁﬂlﬁm 9-16

FORTC 2 Lﬁuauunua*~vawatau 92H 7uamw1m DTMF QWﬂtﬂTDﬁTﬂTﬂNW

©~d
o84

ﬂ\ﬂTuna 16 lﬂﬁaa

. . B ' ° . -
ATUNITNINYAN BUFFER MEMORY :Wﬂluﬂu1aﬂvﬁuﬁﬁtuah1% aNNIY A URNUAD

o L 4 ﬂ' d + o -3 ﬂ' T a ' d (
1. USED CH Qzﬂ?ﬁuﬂﬂLﬂU“NﬂﬁLRﬂﬁaﬂﬂﬁﬂlﬂﬁﬂadlﬂﬂﬁﬂqﬁﬂ7ﬂ778ﬂ TﬂﬂTﬂ?ﬂNﬂ

©

. a & o v
UWhae L AT3INI¥Y USED _CH Y75979007199 15U USED CH ﬂDﬁlﬂ?Dﬂﬂﬁauuﬁ

G‘i [}

a é . ' v
tAg2IuTninLy OIH uﬂﬂ011LtﬁD@ﬂﬁﬂL?ﬂLﬂﬂOﬁDﬂh?ﬂ Tﬂa1u1ﬂ1aan5atﬁ,u

' a (-] ' .~ U om d . ﬂ
POINMVAAULEEY 4 FOINTY FIUUIIGTWITOLNUYN IS L /YA Y



(2]

10.

39

O1H = Foemisiduiduetosi 1 -
02H = dpemoiuiFaiosh 2
03H = foimeiBuidastorh 3
04K = fpamaiBuidnetosh 4
DTMF _BUF Lﬂuﬁwnﬂaéﬁuﬁuuuwataunaeéawaﬂawanwa%nsaméaawnn17nn

KU1 ALUDLLAT DIAUNT
° v a & v ' ' . - [ o
USED BIT 1 wiRifuaniuen1s 149 1% 9natenny 4 lABUsAL AT D INLd)
- 2]

USED BIT geiniaTosvesmiies lag

In o 0 uwaneda lulavnyTinae

in o ! uaﬂaiﬂinwsamﬁaaé

LiNE SER ﬁﬁ%ﬁﬁ%tﬁUﬁwﬁﬁLﬂnﬂaclﬂéaaiﬂiﬁwﬁ%ﬁﬁﬁﬂqﬁu%ﬂﬁﬁaé

ECH  YAMuIS LAY 3TTD N0 BNYD 9t 3 9

DES UM AAmam e st atUansnt enea i fiene

0P _BUFFA wav OP BUFFB ﬁwnﬁwﬁtﬁuiaﬁandaéaﬁqum RING ENABLE 93
Tnsdamnialuvang 1al (-8 WAL 9-16 AIua ey

& o a & w i o

OPBRUFFCt, OPRUFFC2 3 OPBUFFC4 nﬁﬂﬁﬂnanﬂau®ﬂ17 HOLD ON L1A993
v
U“ 1 Dﬁ'ﬂl -3 0
Tﬂiﬂuﬂﬂﬁﬂuaﬂ UDINILAULAYIEDIN 1 DI 4 AU/
o v a & a & v 4
OPBUFFCS ﬂqﬂuqﬂlﬂUﬁaxaﬂWT HOLD ON ﬂaﬁlﬂiaﬂTn7ﬂwnﬂjﬂuaﬂﬂﬂ“”ﬂ
u

P ! e v o & v ' o o
CH1 AVCH DV CH4 AVCH ﬂﬁﬁUWnlﬂUﬂﬂWﬁBﬂ?TQﬁéﬁuﬂaﬂﬁgﬁﬂwQkﬂulaﬁqﬂﬂ

4 409 Ty )
S oo = o wanlalaldeny
nmo= 1 uamaiwinWiqﬁeﬁuaé



40

MAIN PROGRAM

tsonlusunsy INITIAL

YINNTLRTAINON LATAT 1

YSNI5LATDINON 1ATDIN 2

p?nwsxa%aeuan (ATa4M 3

YINNTLATOIUDN LATIN 4

13N LASDI 1Y 1AM 1

y3AIs1aTedly AT 2. .

!

¥3n1TiATosly 1AToMN 16




41

EXSER SUB

( 1Sueu )

f579a@9y USED BIT

U101 aNUS AT
-

YFNS DRI
v
1£ ///////

oL

WNITUTANS

L -\

navldTdsunsuman

WAITUINS

l

navldTdsunsusan

2113




42

2IN1 9 219

LauLF09tan 4 219

%501y

SUNATUTNT

!

[¥] ' [¥] [ L] o £
navlyldsunsuwan _ ANNDAIMTRNTUDN




43

Tisunsusinsoaindanousn

( Sueu )

HOLD ON

ki Dl

dodnn DIAL

RUNRIAUUNU DAL
‘ »~ ~

RUAS YA DTMF
‘ -~ &

m»n .

{RURUIDONNDY

\n%a‘{;}

®

1ﬁgnﬁaa

annad
L ]




44

ARNY
L 3
aolunungiay 1

119R50 Ly

Aan
L ]
A LURUAEILRY 15

sawsel

tavrsngansnig

114
LRURUTIRIENI
AalATaIN |
113
A
Lassungatanig
AatAsaIM 15
AalAS2IN 16
714

fa1em19731 9

w30 ly




45

1719

Varami e
w3oly
113
_— RN
i dFoan RING
FeEKNL KNG BACK
®
dang 9

NMITVYEIORTD

r . | h 4

RUNRIZNNC RING (30 HOLD anguan
| Uy

ROUNE AL RING BACK
| w

s L] o ‘
NARNDAINT

VANTUINNS )

naulyTusunsawan \




( (Sunu )

f779a01 HOOK SWITCH

0L RYNITNT 00
A }

03

o

46

INTERSER SUB

ﬂﬂﬁ1ﬁﬂ?ﬂ
]

N779891 USED BIT (AS03

nusn1g90
.

1!
il

f713@21 USED BIT 1A599

nusnngen
A

o Ry o
s ag lonsa
-

(993013 Ing)

Aaam DIAL

Susanna DTMF

A

w ¢+ o £
fanoaINgans lu

1elwsols

o ‘ ] o
LARDTTOITN I LANLRE S

AWVFNNTING 18

navldTdrunsaman




'

1SRy

47

{ysunsusindanis iy

FUN2L287 30 2un

e

ﬂ"'u'ma

3197 LtwTa
-

s

RUNG 12 1%

%30 13

Roanadannnm DIAL
) uy

RUAT AN DTMF
RO uy

Rundsaum BUSY
‘ - o

avdy BUSY

RUAT VSN0 DTMF
‘ -~ -

#2912 30 2wn

RONAIZO0NG BUSY
) wf

RUDLAVONND I
-

9

%50 1a

surSnnsanelu




n194

n1s Insoenls
wSolu

USED BIT

awnya?gwﬂﬁ !

1a

YoannaLa

vaaged 1 I
¥5old

1a

FyauyNE BUSY

]

¥i7412a1 30 3w




49

(R09%09R 2 313

%30 ly

[} o

aINNIiaY

LAfATean 3 209

AIold

%oImnaLan
(Agetosn 4 213

¥3olu

A3dna BUSY

fond IR BUSY
‘ - e

A

AVSANTANG LU

’ * -3 8 o * o ¢
®u3dtan 30 N NaNBRAINT

RN dal BUSY
) wy

Y

VTANSAND 1Y




deamn RING

a9 RING BACK

(AT93

»

AUANI I IR
v

#5aly

LA501

farumaTuang

%3012

50

Y

rOAA IR0 RING
‘ - -

wondddminm RING BACK
) Wy

A

AWVTANTAND L

yundsduae RING BACK
) uy

FUNEIAQ0NNL RING
! Wi

-~ . -3 ‘
ANnadINg

h

®12312a7 30 2N

tA5043

WTNTae lu

Yaraniesuang

%50 ly




51

HRNTIAERN

NI MBI UAR d TR Thwenediatl

1. fursd 1% sAmimetu fousnradunsy 9 Saetsinu speech path 3¢
1 uARRNEANIN ua:tfmﬁaLﬂ%'aﬁvﬁﬁwﬁn‘m‘mﬁ'ujmumnaoa’msnw 9 1A%pasns
ArAEUINANBIAN TS B L BIIN AT DI MEUER  uA RS RIMEIUS 1ADY R8I
(ASDIMBUTNADUEAS (LA

2. nsyveunpIduRsIuRnY 7 1y RING BACK , BUSY , D'IAL tBuu
AN UR wednanu RINGING VLTS 1A% DI TS Ay TuRs B ti'm'xﬁﬁmmﬁwﬁmq
1A%n9 1859970 1A% IS ALY Lﬂ?laof‘;’aanwsns:uaﬁagﬁq'm'xsnﬁ’nmsn:ﬁw%a
23933 N AANU L BB MEATIsd. FednsauAtnidWaunsandt RC 1R L ssud
Ic #nﬁ’lu?ﬁLﬂa‘ﬁ’:m’mnﬁﬁﬂ{’]dﬁumu' RINGING

3. #Urdd speech path v3wianSusunsAiihyNin (o 40686 vy
AP LARNISRAVDUT I NRNU

4. #ulmmase AC LINE ;WO sine wave mmﬂ%'mn‘n‘ﬁnﬁzumu
W ASEISUN  LABINUTRUATIUNA L Bnee W ussae e bR dwnsaudvn s
TRENT (RIADEE LT

5. TunaImARDITIMASIN AT Aand DAL FULL DUPLEX shwnsanssvifiany

LINMUATWIMASNERRnurIYE 125 KHz iaemadal 150 KHz

. ATTYMIUEDINNAE 7 U ARas iy
1. fwnsosmifinfamuiutas aq'rj‘nmmﬁ
2. nmvInmssas s U TNEER I soARAR AN B9 tnuas LAn L 8uaswna

nﬁaﬁuQuﬂﬁa



52

unaquuazﬁq1s&n1snaaaw

unéaqquawuiwsﬁwﬁﬁhiuﬁﬁﬁnﬁguawﬁb ANALOG SWITCH (84 speech path #efiuns
vuwuszuuﬁv1ﬁut%aqﬁQQuwnﬂuﬁquuaqnwsuuwunﬁwﬁwuﬂwénudéuazﬁaWuQ§ A8 LANENS
rutusunsuarsudn  Seenismunuuingde Waanuuumisn i Sunuuduiaaddwiaefinda
twswzawaastﬁﬂnwsﬁﬂwaWﬂnﬁﬂﬁnwsu%nﬂsﬂuuﬁas1ﬂéawﬁhniwtﬁatU%uuxﬂuuﬁbnwsnﬁqwuuaq
TWsunsunuuBuL Aoyl

WNISNARDIMANAYYIUAY  AC LINE A155:8nseINIUNISYIARDY INSIE IC LM #1893
tduitavnifia Spike fuu AC LINE (84 Nsn0RsnY AC

QunsoonuuuL danwdisuuas wnsaedgguidounisas  AC  LINE 1571dnaaovf IFT

voviny  AM femwnsne Sudgutd  uadhansamunuaufinmua M DATA BOOK W13z

fu/80108010



53

finfuanssuusenad

rovaunseamtBundegedn o.UsTaNT  frssmr dugiuzenvnsy
Bugnun ua:iuﬁﬂnﬁnuﬁu%mmwﬂn FamadIantAduaautael uRzANILUTYY

v N - v 8 .
N§auﬁaguataﬂﬁaﬂds:wﬁﬁanﬁswﬁu§mm1uwu€aﬂuﬁﬁaunﬁuauqun1sﬁnuﬁ



- aw \ 4 -
MIIRDD10DY

1. DENTON J. DAILEY, “OPERATIONAL AMPIFIERS AND LINAR INTERGRATED
CIRCUITS” . MCGRAW-MILL, 1989 )

2. JOHN L. FIKE, “UNDERSTANDING TELEPHONE ELECTROICS”, TAXAS
INSTRUMENTS LEARNING CENTER, 1983

3. JOHN L. HILBURN, DAVID E. JOHNSON, “MANUAL OF ACTIVE FILTER DESING”,
MCGRAW-HILL, 1973

4. TTL INTERGRATED CIRCUITS MECHANICAL DATA

5. FRANK F. E. OWEN, “PCM AND DIGITAL TRANSMISSION SYSTEM”, TAXAS
INSTRUMENTS, MCGRAW-HILL, 1982



LM1893
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Corporation

LM1893/1L.M2893 Carrier-Current Transceiver?

General Description

Carries-curtent systems use the power mains 1o wanster in-
formation belween temote locations. This twpolar carner-
current ctep performs as 8 power hne interface for half-du-

.plex (bi-directional) communication of senal bit stresms of

)

BI-LINE™

@ Oulput power easily boosted 10-iold

® 50 to 300 hH2 carner frequency choice
@ TTL and MOS compatible digual levels
» Regulated voliage 10 power logrc

{

—
_ Absolute Maximum Ratings
g Miitary/Asrospace specitied devices are required,

* comtact Ihe Nations! Semiconducior Sales Oftice/

" putributors for avaiiabliity and specifications.
' qupply vollage 30V
! yotage on pin 12 55V
1 volage 00 pur 10 (Note 1) a1V
. yollage on pins 58nd 17 ' v
© 56V DC zener current 100 mA
¢ uncuon temperature:  transaut mode 150°C
| receve mode 125°C
1KV

grecvo-Static Discharge (120 pF, 150001)

i
General Electrical Characteristics

M ipation, Tp = 25°C,

plastic DIP N (Note 2): Hransmit mode 1.66W

receive mode 133w
Operating ambient lemp. 1ange - 401085'C
Storage lemperatue rango ~6510150°C
Lesd temp., soldering, 7 seconds 260°C

Note: Absolute maximum ralings incdicate havis beyond
which damage 10 the device may occu. Elocircal speciics-
boas ae nl onswed when operaling the device above
guaranieed bmuls but below sbsolute marwnum ks, but

there will be no device degradalon.

virtually sny noa.:c.._n wansmission, & sinusoudal camer s Dnves all conventional power hnes
FSK modulsted and impressed on most any powet kne via 8 . (Note 3). The test conditions ate" V* = 18V and Fg = 125 kHz, uniess otherwise noled.
r d on-chup driver. In 1eco; , & Pl ta- H H =1 ] *
ugged ¢ p drivel ceplon, 8 PLL-based demodula >UU__ON»_O_JM ‘. Yoot Design CS_
1or and impulse noise lilter combine 10 give Manmum range. - [ Parameter Yypics! e sl J
m Enetgy management syslems H Conditions ypic Limit Limit Uit
A compilate system may consist of the LM1893, 8 COPSI™ 9y 9 (Note &) | (Hote 5) s
controlier, and discrele components. » Home convenience control 7 | 56V Zoner vohsge, Vy P 11,4z 2mA 56 82 ™
® Inter-oihce communicalion 59 vV mas
Features & Applance control 2 | 56V Zenerresstance. Ry P11, Rz (V7610 MA-V,@1 MA)(10 mA - | mA} 5 "
® Nowse resisiant FSK modulaton m Fuo alarm sysiems "y | Camed 170 puak suravatie Pin 10, oischarpe 1 uF cap charped lo Vor 80 60 v mar
m User-selectod impulse noise litering ® Secunty systems .. vanswnt vollage, Vay theu ~ 110
® Up lo 4.8 kBaud data transmission rate u Telemelry f1 4 | Camer /O clamp vonage Voc “u..wwu_ﬂ. .oaﬂ.:u:ﬁ. “ “x_. «:5
w Strings of 0's of 1's 1 data sliowed m Computer terminal interlace | 2222 000t pnBlo L/
5 | Cartwet 170 clamp tesslance. Ry Pin 10, oz * 10 mA 20 n”
m Sinusowdal ine dive tor low AFI -
£ | TXZRX low mput vollage, Vi, P s 18 08 v mae
. 1 | VA/RX hagh nput voltage Vi Pin S ihote 9) 22 b v wn
Typica! Application b | TAZBK 1w gt comtent by Pn5 06V z 20 A run
V| phme
v ] TRRIR tugh wagnst g urrent Ly P hateey ) [ ] MLXCD
Vite LI L A tre
— 10 HA TR sl over Ditse Ty Totwe b Sevwip 63% OF full cunent duve Wy jun 10 10 P
o (onteouits 11 | Tx- R swilch-over ime, T1p 1 bt v, Ty = 1/(2Fpara) Time Typnuses 2 ot
1 1 Rk L conttonnd wih Cyy. see App Wnlo
" [0 steer paIR
40p 12 | €Omalaccuacy ol fo TAmaoe Ry« 6650100 = 560 pF 12% 13 AHZ wn
Feo by - Fa42 137 AH7 mas
h hd J o 13 1 ICO temporature coettcwnl ol o | 13 o R Moy (Foman - Fommd/(Taan_ T st 100 PPArC
12 () " “ S " M Tempurature anfl ot Fo TA o A mooe - 40 7). T,uan 12.0 1 8.0 ‘a maa
i
) ot el " Transmitter Electrical CharacteristiCs inote3) Tneiest conatons sio. V> 18V andFof 125 hHz
' . ute 1 saea Y st wnless olhwtwisy NO160 The tunsmul contur equendy & Fo.FSKiowns Fy and FSangniFy
Yool Design send
- [ _ > 4 Paramaeter Conciiiena Typkat Limit Lt “..::”
_ = ‘ i {Mote &) {Nole 8) T
[} Bupily YOl gu, ¥ * L8Ny Mamets teat 17 agmss 81 T, 28°Cand ” 14 1" V nen
had £ J1vav)- £ aavipst (ravll- 00t a0 24 23 Vonws
o.n._u: nt oA i (124v] Fylinvipf eVl 000
PYRTIrT) 6 Total supply cunrent. Iy P 18 P 1T hegh 1) 8 Ig Hvough 2 w mA may
H P 15 8nd th average cunent oo 0F the
4 ” Canast 120 theough pin 10
[ ot e st ” 12 Cattwm 120 output cutrent 1y 10011 W0ad O pen 10 70 b MAp nun
tomints - LU ame STYYIN L e ' Cattwt 170 1owee Bwing bl Va ¢ Pin 10 el wilenatly be ALC 47 a0 Vv ren
| tuns Hues | 2N2222 dooepnB 0 ® [X] Vs
. ; 19 | YHDoloiNote 6) 170 01 10 1snk grang 1041 b (X3 8.0 S mac
_J 1001 kasd_ 0o Lank (3] L] S max
am ) ¢ RO A 20 | FSX dovanon, Fa- Fy F2- Furlfs e b2 a4 37 o
» » [ e 52 ~ mas
« e « .« Fal Data in low npul voilage, Ve Pin 1l L ce V max
22 Dats #n high nput voltago Vi P A7 (Note 9) - 21 28 v own
Teeerio- 23 Dala In Sow mput Curtont, by, P 178108V - 10 pA men
FIGURE 1. Block dlagram ol carrier—current chip witha compiement of discrete components making s complele ' pAmas
Fo~ 125 kHz, foATA ™ 360 Baud transcelver. Use caution with this chrcull—dangerous line vollage is present. _ 24 Data In tegh input Cuntent, by Pur 17 8140V -1 ] yA
10- ¢ 10 pA mas
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2| Recelver Electrical Characteristics (vote 3). The test conditions are: v+ = 18V, Fo= 125 khz, 22y
w deviation FSK, Foata™ 2.4 kHz, Viy = 100 mVpp, in the receive mode. unless otharwise noled.
Teost Design
o Parumeter Conditions Typleat Uit Limtt Limg
(Note 4) {Note §) Unng
25 Supply voltage, V¢, tange Functonal recervex (Nots 7) 12 13 2.8 . [y
7 30 28 Ve,
20 Supply current, iy 1o7 18 Pn 15 {V* ) plus pn 10 " ] A oy
{Carver 170) current 2 4 k1) P 13 10 GND. 14 A ey
27 Canriar 1/0 inpt resistance, Ry P10 95 1“ 11 ey
0 K1) mg,
20 Max. dala 1010, Fup Funclionat tecewer (Note 7). Cg = 100 pF, 10 48 2.4 WBag
Rg = Of), no lank,
240H1- 4 0 0Bad
20 PLL caphse range, Fc Cg=100pF Ry =01} 140 FRE) 210  mn
30 PLL loch range. Fy Cs= 100 pF.Rr=01) Oty 19 =
n Recemwer nput senstmnty, Syy For 8 lunctonal tecewer (Notw B}
. Reler1e0 10 chip 210w (P 10) 18 10 12 MVia
of the kne-coupkng XFMR Fo+ 500H2 20 MVRus
Fo* 300 kHz 14 MYy
Reterred 10 bne sxic of XFMA 026 MViug
(assuming 8 7 07 1 XFMR) Fg+ 50 hH2 029 Vg
For 00K 020 MVras
2 Toleradle input o voltage offsel Pin 10 lower than pin 15 by Viune 2 0. V max
tange, Vuoe
k] Data Out beashdown voitage Pin 12, 1eanage 1. 20 uA 70 55 Vimn
34 Data Out 1ow ovApU, Vo Pin 12,381 vollage sl iy - 2 mA 015 04 Vmaa
»B impuise norse Mer Current. Pin 1) chatge and dischatge cultent 5% 248 pAmn
: 8% pA may
36 |. Onasthold cap beas voitage, Ve Pin 6 S0 L] V mn
3y V maa
37 Ortaat hold Capecror mar Sive P e vne ) vgend) D my 58 L pAmn
ot Ly g RNy w> LY
s (el hokd ks cutsmnt G gy Pionts Bhan ot an ol sat [TEN Yl .oo nA
40 DA aan
30 Prese compatakr cuient, lnc ALY ~0 A nun
Ly pA man
40 Phase Oelecior oulindd tesalance, w b A1 men
Reo Hpp (Ve 100pA Ve L0uA) (5UuA) \CJ M1 may
41 Phase detecion domodutsied ouipul P 310 4, measurad aftet Wiunhing 100 0 mVpp mn
voliage. Vep out the 2F o compenent 180 mVpp max
42 Fasl oMtset cancel vollage “window™ Vo= Vins *© * Vawoow ¢ DCottsel 09% o0 V/V mn
~10-Vpp) 1abo, V! Ve Dervo 10r 2 4 A un 6 Corrent 120 VIV mas.
4) Powet supply reyucuon, PSAR C, -~ 01pf PSRR - CMRR 1POH7 RO a8 mn

Mole 1: More scarsiely, the masenum VOURQE Bhowed On gan 108 VxS Y[y anpes HOM 4110 30V Also HAN4NIS May 1uaCh sbive 60V, bov 1o ansent
Dost vohage ChaaCiaisnt Curve

Holo 2 The Mmaciium poew Cuesalan 1aleg Ahoukd Do deated I Ovwcy OIeaalan Blwe 35°C 10 Mawre 1AL 11w plid 4o 18miue8lury femans beiow ihe
Mmasrnum sstng Uss 8 0,4 of 75°C/W 1or the N pachsge: vsag & $0n 28100 Sl & (nPatTin B sesl Caner) Connutt S Apghd 8100 1010 Ma LON 86 1HON 107 MOre
Cetsd

NOts 3 The Batetace vehms ADRH) Dver 11w ol JUNCHON lempwtalr s 1AAYe 0r the DACHE Rty vOARGE Fanpe A Oltwe: Rumbers 850 8t 14 T,=25°C P
Pumbers suter 10 LMTB5I LM28D] 103100 Ly 8h0ring Cartwr in 10 Camee Ot 8nd Testing d as an LMI89Y

Nots & Guaraniesd and 100% Produclon tesiud

Mote 5. Gumaniwed [tad NOL 100 OSUCION 1o816T] Dvet the Lempweaine 81 Suify vollage 1anyss Thease kuis are AOT used 1 CAK wlste Gutpong Quadty
ovels

Note 6 Tolal harmona alorton # Messw 8d uang THD - [y 18 COmPOnents 1 o0 810w M (1] [y Bursamenisn}

Mote 7; Recurer lunchon & Sekned 84 1he Srion e passspe 01 1 Cycw 01 S0% Ouly-CyCin 2 4 kM7 0guse-wave Gals |2 Soquentia! 208 1S s} weih ihe Tral b
being 8 "1." Al Ol e Gals ¥8NMAON {80081) Mutl ¥ wittun 3 10% {2 0B 49) 01 thes Aot bee posdons AR mes Dutsy 1 Menenuged by Ung RO FNERiise NCPSS
tner cap. Cy lor Wus test

Hote 8: Durng the sensswty chech, Note 7 requvements 818 104ceed with thesn 81Ceplons (1) dsts tate Fpatas 17 ke 12] 84 0 1he 9... Hanstons mus! lal
witen uuol {34156 us) of ov nOuwe-lise POsAOns, 8nG {J]. & medoman Ll CapaCior 1IC) @ wsed Thw law Goiay of Cym 4y el O 208 ps (1G4
'ee.o.i 8200 pF)
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Application iINtOHNEILI

HE DATA PATH
e BHLINEY chip serves as a power hne interface in the
camot-curent transcemel (CCT) system ol Figure 3. Figure
4 shows the interiace cucuil now discussed. The controtiar
may select eiher the wansmd (TX) o recewve (RX}) mode.
Genal dala tiom the conuioller is used 10 generste a FSK-
modulated 50 10 300 hHz carmer on the tine in the TX mode.
in the AX mode Lne signal passes through the couphng
wanstormer into the PLL-based recewer. The reciesied serw
ol vt stream gnves the controtter.

with the 1C in the TX mode (pin 5 a logic highl, basoband
sata 10 5 kH2 drive the modulator's Data In pin 10 generate
5 switched 0.978171 0221 conirol current 10 onve the low 1C,
jnangle-wave, current-controlied oscdlator 10 1 2.2% devie-
won. The Ui-wave passes through 8 difterential atienusior
and sne shaper whuch geliver 8 cutient simusoid ihvough an
atomauc level contiol {ALC) cucuit 1o the gamn of 200 cur-
sont output amphilier, Drive current from the Carner 170 do-
velops 8 vollage swing on Ty's (Fagure 4) 1esonant tank
v.ovo:.o:u_ to kne smpedance, then passes through the
siep-cown transtormer and noco_.:o capacior C¢ onto the
we Progiessively smaller ne 1mpodances cause reduced
nigral swing, bul never chpping-thus avoiding potential 18dio
frequency intertarence. When largo hne impedances thueal-
on to slow excesswe Oulpul swing on pin 10, the ALC
shunts curent away from the oulpul amplitier, holding the
vollage swing conslant and within the amp's comphance
smit The smpitwt 15 slable with & Ioad ot any magnitude of
ohase angiu

1n the RX mode {pin S a logic low), the TX sections on the
2iwp sre chsabled Catner signal, broad-band nose, Uansent
spies, and power hng componont impingoe of Ihe 1ecever’s
nput hughpass hiter, mado up of C¢ and Ty, and tho lank
banupass hitur In-band camot signst, Lang-lmiled noese,
heavily atlenuated bne iquoncy component, snd attenust-
ed Wansseni energy pass through 10 produce voltage swing
on the tank, swinging sbout the posive supply 1o drve the
Cainer 170 1ecower input Tho balanced Noron-nput Wmuter
smplibot (@MOves DC ofisols, stienuaies hno lrequoncy,
perioems as & bandpass hillor, and hmits the sipnal 10 drive
e PLL phase duleciot .ditierentally The allerental de-
motuistod oulpul mgnat trom he pheso deteciod, conlamn-
ng AC and DC dats signal, none, pystom DC ofisots, and 8
laige twrce-lhe-carmor-fiequoncy  componenl,  passos
thvough a 3-slape RC lowpass titer to drive the ofiset can-
col cucut ditferentiaily, The ofisel canceling circud works
by ;stnng that the (fixed) 2 50 mV signal dolivered 10 the
data squanng {“shcing”’) comparator 1s conlerod around the
0 mV compatator swilch ponl. Whenever the comparalof
signal plus DC ofisetl snd nowse moves outside the carelully
matched 250 mV vollage “window™ of ihe olisel cancel
crcunt, i edusts its DC conection vollage in seres wilh the
dilterental signal 10 1oico the signal beck into the window.
Whiie the signal is wilhun tho 2 50 mV window, 1he DC ofiset
1 sloted on capacilo: Cay By grace of the highly nNON-INGET
ofisol hold capacitor charging duning oltset canceling. the
DC canceliation is done much moie quichly than with an AC
Couphng capacilor normatly used in place ol tho otisel can-
col crcwt Snce impulse RO Spihes normally fing the sig-
nat symmelncally around 0 V, the fully bistaral offset cancel
iopology sllords excellont noise rejoction. The switched Cui-
1ent oulput of the compsralor diives tho impulso noise Mlor
nlegrator capacitor hat rej6Cls all dala pulses of less than
the integrator charge ime Noise appoars as duty-cycle jitter
a1 the opon colloclor setial data oulpul

xeeary —f1 (% ul xosntovince
xotar) =41 V- patam
ALMIRY —) 10 f— LUTIR FRTIA
LTI Y {4 B ¥
_,.._.= aut) —{s B Lo gaoumo
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FIGURE 3. The block diagram of 8 carrar-current
system using the Bi-Line chip to Iintertace digital
controllers via the powser line
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® | Application Information (Coniinued) ication Information (Conmued)
5 X ApP
3 nded Etect of making the component vahis:
m . :.33._::- Purpose C P Notes
H Value Smaller Larger ”
2 .m <60 pF Together. Co end Ro|increases Fo Decresses Fo 25% NPO cotamic. Use low TC
Ro[62 Ml set ICO Fo. Increases Fo Decresses Fo 2 kpotand 5.6 k lixed R.
cam-oras = L « 5.6 b not recommended. | > 7.6 ) nol recommended. |Poot Fo TCwith <5.64 Rg.
pm———— T
|—||/.m G 0.047 pF PLL loop tilter pole | Less noise immune, hgher |More noiso immune, towet |Depending on Ry value and
1oata. More PLL stabibily. 1DATA. 088 PLL stabibty.  |Fo. PLL unsiable with large
-rr PRSI S | & a 2380 PLL loop fiier 210 {PLL less slable, sliows PLL more stable, allows  |Cg. See Apps. Info, Cr
A less Cg. Less nnging. more Cr. More ninging. and Rg values not entcal.
H =Y - m 0.22 pF Couples Foto bne, |Low TX kne amphiude. Diwes lower hine Z. 2250 V non-polar. Use 2C¢
e ~ M\ ] Cc and Ty low-pass |Less 60 Hz T, cucrent. More 60 Hz T current, on hot snd neutral for max.
s - o attenuates 60 Hz. Less stored charge. More stored chaige. Lne isolation, safety.
a = 9! ty.
0]|TI.__. Sas 3 €o]0.033 pF Tank maiches kne Z, | Tank Fo up o1 inciease Tank Fo down of decrease | 100 V nonpolar, low TC, 2 10%
- w z . bandpass fllers, L of Ty fot constant Fo. Lot T, lot consiant Fo. High large-signal Q needed.
E ES T ES " 3 1, |use isolates fiom hne, [ Smatier L: highet Fo of Largor L- lower Fg of Oplimuze tor low Fg Wine
.w =5 == j £ jecommended  [and allenuales ncrease Cc: decreased Fo |decreaso Cc: increased Fo|pull with control of Fo TC
S . m XFMR wansrents. hne pull, hne pull. and Q.
e Y 2 Calos WF ALC pole . Nose sphos turn ALC oft. | Siower ALC response. R, optional. ALC stable
wo =) £3 ILL _lv 4 R 110002 ALC 2010 ) Less stable ALC. Mote stablo ALC. for CA> 100 pF.
-a R - c
ks - m 3 S 0047 pF Limuter 50 kHz pole, [Highot pote F. more 60 H2 Lower pole F_ less 60 Hz  |Any ressonably low TC cap.
AAA = o “ 60 Hz rejection rgjoct Fo attenualion? roj0ct, moto Noe BW. 300 pF gusiantoos stabiity,
2 . Mvv. _P. 047 pF Holds RX path Vos  |Less nose immune, shotiet | More noiso immune, longer|Low leskage 3 20°% cap.
e v gel g N : Vps hoid, fasier Vos equ |Vos hold, slower Vg aqui- |Scalo with Ipata.
s .V- _ f sition, shorter preamblo. siion, longer presmble.
H .h '6, 10.047 pF Rejecis short puises |Loss mpolse reject, lass  |Mora impulse reject, more |Cy charge tme '3 bl nom.
A m * ke 1Impulse NO1SE. delay, more pulse jtior. dolay, less puise jlier. Musl be <1 bl worsi-case.
ol {2 - R piean Open-¢ol pull-up Less available sk i Less avalable source L Rc>1.5%1on5.6V
e|e|g o | C
. i 5 - 11200 56V Zono! bias Larger shunt curront, Smaller shunt cutrent, 1 <1z <30 mA tecommended
N m & ¥ Mmoo ¢ tup thespalion luns V ¢ cutient Oraw. {Chup powst-up needs 5 6 V)
e m Qifessv Bv Transiont clamp, 24 tatkae, hghut se10s 71 costly, lowet sotios Rocommend Zener tated
3 ~&QV peak R-uacess posh V, Zenoi A gives onhangod o1 2 5DO W lor 1 ma.
3 .
E ) 8nd chup camage, transiont clamp,
Lo - g = loss ruggodnoss more rugouaness
o v m w > TS T} Transont | hmt Damage 2y, pullup V* xcessive TX attenuation. |Carbon comp recommendud
a8 = U D 2SVBY Oveot-grive Clamp F alure on Transont Costly IRF 110005 of 1N5819
o m..,";u 1l Base blovd p Fastet, iowar THD g inadoguate turn-oft spoed. |Boos! oplionat. Og F(-34dB)
" b 0z Fomer NPN Boos gan device |Eacossive T,8nd Vsar. Mote rugged, but costly,  |of > 200 MHz. Rg > 24 Ohe.
- H M n,..__ 1 Cunent seting R Mote I, neod tughot by, |Less 1g. lower min_hyg. 1o = 701{10 + Rg)/Rgl mApp.
Lﬂ ms _ Cp!od? pf Supply bypass Tisnsents dostioy Chups Less supply sphe V4 nevor over abs max
o uﬁ,n_ u._ .m _ Wiswv Stop ALC charge Escess ALC ALC RX charging Za opuonst- 51V
3 . % - z 11 n RX mody curtont flow nctinhdited ovo: T, 120 low laskspo type
rss o i
= @ FIGURE §. A quick explanation ot =_.n erlernal component function using the circult of Figure 4, Values glven ate forve =
r~—t-—-=q-——-—-° U 18V, Fp = 125hHZ, ToaTA = uoou-:at-oz:.:-_:n-$u<ooxuvo!o-==o
! M, gz 5
A" v8 T
s > 1 5 Component Selection

anco considorations only, are: 1} tho hughor the Fo the bot-

Assuming the cecuit of Fyure 415 usoed with somothing oth-
tor, 2) the lowor the maximum data rate tho better, and 3)

= o1 than he nominal 125 AH1 camor lrequency, 180 M2 data
= iste, 18V supply vollage, eicetora, the component values tho move ime and froquency hilening the better.
_ usted in Fpure § wilt nood changing. Thus sechon will help Uso Figure 5 a3 & Quick reference o the sxternal compo-
drect the CCT designer in hinding the 1equuod compononl  «  pont function.

L values with emphasis placed on looh-up lables and chans. n

L 18 assumed that tha designer has seloctod valuos lor came:
center fiequency, Fo: Osla fate, fpata: supply voitago, V*; Co-

power ine voltage, Vy; and powe! kne lroquency. Fi. ftone Ceontral 10 thip oporation s the low TC of Fo emitier-cou-

o1 more of 1hose paramaotets 18 POt gelined, One may iead plod oscHlalor, with propar Co. the Fo of the 2Vpc ample

the Gala shest and make an educslod guoss. 1udo tnangle-wave osciiator oulput may vary trom neer DC

. Maums 1o keep In mind, based on CCT olectrical periorm- 10 above 300 hH1 Whilo Co may have any valuo, Co should
)

THE TRANSMITTER
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Component Selection (Contnued) j
be made above 10 pF 50 that parasitic capaciance is nol T4
dominant. Excessive of unbalanced common-mode-to- Al this posnt, the CCT system designer may choose Lo uy
ground capacitance shouid be svosded. A low tempeorature one of the recommanded transformers of 10 dosign cusiom
thiciert (TC) of cap wce (<100 PPM/C), such 88 8 * 1. Consutt “The Coupling Translormer” 86cton 10 hep
monoutnic NPO ceramic mullisye! ype, preserves low TG e Gosign of Ty 1l & new or boosI-Capable lransionne
of Fo. Figure 6 1inds a Co value given Fo. s needed The recommendod 125 hHz transiormer lunc.
Ro vons with an lg of up 10 600 MAPp.

§ Vae/R related H is recommendod that CCT systems use the rocommended
M“w..u.“w.n”m N ”M_wﬁw.whﬂ_m __M WMM..MM _-70 Wmoo pA ICO wranstormers, descnbed in Figure 7,101 Ty. The 3 transioms.
control current that sets Fo. The contiol current TC “buchs™ or3 are optiTuzed for use in the rangoes ol uoq 5% AHz, 100-
the Vg related tri-wave smpliuce across Co 10 ottect 8 fow 200 kHz, 8nd 200-400 hH2 with :n_w»ﬂmw O's h.,h_ about
1C of Fo. Vary Ro 1o tum Fo, wthin lamuls. Rasing Fp mote 35, and foaded O's (O, ) of about 12. ee secondary laps
{han 20% abOve His uninmmed value by means of decrast. ot supphed with nominal 7,07, 10, and 14 1 turns fatios (N)
ing Rp more than 20% is nol recommended. Low Ro. and 10 Otve indusinal and residuntial powel hne impedances b
so high control current, nsks ICO ssturation and poof IC 3.5, 7. and 1411 respoctivoly. All are inexpensive, all have
under worst-case conditions Raising Ro teduces 1he de- the same pin-ouls for 8asy exchange i a PC board, and al
modulated signal amphitude trom the phase detector; Ias:ing ate smatl - on the order of 10 mm diamoter at the base.
R by more thana factor ol 2 (1 octave)is not recommoncded Co
Since lower TC pots ate relatively costly, i 1s recommendad Tanh resonant frequency Fg must be cotrect 1o allow pas-
that Rp be made up o! 8 5.6 k tmed {< 100 PPM/"C) resistor sage of vansmiier signal to the hine. Use Figure 8 10 trd
with 8 2 a8 (<250 PPM/*C) senes pot. Cg's value Tnmming F o 10 equal Fg 1s done with Ty's brim-
CasndRy mung slug The inductance ol Tyhasa TC of 4150 PPM/C

which may be cancelied by using 8 — 150 PPM/"C cap such
Components Ca and R, contiol _34&2.35 n:-.-n_s“m_.n_m. -w oo:m.“sao. e anutatng Custont m he —ct
of the tiansmitier output envalope Ther valuas b1o .6_ en Aenas, CO Should havo  low senies 10Si518nco (8 111 sen0s
ot .ooaonp:o valuos guen i Fyure 5. Caand Ra !an ui.n._ . rosistance 15 100 much) Polyptopelenc caps are excelont,
ﬁu-c 0.5 n:.:“o_n.“aﬁh}aoo..:ﬂo‘ “wmam -h“.”ﬁovo 3-0“ “orango drop’ mylars are adoquaiv, while many othes my-
. ) >

based on wal 1 iars ate naduquale A 100V rating s nocdod for trans-ent
ompH measwements of & CCT on the kne.

Roughly, Cp, acts as an ALC pole and Rp an ALC zer0. .
0 I Ll o =
M M Gettsan .u- II
£ i * Pl S =
£ %t kiilip z \ \
: v EHlinclmay 5%
3 ' ! T 1 s Hl s
H{mEsIE v |=id4
(11 = z ——y
& Bl ESEHLISE] S ==
. h.-! [] Tl 3 ¢
A\ " "we e °®
] I.E-.- CANTED FRIDUENLY PN ..lnv-s-:_g—ta- (LI}
) * TYU T Yhosremine
eI
s, valye plvent
FIGURE 8. Find Co's velue knowing Fo FIGUNT 8 Tind Coy's valve plven Ty
3 ’ ) ' X I '
| oo | AN wema Tala MECE g e
— 5 3 ; "
AVTY BN THdt V1), TN ALY
' " IR Y $1:71 086y N 0 1uat Y
] 1
t ' )
d L] 1] ' i 4 » *» 1]
Bottom View TLrmrarsn.t Turn 67N R Tureera 100
Tmersens 125 W e 50 hHs O kM1
C 10UL-00Y € 10U 002 CF VR 003

Toko F07VR-ADAZYUR Tohe 107VR-ADSIVUR Toro 161AN-ATOTYLX

FIGURE 7. The recommended Ty transformers, svaliable through:

1) C2 Electronics, 4010 Moorpark, Suite 105, San Jose, CA., 95117 {408) 248-9899
2) Toho America, 6520 W. Touhy Ave., Shokie, IL, 60077, (312) 677-3640.

\\‘
m component Selection (Conined
ce s . .
_ Capaciol Cc's pumary functon is 1o block the power ine
vonage from Ty's Wne-side winding Also, Cg and Ty's kne-
poe winding comprise a LC highpass fiter. The sell:induc-
unce of Ty is tat 100 low 0 suppoOn 8 direct line CONNBCLON.
¢ must have & low enough impedance al Fg to allow Ty 10

! gove wransmitted energy onlo the kne. To dive & 1411 power

sne, the impedance of Cc should be below 1411,

use Fgure 9 1o tind the reactve impedance of Cc 10 chech
wat it 18 less than the iine impedance. Then check Figure 10

1, weli oul ol saturation; ihe retommended ansfommers
care withstand a 10 Amp-turn magnetzing force (1 Amp
ineough the woisi-case 10 twn hne-3de winding).

Cauticn 15 requwed when choosing Ce 10 svoid sones 150~
nance Of the senes combinalion of Ce. the -
auciance, and the rollacted tank impedance. The low tesisi-
ance of the network undet senes resonanco wil load the
e, possibly decteasing range For yout pariicular kne cou-
png Cucud, maasure for senes 1€SoNance usiIng SOMe Bx-
pected nrie impedance load

[}

t

|

_ 1o see that the powaer hne curtent is small enough 1o heep
!

]

."

Thes base-blood resistor turns Qg ofl quickly - important
wnce the amptiilier output swing s about 200V/us. An Rg
below about 2411 will conduct oxcessve curtont and over-
bad the chip amphitiar 8nd is ot tocommended.

—BN. E
& :
M;..l.d” {
 NO

=t I

[ I ' ]
¢ = UnD COUR NG CAPACIVANCE LF)
W IHTS0- 1Y
FIGURE 9. C¢'s impedance should be,
a3 a rule-of-thumbd, emaller than the lowest
sapecied line impedance

Ay

Huy 1esistor, 0 patolol with the inteinal 1082 tosisior, mos
the curtont gan ol the outpul amphlior, and s0 tho output
curtent smplitude Fagure 11 gwes output curtent and meu.
mum AC curtont gan by, for Qp whon Rg s used 10 boost
outpul currant.

Qg

Tho boost gan liansision Oy must bu tasl. Doublo-dillused
Suvicos with 50 Mz F1's work, slowol transisions (op-baso ¢
typos) do nol prasorvo a sinusoita) wevolorm whon Fo is

hgh o1 will causo the output amp 1o .0scilato. Oy must have

» cortan mumum hy, 101 grvon boost luvols, 88 shown in
Frgwe 11, Fyuare 12 shows thy powwr Oy must dissipalo
continuously OPOrating with & shonod output BVcen (R =

Ap) must bo 60V ot greater ang Og must have adequale
SOA for ransiont survival. '

4]
Unlorunalely, polontally damaging Urans:ont eNGIQy PASSSS
thvough transtormor Ty onlo the Camwi 170 pin (instanta-

neous power of greater than 1 kW has been measured Us-
ing the recs ded lrar ). For self p ioh, the
Cartiet 1/0 has an inlernal 44V vollage clamp with a 2011
senes resistance. A paraltel fow impedance 44V exiernat
Uansiont suppreasion tode will then conduct the kon's
shate of any current when iansients force the Carried 1/0to
a high volage.

1900 p==oys —
3
L 1
W_R ..IJ.SL.
= e e i
m..v :J. _“_
=

13 . _

" ' "

€ ~ Lt COUPLING CAPACITANCY 1.7} 14,6 730- 12
FIGURE 10. The AC line-Induced curreni passed by Ce

1000 100
.w w:-.t.::—.-ﬂﬁzn_

3 e 25
= o
c N i <
w ¢ 1 z
. — -
2" = i w s
w =1 . m

1]
; T ~ i
" '
LAl ] " "w

e — GAm BLTIG 1ty Wernt?50- 13
FIGURE 11. Output smplifier current and required min.
Op hye versus gain-setiing reslator Rg

1

3
A\ Y

[T\

A

TG Oy DISSISENON W)

- e
g OUTPUI CURRIND jmisms} LS00
FIGURE 12. Boost transisior power dissipation versus
smpliiler output current
2Zy must be usod unloss SOMO procaution is takon 10 protact
tho Carnot 1/0 pin from hino ranswonts of tiansiunts causnd
whon siored ina snargy in Ce i dischargnd by tho tandom
phaso of powm hno connaction and fisconnaction Wors!
caso, Cc may dischaigo 8 tull poak-to-poak ke volisgu inlo
the Wunod cucwt Anothor way 1o roduco the nevd tor 2y 1S
by placing anothor magnatic cucull In tho spnal path that
relws on a high, but easily saluralod, purmoatukly 10 couple
a prumary and & dary winding « & dnt ar for
examplo. Torods cost moio than Z3.
Use an avalancho aiodo dosignod spocitically for transiont
suppression — they have ‘ordors of magnitudo highot pulso
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Component Selection conunuean

power capebility than standard svalanche thodes rated for
oqual DC dusipation. Mets! omde vansiors have not proven
useful becaume of thelr inferior clamping coetiicent and are

—

ditferentia! inputs of the Norton amp. equally, while the g,
ple-ended input signal swings only the positive Inpul Oveg
PSRR consists of the mput CMRR (set by the input Mage

W 1 matching) and the npple-frequency anenualon

not ded. 5p o an
dode are given in Fgure 13,

Breakdown Voitage 44-49V @ 1 MA
Maximoum Leakage 1pA @ 40V
Capacitance 300 pF @ BV
Maximum Clamp Voltage 64.5V @ 7.8A
Peak Non-Repetitive Puise Power 10 AW for 1 us
{REA Standard Exponential Pulss)

Surge Curtent T0A lor 1/120s

And

FIGURE 13. Key specifi forar
translent suppressor 2y avallable trom Geners!
Semiconducior, 2001 West Tenth Place, YTempe, AZ
85281, 602-968-3101, part no. SA40A

Ry

At acts as a voltage divider with 27, absorting translent
enetgy thet atlempts 10 puk the Carmer Input pin above 44V,
Make the a cardon P 1/4W. When exper-
iments dscharging Cc charped 1o the peak-10-peak 620V
AC thru s 11) powsr ins were camed out, Ium 103151015 blew
open-citcul.

Dy '
Trus Schotthy diode is placed in parafie! with the CCT chip's
subslrate hode 10 pass the majorty of the curent drawn
trom ground whon the Camer tnput of Carer Output 1s
pulled beiow ground by a larges-than-twice-the supply-swing
on the tank. Note that Z1 is in paraliel with the substrale
diode, but is instiective due 10 its hph forward voltage drop
and high dftusion capacitance caused by its low forward
speed. Tests proved that a 1N5818 kept & recaeve-path
functiona! with & 20X boost ranamitier with a 7:1 ansform-
or atlempted 1o swing the recerver's Camer 1/0 1o 3 100V
{300 mA peak ground curtent in the receiver). Without D1,
the recewver ily slops & g &t & 100 times
lower ground current.

This dode is not needed if the Carrier 170 never swings
below ground. Il your CCT systems all run on 1he same
reguiaied vollage with all matched Uansformers and tuns
1abos, #t Is not neoded. Otherwise, it is.

THE RECEIVER

The recever and share ponents Cc, Ty, Co.
Ry, 21, Co. Ro. and pecpheral supply and bias components
that are hol in need of change fos AX mode operalion. Val-
ves for the balance ol the components are now found.

’ Line-Frequency Rejection

To use the ultimalo senaitvity of the device, fully 110 dB of
116 V, 60 Mz allsnuation is requued between the kne and
the Bmiter ampiher output. Using the circuil topology of Fig-
wro 4, the combined altenuation of the Cc/Ty highpass, the
tuned transformer, and the bandy titer tion of
the limiter amplhier give las more kne rejection than the
above-sisted mnimum. However, § some other CCT kne
coupling Circult ks used, ine rejection will becomae wnportant
10 the system designer.

Receiver Input power supply rejection (PSRRA) and common-
mode rejection (CMAR) are one-in-the-same using the sup-
ply-teisionced signal input of Figure 4. Ripple swings both

of the nput ampitior bandpass response thal Passes camey
trequency bul slops low fiequencies. A typical 1% ressiy
and 1 mV n-p-n munox offsels grve 26 0B of atlenuation, thy
bandpass grves 54 dB 120 Hz attenustion, Tor an overak o
dB PSAR 10 allow lens of volls of npple befote smpacting
ulimate sénsitwity.

Cc
A value was chosen earker. Knowing Ty's secondary induc.
tance aliows a check of LC hne atlenustion using Figwe 14,

Co
The Norion input muter ampliier has a bandpass filter for
snhanced recever selectvily, noise immunity, and kne fre-
quency rejecuon, The nomenal response curve for Fo « 80
kHz is shown in Fpwre 15. The 300 AHz pole 15 fued. The 50
kHz pole is 8ol by C_'s value Atter Cy is found, Ihe resulling
e frequency stienuation is found for the bandpass hitter,
Use Figure 1510 tind 8 C value given tor Fo. The approx-
mate kne (fequencty stienuston of the bandpass hiter may
then be found in Faure 16. Fagure 15 1eturns 8 value for &
33% largor than nomunal, gving a low frequency pole 33%
low 10 ailow foi component tolerances.

~

o up AT S OM (om

L - OO ool Lopaliandt oty

Tarrb780-18
FIGURE 14. The 60 Hz line rejection of the highpass
titter made up of Cc and Ty’s line-slde winding
(neglecting capacitive coupling)
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fy-Ontt IR By
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FIGURE 15. Given Fo. Cy is found. Also shown s the
Input amplitier's amsii signal ampiliude response
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crond BE
nase pha:
move $0Me
ﬂ-vo:_ wnihe
wom 1he phase detoctor, They stiect the PLL caplure rango,

0op bandwidih, Gampg, snd capiure me Because the
nherent Joop pole due Lo the inlegrator acton of

se-locked 100 (PLL) loop filer components re-
of the nose and most of the 2F g components
chadalod | output voliage signat

has an
”.p_oo (s Co). the loop polo set by Cr and the 2610 sel by
fe gves the toop Bier a classical 2nd-order 1esponse.
e I T
} - i
2 * _y e nr
E o vu,
ke nBin
E» 1 i
72 1
(1] (1) ]

S PREAMIEK LAZALH AL 1 F ) TLrni6250- 10

{ FIGURE 16. The Norton-inpul lmiter amplifier bandpass

plven Ci.

tiiter line-treq y signal
bl ATl E
- 1711 .T.x&.d

- "__lmh-l__.. W, ﬂq Eu

1

Jian s i
11ma0 sara aant

=

] 1
vk 11

L —
Py —Lanmad I OW AT Brs
FIGURE 17.Find Cy given Fo. Figure 19
glives the maximum dats rate

No Cf and Ry gvo the mos! stable PLL with the lasiost
tesponse Large Cg's with & 100-small Ry cause PLL loop
nstatubty loadng 10 POOt CADIWO TANQE ANG POO! stop ro-
sponse ot oscilalion.

Calculation of Cr and By 1s quite diicull, mvolving nol only
the 2nd-order loop slep iesponse, but also the PLL non-
domnant poles, the tuned utansiormer siepped-froquency
response, and tho RC lowpass step 165ponse {lor data rales
-&xcsn.?:o 1 kHz). C¢ 8nd Ry values are best tound em-
peically, Toleianco is nol enbcal Componnt valuos 816 50-
lecled 10 prvo the best possible impulse Nose teoction
while preserving & 1 20% caplue (ango and wide slabiily
margin Fyguros 17 and 18 gvo Cr and Ry vatues versus Fo,
whete “Ipata € ~ MAX DATA RATE" meoans thal 1pata
should be fess than the maxmum daia tato, n AHz, fiom
Fgure 18 owided by 10. ,

Note that C¢ and Ry me & tunction of data rale only fot high
dala rates and are not plotied against dala 1816 - 88 ONO
mght aapoct. 1ho 1eason for trus 1s imporiant 10 undarstand
4 the CCT sysiem designer wishes 10 find Cy and Ry ompur-
cally. Data signal 15, loosoly spoaking, passed through tho
PLL loop and &5 thorelore polentalty stianuatod il tho loop
bandwidth is on the ordot of the Jrd harmonic of tho data
ato, of loss Overall loop bandwidih is hold as low as possl
blo for marumwm NOse tejochon whio passing tho data.
Loop bandwidth is roughly pioportional 1o the peomolric
mosn ol tho untiiored Joop bandwdin and tho hile: polo sol
by Cg. Thorelowe, Cp rolated to Oala 1a10. Unloriunatoly,
the loop caplue (anQe falls 10 cnlicatly low values when
large enough vakuos ol Cr w0 used 10 raduce loop band-
widih down 1o tho 100's of Hz tange, 1ot low data talos Tho

L7018

obvious way Oud I8 10 then teduce the uniiiered lopp band-
widih. That bandwadth is appsoximately proportonal 1o the
vatue ol Cg Fot a hued Fo, unhitered loop bandwidth reduc-
on tequres s larger Co and larger control cutiont Wilh thus
chip, changing the control curent la not sflowoed So one s
forced 1o choose a Cy /Ry combinaton wilh some mummum
caplure rango, say 3 20%, that is within some Quaidband
trom the pont of loop instabilly, Happily, impuise nose
tends to last only frachons ol & mitkisecond 50 that the lack
of low bandwidih l00p response with low data ralus 1s not &
heavy penally. As long as thore 15 sdequald CAplure range,
the impulse noise liter performs admuably. Note thal reduc-
ng Fo will 1educe the no-litor loop bandwidih, angd ndeed
the maumum dala rete falis below the hmit sei by the RC
lowpass liilor as Fo falls bolow 100 kH2 (Figure 19).
The tuned Iranstoimer characiensics will aftect tho demod-
ulaled data wavelorm more than Cp and Ry 81 low data
rates. Tank O and off-luning will atfect ovorshool dunng the
FSK trequency steps. This is a proporty of tuned cucuils.
The maumum dals fale ol Figwe 19 is messured lrom the
recewer npul 10 the Data Oul and does nol nclude the dala
bandwidth 1educing effects of Ty,
Cn
Capacitol Cy stores a vollage cotresponding to 8 correction
tactor requwed to cancel the phaso detecior dittorential out-
put OC olisets. The stored vollago is %4 of tho OC oltsat
plus some txas levol of Bboul 2.2 V. A targe Cy vatue in-
creases the tmae requeod 10 bias-up the tecewe path at the
beginrung of transmussion. A largo Cyy does liter well and
siore its bias voltage long Bocauso of the inial random
charge ol Cy, the recerot must bo gvon a dala ransion 10
charge 10 1ho propor buas vollage. Theraelore, reducing Cu's
valut 10 one thal may bo chaigod in less than 2 bil-tmes will
no! save buasing vmo and 15 not recommended

L3

g
g
LA !
Ca .
1
. h
LTI TT
L] »w oy
Igmehivn b b A SEY iy | PR VTS
FIGURE 18. Find Ry given Fo with Fpata 8 parameter
» =gt =3 > "
=3 FH
§ LR
5, A _ .
R i
3 x 28 00% 18 00, H
A puty CWl
t ¥
" "we e 3

.ani.-l!l-’lu. AIRN B2 0]
FIGURE 19, The maximum data rate versus Fo using
loop fliter componenls optimized for max. nolse
performahce whils retslning » min, 1 20% capture
range (large signal)

Uso Figure 20 10 tind Cii's valuo knowing 1pATA. 83SUNUNG
1ho standard 2 bt recove chargo tima is dosuod Tho cap.
vaiuo and YC are not crlical, bul tho capacilor should have

low loahspo.
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Component Selection (Contiwod)

§am

JRUT RS s |

w . e e
st = BAYA MAH pu) TLrmnrer50-22
FIGURE 20, Size Cy; sssuming a 2 bit-time
" recelve blas time

Ci

The impulse noise filter integrator capacitor C; is used to
disallow the passage 0! any puise shorier than the integra-
1ot charge time. That charge tume, sel 10 & nominal % bil
tme, is the time required for & 2 50 pA charge current to
-i.:c,n_ over a 2 Vgg tange. Charge ime under worst case
n.o:o._.os- must never be graater than s bil e &ince NO
signal could then pass. Using a 1 10% capacnor, tull junc-
tion ...aﬁ!-.io range, and full specitied current range, &
maximum nominal charge tima of Y; bit is .onoaax.:nmo
Figwre 21 gives C versus Oats rats under those neao._.o:«.

Rc
The cobllecior pull-up resistor is sized 10 supply adeguate

pull-up curent drive and speed while preserving ad
output low current drive. 7o sdoaute

A

mim
1"E
E

FIGURE 21. Impulse nolse fliter cap. C; versus Foata
where the charge time Is ¥, bit time

] 1

w el e
hate = BATA RATY U0}

LI

| w vt
» ooy
l,.i

jomm
Hod -
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The 5.1V silicon zoner diode Z, is required

RX-40-TX swiich-over time is :onaoo -w the -zav.n:u“..:g
4.‘ chip r operating in the RX mode with a pin 10 et
signal swing approsching or excesding twice the ou
«oa-o.. Predominant causes of these large swings ..—..ﬁdv_ﬂ
ing on the RX mput are: 1) a transmitier's supply volage
nigher than the recewer's supply vollage, 2) & TX and Rx
pax thal are elacincslly close, of, 3) a highar RX Ty s,
wms 1800 than ihe TX T, slep-down rato, Lpe
Normalty, when in the RX mode with small incomi ?
on pn 10, the ALC remans off wih pin hs.”w a-d.“
V2~ 2Vpg) buss voliage. Cp 1s then charged to BV, TX
mode may then be selected with 6V on Ca sllowng ,_ro.a
TX power 1o pump Ty's tuned circuit, and 30 the AC kne,
Quickly for 1351 RX-10-TX switch tme. As TX oulput swrg
increasas 50 that pin 10 swings below Va ¢ (4.7V typicaty),
Ihat ALC actvates 10 charge Cy 1o about 6 6V 10 reduce dm
output drive. However, il in the RX mode pin 10 evet smngt
below Va c. Ca wilt charge 1o above 5.6V. Now, when the
TX mode is selected with Cp at 6.6V, somewhers trom 0 Lo
._ool TX outpul Orive is avaidable 10 pump Ty's luned crant
esuling in & slower nsiNg hne i -

the RX-10-TX swilch ._Bo.c e, Lot £ S
Use a 5.1V 2, dnven by 8 0 to 0.8V logic low sipnal ©
guasantes ovel-lemp. operation. Ra must be in senes wih
24 10 kit curtent How and should never fall below 1 k0.1
Ra 1 33 than 1 ki), thon put & 2 &I} rosis1or in sones wih
24 Logic hugh vollages above 10V will cause current fow
nlo pn 7 thet must be bmited 1o 1 mA (with Ry of 8
sones R).

Breadboarding Tips

Dunng CCT sysiem evatuation, $0Mo 1echriquos listed be-

low will umplfy coran moasurements.

— Uso caution when working 0on tws circul - danQeous
sne voltages may be present

— When eveiuating PLL operation, offsol cancel cicut 0P
eation, and loop Iier velues, 3o 1he Titer of Frgure 22
10 view Ihe GRMO0ULAled Signal munus the 2F o and nome
components. This-hiter models the RC lowpass {iter on
chp.

~3 .
AL )
1" 1900
mAAA AN

L X}

D . S _
T I TN | n

0 vy " -
i et D i

W VW W

TUne10-28

FIGURE 22. Clrcull to view the ditierentis! demodulated data algnal, minus the nolse snd 2Fp components,
conveniently with a singis-ended gain-of-one oulput '

K60

| tuning Procedure

T
wauavo!d_:u Tips,(Continued)

i sysiem noiso performance on &
une, It i desuyable 10 vary the signal ampii-
woe o U receiver. This is nol easy. An ln-tine ine-
proot L-pad it fne except that the ine impedance i un-
known end variable and 30 the L-pad will 1arely maich.
powet outpul of 8 chip transmmitier may be

instead, the
controled using the cxcuit of Figure 23. This cucuil con-
vols the ALC.

— nis sometmes deslrable to place impulse noise on the

e A simple hght dunmer with & 100 W kght bulb load
produces [epresontaive Impuise noise.

— Do not sllow peak curtents of over 1 A ihvough the 56V
Zene:, In other words, don't short charged capaciors
10 this low-impedance device. Tehe care nol 10 mo-
mentanty Shott pns 10 and 11 - Chip camage may rosult.

— Fgure 24 shows soma typical signals begmning with se-
nal data transmited 10 recoved signal.

Thes procodute apphes lo crcuits similat \o Figure 4 LM1893

or LM2693 cwcull,

fFrst, inm Fo by puttng the chip in the TX mode. soting &

logecal tugh data input, 8nd measunng the TX tugh frequen-

o, 1.022 Fo. on Ihe Carmer /O using these steps:

1. Take pin 17 10 8 logic low.

2.Tske pin 5 to a logic gh.

3. Place & counter on pin 10.

4 Adust Rg on pin 18 tot F =~ 1.022F0

Sacond, the Une wansiormer 15 tuned. The chip 18 placed i

e TA mode, 8 resisive wno load 1s connocled 10 disable

S ALC by reducing tank vollago swing below its mit, FSK

oata 1 then passed thvough the wnhk 30 that the lank Onve-

kpe may be adjusted fof oqual smphtude for twgh and kow

data frequency.

1. Tahe pin 5 10 8 logic hgh.

2 Place a logic-level square wave &
maxmum dala fale on pn 17,

3. Temporanly piace @ 330 {1 tensiod CIOD

..vrn.-voovoo:...: 10.

5§ Adjust the Usnsforme: shug _o.. the leasl enve
lston.

In sy Of the 330 11 resistive toad,

power kne tO betier sumulale actus

Lons Guning BNk tuning. Alternatively, 8

1 of bolow the recover's
s tha tank.

iope modu-

T, may be coupled 10 the
1 load and tank pull conds
passive network

»

FIGURE 24. Osciliogrsm revealing sipnal
therwise quist 1y,

tuned transtormel, 3) demodu
Jowpses, b) data st impulss R

et Integrator,

» at seversi important nodes undef
60 Hz power line. Thae signals are:
d algnal trom the PLL after pas

and 8) recelved dala.

d

reprosentng an ge line impedance may be ¢
10 the kne wide of Ty. The citcuil of Frgure 23 snould then be
used 10 defest the laveing stiect of the ALC.

v

™

1000
el 10 TUAN

o

FIGURE 23. A means of iransmitter output amplitude
control ls shown

TrnrE750-7¢

Thermal Consliderations
It is desirable 10 place the iargest possible signal on the
power kne ol maximum range, umiled ONly by the chip pow:
or disspation and Maxmum junction temperatwie T, The
taling output powsr 8l sltevated Ty aliows a more optimal
powst outpul « Tugh pow st low T and lowet power 8l high
Ty tot chp seit-protection, However, ! is sl possdle 10
exceoed the maximum Ty within the spociied smbrent lem-
perature bmit (Ta = 85°C) under worst case condiions ol
100% TX outy cyle, high supply, shored load, poor PC
board lsyout (with small copper lod area), and sn ubove
nominal curtent part. Undet thoss conoiions, 8 pan may
dissipate 2140 MW, resching 8 1, = 170°C worsl-caso (8d-
utladly 8 (88 occurtence). Proper system dusign iniudus
tho messutemont Of celculation ot T, mas 1o yustanivv
funchion under worsi-case operstion. Like sll devices with
tature moces modeled by the Arthonws modol, the hgh
chp rehability is funthet anhanced by kecping tho dw torn-
persture mercitully below the absolule maumum (ang
A direct meihod ol measunng operaling nclion tompara:
wre Is to measure the Vae voltage on pin 18, which 1s al:
ways svailable under all opersting modes Tho graph of Fig-
we 25 may be used to hind T,. knowing Vg 8! tho opuraiing
pount in gueston snd VpestTa= Ty = 25'C Vi 1 lound
by powernng up & ctwp (in RX mode) that has beon disbipal:
g 16:0 powe! 8t s0Me Ta fot some tme and moasuting
Ve 1 fess than 1 s {lor better than 5°C accurary)
Alternatety, Ty may be caiculated using'
1,=Tat 60aPD Q)]

Is 75°C/W lor the plastc (N} pachage using &
1ue Is for a tugh conldence level, NOMI-

whoto 0JA
sockel. That 8,4 va

10 mV/Div.

400 mV/Div.
200 aV/Div.

TLaTsa- 12 N

k signal {0.8 mVaus) conditions with
ransmitted asta, 2) RX carrier on the
sing thru ¢ rcult of Figure 22, 4) signat after RC
Horlzoniat scals is 10 ms pet div.
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LM1893

The Coupling Transformer (Continued)

4 U
4
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FIGURE 29. impressed line voltage for a given 4%
tor each of the 3 taps svallable
Sed

on the mers
tope|2(-Vaict V) (-4.7+V.llo
Po= Vo™ - 2
o=loVo 35| 242 : ©
where ig is in smps pesk-l0-poak sl an elevated T,
(18 - 4 7)0.06
Po = y - 0.200W (6)
\{ -V, 4+ VN2 -
Rol 1Zunl = Vol Vac LIPS o

Po lo
Rg is found using Zyn and the value for N found when as-
suming Oy = 35.

|Zunl = N2 2 = (7072139 = 695101 (8)
Rg = ! ! 1210 9
a (R " ; noo@
RollZud  1Zinl" 442 695
Rg 1210
Rog = ——e = s = 1
08" TTog TaaE o)

Only O temans 10 be tound to calculate Ly. Oy 1S related to
{he - 3 dB {hali-powot) bandwidih by
- 1
BW (% ol Fo)
An ierative sohAoN is torced whote hino pull, AFp. must be
guessed 1o ind O, and Ly. Ly 1s thon usud 10 choch the hne
pull guess: » lasge enol 1equies & NEw QUESS. Try s BW ol
8.7% - that is 4.4% fot devistion, 1% lor 1€ ol Fo. snd
3.3% for aFg - pvng O = 115
442

(1

Q

Ly = e
17 2w ~ 125000 » 11.5 49.0pH ua
Knowing the cote INduclance por turn, L, and Ly, the num-
bor of lurns is found.
49.0 pH
Ty~ %IW - il ALPUPT L VR
v T " Vom0 BM 03

T is normally an integer, but these transformers 1oquiro $0
few lurns that hall-lurns e specitied, remembenng that the

remawung V; wrn is completed on the P.C. bosrd and 15
loosoly ctoupled. The soscondary tuns ste calculated
Ty 495
Tpm e - — = -
2N " 707 7.00 = 7tums {15)

Note that the racommendoed 125
these specitications. The tesons!-

giving an Ly of 0.68 pH
kHz transiormes mirtors
Ing capacitol i

Co -

———— =331 % 10°0 =33 nf (16}

1
Awﬁm% | %%

Line pull AFQ was cakuatod (reference 3) 10r & 7y magn,

tude of 1402 !&5!5-3153 sngle trom ~ 90" oo -

AFQg was 6.4% - well above the 3.3% esuimate. r._!:.dL
(11), sn 11.8%
duced 10 reduce O. That tix was nol implemented, sony
signal atlenuaton under worst-case dnift and Ao w
lowed. Ly 15 skeady 50 small that the 31 gauge wndey
conducts a s Aaus crcutating cutrent.

Line Carrier Detection

While the agdion of 8 carner detecton circutt (106 8 mute o
squelch function) will only decresase receve! ulimale sony.
1vity, There 15 sometimes good reason 10 employ 1 10 hee

incoming, of 10 employ # 10 reduce the probabiily ol ke
colusions {(when multiple
Iy 10 cause one of
detector s heawly
(hreshold, there will be 1aise outputs that toice the conlolied
10 have Data Out dala cheching capability Jus! 85 is 1equied
when using no Carus geleciof, Il 1slse nggenng 1S mne
rmized, ihe probatatity of bnu COMISIONS 15 ncroasod due o
the nabikty 10 sense low carnet ampiiudes and because of
sense delay The property of the LM1893 10 change oulput

10 implemont canwi seloction and presenves the full Uit
mate sensimty Also. many impulse-noise nsensive wans-
ussion schemes, khe nandshahing, ate easly modihed o
recover 1om bne ColisONs

Augarding this, ¢ should be stated that lor very .no:ﬁ..n-.an
indusinal systems with long signal runs and high hno nosse
s probably wise 10 use & protocol which 18 inhorent-
Iy colhsion free 0 that no carner datect harowaie ot soft-
ware 1s necded A loken passing protocol 1s 8n erampie of
such a systom

Frgure 30 shows 8 low cost carnat amphiudo detochon cv-
cul

Audio Transmission

Vi LM1683 13 Dusignud 10 allow analog daln UsnsMISHION
and reception Base-band autho-bandwidih signals FM
moduJlaie the Carmser passng 1hough tho tuned transtormet
(placing & Wit on 1he usabie petcont mogulaton) on1o the
power e 1o be knesrly domodulalod by the recowe! pLL

phhcation ss 1equued Fuwe 31 shows 8 simple audho tians:
mutter and roceno! CrCw! unlizing 8 cernot dotechon mute
circult, A single LMI3® quad comparailol may be used 10
build the carmer gotect and muto, Filtot bandwidih S hold 10
& UM 10 IRNMIze NS0, espocially uno-1olatod COle:
1aled Nowse.

Communication and System

Protocols

The development of communication and sysiem protocols
has tustoncally been 1he singlo Most Wmo consuming ele-
ment i dosign of carmet cunont sysiems Tha protocols 8@
oetinod as the tollowing’

1. Communalon profoco! & soliware mothod of encodingd
and docoding data that romans consiant 104 avory ransmis-

bandwidth is requied, forcing Lytober

|

.“ o

|
|

21

. P
AR08
~me

fainis -

. The carrier and 1.6V inpuls

FIGURE 30. A simple carrier smpiltude detector wi

s 2400

0 v.qul
400 IHI

FIGURE J1. A simple linadf snsiog sudio transmitier and recelv

voLuml 7
.

(L)
»

wel

@ derived from the carrier delec
re may be used i bulid the carrier

The re

‘ communication and System
Protocols (Contnued)

band diguilal form that 13 moie easly recoguized 8s

coding technquos 10 ensure thal nose induced ot
not oasily OCCuUr, and

the tecewe end 10 oCO00 incormng data prevent the

has beon shiered by noisd.

ining 2 LM329 compars)

pon In s systom. its tust purpose 1s 10 put data in 8 baso-
message i the teceive ond. Socondly, it INCOIPOIBIOS @n-

whan thoy do, thoy can always boO
getoclod. Lasily, the soliware algorthms that aro usad pn

won of noise nduced ~pheniom” messagos, and nsuio 1ho
recovery Ol 168! messagos t1om sn ncoming bit siroam thal

2. Systom protoce! the manno! n which messagos ato co-
orchnatod botwoen nOdos in & system lis tus! puipose 1 10

atost

of¢ do

tecop-
ently collision t100.

ing And oulgoing Mosss

onswe Messago 1olrensmission 10 cotrect enors
shake). Secondly it coorgnates massages 101 masimum ub-
wzaton and ofhiciency on the nolwoth Lastly, it onsurod that
massagos do not collido on tho network. Common sysiom
protocols inchudo masiot-slave, carnat
coss, and 1o0kon passing. Tokon passing and masior siavo
have boon found to bo tho most usuiul since thoy ate snhor-

UeIS0-3)

th outpul low when carrler is detected

1
" 300 ¢
3 17
L]
n
Mﬁ. 1ot $me

AuDd ™

~ :I|* o
M
TAANSITER _ e s

oy

Yualto. e

detector clreuit.

-

{hand-

doloct muthplo ac:

Bolh protocols usually 18530 8S softwaro In a $inglo MICro-
contiotiut that is connocied 10 the LM1803/2892 V0. In any
cas0, somo sort of nteihgonco s noadod to procnss incom-

gos. UARTS havo no useluinuss n
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LM1893

ke
Communication and S the tisnsmter might . T é - )
choos i . ¢ &
Protocol <M»Qa Aehvoved by wailng $0M0 <n..oh.<o up. Collision 19covery s wwm_o Data NJOOQ__JQ {Contnwod) Because the couphng uanstormer is used as 8 tier, the
COI8 (Continued; . g somo veru! o amount of ume beks bat 693 cucust 1 suscoptible 10 puling of ihe centos tiv
carrier current appications since they do not have the i o Y . of bits delay or s gy i quoncy undos conddions of changing bne mmpodances of
Gance nesded 1o datinguah betwesn feal messa ”.ﬁa.n oo<.<.“-.eso-n.ﬂ: each _..%ua.___! s A0OTESS, $1NCe Sach Yarg, o v ] = whon sevetsl LM1B9J cucuns are close in prowmuty on the
noise induced phantoms. * An example of a si ; _u._.w-. i 1 AC uno. Bucsuse the _iﬂ.a -_..o-:-.o.as_ 7-_m » hwgh valuu of
The n , i simple transmission data packet I ah S — 0", ngng 8is0 occurs in tho presonco O #Mpulsive NOISO.
spe an :-8..5:. o.oo!o.tl )in.o-.‘-voﬁnra_oﬂ.\cv_ano_- “_a_n-“ out oqu the n MG.\H ux.“_o.ﬁ he B bit 50% duty-Cycle preamble is lory - pare W— _—— Yrus ningng occurs Bl tho contof froquoncy 8nd increasos
g onme n with the onough 10 allow 1ece: i uans ° Ity &l ¢ by Pgh
wors! mmagwable nowe condiions. The relatively low dala 10 aliow the .ono..i..mw.:m.m_wo:._m i_n_u: e oy o ovw P o.:_x .-m.uﬂ_ooc ud men-ﬁa.__ L o “"._ _E_oa.e.n \
rates possivie Over the AC bne (fypically less than 8600 that sgnat o dotect 1he Squars-wav - data rates |- sud) Y -
baud) make i even MOre Kmperalne That N«J.-S- .._.: ; . :v!o:- s .-_I start of 8 Wasnsmuission. It there had besn ng n tho sysiom, the suloctvily chatacionslics lwave 8 tot lo bo
utiize the Sn3Musss0n fof s0me Lima, the recever would B desvwed
most d means svailabl Mmply neeg
cioncy. e 10 enswce network offr- .W-u“,_u. that » data transiton had occurted and begn ay -t _ _ _ The LM20883, having sopatalo 1ecuve inputl and WaRsmi
With these facls in mind, the de the it o & squars-wave. Il the receive conlioller dalectag + oulpul pins, 10movos thu bmtabens on couphng Wranstormor
3 signer is 1elered to two alernating-poisnty data square-wave il would then : design, stiowng 1he design ol cucuits dovord ol the pravious
publications Intended 10 8id In the Cevelopmant ol carner 1o sync b 10 signs! that (he addiess and dats were =z 1 reis0-3e Btalons )
curtent systems. The fwst s kerature ¢ 570075 The Br-Line Gutely foliowng The address data would then be 10aded FIGURE 33. Oparating w slorms of 8 line- )
Cartier Current Networking System, a 200 pp. book thal assurmng the fixed tormat, snd tes16d agamst its Wi -«:n?o::.n:-:-oc.c! pair are shown. The diagram The tust onhancoment that can be mado with the 1 M2893
lunchons a3 the “bible” of BrLine system cesign. It has adcrass was Comect, the receer would then ,o&o.a..: su. shows how the tr ied dala ltions may be cucwt 13 the uso of a tuoh 355.._.._.."< lomie 1o10i0 1o kno
sections on LM1803 circult opumization, protocol cesign. the data. Il the 83Gress was nol COMec, suaher the . . used as recelved dats sampling points coupling atong wiih & sopaiale Wies The tanstormer would
ovaluaton kit Usage, critical componant selecton, and $:0n was N0t meant 101 hus recen el y v vt ' . be of broadband dosgn {uniunod) wilh 1wo socondatics,
Datachecket /DTS case study. and the recener. In the former case, when _fw. _H.M..”ﬂ.:znmsso oy dats edges for 1ha 1né Syne data s one loi couphng 10 the tsnsmi outpul and one for couping
3 . 4 o .
The second is AN-463 A New Cartier Curtent Pr ) meant {or the receiver, the contoller should ot | schemo montoned 1 tha previous paragiaph. with tho 10 the 1oceive wput. Ths allows impadance matcing of
121 an Active Transponde otoco! Uti- return 10 watching the Incoming d Y . oyt s system suggested, he locorne controlio! both the IransmUtior ang 10COVEL. wilh the 1esull ol quic 8
I ¢ for Consumar and Indusiral ot nQ data for its address. H the st sample tho Data Out pin ofton 1o detorming, with sev- el MOMO recame sensitmily.
Applcations.” [t detais 1he communicalion and sysiem pro- of case wele true, then 1he receive contiolier would con | m bts of accuwacy, whote ihe square-wave data an- 1 and
tocols developed by Datacheches/DTS lor an energy man- tnwe 1o Ostect edges. tieng nsel! up by loading false daa swons \ake place. sveiage thed postions Assumnp 8 Because of 1N wcreasod MOAR 0 saparato 1BOGY signel
agement system. and boing forced 10 handshaho, The square-wave delecton € oot e dedae Sk tn ool % paih, a 3 of 6 Ub pad can Lo uvod bolore the sviecive
and address 10ad and €NOCk routines snould be fast o mé ) . and calculate whole tne conior of 1he 48 P iages 10 ohmunati puling Of the cuntur (reQuericy due 1o
m mae the ume M- . bas we and will conlinue to be as the addiess and dala 8¢ changes n kne %O’RQ
. asic Data Encoding (plesse reter 1o the pre- noise. 1t 1he oowhwn“”h_: loops after being false-tnggered by i read A long preambie is holpiul Soliware 1hal conlinuously ! ih _ o wansformer 15 that i
viously mentoned publicabons for advenced lechniques) i _ao__”na 8n enor {8 recened dala b | ipoates the contor-ol-bil me estmalo, a5 sodiess and ”u:oh.s. .-.M,‘a-_ﬂuocao .M._ O e o %2_».” awo._on.._“
Al the beginning of 8 received transmussion, the ftust 010 2 should immaodiatel .oao :.n PR o _m:s.c- ._ data wre tecenod, works ever bener Atiernainely. 8 €009 whet m:.m_ ht no“w_ " ! .
bits may be lost whils the Chip's recsiver setiios 10 the DC Out for ..-:ma_.«uxu: .u AR/ O MY T L yoneme employing 80 ombedded clock can be used ont 19 e
bias pont required for the given transmutier/receiver part ihe process .evas_ow. 0 doxt GV be BRI ! . . . SEPARATE FILTER
M!:! ..8:2.6‘ oftsel. With propor dsta oncoding. A ine-synctvonous CCT syste ! F;mew >Uﬂ__om203 Hints Because of tho scparalg 1eceve path ol the LM2693, ateta:
..oov& start bits can be tolersied ang correct communice- clo may topiace the Ion Ao 3 bas par hatt<y- | | The LM2693 s intended for advanced applicatons whera eely igh quakly bandpast fillet can be usd 1o sele
:.oo:agﬁun.—h. ke place. One simple data encoding schema IS az2bt w_n:.o_.:o:ua_wwo.o:u preamble and sync pulse wih . specal cucwiry 1§ used in the transmit and tecewe paths, INCRPONsIve cotamic iers ato avadable thal have
ssed . uoller might then 8ssumo _:n_._; wc.on:—a_u_o._.;o Tegeh el ' The LM2893 makes tus poss:bie by lealnng sopataie pass and contot troquuncy characionshcs compatbh
Generaly, s CCT sysiam consisis ol mary transcevers that b 1 (he st bit atier zero-ct cmu_“ q“_ m“ _n:!_.:.a Fiaisahe ! wansmat oulput and focerve nput pns carmcr curtent oporabon Futhoimore. o use of the
normalty kston 10 the kno at all tmes (of dung predetet- sition at 8 2610 Crossing Must be _:oo stant o_- _:“:NQHWE_.RW Exampies of enhancements that can be addod 10 the basic uns allows mutichannel opwaton. B eviously made dihcult
M::”oa ume windows), wailing 1o 8 transmission thal duects and 18 tesiod 8s such. The ine syNChiONOUS 16CeVer 0P ! 1M1093/2893 cucui nclude soparalo transmi and 1eCe by the smglotunad notweL (0 ;u_uwu et ___:.;_ e
_ of more of 1he receivers 1o operate. it any recerver finds alos with & simplot controlier than an asynchionous § tem. | windings on the couplng wansiormer, hugh qualty ceramic casiy cascaded for even more of-equency 1ejecton I ihe
is sdckess in the Uansmited dala packel, furiher ackon Dr L 1e | or LC Nlters i the fecewve path. And simple mpuISO NOSC pad 1s addud boforo the tet, thaiv will be negligibic pulkng
such as handshaking with the ransmitier is intialed The It scusson has sssumed inat the connoller Pas slweys | blanting ccuifs E i guc 10 changus in Ine .:.vca::n.._o._..n_an ttuough the cou-
teceiver mught tell the lisr vis 1 cesion. that it 3.._6&!_-_ uﬂ: ._z_ﬂe Data Out 15 high o1 low. The controBiel b eatons, fha addtional porormance 0 bo phng tanstormor
. N 0 8 ns,
received thus n-,s. .1-.56 for scknowledgement before act- e nlse howk n.uwﬂon“_ao_“” nyuﬂ 1he Data Out state. ! oaned Nx__un .o:m_ the exits cost Of _Z.v“nn__ ,onal CHcuty Ahermatively, 8 Buticrworth/Chabyshey pandpass LC titer
Ing on the . Enos 1g and correct: slaced about the RO-NOISe -.ﬂ i wigth jittar, symmetrically LY e bhely, igh porfoimance ind o an acto litor can Lo used n piace of the coramic liter
ing codes may be empioyed thioughout. The Laismiier sampling ts dona in the cent ot o Ihe TR u.sv__.os_. | g ws bukding ONOIGY MANSgOMmEnt w \MPULSE NOISE BLANKER
must have the capability to relisnsmt after & time ¥ no ro- The ; S iné [Ereliedigats | snce the! the utmost Labt
sponas trom the recewvet b heard - under the assumption tecoive Gala path has a time dslay that, a1 low dais i ty, snce they fequire the utmost n relabldy. Attnough the LM269D has adcguate \mpulse fXnse 1gjoction
1hat the receiver ddn't dotect As address because of Nois0 fotes. iy aoa_sn.& by the Impulse noiso fiter intagrator snd Because of the spocitized natwe of indwiduat LM2683 ap- 1or mosl apphcations, thoro 1S tenson 1o ompioy impulse
of that the 19sp was missed b 6 of noise Of 8 _.2. 15 nomnally Ve il Al 8 2 kH2 data talo, 80 sddiional delay pcations, it 18 fol possible to gve ono cicunt ihat wit sausty planhing 10 IMpIOVE 010! (A103 in sevoro AC line enveon-
cofiision. (A line colksion happens when more than 1 trans- of approximatoly Y bil 1s added bocause ol the cumulative W requeements foi performance and cost eftoctvaness monts 1ypically, orrors occut duo 10 pulse pitot 1 ho
mmullor Operates &t One 1ime - CAUSING One Of MO of the m.._.: of the temandor of 1ho recarver. Figure 33 shows thal | Therelpre no spocilic applcation examplos wil be gwen. LM1893/2893 dataroutpul that onginates when the nternal
commumcabons 1o fall). After many re-iansmissions . Data Out samphing occurs conveniontly a1 tho transmitied b instead tha subsoquont toa! Goscrbes in guactal lerms 1ha amo omain it SMOOIS QUL an INCOMING o150 pulso
m types of cucuils inat can bo used 10 incICnse porlomanco The solution involvos 1omoving the impulso completely and
f— aslong with thav advaniages and disadvantages 1t1s ntond- not simply trying 10 fitor WL Moreovor, the pulse shoutd bo
_III—EI—.I—IE‘ .. o4 10 be 8 spingboaid for 1Jo8s. 1omovod i tho 1ocaivo signal path boloio the selechve por
! IR Rt BN LM20893 COUPLING NETWORKS vons of the cucur 10 ohimnale HAGING Tius also aliows tho
_ J.-.-_u. _ .-h..... . au _ _ The rhain disadvantages of tho typical LMIA93 nmcv_.ao tocowaot liter 10 ,HSM_“.OM__ n% binnks that also occur in tho
(o3 o petworh ar0 fhat il functions as ihe bandpass titor, has doswod ncoming camior SGAT
FIGURE " TLMAAT0-33 _ loose couplng between prmany and secondary, and has a It & carpor dotect cucunt 15 doswod in conunction with the
32. A simple sncoded dats packet, penerated by the transmit coniroller Is shown. ungio socondary Tho LM1B89] couphng neiwoth was do- LM2B93 « can be locatod alies tho ity And smpulsa blank-
The horizontal axls s time whers 1 bit tima la V/(2tpata) ! ugnod this way mainly bocause of the 1gsteant that tha car- or. Bocauso impulso nowse 18 romovud, the {als0 ggesng
m nor nput and outpul are hod 1ogethat. {hat pisgues those cacuils will bo groatly reduced
1
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Simplified Schematic | - .
% peterences 4. FCC. “Notice of Proposed Rule Making,” Dochket 20780, s
i 1. Nicholsor. JR. end JA Malack: “RF impedance ol Pow- adopted Apr. 14, 1976, {Proposed regutation) :
Tr} " o Lines and Line Impod S ton # h in u.zegao!o.al:.!a:&szm.iaﬁtio-:! <
i : * conducted interference Measurements;” IEEE Transac. Current Transceiver IC fox Deta Transmission Over the
i yons on Elacomagnatic Compaubity, May 1973; (tne AC Power Lines:" IEEE J. Sokd-State Cucuits; vol. SC17;
impedance data) Dec. 1082; pp. 1158-1165; {LM1893 circut descrption)
) Gouthwich, R.A; “impedante Charactenstics of Single- 6. Lea, Miche;, "A New Casrior Curtent Transceiver "
; poase Power Lines:" Conference Rec.; 1§73 EEE Int. |EEE Trans. on €onsumer Elecuonics: vol. CE-26; Aug.
t| 8 1 m<=6.o:m_cr tic Compatbikly {lne impedance 1982, pp. 409~-414; (Applicstion of LM1083)
n \t-v H oas)
¢ : 4 Hayt. Wikam H. Jr. and Jack E. Kemmerly, “Engineenng
i Cacult Analysss;” McGraw-Hil Books! 1971; pp. #447-
_ 253, (unear Uansiormar refiocted impedance}
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LM1893

Thermal Considerations (Continved)
z_ok.ﬁgzgonzgn\i.glsooaa
board layout. Since Pp is a retatively strong functon ot T,
an feralive solulion process slarung with an indual guess lof
T, is used. With the esumated T, tind the total supply cur-
rent found in the typical periormance Charscleneics.

"
(X ]
1
m__-. h ean®™ | |
uu..
£ q
" 71
"

PP NN R R L
1~ AmC1on Y nA Ao e TLM/ErS0-27
FIGURE 25. T, may be found by using the tempersture
coetficient of pin 18 Vgg If Vgg Is known at 25C

Transmit-To-Receive

Switch-Over Time

An imponant figure-of-mett for & hall-Buplex CCT hnk, al-
lecling stfective Cals rste, 15 thé TX-10-RX swiich tme T1a.
Using the recommendsd component values pives thus part &
nominal 2 bil-lume (1 it ume = 1/[21paTal) Over 8 wide
range ol operating condions, where the receiver requires |
data tinsmon. Typ cannot be decroased signdcantly but
does nctease 88 hoise fillenng, especially via C. 5 10~
creased. Impulse noise &t swilch, signals neas the kmuting
sensitmty, poor Fo match between recever and wansmtioer
because of pOOf Inm Ot worsi-case conditions, and the sta-
ustical natwe of PLL signal acquisiion may alt contrbule 10
increase Tin 10 possibly 4 bit-bmes.

Ty is lowor when a pair of LM1893°'s handshake rapidly.
The recever was designed 1o «yemember” the RX-mode
DC operating poinis on Cyy and C¢ white in the TX modo.
Undor norsy woist case conditions, Cyg will discharge to the
point of false operaion after 35 bi-imes i the TX moda
(1400 bit tmes with no noise and 8 nomnal part, fpata =

180 Hz1). TR is about 0.6 ms (proporuonal 1o the solecied
Fo) plus ¥; bit-nme.

The major components of Ty ate descubed below for &
nominal 125 kHz Fg. 180 H2 {pata. kghtly-loadud tank wilh
2 O of 20, and the cwcuil of Figure 4. The remote CCT has
been oporating in the Tx mode with 8 26.6 Vpp lank swing
and Is now selecied as & recewor. An incomng signal fo-
quinng the 10 1eceves vty ly s placod
on the ne.

Fust, the tank stored energy &t the transmit frequency must
decay 10 a level below the 2.8 mVpp swing caused by the
0.14 MVpue incoming line signal containng the nlofmaton
10 be recened.

doecay ime ~ |0|._: A.,Dv
Y nFp Vo
20 SA 26.6

® »x 125000 0.0028

Thal is 0.47 ms of 9.-56.80:6:& 10 /Fo and Q)

Second, the PLL must acquue the signal, it mwst lock end
pellle. Acquisiion ime is stausthcal and may tske any longth
of ime, bul average acquisiion tme depends on the loop
tilter components Cy and Re and tho itlerence i centol
frequencies, AFp, of the TX/RX pa¢. Using the rocom-

V = 0.466 ms 2}

mended Cy and Ry (47 nF and 6.2 M) withe 24.4% 45

(s 2 100 mv DC ofisel on Cs and Ryl Ioch was means, o
10 1ake less than 50 cycles of Fo Thatis 8 040 ms n.“
(proportonal to 1/Fg).

Acquisihon 1$ incomplels unid the second order PLL ooy
sotites. For the sbove-mentioned Cg and Rg, the loop naw,
tal froquency Fyn and camping taclor are found 10 be
2.3 \Hz and 1.0 tespoctively Solikng 10 within 125 mV of
the 2 100 mV DC olisel change tequees 2.7 petiods of F,
of 1.2 ms (a funcuon of Cf and Rg). »
Thwrd. the RC lowpass tilier mtroduces a 0.12 ms delay.
Fourth, Cyy must charge up 10 3 {34100 = 83 mV depend-
ing on the polarity of Fo Bordethine data $quaring with zero
noise iImmunily 15 Possible with only 3 {%4) 50 mV of chasg.
ing Cy charge curent 1s an asymplotc funchon approw-
mated by assuming 8 50 pA charge current and the hul 83
mV charge vollage. Cy chaige hme is then 1.7 ms (propor-
nonal to 1/patal

Fifth, the impulse norse filer »3ds & 4 bit-ume delay. Total
Trm is 3.9 ms plus %, bi-lme 1or @ total Ol 1.9 ba-umes al
360 Baud.

Receive-To-Transmit

Switch-Over Time

Assume the chip has been in the RAX mode and the TX
mode is now setected Inless than 10 ps, full output current
s Baponentally bulding tank swing, 50% of il swing is
actweved in less than 10 cycles - of undet BO us al 125 kML
In the same 10 ps thal the oulpul amp wenl on, the phase
gotector and loop fiter are disconnecied and the modulalor
input 1s enadbled FSK modulation s produced in 10 us after
swiichung 1o TX mode.

Power Line Impedance

trrespective of how wide the kil on powet line impedance
2, sic placed, there sre no guaraniees Howaver, since the
CCT design tequues an estmate ot 1he lowes! expocted ne

wnpedance Z(N encountored 101 1ho Most ellcont Hansmt-

ter-lo-hne coupling. hne impodance should bo r d
and Z, hmits fned 1o & gven contidence level. Reasonabie
values for Ty uins 18bo, loaded Q. and tank tesonant bre-
quency pull Fo may be found 1o enable 8 CCT sysiem de-
sign that tunctions with Ihe overwhelmeng majonty of powot
hnes.

A himidod sampiing of 2y was made, during tho LM1893 do-
sign, of reskontal 8nd commercial 118V 60 Hx power k.
Dats wes 8150 Otawe: from the tuswasch ol Nichulson s
Malach {releronce 1), smong others, 10 produce Figwes 26
and 27 ANl measured wnpedances aie contancd witha the
shaded portions of Fure 27. A nomenal 35, 7.0 and 1un
2y i 15 used throughoul the apphcaton snformation with 2
nominal 45" phase angte (0" s somotimes usod o Samphcr

ty}
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FIGURE 26. Measured Hine Impedance range tor
residential and commercial 1 15V, 60 Hz lines
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FIGURE 27. Complex-piane plots of meesured 115V,
i

power Line Attenuation

The wiring i Most US buldings is 8 fat 3 conductor cable
catted Amertiex, BX, or Romex. Al reterenced hne mped-
ances refer to hot-1o-noutral impedances with & prounded
center conductor. The cable has a 100 §1 chasactonsic im-
pedance. a 125 hHz quanet-wavelsngth of 600 m (250 m sl
300 WH2). and & measured 7 0B attanuaton for 8 50 m tun
with 8 10 12 lermunghion, Generally, kne loads may be tesl-
od as lumped impeaances. tnstrument kne cords exhibd
sbout 0.7 uH and 30 pF per meler.

Limited 1ests of CCT bnk tange using thus chp show exten-
uve coverage while remamnung on one phase of 8 disltdy-
won transtormer (100°s of m), with knh lathae ofien occunng
sctoss transtormer phases of thiough Lranstormers uniess
couphing nNetworks 818 utized Totsl kne sltenustion atiowod
trom full signal 1o hmiing sen: y 15 more than 70 @B.
Typically, signal s coupled actoss tisnstormes phases by
parasiic winding capacnsnce, typrically grving 40 09 stienu-
ation belwsen phasod 115 V windings Coupling capaciors
may be nsiallog tor improved Lk Oporation scross phases
Powor factor conecting capaciol banks On ndusinal knos
of fiter CapaCcHDIs BCrOss Ihe powa! knes of some sleclionc
gear short carnet signal snd should be isolated with nduc:
tors Increasing 1anQe 1s SOoMolMmes sccomplished by eloct-
ng 10 wsisll iha isolaling inductors (Fgure 26) and coupng
capacilors, 8s well as by electing 10 use the boost ophion.
Frequency Wransiating of Lme dvision multplesod repasters
will giSO INCIORSE 18NQO

[ 5w
A BOUTLD
it 1uf LD
3 4 C s
T4 /Hr6750-80

FIGURE 28. An Isolstion network 1o prevent: 1) nolse
trom soms device from poliuting the AC Une,and 2) 10
stop some low impedance device (measured ot Fole
trom shorting carrier signal. Componant values given
a8 sn sxample for Fg= 125 aHzon
residential power ines

The Coupling Transformer
The design amved at 0! Ty is the result of an unhappy
compromiso - but & workable one. The goals of V) buiding

TWMr8750-20 TLHB150- 31

60 Mz line impedance where 2o = R4 X

Ty wilh & stable resonant requency. Fo, that s e atlecl-
ed by tho de-tuning oliact of the line impedance 2. 8nd ol
2} buiding 8 rightty hne-coupled ransiormel tor transmitied
carnet with loose couphng 1of
tually exclusive. The tradoolls are sxposedn he tollowing
example tor the CCT Gesigne! altempting & new boost-ca:
pable, of adierent cole, tTansiormet gesign.

The comMpromises i@ easad by separating the TX oulpu!
and RX input i the LM2893. An untuned TX coupling lrans.
jormet wilth only Coi® couphng (not si-couplod solsnoid
windings) would employ a high permoabihty, wgh magnelic
fold, low 1085, squaie saturating, torodal core The 1eso-
nant RX path would be isolated trom hne-pull problems by s
uniateral ampiilier thal oporates st kno voliagos with much
morto then 110 dB of dynami fange, o by 8 capaciively
couplod pulse tanstormer diuving 8 undateral amphhber and
titer, ot increased soloctvity, Seo the LM26893 specic ap-
picatons socton.

For 8 LM1893-stylo transtormar apphcaton, tiesl, €hoOse
the lurns atio N basod on an eshmatod lowest 2y hely

fects kne signal. N should be as leige as possible 1o dive
2, with fult Signat 1 T, has an unioaded Q. Q. 0l woll less
\han 35, a guoss of N somowhal high should be used and
lator chochod lor 8CCuUracy. Tho recommended transioimors
havo s0cOndary 18ps gving 8 choce of N=7.07, 10, and
14.1 [nomunaily) tor diving 2yn's of 14, 7.0, and 3.5 o
spoctvoly (st Ty« 2¥°C VY = 18V, 8nd Oy = 3%)
Tho tesonsting nduclanco ol lhe tuned pnmary. Ly, 18
sought Nole thal. whilo standard rans(oimor desgn gves e
wansiormor solf-inductance with an Impedance at oputating
tioquoncy woll above load impodance, the tuned Wransloim.
o1 1oquuos 8 low Ly for sdoquate Oy and mursmum kno pull
Ruosull: i9latively poOt mutual coupling
- 8 )
2nFpQ
1t 15 known that tesonant troquency Fg ¢ Fo and somo
munimum bandwidth, of manmum O, will be requued 10 pass
signal undur 1ull ioad condiions.

Ag 112yl

L - an__\kR_. 14)
2n ﬂOO—.

12, 18 tho toliectod 2,n. O Is tho tonded O, snd paratiol

resisiance Rg modols ai uanstormor losses and sots Op

Ao liZynl' 18 found Knowing that 1t absoibs tull 1alud POWOL.
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