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ABSTACT
This thesis concerms the use of a PC computer to control the electrical in a
Af;_uhildi'ng.The principle is"t6 modulate the control signal into an AC 220 V line with FSK
Modulation. The hardwafe consiste of transmitter which transmits the control signal.The
modulated signal between thé aigital signal from the PC computer to it.The receiver
receives the control  signal from the transmitter and then convert to a digital
signal Therefore,it is to possible. to control the switch to be ON/OFF of thw electrical

equipment in the building.
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#include<stdio.h>
#include<dos.h>
#include<stdlib.h>
#include<conio.h>
#include<string.h> -

#include<bios.h>

#define BORDER 1
#define ESC 27
#define REV_VID 78
#define BBB_VID 17
#define NORM_VID 7
#define GB_VID 18
#define GBB_VID 130
#define RBB_VID 132
#define RED_VID 12
#define GREEN_VID 10

#define CONT_PORT 0x0303
#define PORT_A 0x0300
#define PORT_B 0x0301
#define PULSE Oxff

#define ZERO 0x00

#define PORT_OUT 0x89
#define PORT_C 0x0302

void display_menu(char *menuf], int %, int y, int count);

void restore_videofint startx, int endx, int starty,



int endy,
unsigned char *but_ptr);
void goto_xy(int x, int y);
void cls(void);
inout(int addr, int line, int number);
void write_videof(int x, int y, char *p, int attrib);
void draw_border(int startx, int starty, int endx, int endy);
void save_video(int startx, int endx, int starty,
int endy, unsigned int
*but_ptr);
get_tesplint %, int y, int count, char *menu(],
int endx, int endy);
get_respone(int x,int y,char *memi[]);
get_resptwo(int x,int y,int count,char *menuf},int addr);
int make menulchar *menuf], int x, int y, int count),
int make_menuone(char *menu[],int x,int y,int count,int broder,
int xx,int yy,int
endxx,int endyy,char *menuul],
int countt);
int make_menutwo(char *menul},int x,int y,int count,int border,int
addr);

void .checks(int x,int endx,int y,int endy);

char *menul]={
*CHECK ALL",
"MAIN CONTROL",
"EXIT TO DOS®
I
char *sub_menuf]={

*CHANNEL 1°, "CHANNEL 2", "CHANNEL 3",



'CHANNEL 4',  'CHANNEL ',  *CHANNEL 6",
“CHANNEL 7°,  *CHANNEL 8",  *CHANNEL 9",
*CHANNEL 10°,  *CHANNEL 11*,  *CHANNEL 12",
*CHANNEL 13*,  "CHANNEL 14°,  "CHANNEL 15,
"CHANNEL 16°,  "CHANNEL 17°,  "CHANNEL 18",
"CHANNEL 19",  "CHANNEL 20",  *CHANNEL 21",
'‘CHANNEL 22°,  "CHANNEL 23",  "CHANNEL 24",
'CHANNEL 25",  “CHANNEL 26",  "CHANNEL 27",
*CHANNEL 28",  "CHANNEL 29",  "CHANNEL 30",
"CHANNEL 31",  *CHANNEL 32°, " .
L ,_ '
char *route_menu(]={

 “COMPONANCE1 YN,
"COMPONANCE 2 Y/N",
"COMPONANCE 3 Y/N",
"COMPONANCE 4 ~ Y/N,
"COMPONANCE 5 Y/N",
"COMPONANCE 6 Y/N*,
"COMPONANCE 7 v

main( )

cls();

goto_xy(0,0);
outp(CONT_PORT,PORT_OUT);
delay(500);
outp(PORT_B,ZERO);
delay(500);
draw_border(4,12,18,67);



make_menu(menu,12,20,3);

retum (1);

int make_menu(char *menuf],int x,int y,int count)

{

register int i, len;

int endx, endy, choice;

endy =len + 2 +v;

endx = count + 1 + X;

if(x>24) 1l (x<0) 1l (y>79) 1t {y<0)) {
printf("range error”);

retum -2;

len=0;
for(i=0; i<count; i++)

if(strlen(menuli])>len) len = strlen(menuli]);

if(BORDER) draw_border(x, y, endx, endy);
fiisplay_menu(menu, x+1, y+1, count);
write_video(7,32,"TWO WIRE CONTROL", YELLOW);
write_video(11,40,"P= A" LIGHTGREEN);
Write_video(12,40,"Q=E)E)m1‘mﬂ'ﬁ‘/'|‘1~1'm&u“]“,LIGHTGREEN);
write_video(13,40," C=aUNadw " LIGHTGREEN);
write_video(14,40,"Y=8aauinsnivnam’ LIGHTGREEN);
write_video(15,40,"N=ds WqUinsoingaviham* LIGHTGREEN);
write_video(16,40,"ESC=aanainm v LIGHTGREEN);
choice = get_respl{x+1, y, count, menu, endx+1, endy+1);

retun choice;



void display_menu(char *menul],int x,int y,int count)
{

register int i;

int j, max;

if(count==3 Il count==7) {

for(i=0; i<count; i++, x++) {

goto_xy(x, y);
printf(menuli]);

- , write_video(x, y, menuli), NORM_VID);

}
else {
for(i=0,j=0,max=10; (i<=max)&&([<3) ;i++ ,
x+4) {
goto_xy(x, y);
printf(menuli});
write_video(x, y, menul(i], NORM_VID);
’if(i==max) {
y=y+20;
max=max+11;

x=x-11, j++;

void draw_border(int startx,int starty,int endx,int endy)

{

int x,y;



textcolor(1);
for(x=startx;x<endx;x++) {
for(y=starty;y<endy:y++) {
goto_xy(x, y);
putch(0x20);
}
goto_xy(x, starty); putch(0xb3);
goto_xy(x, endy); putch(0xb3);
}

* goto_ey(startx, staxty);
for(y=starty;y<endy;y++) putch(Oxc4);
goto_xy(endx, starty);
for(y=starty;y<endy:y++) putch(0Oxc4);
goto_xy(startx, starty); putch(Oxda);
goto_xy(startx, endy); putch(0xbf);
goto_xy(endx, starty); putch(0xc0);
goto_xy(endx, endy); putch(0xd9);

get_resp(int x,int y,int count,char *menul],int endx,int endy)
{
union inkey {
char ch(2];
int §;
le:
int arrow_choice=0;
y++
goto_xy(x.y);
write_video(x, y, menu[0}, REV_'VH));



for(;:) {
while(bioskey(1)!=27) {
c.i = bioskey(0);
goto_xy(x+arrow_choicey);

write_video(x+arrow_choice, y, menu[arrow_choice],

NORM_VID);
if(c.ch[0]) {
switch(c.ch(0]) {
case "\r': {
if(arrow_choice==0) checks(x, endx, y,
endy); '

if(arrow_choice==1) make_menuone

(sub_menu,3,5,32,BORDER,

x,y,endx,endy,menu,count);
" iflarrow_choice==2) {
cls();
goto_xy(0,0);
" exit(1);

}
case ' ': arrow_choice++;
break;
case 'p": {
system("kscope.exe");
draw_border(4,12,18,67);
make_menu(meny,12,20,3);
write_video(7,32,"TWO WIRE CONTROL",YELLOW);
write_video(11,40,"P=twies",
LIGHTGREEN);



write_video(12,40," Q=00nNMIVINYU

fu" LIGHTGREEN);
) write_video(13,40,"C=aUNASWS",
LIGHTGREEN);
write_video(14,40,"Y=d Wgrnnlyinam
" LIGHTGREEN);
wnte_video(15,4o,“N=§'¢Tﬁqﬂmniwqﬂﬁmw,
LIGHTGREEN);
write_video(16,40,"ESC=0nInM V",
LIGHTGREEN);
}
break;
case ESC: return -1,
}
}
else {
switch(c.ch[l]) {
case 72: arrow._choice--,
break;
case 80: arrow_choice++;
break;
}
}
if(arrow_choice==count) arrow_choice=0;
if(arrow_choice<0) arrow_choice=count-1;
goto_xy(x+arrow_choice, y);
write_video{x+arrow_choice, v, menu(arrow_choice],
REV_VID);
}

134



int make_menuone(char *menu(],int x,int y,int count,int border,
int xx,int yy,int endxx,int
endyy,char *menuu(],
int countt)
{
register int i, len;

int endx, endy, choice;

len = 0; '

for(i=0; i<count; i++)

if(strlen(menuli]) > len) len = strlen(menulil);
endy = (len +2 +y) * 3} + 5;

endx = 11 +1 + ¥

if(border) draw_border(x, y, endx, endy);

display_menu(menu, x+1, y+1, count);

choice = get_respone(x+1, y, menu);

ols(; -

draw_border(4,12,18,67);

wﬂte_video(?,BZ,'TWO WIRE CONTROL", YELLOW);

write_video(11,40,"P=Iwiw3* LIGHTGREEN);

write_video(lZAO,“O:aaﬂmﬂm‘sﬁ'l\ﬂuﬁ’:u"]',LIGHTGREEN);
write_video(13,40,"C=AUNG&WS" LIGHTGREEN);
write_video(14,40,"Y =& gLinsoivivu® LIGHTGREEN):
write_video(16,40,"N=dWiqUnsnieavnaw,

LIGHTGREEN);
_ write_video(16,40,"ESC=aNAINMINW’,
LIGHTGREEN);

draw_border(xx-1, yy-1, endxx-1, endyy-1);

display_menu(menuu, xx, yy, countt),



return choice;

void write_video(int x,int y,char *p,int attrib)
{
union REGS r;

register int i;

for(i=y; *p; i++) {

goto_xy(x,i);
.h.ah=9;

r.h.bh=0;

r.x.cx=1;
r.h.al=*p++

r.h bl=attrib;
int86(0x10, &r, &I);

get_respone(int x,int y,char *menul])
{
union inkey {
char ch[2];
int i;
le;
int arrow_lr=0;
int arrow_ud=0;
int max=0;
int address;

y+



goto_xy(x, y);
write_video(x, y, menu[0}, REV_VID);
for(:;) {
while(bioskey(1)1=27) {
c.i = bioskey(0);
goto_xy(x+arrow_ud, y+arrow_lr);
write_video{x+arrow_ud, y+arrow_lr, menu
[arrow_ud+max}, NORM_VID);
if(c.ch[0]) {
switch(e.ch{0]) {
case '\r': {
switch(arrow_ud+max) {
case 0: address=1,
break;
case 1: address=2;
break;.
case 2: address=3;
break;
case 3: address¥4;
break;
case 4: address=5;
break;
case b: address=6;
break;
case 6: address=7;
break;
case 7. address=8,;
break;
case 8: address=9;

break;



case 9: address=10;
break;

case 10: address=11;
break;

case 11: address=12;
break;

case 12: address=13;
break;

case 13: address=14;
break;

case 14: address=15;
break;

case 16: address=16;
break;

case 16: address=17,
break;

case 17: address=18;
break; '

_case 18: address=19;

break;

case 19; address=20,
break;

case 20: address=21;
break;

case 21; address=22,
break;

case 22: address=23;
break;

case 23; address=24;
break;



case 24: address=25;
break;

case 25: address=26;
break;

case 26: address=27,
break;

case 27: address=28;
break;

case 28: address=29;
break;

case 29: address=30;
break;

case 30: address=31;
break;

case 31: address=32;
break;

case

goto_xy(0,0);
als();

return(0);

}

make_menutwo(route_menu, 5,

19, 7, BORDER,address);

break;
case ' '; arrow_ud++;
break;

case ESC: retum -1;



}
else {
switch(c.ch[1]) {
case 72: arrow_ud--;
break;
case 77: {
arrow_Ir=arrow_lr+20;

max=max+11;

break;

case 80: arrow_ud++;
break;

case 75: {
arrow_Ir=arrow_lIr-20;

max=max-11;

break;

}

iflarrow_ud==11) arrow_ud=0;
if(arrow_ud<0) arrow_ud=10;
if(arrow_lr==60) {

arrow_Ir=0;

max=0;
}
if(arrow_lr<0) {

arrow_Ir=40;

max=22;



goto_xy(x+arrow_ud, y+arrow_lr);
write_video(x+arrow_ud, y+arrow_lr, menularrow_ud+max],

REV_VID);

void save_video(int startx,int endx,int starty,int endy,

unsigned int *but_ptr)

union REGS r;
register int ij;
for(i=starty; i<endy; i++)
for(j=startx; j<endx; j++) {
goto_xy(j,i).
‘1.h.ah=8;
r.h.bh=0;
*but_ptr++=int86(0x10,&z,&1);

putchar(’ *);

void restore_video(int startx,int endx,int starty,int endy,
unsigned char
*but_ptr)
{
union REGS 1;

register int ij;



for(i=starty; i<endy; i++) {
for(j=startx; j<endx; j++) {

goto_xy(j.i);
r.h.ah=9;
r.h.bh=0;
rx.cx=1;
r.h.al=*but_ptr++;
r.h.bl=*but_ptr++,
int86(0x10, &r, &r);

int make_menutwo(char *menu(],int x,int y,int count,int border,int
addr)
{

register int i, len;

int endx, endy, choice;
unsigned int *p;
len =0;
for(i=0; i<count; i++)

if(strlen(menuli]) > len) len = strlen(menuli));

endy =len + 2 +y;

endx = count + 1 + X;
p = (unsigned int *) malloc((endx-x+1) * (endy-y+1));
if(lp) exdt{1):
save_video(x, endx+1, y, endy+1, p);
if(border) draw_border(x, y, endx, endy);
display_menu(menu, x+1, y+1, count);

choice = get_resptwo(x+1, y, count, menu, addr);



restore_video(x, endx+1, y, endy+1, (unsigned char *)p);
free(p);

return choice;

void cls()

{
union REGS 1;

1.h.ah=6;

r.h.al=0;

r.h.ch=0;

r.h.cl=0;
r.h.dh=24;
r.h.dl=79;
r.h.bh=7,
int86(0x10,&r,&I);

get_resptwo(int x,int y,int count,char *menu]],int addr)
{
union inkey {
char ch[2];
int i;
le;
int arrow_choice=0;
int check, n, clear;
int check_loop=0;

int number, line;



y++
goto_xy(x, y);
write_video(x, y, menu[0], REV_VID);
for(;;) {
while(bioskey(1)!=27) {
c.i = bioskey(0);
goto_xy(x+arrow_choice, y);
write_video(x+arrow_choice, y, menu
(arrow_choice], NORM_VID);
if(c.ch[O]) {
switch(c.ch[0]) {
case 'y {
if(arrow_choice==0) {
number=32;
line=0;

inout{addr, line,

number);
}
if(arrow_choice==1) {
number=64;
line=1,
inout(addr, line,
number);
}
if(arrow_choice==2) {
number=96;
line=2;

inout(addr, line,

number);



if(arrow_choice==3) {
number=128;
line=3;
inout{addr, line,
number);
}
if(arrow_choice==4) {
number=160;
line=4;
inout{addr, line,
number);
}
if(arrow_choice==5) {
number=192;
line=5;
inout(addr, line,
number);
}
if(arrow_choice==6) {
number=224;
line=6;
inout{addr, line,
number);
}
break;
}
case 'n': {
if(arrow_choice==0) inout(addr,Od,OO);
if(arrow_choice==1) inout(addr,01,00);

if(arrow_choice==2) inout(addr,02,00);



if(arrow_choice==3) inout(addr,03,00);
if(acrow_choice==4) inout(addr,04,00);
if(arrow_choice==5) inout(addr,05,00);
if(arrow_choice==6) inout(addr,06,00);
break;
}
case ' ': arrow_choicet+,
break;
case ESC: {
~for(n=5; n<13; n++) {
goto_xy(n, 65);
for(check_loop=0; check_loop
<8; check_loop++)

putchar(' ');

return -1;-

}

case '¢": {
goto_xy(6+arrow_choice,65);
for(clear=0; clear<=6; clear++)

putchar(* ');

J
else {
switch(c.ch(1]) {
case 72: arrow_choice-;
break;
case 80: arrow_choice++,

break;



}
if(arrow_choice==count) {
arrow_choice=0;
for(n=>5; n<13; n++) {
goto_xy'n, 65);
for(check_loop=0; check_loop<8;
check_loop++)

putchar(' ');

}
goto_xy(18, 27);
for(n=0; n<19; n++)
putchar(’ ');
if(arrow_choice<0) arrow_choice=count-1;
goto_xy(x+arrow_choice, );

write_video(x+arrow_choice, y, menularrow_choicel,

REV_VID);

inout(int addr, int line, int number) {

int data=0;

int ts, vy,

int long loop;

write_video(18, 28, "Please wait", GBB_VID);

write_video(24, 8, "Q=NEXT CHECK C=CLEAR
ESC=EXIT", GB_VID);

outp(PORT_B,ZERO);



delay(100);
outp(PORT_B,PULSE);
‘delay(100);
outp(PORT_A addr+number);
delay(500);
outp(PORT_B,(0x0080+addr));
delay(500);
outp(PORT _B,addr);
delay(200);
ts=0; loop=0;
while{(data&0x00ff) |=0x03&& (ts8&0x00ff)! =0x0071) {
data=inp(PORT_CY);
if(loop>=10000)
write_video(2, 2, “ERROR", RED_VID);
if(kbhit())
ts=0x0071,;
loop++;
}
outp(PORT_B,ZERO); .
delay(200);
write_video(2, 2, " " RED_VID);
if(data==0x03) write_video(6+line,65,"
WORK",GREEN_VID);
clse write_video(6+line,65,"FAIL" RED_VID);
data=0;

return (1);

void checks(int x,int endx,int y,int endy)

{



int address, check;
int n, ch=0;
int row=0, column=0;
cls();
write_video(7, 20,"CHECK COMPONANCE", GB_VID);
write_video(24, 8, "Q=NEXT CHECK ESC=EXIT",
GB_VID);
display_menu(sub_menu, 10+column, 3+row, 32);
write_video(22, 22, “please wait", GBB_VID);
for(address=0; address<=32& &(ch&0x00ff)!=0x001b;
address++,column++) {
outp(PORT_B,ZERO);
delay(100);
outp(PORT_B,PULSE);
delay(100);
outp(PORT_A, address);
delay(200);
outp(PORT_B, (0xe0+address));
delay(200);
do {
check=inp(PORT_C);
ch=bioskey(0);
Jwhile(check!=0x028&&(ch8&0x00ff)|=0x0071& &
(ch&0x00ff)1=0x001b);
iffaddress==11 Il address==22) {
row=row+20;
column=0;
}
if(address!=32) {
switch(check&O0x00ff) {



case 0x02:

write_video(10+column, 14+row,

"=WORK", GREEN_VID});break;
default:

write_video(10+column, 14+row, "=

FAIL" RED_VID):

}
check=0;
}
getch();
cls( );
draw_border(4,12,18,67);
write_video(7,32,"TWO WIRE CONTROL' . YELLOW);
 write, video(11,40,"P=\Wins" LIGHTGREEN);
write_video(lz,40,"Q:aaﬂmnmsﬂmuﬁm
LIGHTGREEN);
write_video(13,40,'C=AUKAAWS" LIGHTGREEN);
write_video(14,40,"Y=da b nTnivnam® LIGHTGREEN);
wiite_video(16,40,"N=ds Wansaieernoms”,
LIGHTGREEN);
write_video(16,40,"ESC=0ananmIyaw’, |
LIGHTGREEN);
draw_border(x-1, y-1, endx-1, endy-1);

display_menu(menu, X, y, 3);

void goto_xy(int x,int y)



union REGS 1;

r.h.ah=2;

r.h.dl=y;
r.h.dh=x;
r.h.bh=0;
int86(0x10,&r,&r);
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National :
Semiconductor

General Description

Carrier-current systems use the oower mains to transfer in-
formation batween ramote locatons. This bipolar carrier-
current chip performs as a power line interface for half-du-
plex ‘(bi-directional) communicaton of serial bit streams of
sirtually any coding. In transmission, a sinusoidal carner is
FSK modulated and impressed on most any power line viaa
n:gged on-chio driver. !n reception. 2 PLL-based demodula-
tor and impulsa noise iilter comoine t¢ give maximum range.
A complete-system may consist of the 1.M1893, a COPS™
controller, ana discrete componsats.

Features

m Noise rasistant FSK moautation

® User-selected impulse ncise filtering

a Up to 4.8 kBaud data ransmission rate
m Strings of 0’s ¢r 1's \a data allowed

u Sinusoidal line drive for low AFI

.

BI-LINE™

LM1893/LM2893 Carrier-Current TransceiverT

Output power easily boosted 10-fold
50 to 300 kHz carner frequency cnoice
TTL and MOS compatible digital iavels
Ragulatad voitage to power logic
Drives all conventional power lines

Applications

8 Energy management systems

, # Home convenience contrel

a Inter-office communication
»_Appliance control

a8 Fire alarm systems

8 Securily systems

u Telemetry

u Computer terminal interface

Typical Application
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FIGURE 1. Block diagram of carrier—current chip with a comgplement of discrete components making a complete
Fo=125 kHz, foata = 360 Baud transceiver. Use cautlon with tals circuit—dangerous line voitage is present.
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Application Information (Continued)
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Absolute Maximum Ratings
it Miiitary/Aerospace specified devices are required,

Maximum continuous dissipaton, Tao= 25°C,

please contact the Natlonal Semiconductor Sales otastic OIP N (Note 2): transmit mode 1.66 W
Otfice/Distributors for availabllity and specifications. receive mode 1.33W
Operating ambient temp. range —401085°C
| v

\S/lézgg;gr:;?: 12 gg v Storage temperature range -6510 150°C
Voltage on gin 10 (Note 1) 41V Lead temp., soldenng.. 7 seconds 260°C
Voltage on pins 5 and 17 a0V Note: Absolute maximum ratings indicate limfts. beyond
5.5 V DC zener current 100 mA which damage to the device may occur. Electrical specifica-
Junction temperature: transmit mode 150°C tions are not ensured when operating. the: device above
receive mode 1258°C guaranteed limits but below absolute maximum limits, but

Electro-Static Discharge (120 pF, 1500€) 1KV thare will be no device degradation.

General Electr

(Note 3). The test conditions are:

ical Characteristics
v+ =18V and Fg= 125 kHz, unless otherwise noted.

i Test Design” Umit
* Parameter Conditions Typical Limit Umit. Units-
' ) {Note 4) {Note 5)
1 | 5.8V Zenervoltage, Vz Fin 11, Iz=2 mAs. 5.6 5.2 v min.
| 5.9 V max.
2 | 5.8V Zenerresistance, Rz 2in 11, Rz={V7@10 MA—=V7z@1 MA)N(10 mA—1 mA) 5 0
3 Carrier 1/0 peak survivable Pin 10, discharge 1 uF cap. charged to Vor 30 8C. Y max.
transient voitage, Vot thy <11 :
4 Carrier /0 clamo voitage, Voc Pin 10, log = 10 MA, RX mode ad 41 v min,
2N2222 diods pin 810 9 50 W max.
5 Carier 1/0 clamo resisiance, Ry | Pin 10, loc =10 mA | 20 ]
5 TX/BX low input voitage, Vi, Pin S - 1.8 0.8 V max..
7 TX/BXhigninout voitage, Vin- Pin 5 (Note 9) 22 2.8 v min,
8 TX/AX low inout current, fiy Pin5at0.8V -2 -20 nA mire
1 4A max.
2 | TX/RX highinout current. fiy Fin5ate0V -1 o A min.
10-¢ 10 uA max,
10 AX — TX switch-over ime, TAT Time to deveico 63% of full current drive thru pin i0° 10 us
11 TX ~AX switch-over ime, TtR 1 bittime, Ta=1/(2Fpata). Time Trais user 2 tit
controlled with Cy, see Aops. info.
12 | 1COinitial accuracy of Fo TX mods, Ag = 6.65kN, Co = 560 pF 125 113 kHz min.
Fg = (Fy+ Fa)/2 137 kHz max.
13 1CO temperature coefficientof Fo | TXor AX mode, {(Fomax —Fominl/(T, "MAX ™ Tamin) -100 PPM/°C
14 | Temperature dnftof Fo [ TX or RX mode, =40 T < T jMax =2.0 | :3.0 Y max:

Transmitter Electrical Characteristics ot

unless otherwise noted. The transmit center trequency is Fo, FSK low is Fy

3). The test conditions are: V+ =18V and Fo=125kHz
and FSK highis Fa.

Test Desigmn. Umit*
# Parameter Conditlons Typical tmit Limit “Units
{Note 4) (Note 5)
15 Suppty voltage, V +, range Meats test 17 spec. at T, =25°C anc: 13 14 13 * min,
{F1{1aVl=Fy {18V F, (18V]{<0.01 40 24 23 ¥ max,
UF1{24Vi —F {18V])/F, (18V1i <0.01 '
16 Total supply current, lqr Pin 15. Pin 12 high. lgT is Ig through 52 78 mA max. }
pin 15 and the average current lgpe of the
Carrier 170 through pin 10 ° '
17 Carrier 1/0 output current. lg 1000 10ad on pin 10 70 45 + eApp min.
18 Camier 1/0 tower swing limit, Varc Pin 10. Setinternaily be ALC. a7 40 | V min.
2N2222 giode cin 810 9 5.7 V max.
19 THD of ig (Nots &) Q of 10 tank criving 10 line 2.6 5.0 *% max.
1009} load. no tank 3.5 3 % max.
29 FSK geviation, F3 = F1 (Fa—F /{{Fa+Fil/2) . 24 3.7 % min.
5.2 *» Max.
21 Data in. low nput voliage, Vu Pin 17 1.7 0.8 t V max.
22 Data In. high incut voitage. Viu Pin 17 {Note 9) ! 2.1 28 ! | vmn
23 Data In, low inout current, iy Pin17at0.8V -1 -10 wA min,
1 wA max.
24 Data In. high inout current, i Pin17at40V ~1 i [*) A min.
' 10-4 10 i { s max.




Receiver Electrical Characteristics (Note 3. The test conditions are: V= =18V, Fg =125 kHz, =2.2%
deviation FSK, FpaTa = 2.4 kHz, Viy = 100 mVpp, tn the recene modae, unless otherwise noted.

l Test Oesign Umit-
- Parameter Conditions ' Typical Limit Limit Units
i | (Note 4) {Note 5)
25 Supgly voitage, ¥ =, range . Funcnonal receiver (Note 7) 12 13 13.5 V min.
37 30 28 V max..
26 Suppty current. 1oy \qr is oin 15 (V=) plus ain 10 i 11 3 mA min:
(Carner 1/0) current. 2.4 k{3 Pin 13 to GND. 14 MA max.
27 Carrier 1/Q input resistance. R Pin 10 19.5 14 | kQ mun:
30 X2 max,
28 Max. qata rata, Fyo Funcuonai recaver {Note 7),Ce = 100 pF, 10 48 2.4 xSaud -~
Re = 011, no tank.
2.4 KHz= 4.8 kBaud
29 PLL capture range, Fo Ce= 100 pF, Rg=010 =40 | =15 =10 | %% mm,
30 PLL lock range, Fi Ce=1000F, Re=0 ) =5 ! =15 | % mun,
31 Recewver inout sensitivity, Sy For a lunctional recerver {Note 8) i
_ _ Relemred to ctup side (pin 10) 18 10 12. MVAMS
of the line-coupling XFMA: Fo=50kHz 2.0 mVams.. ¥
£ =300 kHz 1.8 mVaus:
Relerred to line side of XFMR: 0.26 mVEMs<
(assurming a 7.07:1 XFMR) Frp=50 kHz 0.29 mVaug=——
Fo=300 kHz 0.20 mVaus
32 Tolerable nput ac voltage offset. Pin. 10 lower than pin-1S by-VinoC - 2 9.1 V maxs——
range, Vinpc
e Data Qut. braakcown voltage. - Pin 12, leakage 1 £20 uA 70 i 55- V e =
34 | Jata Qut low oumut, Yo Pin 12. sat. voitage-at Iy, = 2MA 0.15 ! Vomax: -
35. | Imputse noisa filter current. iy Pin 13 chargs and discharge currant =55 =45 wA aa—
. =88 pAmax:_s
26: | Otfset hoid cap. bias voltage. Veu Pin6g 2.0 1.3 Vmis,
3.3 . Vmaxo .
37 COftfset hoid capacitor max. anve Pin 6. V(pin 3) — V(pin 4) = =250 mV =55 =25 LA min.
current. lycu 3 =80 QA Maxe
38 Ctisat hold bias current. long. Pin 6, TX mode. Bias pin 6 as it self- -0.5 ~-20 —-40 NA M~ -
viasea dunng tast 31: | 40 A maXs
39 Phase comparator current, lpg Siaspins 3and 4 at8.5V 100 50 | WA M.
tpg = l(pin 3) « i(pin 4), TX mode 200 KA max.:
10 Phase detector output resistance, Pins Jand 4. 10 5 k) .. ~
Rpo Rao=(V@100uA—V@50p.A)/(50uA) | 18 %0 max.
41 Phase detector demodulated outout Pin 3 to 4, measured after filtenng 100 80 mVop min. _
voitage, Vpg out the 2Fg comoonent 180 mVco max.
a2 Fast offset cancel voltage “window" Veing ~Veine = =Vwinoow T OC offset 0.95 0.70 VIV aunw
to-Veq ratio. Vw/ Voo Onve for = 1 A pin 8 curent 1.20 V/V max.
43 Power supply rejection, PSRR | C = 0. pF. PSRA = CMRRA. 120 Hz 80 0 - cB mn.

Note 1: More accurately, the maximum voltags aliowed cn o 108 Ve, and Vog ranges trom 41 to 50V. Alsa, ransients may reach above 30V; see he ransent
peak voltagd charactensuc curve. . 4

Note 2: The maximum power aissiciation rating shauld ba derated ‘or devics gperation above 25°C 1o insure that the junction temperatur2 remains helow the —
maximum ratng. Uss a 844 of 75°C/W lor the N package using a socket in stil air tamict 1S the worst casa).Consult the Aoplicadon informaticn secdon ior ™

datail.

Noted: The boldtace vatues apply over the full junction temperature range for the specified sucply valtage range. All other numbers apply at T = T3 = 25°C. Pin T
Aumbers refer to LM1893. LM2893 tested by shorting Carmer In to Cammer Out and lesting it as an LM1893.

Note 4; Guaranteed and 100% production tested. .

Note §: Guaranteed (but not 100% production tasted) aver the tamperature and suoply voltags ranges. These fimits are not used to calcutars cutgosng Guality-
ievals. -
Note §: Tota) harmome cistortion is measured using THO = {lzug (alf components at or above 2Fo)l/ lams (fundamentaill.

Note 7: Receiver function 1s 2afined as the error-free oassage cf 1 Jyc:a of 50% cun}-q/cle 2.2 KMz square-wave cata (2 sequential 208 uS bits), with the frstolt
Detng a 1. All of the cata ransitions (eages) must fall within = 13% (220.8 us) of the noise-irze oositions. AX time dalay is minvmized Dy using o iMpuise NCSd
filter cap. G, for this tast.

Mote 8: Cunng the sensitnaty cneck, note 7 ragurements are (oliowad with tnese axceonans: (1} cata rate Fpara = 1.2 kHz, (2) all of the cata ransitons must tall
within =20% (=415 p3) ot thew nose-iree posiions, and (3). 2 ume-comain fitae cacacier (2 18 used, The uma cetay of Cy is ' Dit. or 2C8 us. iCois
aooroamately $200 7).

Note 9: For TTL zzmaatbiity use a cull-up resistor 0 increase min. /oy to agave 2.3Y.



Typlcal Performance Characteristics v+ =18v.Fo = 125kHz, cireut of Figure 1, pin numbers for
L.M18935)

PULSL VOLTAGE (V) lopg—AVEHAGE CURRENT {TX) (mA) lgr—TUTAL CUHRENT {ma)

Vace —~ALC tIH SWING VOLTAGE (V)

Total Current Consumption,
lqT, v$ Supply Voitage
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Typical Performance Characteristics (Continuea)
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Application Information*

THE DATA PATH

The BI-LINE™ chip serves as a power line interface in the
carrier-current transceiver (CCT) system of Figure 3. Figure
4 shows the interface circuit now discussed. The controiler
may select either the transmut (TX) or receive (RX) mode.
Serial data from the controlier 1s used to generate a FSK-
modulated 50 to 300 kHz carrier on the line in the TX mode.
In tha RX mode line signal passes through the coupling
transformer into the PLL-based receiver. The recreated seri-
al bit stream drives the controller.
With the IC in the TX mode (pin 5 a logic high), baseband
daga to 5 kHz drive the modulator's Data in pin to generate-
a switched 0.9781/1.0221 control current to drive the low TC,
triangle-wave, current-controlled oscillator to =2.2% devia-
tion. The ti-wave passes through a differential attenuator
and sine shaper which deliver a current sinusoid through an
automatic level control (ALC) circuit to the gain of. 200 cur-
rent output amplifier. Drive current from the Carrier 1/0 de-
vslops a voltage swing on Ty's (Figure* 4} resonant tank.
proportional to line impedancs, then passes through the
step-down transformer and coupling capacitor C¢ onto the
line. Progressively smalier fine impedances cause reduced
signal swing, but never clipping-thus avoiding potental racio
requency interference. When large line impedances threat-
an 1o aflow excessive output swing on pin 10, the ALC
shunts current away from the output’ amplifier, holding the
voltage swing constant and within the amp's compliance
limit, The ampiifier is stable with a load of any magnituce or
phase angle. | -
in the RX mode {pin 5 a logic low), the TX sections on the
chip are disabled. Carrier signal, broad-band noise, transient
soikes, and power line component impinge. of the receiver’s
input highpass filter, made up of €c and T1, and the tank
bandpass filter. In-pand carrier signal, band-limited noisa,
heavily attenuated line frequency component, and attenuat-
ed transient energy pass through to produce voltage swing
on the tank, swinging about the positive supply to drive the
Carrier 1/0 raceiver input. The balanced Norton-input limiter
amplifier removes DC offsets, attenuates line frequency,
performs as a bandpass filter, and limits the signakto arive
the PLL ghase detector differentially. Thie differential de-
modulated outout signal-from the phase detector, contain-
ing AC and OC data signal, noise, system'OC offsets, and 2
large twice-the-cammier-frequency component, passes-
through a 3-stage RC lowpass filter to drive the offset can-
cel circurt citferentially. The offset cancelling circuit works
by insuring that the (fixed) £50 mV signal deliverad to the
data squaring (slicing’") comparator is centered around the
0 mV comparator switch point. Whenever the comparator
signal plus OC offset and noise moves outside the carefully
matched =50 mV voltage “window" of the offsat cancel
circuit, it adjusts its DC correction voltags in series with the
citterential signal to force the signal back into the window.
While the signal is within the =50 mV window, the OC offset
1 stored on capacitor Cy. 3y grace of the highty non-linear
offset hold capacitor charging during offset cancelling, the
5C cancellation is done much more quickly than with an AC
soupling capacitor normally used in place of the offset can-
cel circuit Since impulse noise spikes normatly nng the sig-
nal symmetrically around O V, the fully bilateral offset cancei
topology atfords excellent noise rejection. The switched cur-
rent output of the comparator crives the impuise noise filter
integrator capacitor that r2jects ail data pulses of less than
*ha integrator charge time. Noise appears as duty-Cycie ytter
at the open collector senal cata output.

Dual-In-Line Package

ocaP Y — 1 Y 18 p— 1CO FREQUENCY
COCAP 2 = 2 T ATA N
ALATER Y —{3 18 {— LIMITER ALTER
ALATERZ —{4¢ 18 v
AR SEEST —{ 5 VNS o L shouno
CFFSET HOLD CAP —{ 6 13} NOISE INTESRATOR
A6 STARUTY ~—{7 12— OATA OUT
SCOSREMITTER =1 8 11 = 5.5V ZENER-
800ST BASE —{9 10 = CARREER 170
Top View TuneTso=2
Order Number LM1893N

See NS Package Number N18A

Smail Outline & Duai-In-Line Package-

N
ico CAP 1={1 20 p~-ICO FREQUENCY
€0 CAP 242 19} 0ATA ™
PLL ALTER t=4 3 18{—UMITER FLIER
NO CONNECTION=— 4 17l=ve
PLL FILTER 2—S 16— GROUND
i L2293
TX/RX SELECT—6 1SP=CARRIER IN
OFFSET HOLD CAP—{7 14— NOISE INTEGRATOR
ALC-STABILIY —{ 8 13} 0ATA OUT
300ST EMITTER=—4 9 12]—5.6Y ZNER-
BOOST BASE—] 10 1 1= CARRIER" OUT
TL/H/6750-41
Top View

Order Number LM2893M or LM2893N
See NS-Package Number M20B or N20A

FIGURE 2. Connection Diagrams
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FIGURE 3. The block diagram of a carrier-current
system using the Bi-Line chip to intertace digital

controllers via the power line

‘Uniess otherwise noted, ali pin refgrences refer to L'41833, but hoie true
tor ecurvalent LM28$3 zin.



Application Information (Contnuea)

1
Rec d ! :
‘ . e o\zrl:\]e’nde | Purpose Effect of making the component value: ' Notes
: l Smaller l Larger !
coisso pF Together, Cg and RgjIncreases Fo Dacreases Fo =5% NPQO ceramic. Usa low TC
Ro;8.2 k2 setiCO Fg. Increases Fo Decreases Fo 2 k potand 5.6 k fixed R.
; <5.5 k not recommended. | > 7.6 k not recommended. | Poor Fg TC with <S.6 k Ro-
Ce i0.047 g PLL loop filter pole | Less noise immune, higher More noise immune, lower |Depending on Rr value and
b foaTA, more PLL stability.  |fpaTa, less PLL stabiity.  {Fp, PLL unstable with large-
RE 3.3k PLL loop filter zero | PLL less stable, allows PLL more stable, allows  |Cg. See Apps. Info.Ce
i i less Cg. Less ringing. more Ce. More ringing. and Rg values not cntical.
Coj0.22 wF Couples Fg toline, |Low-TX fine amplitude. Drives lower line Z. 2250 V non-polar. Use 2C¢
i Cc and Tq iow-pass :Less 60 Hz Ty current. More 60 Hz T, current. on hot and neutral for max.
attenuates 60 Hz, Less stored charge. More stored charge. line isolation, safety.
Cq|0.033 pF Tank matches line Z, | Tank Fo up or increase Tank Fg down or decrease | 100 V nonpoalar, low TC. =10%
bandpass filters. L of Ty for constant Fa. L of Ty for constant Fo. High large-signal Q needed.
Ty |Use isolates from fine, Smaller L: higher Fg or Larger L: lower Fg or Optimize tor low Fg fine
recommended |and attenuates increase Cc; decreased Fq |decrease Cg increased Fo{pull with controt of Fo TC
XFMAR transients. line pull. line pull, and Q.
Ca(0.1 pF ALC pole Noise spikes tum ALC oft. |Slower ALC response. R4 optional. ALC stable
Ra {310k 1ALGC zero !Less stable ALC. More stable ALC. for Ca2100 pF.
Cy {0.047 uF Liriter 50 kHz pole, ;Higher pole F, more 60 Hz |Lower pole F, less60Hz |Anyreasonably low TC cap.
; 60 Hz rejection. |reject Fo attenuation? reject, more noise BW. 300 pF guarantees stability.
Cm 0.47 uF Holds RX path Vos ' Less noise immune. snorter| More noise immune, longeritow leakage =20% cap.
Vos hold, faster Vog aqui- |Vos hold, slower Vos aqui-| Scale with fpata.
sition, shorter preamble. sition, longer preamble.
Gy :0.047 & Rejects short pulses |Less impulse reject, less More impulse reject more {C, charge time '/, bit nom.
like impulse noise. delay, more puise jitter. delay, less pulse jitter. Must be <1 bit worst-case.
Ac : 10k Cpen-col. pull-uo Less available sink I. Less avaitable sourcel.  |Rc21.5kon5.6V
Rz 12k 15.6 V Zener bias iLarger shunt current, Smalier snunt current, }1<17<30 mA recommended.
: | more cnip dissipation. less V= cument draw. (Chip power-up needs 5.6 V)
Iy jzs4 v av Transient clamp Z failure, higher series Zy costly, lower-sefies Recommend Zener rated
1 <80 V peak R-axcess peak V, Zener R gives enhanced for 2300 W for 1 ms.
i and chip damage, transient clamp,
lass ruggedness. more ruggedness.
Arja.70 Transient | limit |Damage Zr, pullup V+ Excessie TX attenuation. |Carbon comp. recommended.
Or|z24VBV Over-drive Clamp  |Failure on Transient Costly IRF 110Q05 or 1N5819
‘Rg {180 Q Base bleed Faster, lower THD lo. Inadequate turn-off speed. [Boost optional. Qg F{—3 dB)
Qg{Power NPN Boost gain cevice.  |Excessive Ty and Vgar- More rugged. but costly.  {of >200-MHz. Rg > 24 Chm.
Rg|1.1 0 Current setting R More lg, need higher hg.  lLess lo, lower min. hye . {lo=70[(10+8g)/Rg] mApp.
Cg|2a7 uF Suoply oypass Transients destroy chip. Less supply spike. V+ never over abs. max.
Za is.zv top ALC charge Excess ALC ALC RX charging Zs optional - 5.1V
i . lin RX mode current flow notinhibited over T = 20% low leakage type

FIGURE 5. A quick expianation ot the external component tunction ust
18V, Fg = 125 kHz, fpaTa = 360 Baud (180 Hz),

Component Selection

Assuming the circuit of Figurs 4 is used with something oth-
2r than the nommnal 1235 kHz carrier frequency, 180 Hz data
rate, 18V supply voitage, stcetera, the compcnent values
iisted in Figure 5 will need changing. This secton will help
direct the CCT designer in finging the recuired component
values with amchasis placed on look-up tables and charts, it
is assumed that the desicner has selected vaiues for carrier
senter frequency, Fo; data rate, fpaTa: suoply voltage, V*;
power iine veltage, YL 2na sower ‘ine frequercy. FL ifone
or more of those parameters is rct defined. one may read
the data sheet and make an educated guess.

‘axims ‘0 keep n mind, tased on CCT 2tectncal perform-

using2a 115 VE0 Hz

ng the circuit of Figure 4. Values given are for V™

power line

ance considerations only, are: 1) the nigher the Fo the bet-
ter, 2) the lower the maximum data rate the better, and 3}
the more time and frequency filtenng the better.

Use Figure 5 as a Guick reference to the external comoo-

nent function.
THE TRANSMITTER
Co

Cantral to chip operation is the low TC of Fg emitter-cou-
pled osciflator. With proper Co, the Fg of the 2Vag ampli-
iude triangle-wave cscillator oulcut may vary from near OC
10 abeve 300 kHz. While Co may nave any value. Cq should



Component Selection (Continueq)

sower capavility than standard avalancne diodas rated for
aqual OC dissipation. Metal oxide varistors have not proven
useful bacause of their inferior clamping coefficient and are
not recommended. Soectfications for an example mimmum
diode are given in Figure 13.

Breakdown Voltage 44-49V @ 1 mA

Maximum Leakage TuA @ 40V
Capacitance 3C0pF @8V
Maximum Clamp Voltage 64.5V @ 7.8A

Peak Non-Repetitive Pulse Power
(REA Standard Exponential Pulse)
Surge Current

10kW for 1 us

T0A for 1/120s

FIGURE 13. Key specifications fora recommended
transient suppressor Zy available from General
Semiconductor, 2001 West Tenth Place, Tempe, AZ
85281, 602-968-3101, part no. SA40A

Ry-

Rt acts as a voltage divider with Zy, absorbing transient
anergy that attempts to puli the Carrier Input pin above 44V,
Make the resistor a carbon composition 1/4W. When exper-
iments discharging Cc charged to the. peak-to-peak 620V
AC thru a 1 power line were carried out, film resistars blew
open-circuit.

Ot

This Schottky diode is placed in paralie!l with-the CCT chip's
substrate diode to pass the majority of the cument drawn
from ground when the Carrier Input or Carrier Cutput is
pulled below ground by a iarger-than-twice-the sugply-swing
on ihe tank. Note that Zy is in parallel with the substrate
diode, but is ineffective due ta its high forward voitage drop
and high diffusion capacitance caused by its tow forward
speed. Tests proved that a 1N5818 kept a receive-path
tunctional with a 20X boost transmitter with a 7:1 transtorm-
2r attempted to swing the receiver's Carrer 1/0 to 100V
(300 mA peak ground current in the receiver). Without Oy,
the receiver momentanty stops functionirg at a 100 times
lower ground current, .

This diode is not needed if the Carrier 1/O never swings
nelow ground. if your CCT ‘systems- all run on the same
requlated voltage with ail matched transformers and tums
ratios. it is not neeced. Otherwiss, it is.

THE RECEIVER

The receiver and transmitter share components Cg, T1, Co,
Rt. Z7. Co. Ro. and peripneral supply and bias components
that are not in need of change ior AX mode operation. Val-
ues for the balance of the components are now found.

Line-Frequency Rejection

To use the ultimate sensitivity of the device, fully 110 a8 of
115 V, 60 Hz attenuation is required between the line and
the limiter ampiifier outout. Using the circuit topology of Fig-
ure 4, the cembined attenuation of the C/Ty highpass, the
wned transformer, and the bandpass filter attenuation of
the limiter amplifier give far more line rejection than the
above-stated mummum. However, if some other CCT line
coupling circuit is used, line rejection will become important
*0 the system designer.

Receiver input power supply rejection (PSRR) and common-
moae rejection (CMRRA) are one-in-the-sume using the suo-
oly-referenced signal mout of Figure 4. Rippie swings both

ditferential inputs of the Norton amp. equaily, while the sin..
gle-ended input signal swings onty the positive input. Overay-
PSAR consists of the nocut CMRR (set by the inout stags
component matching) and the npple-frequency attenuation
of the input amplifier candpass response that passes carmier ‘v
frequency but stops low frequencies. A typical 1% resistor
and 1 mV n-p-n mirror offsets give 26 d8 of attenuation, the-
bandpass gives 54 ¢B8 120 Hz attenuation, for an overall 80
¢B PSRR to allow tens of voits of ripple betore impacting- -
ultimate sensitivity.

Ce -
A value was chosen earlier. Xnawing T4's secondary inducz
tance allows a check of LC line attenuation using Figure-14:
Cy
The Norton input limiter amplifier has a bandpass filter for
enhanced receiver selectvity, noise immunity, and line tre-
quency rejection. The nominal rasponse curve for Fo =50
kHz is shown in Frgure 15. The 300 kHz poie is fixed. The-5Q -
xHz pole is set by Cy_'s value. After C_is {ound, the resuiting.
iine frequency attenuation is found for the bandpass filter:.

Use Figure 15 ta find a Cy value given for Fo. The approxi-
mats line frequency attenuation of the bandpass filter may
then be found in Figure 16. Figure 15 retumns a value for Ci.
33% larger than nominal, giving a low frequency pole 33%
low to allow for component tolerances.
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TL/H/§750-15
FIGURE 14. The 60 Hz line rejection of the highpass
filter made up of Ce and Ty's line-side winding
(neglecting capacitive coupling)
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FIGURE 15. Given Fq, Ci_is found. Also shown is the
input amplitier's small signal amplitude response



Component Selection (Continued)

Ce¢ and Re

These phase-locked loop (PLL) loop filter components re-
move some of the noise and most of the 2Fg components
sresent in the demodulated differential output voltage signal
from the phase detector. They affect the PLL capture range,
000 bandwidth, damping, and capture time. Because the
pLL has an inherent loop pote due to the integrator action of
the 1CQ {via Ce), the loop pole set by Cg and the zero set by
Re gives the loop tiiter a classical 2nd-order response.

,:"" 1] T

3«

%w DN ;n-

£ N

£ a }

§" T

N i) il
a0t [A) 1

€y - POLE-SETTING CAPACTTANCE {)F} TI/H/8750-18
FIGURE 16. The Norton-input limiter amplifier bandpass
filter line-frequency signat attenuation given Cy

Cp—2LL LOOF FILTER [aF}

Sq—CARRIER FREQUENCY (ki)

TL/HI8750-19
FIGURE 17. Find Cg¢ given Fq. Figure 19
gives the maximum data rate

No Ce and Rg give-the most stable PLL with the fastest
response. Large Cge's with a too-small Re cause PLL loop
instability leading to poog capture range and poor step re-
sponse or oscillation.

Calculation of Cg and Rg is quite difficult, involving not only
the 2nd-order loop step response, but also the PLL non-
dominant poles, the tunea transformer stepped-frequency
response, and the RC lowpass step rasponse (for.data rates
approaching 1 kHz). Cg and Rg values are best found em-
pirically. Tolerance is not critical. Component values are se-
lacted to give the best possible impulse noise rejection
while preserving a £20% capture-range and wids-stability
margin, Figures 17 and 18 give Ce and Rg values versus Fo,
where “fpata << MAX DATA RATE" means that foaTa
should be less than the maximum data rate, in kHz, from
Figure 19 divided by 10.

Note that Ce and Re are a function of data rate only for high
data rates and are not plotted against data rate - as one
might expect. The reason for this is important to understand
if the CCT system designer wishes to find C¢ and Rg empir-
caily. Data signal is, lcosely speaking, passed through the
PLL loop and is therefore potentially artenuatea if the loop
bandwidth is on the order of the 3rd harmonic of the data
rate, or less. Qverali loop bandwidth is held as low as possi-
ble for maximum noise rejection while passing the data.
Looo bandwidth is roughly proportional o the geometric
mean of the unfilterad looo pandwidth and the filter pole set
%y Ce. Therefore, Cg is related to data rate. Unfortunately,
the loop capture range fails to cntically low values when
large enough values of Cg are used to reduce loop tana-
wigth down to the 100's of Hz range, for low data rates. The

obvious way out Is to then reduce the unfiltered loop band-
width. That bandwidth is approximately proporuonal to the
valus ot Cq. For a fixed Fg, unfiltered !oop bandwidth reduc-
tion requires a larger Co and larger control current. With this
chip, changing the control current is not atlowed. So one is
forced to choose a Ce/Re compination with some minimum
capture range, say =20%, that is within some guardband
from the point of logp instability. Happily, impulse noise
tends to last only fractions of a milisecond so that the lack
of low bandwidth loop resoonse with low data rates is not a
heavy penalty. As long as there is adequate capture range,
the impulse noisa filter performs admirably. Note that reduc-
ing Fo will reduce the no-fitter looo bandwidth, and indeed
the maximum data rate falls below the limit set by the RC
lowpass filter as Fq fails below 100 kHz (Figure 19).

The tuned transformer characteristics will affect the demod-
ulated. data waveiorm more than Ce and Re at low data
rates. Tank Q.and ofi-tuning will affect overshoot dunng the
#SK frequency steps. This is a property.of tuned circuits:
The maximum data rate of Figure 19 is measured from the
receiver inout to the Data Out and does not include the data
bandwidth reducing effects of T\.

Ca

Capacitor Cy stores a voltage corresponding to a correction
factor required to cancel the phase detector differential out-
out DC offsets. The stored voltage is 3 of the OC offset
plus some bias level of about 2.2 V. A large Cp value in-
creases the time required to bias-up the receive path at the
beginning of transmission. A large Cy does filter well and
store its bias voitage long. Secause of the initial random-
charge of Cy, the recaiver must be given a data transition to
charge to the proper bias voitage. Theretore, reducing Cpy's
value to one that may be charged in less than 2 bit-imes will
not save biasing Gme and is not recommended.
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FIGURE 18. Find Rg given Fg with Fpata @ parameter
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TL/H/6750-21
FIGURE 19. The maximum data rate versus Fo using
loop tilter components optimized for max. nolse
performance while retaining a min. =20% capture
range (large signal)

\Use Figure 20 to find Cy's value knawing fpaTa, assuming
the stancdard 2 bit receive cnargs ume is ceswed, The cap.
value and TC are not cntical. but s caoacitor should have

low leakage.



Component Selection cCononuea)
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FIGURE 20. Size Cy assuming a 2 bit-time
receive bias time

Cy
The impuise noise filter integrator capacitor Cy is used to
disallow the passage of any puise shorter than the integra-
tor charge time. That charge time, set to a nominal %z bit
ime. is the time required for 2 £50 A charge current to
swing C) over a 2 Vgg range. Charge time under worst case
sonditions must never be greater than a bit time since no
signal could then pass. Using a =10% capacitor, full junc-
tion temperature range, and full specified current range, a
maximum nominal charge time of '%; bit is recommended.
Figure 21 aives Cy versus data rate under those conditions.

Re
The collector pull-up resistor is sized to supply adequate

oull-up current drive and speed while preserving adequate
output low current drive.
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TUH/B750-24
FIGURE 21. Impulse naise filter cap. C; versus Fpara
where the charge time is 2 bit time
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Za

The 5.1V silicon zener diode Z, is required when a shor-
AX-10-TX switch-over time 1s needed at the same time that
the chip is operating n the RX mode with a pin 10 input-
signal swing approaching or exceeding twice the supply-
voltage. Predominant causes of these large swings imping-
ing on the RX input are: 1) a transmitter's supply voitage-.
higher than the recewver‘s supply voltage, 2) a TX and RX
pair that are electrically close, or, 3) a higher ARX Ty step-up-
turns ratio than the TX Ty step-down ratio.

Normally, when in the RX mode with small incoming signaj-.
on pin 10, the ALC remains off with pin 7 at a &V
(Vz—2Vgg) bias voltage. Cp is then charged o &V. TX
mode may then be selected with 6V on Cp aliowing 100% -~
TX power to pump Ty's tuned circuit, and so the AC line;
quickly for fast RX-to-TX switch time. As TX output swing-
increases so that pin 10 swings below Va ¢ (4.7V typically),,
that ALC activates to charge Ca t0 about 6.6V to reduce TXZ™
output drive. However, if in the RX mode pin-10 ever swings:-
pelow VYaLc. Ca will charge to above 6.6V. Now, when-the=
TX mode is selected with Cy at 6.6V, somewhers from Q to~>
100% TX output drive is available-to pump T1's tuned circuit:-
resulting in a slower rising line signal - effectively reducing:.
the RX-to-TX switch time.

Use a 5.1V Z4 driven by a G to 0.8V logic low signal to
guarantee over-temp. aperation. Ra must be in seres with~:
Za to limit current fiow and should never fall below 1 kQ. It
Ry is less than 1 kR, then put a 2 kL resistor in series withe =
Za. Logic high voltages above 10V will cause current flows
into pin 7 that must be limited to 1 mA.(with Ry or a
senes R).

Breadboarding Tips

Curing CCT system evaluation, some tachniques listed be—
low will simplify certain measurements.

— Use caution when working on this circuit - dangerous
line voltages may be present.

— Whaen evaluating PLL operation, offset cancel circuit op-
eration, and loop filter values, use the filter of Figure 22-
to view the demodutated signal minus the 2Fg and noise-
components. This filter models the RC lowpass filtecom
chip. :

"'A'
3

TL/H/6750-25

FIGURE 22. Circuit to view the differential demadulated data signal, minus the noise and 2Fg components,
conveniently with a single-ended gain-of-one output



Breadboarding Tips (Continued)

— When evatuating CCT system noise performance on a
real power line, it is dasirable to vary the signal ampli-
tuge to the receiver. This is not easy. An n-ine line-
proof L-pad is fine except that the line impedance is un-
<nown and variable and so the L-pad will rarely match.
Instead, the power output of a chip transmitter may be
controlied using the circuit of Figure 23. This circuit con-
trols the ALC.

— it is sometimes desirable to place impuise noise on the
line. A simple light dimmer with a 100 W light bulb load
produces representative impulse noise.

— Do not allow peak currents of over 1 A through the 5.6 V
Zener. In other words, don't short charged capacitors
into this. low~impedance device. Take cars not to mo-
mentarily short pins 10 and 11 - chip damage may resuit

— Figure 24 shows some typical signals beginning with se-
rial data.transmitted to received signal.

Tuning Procedure

This procedure aoplies to circults similar to Figure 4 LM1893
or LM2893 cireuit.

First, trim Fn by putting the chio in the TX mode, setting a
logical high aata input, and measuring the TX high frequen-
oy, 1.022 Fi, on the Carrier /O using these steps:

1. Take pin 17 to a logic low.
2. Take pin 5 10 a logic high.
3. Place a counter on pint 10,
4. Adjust Rg on oin 18 for F = 1.022Fq.

Second, the line transformer is tuned. The chio is placed in
the TX moae, a resistive line load is connected to aisable

the ALC by reducing tank voltage swing below its limit. FSK '

data is then passed through the tank so that the tank enve-

lope may be adjusted for equal amplitude for high and low

data frequency.

i. Take pig S to a iogic high.

2. Place a logic-level square wave at or below the receiver's
maximum data rate on pin 17.

2. Temporarily place a 330 Q resistor across the tank.

4, Place a scope on pin 10.

5. Adjust the transtormer slug for the least envelooe modu-
lation.

in tiau of the 330 Q resistive load, Ty may be coupled to the
power line to better simulata actual load and tank pult condi-
hons during tank ‘uning. Alternatively, a passive network

3]
(3

(8)
{5)
(6)

representing an average line impedance may be connected
to the line side of T1. The circuit of Figure 23 should ihen be
used to geteat the leveling sffect of the ALC.

"

T3k
100k
N7 10 TURN
01 F .

TL/HIETS0~26

FIGURE 23. A means of transmitter output amplitude
control is shown-

Thermal Considerations

It is desirable to place.the largest possible signal on the
power line for maximum range, limited only by the chic pow-
er dissipation and maximum junction tempecature T, The
falling output power at elevated T, allows a more’ ootimal
power output - high power at low T and lower power at high
T, for chip self-protection. However, it is still possible to
exceed the maximum T; within the specified ambient tem-
perature limit (T4 = 85°C) under worst case conditions of
100% TX duty cyle, hign supply, shortea loag, poor PC
board layout (with small copper foil area), and an above
nominal .current part. Under those conditions, a part may
dissipate 2140 mW, reaching a Ty = 170:C worst-case (ad- .
mittecly a rare occurrence). Praper system design includes
the measurement or calculation of T; max. 0 guarantee
function under worst-case operation. Like all cevices with
failure modes modeled by the Arrhenius model, the high
chip reliability is further enhanced by keeping the die tem-
perature mercifully below the absolute maximum ratng,
A direct method of measuring operating junctdon tempera-
ture is to measure the Vgg voltage on gin 18, wnicn is al-
ways available under ail operating modes. The graph of Sig-
ure 25 may be used o find T, knowing Vge at the operating
point in guestion and Vgg at Ta = Ty = 25°C. Vgg is found
by powering up a chip (in AX mode) that has been dissipat-
ing zero power at some Tx for some time and measunng
Vgg in less than 1 s {for better than 5°C accuracy).
Alternately, Ty may be calcuiated using:

T1=Ta + 0:4P0 (1)
where 834 is 75°C/W for the plastic (N) package using a
socket. That 84 value is for a high confidence levei: noru-

10 V/Div.
10 mV/Div.

400 mV/Div.

pien g W 10 V/Div.

2 V/Div.

10 V/Div. TU6750-23

FIGURE 24. Oscillogram revealing signals at severai important nodes under weak signai (0.5 mVgyg) conditions with
SCR spikes on an otherwise quiet 115 V, 60 Hz power line. The signais are: 1) transmitted data, 2) RX carrier on the
tuned transformer, 3) demodulated signal {rom the PLL after passing thru circuit of Figure 22, 4) signal after AC
lowpass, 5) data at imputse noise filter integrator, and 6) received data. Horizontal scale is 10 ms per div,




Thermal Considerations (Continuea)

nal 84 for an N package is 80°C/W, lower with good PC
board layout. Since Pp is a relatively strong function of Ty,
an iterative solution process starting with an initial quess for
T, is used. With the estimated T, find the tota! supply cur-
rent found in the typical performance characteristics.
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14— JUNCTION TEMPERATURE {*C) TUH/8750-27
FIGURE 25. T; may be found by using the temperature
coetficient of pin 18 Vgg If Vgg isknown at 25°C

Transmit-To-Receive
Switch-Over Time

An imoortant figure-ot-merit for a half-duptex CCT link, af-
fecting effective data rats, 's the TX-to-RX switch time Tyg.
Using the recommended component values gives this parta
nominal 2 bit-time {1 Yit time = 1/{2fparal) over a wide
range of operating conditions. whare the receiver requires 1
data transition. TTR cannot be decreased significantly but
does increase as noise filtering, sspecially via Cy, is in-
creased. |mpulse noise at switch, signais near the limiting
sensitivity, poor Fg match between receiver and transmitter
because of poor trim or worst-casa concitions, and the sta-
tistical nature of PLL signal acquisition may all contribute to
increase TR to possibly 4 bit-times.

Tt is lower when-a pair of LM1893’s handshake rapidly.
The receiver was designed to “remember” the RX-mode
OC oparating points on Cy. and Cg while in the TX mode.
Under noisy worst case conditions, Cay will discharge to the
point of false cperation after 35 bit-times in the TX mode
{1400 tit times with no noise and a nominal part, fpaTa =
180 Hz). Trg is about 0.8 ms (proportional to the selected
Fo) plus Y bit-time.

The major components of TTr are descnbad below ior a
nominal 125 kHz Fp, 180 Hz fpata, lightlyHoaded tank with
a Q of 20, and the circuit of Figure 4. The remote CCT has
teen operating in the TX mode with a 26.6 Vpp tank swing

Va/(VapaeT, = 25C)

and is now selectad as a receiver. An incoming signal re-

quiring the ultimate receiver sensitivity immediately is placed
on the line.

First, the tank stored energy at the transmit frequency must
decay t0 a level below the 2.8 mVpp swing caused by the
0.14 mVpug incoming line signal containing the information
to be received.

Q <V1 )
decay time = —in =
TFo Vo

20 ( 26.6

= £ 125000 0.0028

That is 0.47 ms ¢r aelay (proportional to I/ Fg and Q).

Sacond, the PLL must acauire the signal: it must lock and
settle. Acquisition time is statistical and may ake any length
ot time, but average acquisition time depends on the lcoo
filter components Cg and Re and the difference in canter
frequencies, AFg, of the TX/RX pair. Using the recom-

) = 0,466 ms {2

mended Cg and Rg (47 nF and 6.2 k1) witha = 4. 4%-Ap°:g
fa = 100 mV OC offset on Cz and Rg), lock was measureg.-»
to take less than 50 cycles of Fo. That is a 0.40 ms deig,.,
(proportional to 1/Fg).

Acquisition is incompiete until the second order PLL | :
sattles, For the above-mentioned Cge and RE, the loop natmi
ral frequency FN and damoing factor are found to boi'r‘
2.3 kHz and 1.0 respectively. Settling to within =25 mv
the =100 mV OC otfset change requires 2.7 periods of St’rg
or 1.2 ms (a function of Cg and Rg). TuE
Third, the RC lowpass filter introduces a 0.12 ms delay: ‘fé
Fourth, Cy must charge up to £(%)100 = 83 mV dependig
ing on the polarity of Fo. Borderline data squaring with: zerch
noise immunity is possible with only =(34) 50 mV of chargsw
ing. Cy charge current is an asymptotic function ap, &
mated by assuming a 50 pA charge current and theg@
mV charge voltage. Cy charge time is then 1.7 ms: (propox-
tional to 1/fpaTA)- %
Fifth, the impuise noise filter adds a 4 bit-time delay. :rom
Ttq is 3.9 ms plus Y, bit-time for a total of 1.9 b:t-nmesaﬂ

360 Baud. o

Lan
Receive-To-Transmit s
Switch-Over Time o

Assume the chip has been in the RX mode and, the.TXa
made is now selected. In less than 10 us, full output curent:
is exponentially building tank swing. 50% of full swmg-ls&
achieved in less than 10 cycles - or under 80 us at 125 kH.

!n the same 1C us that the output amp went on, the pha%
detectar and loop filter are disconnected and the modulatcs
input is enabled. FSK modulation is produced in 10 ps af
switctung to TX mode..

Power Line Impedance e
\rrespective of how wide the limits onh power fine lmpedancsq
Zy, are placed, there are no guarantees. Howaver, smce-the'?’
CCT design requires an estimate of the iowest expectedlmﬁ
impedance Zn encountered for the most efficient transmitsd
ter-to-fine coupling, tine impedance should be measured&"‘
and Z;_ limits fixed to a given confidence level. Reasonabler
walues for Ty wrns ratio, loaded Q. and tank resonant frer, .
quency pult Fq may be founda to enable a CCT system dei
sign that functions with the overwhalmmg majority.of poweafg”«
lines. o

A limited sampling of Z, was made, during the LM1893. de—n‘!
sign, of residential and commerciat 115V 60 Hz power une.,.,
Data was also drawn from the resaarch of Nicholson and~¥
Matack (reference 1), among others, to produce Figures 26
and 27. All measured impedances are containad within the
shaded portions of Figure 27. A nominal 3.5, 7.0 and 14 1.,
Zn is used throughout the application information withr a<
nominal 45° phase angle (0° is sometimes used for simplid--;;
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TL/H5750-28.
FIGURE 26. Measured line impedance range for
residential and coammercial 115V, 60 Hz lines



The Coupling Transformer (Conunuea
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FIGURE 29. Impressed line voitage for a given Z,
tor each of the 3 taps available
on the recommended transformers

IOPP[z(—VALC+V+) (—4.7+V.i)lo
Po=loVo="= = S
o=loVo=7'55 202 9 L)
wnere lg is in amps peak-1c-peak at an elevated Ty
18 — 4.7)0.06
Po= (__—_Z_)-——_ = 0,200 W (8)
. Vo2  (=Valc + VW2
Roll izl = == = CYac T VeV o sazq @

Po in
Rq is found using Z_n and the value for N found when as-«
suming Qy = 35.
Zunl’ = N2 Zu = (7.07)213.9 = 695 0 8)
1
R = =
-Q 1 1 1
Rail IZuwi’ 1Zund® 442 895
Ame = Rg 1210
- Quy2 1+ 352

=12100  (9)

=10 (10)

Only Q remains to be found to calculate Ly. Q is related to

the -3 dB (half-power) bandwidth by

-— N

~ BW (% of Fg)

An iterative solution is forced where line pull, AFQ, must be

guessed to find Q_ and L. Ly is then used to check the line

pull guess; a large error requires a new guess. Try a 8W of

8.7% - that is 4.4% for deviation, 1% for TC of Fp, and

3.3% for AFq - giving Q_ = 11.5.

L= M 490 wH (12)
27 % 125000 X 11.5

Knowing the core inductance per turn, L, and Ly, the num-

ner of turns is found.

QL (11

ins is found.
i, [@50uA

Ty = —_——= —— =48 Y/, 13

ST T Vagayr 9 etums (13)

T is normally an integer, but these transformers require so
few turns that haif-turns are specified, remembering that the
remaining Y turn is completed on the P.C. board and is
loosely coupled. The secondary turns are calculated

- Ty 495
To=—=——

N 7.07
giving an Ly of 0.98 uH. Note that the recommended 125
KHz transiormer mirrors these spetifications. The resonat-
ing capacitor is

= 7.00 = 7turns (15)

Co = =331 x 10-9 = 33nF (16)

(ZTTFQ)Z L]

Line pull AFq was caiculated (reterence 3) for a Z;_ magni-
tude of 140 and up with any pnasa angle from —90° to 90*,
AFq was 6.4% - well above the 3.3% estimate. Refemng to
(11), an 11.8% pangwidtn is required, forcing Ly to be re-
duced to reduce Q. That fix was not implemented: some- ~
signal attenuation under worsi-case antt and AFQ is ak-
lowed. Ly is aready so small that the 31 gauge winging
conducts a Vi Agus circulaung current.

Line Carrier Detection

While the addition of a carner detection circuit (for a mute ok,
squelch function} will only aecrease receiver ultimate sengis.™
tivity, there is sometimes good reason to employ it to free
the controller trom watcning for RX signal when no carmier s«
incoming, or to employ it to reduce the probability of lines.
collisions (when muttpte ransmitiers operale simuftaneousg~
ly to cause one or more ransmissions to fail). Unless.thas 4
detector is heavily filtered or uses a hign carrier amplitudesg
threshold, there-will be fatse outputs that force the controllee-
to have Data Out data cnecking capabitity just as is required~
wnen using no carner detector. If false triggering is mini-
mized, the probability of line collisions is increased due-tg -
the inability to sense low carrier amplitudes and because of
sense delay. The property of the LM1883 to change output-
state infrequently (althougn the polarity is undefined) when
in the-RX mede, with no incoming cartier, reduces the desirer
:0 implement carner getection and preserves the fult ul-"
mate sensiuvity. Also, many impulse-noise insensitive transkf
mussion: schemes, like handsnaking, are easily modified'tar 3
racaver from line callisions. i
Regarding this, it should be stated that for very complicateds®
industrial systems with long signal runs and high line noise~+
levels, itis probably wise to use a protocol which is inherant2- :
iy collision free so that no camer detect hardware: or soft~®
ware is needed. A token passing.protocol is an example-ok,
such a system. -E

Figure 50 shows a low cost carner amplitude detection cir~
cuit.

Audio Transmission 3

The LM1893 is designed to allow analog data transmissions?
and reception. Base-band audio-bandwidth signals. FNF-‘
modulate the carrier passing through the tuned transformes -
(placing a limit on the usaole percent modulation) onto the'-
power line to be linearty demodulated by the receiver PEL ¢
Because tha receiver data path-bayond the phasa detector )
will pass only digital signal, external audio filtering and am-
plification is required. Figure 31 shows a simple audio trans-
mitter and recaiver circuit utilizing a carrier detection muter:.
circuit. A single LM339 quad. comparator may ba used to
build the carrier detect and mute. Filter bandwidth is heid to” .
a minimum to minimize noise, especially line-related come-
lated noise.

Communication and System
Protocols

The development of communication and system protocols
has historically been the singie most time consuming ale-
ment in design of carner current systems. The protocols ar8
detined as the following:

1. Communication protocot a software method of encoding
and decoding data that remains constant for every transmis-



Power Line Impedance (Conunuea)
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TL/H/8750-29

TL/H/6750-30 TL/H/675Q~31

FIGURE 27. Complex-plane plots of measured 115V, 60 Hz line Impedance where Zi_ = Ry + |X{

Power Line Attenuation

The wiring in most US buildings is a flat 3 conductor cable
called Amerfiex, 3X, or Romex. Al referenced line imped-
ances refer to hot-to-neutral impedances with a grounded
center conductor. The cable has a 100 (2 characteristic im-
pedance, a 125 kHz quarter-wavelength of 600 m (250 m at
300 kHz), and a measured 7 o8 attenuation for a 50 m run
with a 10 0 termination. Generally, fine loads may be treat-
ad as lumped impedances. instrument line cords exhibit
about.0.7 uH and 30 pF per meter.

Limited tests of CCT link rangs using this chip show exten-
sive coverage while remaining on one phase of a distnbu-
tion transformer (100's of m), with link failure.often occuring
across.iransformer phases or-through transformers.unless
coupling.networks are utilized. Total line attenuaton allowed
from full. signal to limiting sensitivity is mare than 70 dB.

* Typically, signal is’ coupled across transformer phases by
parasitic winding capacitancs, typicalty giving 40 dB attenu-
ation between phased 115 V windings. Coupling capacitors
may be installed for improved link operation across phases.
oower factor correcting caoacitor banks on industrial lines
or filter capacitors across the power lines of some electronic
gear short carrier signal and should be isolated with induc-
tors. Increasing range is sometimes accomplished by elect-
ing to install the isolating inductors (Figure 26) and coupling
capacitors, as well-gs by electing to use-the boost option.
Frequency transiating cr time division muitiplexed repeaters
will also.increase range.

50 uH 50-puH
i SOLATE!
LINE ZuF. L0AD-
S0 uH I 50 uH
oYY

TL/HIBTS0-40
FIGURE 28. An isolation network to prevent: 1) noise
from some device from polluting the AC line, and 2) to
stop some low impedance device (measured at Fy)
trom shorting carrier signal. Component values given
as an example tor Fo =125 kHz on
residential power lines

The Coupling Transformer

The design arrived at for Ty is the result of an unhapey
compromise - but a workable one. The goals of 1) building

J

Ty with a stable resonant frequency, Fq, that is little aftect-
ad by the de-tuning effect of the line impedance Zy, and of
2) building a tightty line-coupled transformer for transmitted
carrier with loose coupling for transients, aresomewnat mu-
tally exclusive. The tradeoffs are exposed in the following
example for the CCT designer attempting a new boost-ca-
pable, or different core, transformer design.

The compromises are eased by separating the TX output
and RX input in the LM2893. An untuned TX coupling trans-
former with only core coupling (not air-coupled solenoid
windings) would employ & high permeability, high magnetic.
field, low loss, square saturating, toroidal core. The reso-
nant RX path would be isclated from fine-puil problems by a
unilateral amplifier that operates at line voitages with much’
more than 110 dB of dynamic range, or by a capacitively
coupled pulse transformer driving a unilateral amplifier and
filter, for increased selectivity, See the LM2893-specific ap-
plications section.
For a LM1893-style transformer application, first, choose
the turns ratio N based on an estmated lowest Z_ likely
ancountered, Z . Figure 29 shows graphically how N af-
fects line signal. N should be as large as possible to drive
Zyn with full signal. it Ty has an unloaded Q. Qu, of well less
than 35, a guess of N somewhat high should be used and
tater checked for accuracy. The recommended transformers
have secondary taps giving a choice of N=7.07, 10, and
14.1 (nominally) for driving Z_n's of 14, 7.0, and 3.5 Q2 re-
spectively (at Ty = 25°C,V+ = 18V, and Qu = 35).
The resonating inductance of the tuned primary, L, iS
sought. Note that, while standard transtormer design gives a
wransformer sel-inductance with an impedancs at operating
frequency well above load impedance, the tuned transform-
er requires a low Ly for adequate Qy and minimum line pull.
Result: relatively poor mutual coupling.
R

27FoQ
it is known that resonant frequency Fg = Fg and some
minimum bandwidth, or maximum Q, will be required to pass
signal under full ioad conditions.

_Rolizu’
27 FOOL

1Zuai’ is the reflected Zyn, Q is the loaded Q, and parailel
resistance Ag models all transformer losses and sets Qo.

Aq | 'Zuai’ is found knowing that it 2bsorbs full rated power.

Ly = (3)

(4)

1
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FIGURE 30. A simple carrieramplitude detectar with output low when carrier is detected
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FIGURE 31. A simpie linear analog audio.transmitter and receiver are shown.
The carrier and. 1.6V inputs are derived from the carrier detector ot Figure 30.
The remaining 2 LM339 comparators may be used to build the carrier detector circuit.

Communication and System

Protocols (Continued)

sicn in a system. Its first purpose- is to put data in a base-
band digital form that is more easily recognized as a real
message at the receive end. Secondly, it incorporates en-
coding techniques to ensure that naise induced arrors do
not easily occur; and when they do. they can always be
detected. Lastly, the software aigonthms that are used on
the receive end to decoce incoming data prevent the receo-
tion of noise induced “phantom’ messages, and insure the
recovery of real messages from an incoming bit stream that
has geen sltered by noise.

2. System protocof. the manner in which messages are Co-
orginated hatween nodes in a system. Its first purpose is to

ansure message raransmission to comact erors (hand-
shake). Secondly it coordinates messages for maximum uti-
lization and efficiency on the network. Lastly, it ensures thet
messages do not collice on the network. Common system
crotocols include master-slave, sarrier detect muitiple ac-
cess, and token passing. Token passing and master slave
have been found to te the most useful since they are inher-
antly collision free.

Soth protocols usually reside as software in a singla micro-
controller that is conrectec to the LM1893/28931/0. In any
sase, some sort of intelligence 's needed to process incom-
ng and outgoing Messzges. UAATs have o usefulness in



Communication and System

Protocols (Contnued)

carrier current applications since tney do not have the intelli-
jence needed to cistinguish betwesen real messages and
noise induced phantoms.

The aifficuity in designing spectal protocols arises out of the
special nature of the AC iine, an environment laden with the
worst imaginable ncise conditions, The relatively low data
rates cossible over the AC line (typically less than 9600
baud) make it aven more imperative that systems utilize the
most sopnisticated means available to ensure network effi-
clency.

With these facts in mund, the designer is referred to a publi-
cation intsnded to aid in the development of carrier current
systems. This is literature #570075 The Bi-Line Carrier Cur-
rent Networking Systam, a 200 pp. book that tunctions as
the “bible” of 3i-Line system design. It has sactions on
LM1893 circuit optimrzation, protocol design, evaluation kit
usage, critical component selection, and the Datachecker/
OTS case study. .

Basic Data Encoding (please refer to the pre-
viously mentioned puolicatons for advanced techniques)

At the beginning of a received wransmission, the firstOto 2
sits may be lost wntle the chip’s receiver settles to the OC
bias pomnt requirea for the given transmitter/ receiver pair
sarrier ‘requency offsst. With proper data ancoding,
dropped start bits can oe.toierated and correct communica-
ion can take ptace. Cne simple data encoding scheme is
now discussed.

Generzlly, a CCT system consists of many transceivers that
normally iisten o the line at ail times (or during predster-
mined time windows), waiting for a transmission that directs
one or more of tha receivers to operate. if any receiver finds
its address in the Tansmitted cata packst, further action
such as handshaking with the transmitter is initiated. The
receiver might tell the transmitter, via retransmission, that it
raceived this data, wailing for acknowledgement befora act-
ing on the received command, Error detecting and correct-
ng codes may be amployed throughout. The transmitter
must have the caoability to retransmit after a time if no re-
sponse from the receiver is heard - under the assumption
that the receiver didn’t detect its address because of noise,
or that the response was missed because of noise.or a line
collision. (A line collision happens when more than 1 trans-
mitter operates at cne time - causing one or more of the
sommunicatons to fail), After many re-ransmissions the
transmittsr might chicose to give up. Collision recavery is
achieved hy waiting some variable amount of tima before re-

transmission, using a random number of bits gelay or a de-
lay based on each ransmitter’s address, since each trans..
ceiver has a unique address.

An example of a simple transmission data packet is showm
in Figure 32. The 8 bit 50% duty-cycle preamble is long
enougnh to allow recerver trasing with enougn bits left over
to allow the recsiver controller to detect the square-wave-
that signals the start of a transmission. if there had been no
transmission for some time, the receiver would simply need»-
to note that a data transition had occurred and begin its
watch for a square-wave. If the receive controller detected:
the alternating-potarity cata square-wave it would then use
the sync. bit to signal-that the address and data were imme-..
diately following: The address data would then be loaded;
assuming the fixed format, and tested against its own. if the-
address was correct, the receiver would then load and storas._
the data. If the address was not carrect, either the transmis— ..
sion was not meant for this receiver or noise has fooled the-
raceiver. In the former casa, wnen the transmission was not:
meant for the receiver, the contoller should immediatelye:.
return to watching the incoming data for its address. If the
later case were true, then the receive controller would con—
tinua to detect edges, tieing itself up by loading false datas
and being forced to handshake. The square-wave detection™
and address load and check routines should be fast to-mini-
mize the time spent in loops after being false-triggered by:.
noise. If the controiler detects an error (a received data bit
that does not conform to the pre~defined encoding format).it
should immediately resume watching the LM1893's Data:
Out for transmissions; the next bit would be shifted in ands
the process repeated.

A line-synchroncus CCT system passing 3 bits oer half-cy—
cle may-replace the long 8 bit preamble and sync pulse-withe

a 2 bit start-of-transmission bias preamble. The recerve con--
troller might then assume that preamble aiways starts after
bit 1 (the first bit-after zero-crossing) so that any data tran~
sition at a zero crossing must be the start of the address bits:: '
and is tested as such. The line synchronous receiver oper—
ates with a simpler contreiler than an asynchronous systent.

Discussion has assumed that the controller has always
known when the Data Out is high or low. The controtier
must sample at the proger time to check the Oata Qut state.
Since noise shows itself as pulse width jitter, symmetricalty.
placed. about the no-noise switch-points, optimum Data Out
sampling is done in the center of the received data pulses
The- receive: data path has: a time delay that, at low data:.
rates. is dominated. by the impulsa noise filter integrator and
is nominally Y, bit: At a-2 kHz data rate, an additional delay
of approximately Y4 bit is added because of the cumulative
delay of the remainder of the receiver. Sigure 33 shows that
Data Out sampling occurs conveniently at the transmitteg
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FIGURE 32. A simple encoded data packet, generated by the transmit controlier is shown.
The horizontal axis is time where 1 bit time is 1/(2fpaTta)



Basic Data Encoding (continued)

POWER UNE T

XA OATA ¥

S avayaN

1

woaar| [T | ] LT

l I
TU/H/6750-36
FIGURE 33. Operating waveforms of a line-
synchronized transceliver pair are shown. The dlagram
shows how the transmitted data transitions may be
used as received data sampling points

data edges- for the line- synchronous data transmission
scheme mentioned in the .previous paragraph. With the
asynchronous system suggested, the receive controtler
must sample the Data.Out pin often to determine, with sev-
aral bits of accuracy, where the square-wave data tran-
sitions take olace, average their positions assuming a
xnown cata rate, and calculate where the center of the data
aits are and will continue 1o be as the address and data are
reaa. A long preamble is helpful. Software that continucusty
updates the center-of-bit time estimats, as address and
data are received, works even better. Alternatively, a coding
scheme employing an embedded clock can be used.

LM2893 Apptication Hints

The LM2893 is intended for-advanced applications where
special circuitry is used in the transmit and receive paths.

The LM2893 makes this. possible by featuring separate

transmit output and receive input pins.

Examples of enhancements that can be added to the basic

LM1893/2893, circuit include separate transmit and receive
windings on the coupling transtormer, high quality ceramic
or LC filters in the receive path, and simple impulse noise
blanking circuits.

in many applications, the additional performance to be
gained outweighs the extra cost of the additional circuitry.
More than likely, high performance industrial applications
such as building snergy management will fitinto this catego-
ry, since they require the utmost in refianility.

Secause of the specialized natre of individual LM2892 ap-
plications, it is not possible to give one circuit that will satisfy
all requirements for performance and cost effectiveness.
Therafore na. specific applicaton examples will be given.
Insxead the subsequent text describes in general terms the
types of circuits that can be used to increase performance
along with their advantages and disadvantages. it is intenad-
ad to be a springboard for ideas.

LM2893 COUPLING NETWORKS

The main cisadvantages of e typical LM1893 coupling
network are that it functions as the bandpass filter, has
loose coupling between primary and secondary, ang has a
single secondary. The LM1893 coucling network was de-
signed this way mainly because of the restraint that the car-
rier input and output are tied together.

3ecause the coupling transformer is used as a filter, the
LM1893 circuit is susceotubte to oulling of the center fre-
quency under conditions of changing line impedances or
when several LM1893 circuits are close in proximity on the
AC line. Because the tuned transiormer has a high value of
“Q", ringing also occurs in the presence of impulsive noise.
This nnging occurs at the center frequency and increases
the error rate of transmissions, especially at relatively high
data rates (> 2000 baud). Secause it is the only tuned circuit
in the system, the selecuvity characteristics leave a lot to be
desired.

The LM2893, having separate receive input and transmit
output pins, removes the limitatons on coupling transformer
design, allowing the design of circuits devoid of the previous
limitations.

The first snhancement that can be made with the LM2893
circuit is the usae of a high permeability ferrite toroid for line
coupling along with a separate fiter. The transformer wouid
be. of broadband design (untuned) with two secondaries,
one for coupling to the transmit output and one for coupling
to- the. receive input. This allows impedance matching of
both the transmutter and receiver, with the result of quite a
bit more-receive sensitivity.

Becausaof the increased signal and separate recsive signal
path, a 3 or 6 db pad can be used before the-selective
stages to sliminate pulling of the center {requency due to
changes in line impedancs.

Another advantage of the toroidal transformer is that it can
be designed for use at very low fine impedances due-to its
inherent tight coupling.

SEPARATE FILTER

Because of the separate receive cath of the LM2893, a rela-
tively high quality bandpass filter can be used for selectivity.
Inexpensive ceramic filters are available that have band-
pass.and csnter frequency characteristics compatible with
carrier current operation. Futhermore,-the use of these fii-
ters allows multichannel operation, previously made difficult
by the single tuned network of the LM1893. Thesa filters are
easily cascaded for sven more off-frequency rejection. If the
pad is added before the filter, there will be negligible pulling
due to changes in line impedance reflected through the cou-
pling transformer.

Alternatively, a Butterworth/Chetyshev bandoass tC filter
or arr active filter can be used in-place of the cerarmic filter.

IMPULSE NOISE BLANKER

Although thie LM2893 has adequate impuise noise rejection
for most applications, there is reason to employ impulse
blanking to improve eror rates in severe AC line environ-
ments. Typically, erfors occur cue to pulse jitter in the
LM1893/2893 data output that originates when the internal
time domain filter smooths out an incoming noise pulse.

The solution involves removing the impulse completely and
not simply trying to filter it. Moreover, the pulse should be
removed in the receive signal pat before the selective por-
tions of the circuit to sliminate rirging. This also allows the
receiver filtar to smooth out the blanks that also occur in the
desired incoming carrier signal.

If a carrier detect circuit is ¢esired in conjunctcn with the
LM2893 it can be located after the filter and impulsa‘ biank-
er. Boecause impuise noise is removed, the faise triggering
that plagues these circuits will be greatty reduced.
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Encoder and Decoder Pairs
CMOS

These devices are designed ta be usad as ancoder/decoder pairs in remote con-
trol applications.

The MC145026 encodas nine lines of information and serially sends this informa-
tion upon recsipt of a transmit enable (TE) signal. The nina lines may be encoded
with trinary data (fow, high, or open) or binary data (low or high). The words are
transmitted twice per encoding sequenca 10 increase security.

The MC145027 decoder receives the serial stream and interpats five of the trinary
digits as an address code. Thus, 243 addresses are possible. if binary data is used
at the encoder, 32 addresses are possible. The remaining serial information is inter-
petad as four bits of binary data. The vaiid transmission output (VT) goes high on
the MC145027 when two conditions are met. First, two addresses must be consecu-
lively racsived (in one encading sequence) which both match the local address.
Second, the 4-bits of data must match the last valid data received. The active vT
‘ndicatas that the information at the data output pins has been updated.

The MC1$45028 decoder treats ail nine trinary digits as an address which allows

19,683 codes. If binary data is encoded, 512 codes are possible. The valid transmis-

sion output (VT) goes high on the MC145028 when two addresses are consecutively
received {in one encoding sequence) which both maich the local addrass.
Cperating Temperature Range: —40° to 85°C
Very-Low Standby Current for the Encodar: 300 nA Maximum @ 25°C
Interfaces with RF, Ultrasonic, or Infrared Modulators and Demodulators
RC Oscillator, No Crystal Required
High External Companent Tolerance; Can Use 5% Componants
internal Powar-On Resat Forces All Decoder Outputs Low
For Infrared Applications, See Applications Note AN1016
Operating Voltage Range: 4.5t0 18 V
Low-Vaoltage Varsions Available —

SC41342: 2.5 ta 18 V Version of the MC145026

SC41343: 2.8 to 10 V Varsion of the MC 145027

SC41344: 2.8 to 10 V Version of the MC 145028

PIN ASSIGNMENTS
A Qi 16 {1 Voo A 16 J Voo
A2 15 {] DATA OUT 22 15 {1 D&
a3 4 Te Mads 14{ 07
M4 130 R1e M4 13108
A5 s 120 Cr¢ A (s 12109
A8/06 (16 11 {1Rs Ry (s ngvr
A7 g7 10{] AS09 ¢ g7 10 [J RaCy
vss 18 3] ADS vss g8 9 DATAN
MC145026 MC145027
SCA1342 SCA1343
ENCOOERS DECODERS

MC145026

MC145027

MC145028
SC41342
SC41343
SC41344

MC145028P, SC41344P
MC1450280W, SC413440W SOG Package

P SUFFIX
N PLASTIC DIP
CASE 648

D SUFFIX
SOG
CASE 7518

OW SUFFIX
SOG
CASE 751G

ORDERING INFORMATION

MC145026P, SC41342P Plastic DIP
MC1450260, SC413420 SOG Package
MC145027P, SC41343P Plastic DIP

MC1450270W, SC413430W SOG Package

Plastic OIP

At
A2 (
A
M
A5 {
Rt
¢ 4
Vss

@

1 Voo
1541 A6
141 A7
130 A8

N A
ngvr

10 {] RalCy
0 DATAIN

@ N~ W N
~

3

MC145028
SCL134
DECQOERS
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Flgure 1. MC145026 Encoder Black Dlagram
U _yp
15
g 0§
a 14
A = o7
£ 2 13
& 3 08
o«
= 12
2 09
S DATA
N
Vpo = PIN 16
%}1- Vgg=PiN8

Figurs 2. MC145027 Decoder Block Diagram
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Figurse 3. MC145028 Dacoder Block Dlagram

MAXIMUM RATINGS® (Voltage Relerenced to Vss) This davice contins protecton ci-
Symbot Parameter Value Unit . cuitry to guard against damage cue
to high static voltages or electric
Voo |. OC Supply Voltage (except SC41343, SC41344) 0.5 +18 v fiolds, Howaver, precautons must
v OC Supply Voitage (SC41343, SC41344 o —0.51 +10 v b mken to avoid applications of any
b R Jacey i < voltage higher than maximum rated
Vin OC lnput Voltage -0.5t0 Vpp+0.5 | V voltages to this high-impedance cir-
v, DC Quiput Voltage 05w Vpp+as | V cuit. Far proper operation, Vin and
il # g - D0 Vout should be constrained o the
tin DC Input Current, per Pin 10 mA ranga Vgs S.(V;n o Voud) S VOO
" lout DC Output Current, per Pin £10 mA
Pp Power Dissipation, per Package 500 mw
Teg Strage Temperature 55 to +150 c
T Lead Temperature, 1 mm from Case for 10 Seconds™ 260 o

* Maximum Ratings are those vaiues beyond which camage ® the device may occur. Functional”
operatiorrshould be restriciad to the limits in the Electrical Characteristics tables or Pin Descrip-
tions section. -



ELECTRICAL CHARACTERISTICS — MC145026, MC145027, MC145028, and SC41342° (Voltage Relarenced to Vgs)

Guaranteed Limit
Symbol Charscteristic veD —40°C 25°C +B5°C Unit
R Min Max Min Max Min Max
VoL Low-Lavel Output Voltage 5.0 - 0.05 - 0.05 - 0.05 v
(Vin = VOD o 0) 10 - 0.05 - 0.05 - 0.05
15 - 0.05 _ 0.08 - 0.05
VOH High-Lavel Qutout Voitage 50 495 —_ 495 —_ 495 — v
{Vin =9 or VoD) 10 995 | — 9.95 - 9.95 -
15 14.95 —_— 14.95 -— 14.95 —

ViL Low-Laevel Input Voltage v
Vour=4.50r0.5V) 5.0 - 1.5 - 15 —_ 1.5
(Vout=9.00r 1.0V) 10 - 3.0 - 3.0 — 3o
(Vout = 13.50r 1.5V) 15 — 4.0 - 40 - 40

Vid High-Lavel Input Voltage A
(Vour =0.50r4.5V) 5.0 3.5 - 35 - 3.5 —

(Vout= 1.0 0r9.0 V) 10 7.0 - 7.0 — 7.0 -
(Vout= 1.50r 13.5 V) i 18 1 —_ 1 —_ 11 —

loH High-Level Output Cumrent mA
Vour=2.5V) so | 28 | — | -21 — |7 | =
(Vour = 4.6 V) 50 | 052 | — |-044| — |-038] —
(Vour=9.5V) 10 -3 | — | -1 - 0.9 —

(Vout = 13.5V) 15 56 | — (=80 | — |24 | —

oL Low-Level Qutout Current mA
(Vout = 0.4 V) 50 | 052 ) — | o4 | — |o03 | —
(Vout = 0.5V) 10 1.3 5 1.1 - 0.8 -

(Vour = 1.5 V) 15 36 - 30 - 2.4 -
lin laput Current — TE © 50 — - 3.0 1" - - A
(MC 145026 and SC41342, Pullup Device) 10 —_ —_ 16 &0 -—_ —_
- 15 —_ - 35 120 - —
lin Input Current 15 - +0.3 — 0.3 —_— 1.0 BA
Rg (MC145026 and SC41342), :
Data In (MC145027, MC145028) .
fin Input Current A
A1-AS, AB/CE~AS/09 (MC 145026 and SC41342), 5.0 — - —_ 2110 — —_
A1-A5 (MC145027), 10 —_ —_ —_ = T - —_
A1-A9 (MC145028) 15 - - - =500 5 -
+1000
Cin Input Capacitance (Vin = 0) . - - - - 7.5 - - of
0D Quiescent Current — MC145026 and SC41342 5.0 iy - - 0.1 - - A
. 10 - - - 0.2 - —_
15 - - —_ 0.3 — —
Ipo Quiescant Current — MC 145027, MC 145028 5.0 — —_ — 50 — —_ A
10 - — — 100 _ —
15 = - —_ 150 | — _—

ldd Dynamic Supply Cumrent — MC145026 and SC41342 5.0 — — — 200 —_ — A

{te = 20 kHZ) 10 = = — 400 — -
15 — - -— 600 — _

lad Bynamic Supply Current — MC 145027, MC145028 5.0 — - — 400 — —_— A

(fc = 20 kH2) 10 — - — 800 — —
15 — - —_— 1200 — —

*Also see next Elecrical Characteristics table for 2.5 V specificatons.



. ELECTRICAL CHARACTERISTICS — SC41342 {Voltage Raferenced 1 Vss)

Gusranteed Limit
Symbol Charactaristic VSD —40°C 25°C +85°C Unft
Min Max Min Max Min Max
VoL Low-Level Output Voltage 2.5 — 0.05 — 0.05 — 0.05 v
(Vin =0 VorVpp)
VOH High-Level Output Voltage 2.5 2.45 — 2.45 — 2.45 — V'
(Vin =0 YV or VDD)
Vit Low-Level Input Voitage 25 — 0.3 —_ 03 - 0.3 v
(Vout = 0.5 Vor2.0V)
ViH High-Level input Voltage 2.5 22 - 2.2 — 2.2 — v
(Vout = 0.5 V 0r2.0 V)
IoH High-Lavet Cutput Curent 2.5 0.28 - 0.25 - 0.2 — mA
(Vour = 1.25V)
oL Low-Lavei Output Cument 2.5 0.22 — 0.2 — 0.16 _ mA
Vour = 0:4 V)
lin lnput Current (TE — Pullup Device) 25 - -_ 0.09 1.8 - - wA
lin input Current (A1-AS, A6/06-A9/09) 2.5 — _ - =25 — —_ uA
oD Quiescent Current 2.5 - - — 0.05 - - HA
Igd Dynamic Supply Cumrent (g = 20 kHz) 2.5 —_ — — 40 - —_ A




ELECTRICAL CHARACTERISTICS — SC41343 and SC41344 (Voitage Relerenced o Vss)

Guaranteed Umit
Symbol Characteristic VeD ~40°C 25°C +85°C Unit
Min Max Min Max Min Max
vou Low-Level Output Voitage 2.8 — 0.08 — 0.05 - 0.08 v
(Vin = 0 Vor Vop) 50 — 0.05 —_ 0.0 — 0.05
10 — 0.05 — 0.058" — 0.05~
VOH High-Level Output Voltage 28 275 — 2.75 —_ 2.78 — v
{Vin =0 Vor Vppo) S.g ;9: — 485 — 422 -
1 .9 = 9.95 - 9. —

ViL Low-Level Input Voitage v
(Vout=23Vor0.5V) 28 — 0.84 — 0.84 — 0.84
(Vour=4.5Vor0.5Vv) 50 - 1.5 - 1.5 — 1.5
(Voyt=9.0Vor1.0V) 10 -_ 3.0 3.0 - 3.0

VIH _ High-Level Input Voltage '
(Vout=0.5Vor2.3v) 28 1.96 - 1.96, 1.96
(Vout=0.5VordsV) 5.0 3.5 — 3.5 — 3.5 —
(Vout=1.0Vors.0V) 10 7.0 — 7.0 — 7.0 -

10H High-Level Output Current mA
(Vout= 1.4 V) 28 -‘-0.73 - 0.7 - —0.55 -
(Vout=45V) 5.0 20.59 - 0.5 — -0.41 —
(Vout=9.0V) 10 -1.3 — | -1 - -0.9 —

oL Low-Level Output Current mA
(Vour = 0.4 V) 28 0.35 — 0.3 - 024 | —
(Vout=0.5V) 5.0 0.8 — 0.6 — 0.4 —
(Vout=1.0V) 10 3.5 — 2.9 — 23 —

[ Input Current — Data In 10 - 0.3 —_ 0.3 -—_ +1.0 "y

tin Input Current 28 - -— +30 —_ — WA
A1-A5 (SC41343), 5.0 — — — +140 - -

A1-A9 (SC41344) 10 - — - = — -—
Cin Input Capacitance (Viq = 0) — —_ —_ —_ 7.5 A —_ oF
oo Quiescent Curment 28 — -— — &0 — - uA
5.0 — —_ —_ s — _
10 - —_ —_— 150 s —

ldd Dynamic Supply Current 28 - - — 300 — — A

(fc = 20 kHz) 5.0 - o - S0 - —_
i - o — 1000 — —




SWITCHING CHLRACTERISTICS — MC145026, MC145027, MC145028, and SC41342° (C_ = 50 pF, Tp = 25°C)

Gusranteed Limit

Symbol - Characteristic Yoo Min Max Unit
TLH. Cutput Transiton Time 5.0 - 200 ns
THL (Figures 4 and 8) 10 - 100

15 — 80
t Data In Rise Time (Decodars) 5.0 - 15 us
{Figure 5) 10 - 15
15 - 15
] Data In Fall Time (Deccders) 5.0 _ 15 us
{Figure 5) 10 — 5.0
15 —_ 4.0
fose Encoder Clock Frequency 5.0 0.001 2.0 MHz
(Figure 6) 10 0.001 5.0
15 0.c01 10
f Decoder Frequency (Referencad to Encader Clock) 5.0 1.0 240 kHz
(Figure 14) 10 1.0 410
15 1.0 450
I TE Pulse Width (Encoders) 5.0 €s - ns
(Figure 7) 10 30 —
15 20 —_
*Also see next Switching Charactaristcs table for 2.5 V specificadons.
SWITCHING CHARACTERISTICS — SC41342 (Cy_ = 50 pF, T3 = 25°C)
Guaranteed Umit

Symbeol Characteristic Yoo Min Max Unit
TLH: Qutput Transition Time 2.5 —_ 450 ns
THL (Figuras 4 and 8)
fose Encoder Clock Frequency 25 1.0 250 kHz

{Figure 6)
w TE Puise Width 2.5 - — ns
(Figure 7)
SWITCHING CHARACTERISTICS — SC41343 and SC41344 (Cy_ = 50 pF. T = 25°C)
Guaranteed Umit

Symbol Characteristlc Ypo Min Max Unit
LA, Qutput Transition Time 2.8 — 320 ns
THL (Figures 4 and 8) 5.0 - 200

10 100

t Data In Rise.Time 2.8 — . 15 s
(Figure 5) 5.0 — 15
10 — 15

i Cata in Fail Time 2.8 — 15 ps
{Figure §) 50 —-— 15
10 _ 5.0

i Decoder Frequency (Referenced o Encodar Clock) 28 1.0 100 kHz
(Figure 14) 5.0 1.0 240
10 1.0 410
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OPERATING CHARACTERISTICS

MC145026

The encoder serially transmits trinary data as defined by tha
state of tha A1 through AS and A6/D6 through AS/DS input
pins. These pins may ba in either of three states (low, high, or
open)allowing 19,683 possibla codes. The transmitsequence
is initiated by a low level on tha TE input pin. Eachtimethe TE
input is forced low, the encoder outputs two identical data
words. Between the two data words, no signal is sentfor three
data periods. 1f the TE input is kept low, the encoder continu-
ously transmits the data word. See Figure 10.

Upon powaer-up the MC145026 can continuously transmit
data as long as TE remains low. The device can transmit two-
word sequencas by pulsing TE low. Howaver, no application
should be designed to rely upon tha first data word transmitted
after power-up, because this first word is invalid data.

Each transmitted trinary digit Is encoded into pulses (See
Figure 11). A logic zero (low) is encoded as two consecutive
shortpulses, alogic one (high) astwo consecutive longpulses,
and an open (high-impedance)as a long pulse followad by a
short puise. The inout state is determined by using a weak
“output” device to try to forca each input first low, then high. it
cnly a high state results from the two tests. the input is as-
sumad to be hardwired to Vpp. f only alow stateis obtained,
theinputis assumed to be hardwired to Vss. Ifbothahighand
a low can be forced at an input, an open is assumed andis en-
coded as such. The “high” and “low” levels are 70% and 30%
of the supply voltage as shown in the Electrical Charactaristics
Table. Tha waak “output” device sinks/sources upto 110 A at
35 V supply level, 500 pA at 10V, and 1 mA at 15 V.

The TE input has an internal pullup device so that a simple
switch may ba used to force the input low. Whila TEis high, the
encoder is completely disabled, the oscillator is inhibited, and
the current drain is reduced to quiescent current. When TEis
brought low, the oscillator is started, and. the transmit se-
quence begins. Theinputs are then'sequentially selected, and
determinations are made as to the input logic states. Thisin-
formation is seriaily transmitted via the Data Qut pin.

MC145027 -

This decoder raceives the serial data fram the encoder and
outputs the data, if itis valid. The transmitted data, consisting
of two identical words, is examined bit by bit during recaption.
The firstfive trinary digits are assumedto be the addrass. lfthe
recaived address matches the local address, next four (data)
bits are intarnaily stored, but are not transfarred 1o the output
datalatch. Asthe second encoded word is recsived, the ad=:
dress must again match. If a match occurs, the new data bits
are checxed against the previously stored data bits. If the two
nibbles of data (four bits each) match, the dataistransferred to
the output data latch by VT and remains until new data re-
places it. Atthe sama time, the VT output pin is brought high
and remains high until an error is received or until no input sig-
nal is received for four data periods. See Figure 10.

Althoughthe address information may be encoded intrinary,
the data information must be either a-one or a zero. A trinary
(open) data line is decoded as a logic one.

MC145028

This decoder operates in the same manner as the
MC145027 axcept that nine address lines are used and no
data output is available. The VT outputis used to indicate that
avalid address has been raceived. Fortransmission sacurity,
two identical transmitted words must be consecutively re-
caived before avalid transmission autput (VT) signal is issued.

The MC145028 allows 19,683 addrosses when trinary lev-
ois are used. 512 addresses are possible when binary lavels
are used.

PIN DESCRIPTIONS
MC145026 ENCODER

A1 through AS, A6/D6 through A9/D9 (Pins 1 through 7,
9, and 10)

These addrass/datainputs are encoded and the data is sant
serially from the encoder via the data out pin.

Rs, Ctc, Ryc (Plns 11, 12, and 13)

Thesa pins are part of the oscillator section cf the encadaer.
See Figure 9.

If an external signal source is usad instead of the internal os-
cillator, it should be connectedto the Rg input and the RT¢ and
CTe pins should be left ooen.

TE (Pin 14)

This active-low transmit anable inout initiates transmission
when forced low. An internal pullup davice keeps this input
normally high. Thae pullup current is specified in the Eiactrical
Characteristics table.

Data Out (PIn 15)

This is the output of the encoder that serially presants the
encoded data word.

Vss (Pin 8)

The most-negative supply potential. This pin is usually
ground.

Vpo (Pin 16)
The most-positive power supply pin.

MC145027 AND MC145028 DECODERS

A1 through AS (Pins 1 through 5) — MC145027
A1 through A9 (Pins 1 through 5, 15, 14, 13, and 12) —
MC145028

Thesa are the local address inputs. The states of thesa pins
must match the appropriate encodar inputs for the VT pintogo
high. The local address may be encodad with trinary or binary
data.

D6 through D9 (Pins 15, 14, 13, and 12) - MC145027
ONLY

These outputs presant tha binary information that is on en-
coder inputs AB/D6 through A9/D9. Only binary data is ac-
knowledged; a trinary open at the MC145026 enccder is de-
coded as a high level (logic 1).



R4, C1 (PIns6,7)

As shown in Figures 2 and 3, thesa pins accept a resistor
and capacitor that are used to determine whether a narrow
pulse or wide puise has beanreceived. ThatimecanstantRq X
Cy should be set 10 1.72 encoder clock periods:

Ry Cy = 3.95 RTC CTC-

Ro/C2 (PIn 10)

As shown in Figures 2 and 3, this pin accepts a resistor and
capacitor that are used 1o detect both the end of a received
word and the end of a transmission. The time contant Rax C2
should be 33.5 encoder clack periods (four data periods per
Figure 11):R2C2 =77 RTC Cte. Thistime contantis used to
determina whethar the data in pin has ramained low tor four
data periods (end of transmission). A separate on-chip
comparator looks at the voltage-equivaient two data periods
(0.4 Ro C2) to detect the dead time betwean received words
within a transmission.

VT (PIn 11)

This valid transmission output goes high after the second
word of an encoding sequence when the following conditions
ara satisfied:

(1)the raceived addressas of both words match the locai de-
coder address, and .

(2) the recaived data bits of both words match.

VT ramains high until either a mismaich is receivad or noin-
put signal is received for four data periods.

Vgs (Pin 8)

The most-negative supply potential. This pin is usually
ground.

Ypp (Pin 18)
The most-pasitive powar supply pin.

—AAA

fg Cre = Rrc
n ~\\ 12 13
l’" -
|
| L—D&-—‘
! INTERNAL
ENABLE

This oscillator oparates at a frequency determined by the
extarnal RC natwork; i.e.,
1

= 23Ryc CTC’ (H2)

f6r ¢ kHz < f < 400 kHz
where: CTC’ = CTC + Clayout + 12 pF
Rg=2RTC
Rg 220k
RTC 210k
400 pF < CTC < 15 uF-

The-value for Rg should be chosen to be 22 times RTC.
This range ensures that current through Rg is-insigniticant
comparedtccurrentthrough RTC. Theupperlimittor RS must
ensure that R x 5 pF (input capacitance) is small compared
to RTe x Cte-

For frequencies outside the indicated rangs, the formula is
less accurata. The minimum recommended oscillation {re-
quency of this circuit is 1 kHz. Susceptibility to extarnally in-
duced noise signals may occur for frequancies below 1 kHz
and/or when rasistors utilized are greater than 1 MQ.

Figure 9. Encoder Oscillator information
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Figure 13. MC145028 Flowchart
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Clayous () OFF PINS 1-5 (MC14S027); PINS 15 AND 12-15 (MC145028)

Figure 14. Imax V3 Clayout — Decoders Only
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2.3RrcCTC
RyCt¢ = 3.95 RTcCrC

RA2C2 = 77 RTcCTC,

losc

CT¢’ =CTC + Clayout + 12 pF

100pF SCyc S 1S KF
Rrc 210k; Rg=2R1C
Ri210k

C4 2400 pF

Rz22 100k

Cp 2700 pF

Example R/C Values
(All Reaistors and Capacitors sre +5%)

s

(C1c’ = Crc + 20 pF)

fosc (kHz} | RTC Crer Rs Ry C4 Az C2
362 10k 120 pF 20k 10Kk 470pF | 100Kk 910 pF
181 ° | 10k 240 pF 20k 10k 910pF | 100k 1800 pF
88.7 10k 490 pF 20k 10k 2000 pF| 100k 3900 pF
426 10 % 1020 pF 20k 10k 3800 pF| 100k | 7S00pF
2185 10k 2020 pF 20k 10k 8200pF| 100k | 0.015pF
8.53 10k 5100 pF 20K 10k 0.02puF | 200k 0.02 uF
1.71 50k 5100pF | 100k 50k 0.02pF| 200k 0.1 pF

Figure 15. Typical Application

TRINARY
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APPLICATIONS INFORMATION

Infrared Transmitter

In Figure 18, the MC145026 encadar is set to run at an oscil-
lator frequency of about 4 kHz 1o 9 kHz. Thus, the time re-
quired foracomplete twa-word encoding sequenca is about20
ms to 40 ms. The data output from the encoder gates an RC
oscillator running at S0 kHz; the oscillator shown starts rapidly
enoughtobe usedin this application. When the *sand” button
is not depressed, both the MC 145026 and oscillator are in a
low-powar standby state. The RC oscillator has to ba trimmed
{or 50 kHz and has soma drawbacks for traquency stability. A
superior system uses a caramic rasonatar oscillator ruaning at
400kHz. This oscillatorfeeds a divider as shown in Figure 17.
The unusad inputs of the MC14011UB must be grounded.

The MLEDS1 IRED is driven with the 50 kHz square wave at
about 200 mA to 300 mA to genarate the carrier. If desired, 2
IREDs wired in series can be used. (See Application Note
AN1016 for more informatian.) The bipolar IRED switch shown
in Figure 16 offers two advantages over 2 FET. First, a logic
FET has too much gate capacitance for the MC14011UB to
drive without waveform distortion. Second, the bipolar drive
parmits lower supply voltages, which are an advantage in por-
table battary-powerad applications.

The configuration shown in Figure 16 operates over asupply
rangeof 4.5 V10 18V. A jow-voltage system which operates
down 10 2.5 V could ba realized if the SC41242 (the low-vorlt-
age versionofthe MC145026) isusedin lieu of the MC145026.
The oscillator saction of aMC74HC4060 isusedinplace of the
MG14011UB. Tha data cutput of the SC41342 is inverted and
fed 1o the rasat pin of the MC74HC40E0. ARernataly, the
MC74HCUO4 could be used for the oscillacr.

Informationonthe MC14011UB s inbook aumber DL131/D.
The MC74HCUO4 and MC74HC4060 are found in book num-
ber DL129/0.

Infrarad Recaiver

The recsiver in Figure 18 couples an IR-sensitive diode to
input preamp A1, followed by bandpass amplifier A2 with 3
gain of about 10. Limiting stage A3 {ollows, with an output of
about 800 mVp-p. The limited 50 kHz burst is detected by
comparator A4 that passes only positiva pulses, and

paak-detected and fitered by a diode/RC network to axtract
tha data envelope from the burst. Comparator A5 boosts the
signal to logic levels compatible with the MC145027/8 data in-
put. The data in pin of thesa decoders is a standard CMOS
high-impedanca input which must NOT be ailowed to float.
Therstore; direct coupling from AS to the dacoder input is uti-
lized.

Shielding should ba used on at least A1 and A2, with good
ground and high-sensitivity circuit layout techniques applied.

For operation with supplies higher than +5V, limiter Ad's
positive output swing needs to be limitedto3Vo5V. Thisis
accomplished via adding a zener diode in the negative
feedback path, thus avoiding excessive system noise. The
biasing resistor stack should be adjusted suchthat V3is1.25V
to 1.5V.

This system works up to a range of about 10 metars. The
gains of the system mzay e adjustad to suit the incividual de-
sign needs. The 100 Q resistor 1n the emitter of the first
2N5088 and the 1 kQ resistor faeding A2 may be alterad it
different gain is required. In general, more gain does not nec-
essarily result in increased range. This is due to noise floor
limitations. The designer should increasae transmittar power
and/or increasa receiver apsrature with fresnal lensing to
greatly improve range. See applications note AN1016 for ad-
ditional information.

information on the MC34074 is in data book OL128/0.

Trinary Switch Manufacturers

Midland Ross—Elactronic Connector Div.
Grayhill

617/491-5400
312/354-1040
AugavAlcoswitch 517/685-4371
Aries Electronics 201/996-6841

The above companies may not have the switches inaDIP.
For mora info, call them or consutt EEM or Gold Book. Ask for
SPDT with center OFF.

Alternative: A SPST can be placed in senes between a
SPDT and the Encoder or Decoder to achieve trinary action.

Motorola cannot recommend one supplier over another and
in no way suggests that this is a complete listing of trinary
switch manufacturers.
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