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ABSTRACT

‘This project paper presents sending remote process signdls
or control signal +through two wires to/from control center that

using microcomputer.
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Qutput Rate(Hz)

Qubput
Number | %64 $16 %9 $1

F1 614,4k | 153.6k | 76.8k 9600 ‘
F2 460.8k | 115.2k | 57.6k 1200
F3 307.2k | 76.8k | 38.4k 4800
F4 2304k | 57.6k | 28,8k 3600
F5 153.6k | 38,4k | 19.2 2400
F6 115.2k | 28,8k | 14,4k 1800
F7 76,8k | 19.2k | 9600 1200
F8 8.4k | 9600 4800 600
F9 19,2k {. 4800 2400 300
F10 12,8k | 3200 1600 200
Fll 9600 2400 1200 150
F12 | 8613.2 | 2153.3 | 1076.6 134.5
FI3 | 7086.5 | 1200 879.4 109.9
Fi4 4800 | 1758.8 600 6
FIG | 921.6k | 921.6k | 921.6k | 921.6k
FIG | 1,B43M | 1.B43N | 1.843M | 1,843X

<
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2.6 Carrier-Current Transceiver

LM1893 Carrier-~-Current Transceiver
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{ Program : Serial Communication }
{ Subject : For testing }

uses CRT;

var
BaudRate_String : String[4];
SetFormat: : String[10];

DataBit_String : String[1];
StopBit_String : String[1];
Parity_String : String(1];

Result : Integer;
BaudRate : Integer;
DataBit : Integer;
StopBit : Integer;
Count : Integer;
RxCheck : Integer;
TXRx : Integer;
Character : Char;
Chtr : Char;
Parity : Char;
Command_Word : Byte;
Bit0O1 : Byte;
Bit2 : Byte;
Bit3 : Byte;
Bit4 : Byte;
Bit567 : Byte;
Data : Byte;
CommPort : Byte;
Chstr : String;
Procedure BaudRate_Value;
Begin

Chtr := #00;

count := 1;

BaudRate_String := '7’;

WHILE Chtr <> ’,’ DO

begin
ChStr := Copy(SetFormat,count,1);
Chtr := ChStr[1];
BaudRate_String :=
Count := Count + 1;
end;
vVal(BaudRate_String,BaudRate,Result);
Delete(SetFormat, 1,Count-1);
End;

Concat (BaudRate_String,Chtr);

Procedure DataBit_Value;

Begin
ChStr := Copy(SetFormat,1,1);
Chtr := Chstr[1];
val(Chtr,DataBit,Result);
Delete(SetFormat,1,2);

End;

Procedure StopBit_Value;

Begin
ChStr := Copy(SetFormat,1,1);
Chtr := ChStr{1];



val(Chtr,StopBit,Result);
Delete(Setformat,1,2):
End;

Procedure Spit_Vvalue;

Begin
BaudRate_Value;
DataBit_Value;
StopBit_Value;
ChStr := Copy(SetFormat,1,1);
Chtr := chstr[1];
Parity := Chtr;

End;

Procedure Initial_8250;
var LSB, MSB : Byte;

Begin
CASE BaudRate OF
300 : begin
MSB := $01;
LSB := $80;
end;
600 : begin
MSB := $00;
LSB := $CO;
end;
1200 : begin -
MSB := $00;
LSB := $60;
end;
2400 : begin
MSB := $00;
LSB := $30;
end;
4800 : begin
MSB := $00;
LSB := $18;
end;
9600 : begin
MSB := $00;
LSB := $0C;
end;
END; { of CASE }
CASE CommPort OF
1 : begin
Port[$3FB] := $80; { Baud Rate Divisor Rigister }
Port[$3F8] := LSB; { LSB Value for BuadRate }
Port[$3F9] := MSB; { MSB Value for BuadRate }
TXRx = $3F8; { TxRx Port }
RxCheck = $3FD; { Receive Check }
end;
2 : begin
Port[$2FB] := $80; { Baud Rate Divisor Rigister }
Port[$2F8) := LSB; { LSB Value for BuadRate }
Port[$2F9] := MSB; { MSB value for BuadRate }
TXRx = $2F8; { TxRx Port }
RxCheck = $2FD; { Receive Check }



end;
END; { of CASE }

CASE DataBit of

5 : Bit01 := $00;
6 : Bit01 := $01;
7 : Bit01 := $02;
8 : Bit01 := $03;
END;
CASE StopBit OF
1 : Bit2 := $00;
2 : Bit2 := $04;

END; .

Parity := UpCase(Parity);
CASE Parity OF
"N’ : Bit3 := $00;

0’ : begin
Bit3 := $08;
Bit4 := $00;
end;
'E’ : begin
Bit3 := $08;
Bit4 := $10;
end;

END;

Bit567 := $00:

Command_Word :

IF CommPort =

Port[$3FB] :=
End;

= BitO1 OR Bit2 OR Bit3 OR Bit4 OR Bit567;
2 THEN Port[$2FB] := Command_Word ELSE
Command_Word;

Procedure Disable_Interrupt;
Begin

IF CommPort = 2 THEN Port[$2F9] := $00 ELSE Port[$3F9] := $00;
End;

Procedure Init_Interface;
Begin
Initial_8250;
Disable_Interrupt;
End;

Procedure Transmit;
Begin

Port[TxRx] := Data;
End;

Procedure Receive;
Begin

Character := Chr(Port[TxRx]):
End;

Procedure Receive_Massage;
Begin
IF Port[RxCheck] AND $01 = $01 THEN



begin
Receive;
end
ELSE
WriteLn(’UNRECEIVED’);

End;

Procedure Transmit_Massage;

Begin .
Data := Ord(Character);
Transmit;

End;

Procedure InitCommunication;
Begin
Writeln;
Writeln;
Write(’COMMUNICATION PORT [1],[2] > ?);
ReadLn(CommPort);
Write(’DATA STREAM {Baudrate,data,stop,parity] > ');
ReadlLn(SetFormat);
WritelLn;
Spit_Vvalue;
Init_Interface;
End;

{RRrREER0RX00KKREEEX MATN KR0RRRKRRLLREKREKRKR )
VAR
Condition : Char;
AddrNum : Integer;
AddrChar : Char;
CommandChar : Char;
CommandNum : Integer:;
fr : Char;
sr : Char;
inpnum : Integer;
outnum : Integer;
onoff : Integer;
1,3 : Integer;

BEGIN
InitCommunication;
inpnum := 0;
outnum := 0;
onoff := 0;
Condition := 'd’;
AddrNum := 129;

REPEAT
Writeln;
WriteLn('Address : ’,AddrNum);
IF UpCase(Condition) = >C’ THEN
begin
Write(’New Address > ’);
ReadLn(AddrNum);
end;
AddrChar := Chr(AddrNum);



IF UpCase(Condition) =0’ THEN
begin
Write('OUTPUT (0-7) ...> ?);
ReadLn(outnum);
Write(’On-Off (On=1, OFF=0) ...> 7);
.ReadLn(onoff);
end;
FOR { := 0 TO 7 DO
begin
inpnum := i;
IF onoff = 1 THEN
CommandNum := inpnum*16+outnum+8
ELSE
CommandNum := inpnum*1{6+outnum; '
CommandChar := Chr(CommandNum);

FOR j := 1 TO 2 DO
begin
Character := AddrChar;
Transmit_Massage;
Delay(1);
Character := CommandChar;
Transmit_Massage;

Delay(3);
Receive_Massage;
fr := Character;
Delay(1);
Receive Massage;
sr := Character;

IF j = 2 THEN

WriteLn(’ IN’,inpnum,’ = ’,0rd(sr)/255%4,’ Volts’);

end;
end;
WriteLn(’Any key to see input value again or’);
WriteLn(’X to exit, O to On-Off, C to change Address ’);
Condition := ReadKey;
UNTIL UpCase(Condition) = ’X’;

END.

{xx X XREMARKX £ X%}

{ COMMAND 0-127, ADDRESS 128 - 255 }
{ ASCII Code to select input/output }
{ ANALOG INPUT HEX Decimal }
{ INO 0 0-15 }
{ CINT 1 16-31 )
{ IN2 2 32-47 }
{ IN3 3 48-63 }
{ IN4 4 64-79 }
{ INS 5 80-95 }
{ ING6 6 96~-111 }
{ INT 7 112~-127 }
{ ON-OFF OUTPUT }

{ OUTPUT OFF ON }
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LM1893/L.M2893
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Nationai iy

Semiconductor BI-LI NE ™

LM1893/LM2893 Carrier-Current Transceivert

General Description
Carrier-current systems use the power mains o transfer in. Output power easily boosted 10-fold
formation between rembge locations. This bipolar carrier- & 50 to 300 kHz carrier frequency choice
current chip performs as a power line interface for half-du- g TTL and MOS compatible digital levels
plex (bi-directional) communication of serial bit streams of Regulated voltage to power logic
virtually any coding. In transmission, a sinusoidal carrier is
FSK modulated and impressed on most any power line via a
rugged on-chip driver. In reception, a PLL-based demoduia- H H
torggnd impulsz noise filter co:\bine to give maximum range. Apphcatlons
A complete system may consist of the LM1893, 2 COPS™ ¥ Energy management systems
controller, and discrete components, ® Home convenience control

u inter-office communication
Appliance control
Fire alarm systems
Security systems
Telemetry
Computer terminal interface

n Drives alt canventional power lines

Features

® Noise resistant FSK modulation

8 User-selected impulse noisn filtering

® Up to 4.8 kBaud data transmission rate
u Strings of 0's or 1's In data allowed

® Sinusoidal line drive for low RFI

Typical Application

250
0.22u
CONTROLLER
2 ™ T/AY ax
2t DATA SELECT DATA
’% 580p 1 A
108
7 sk
! 1 ]2 L &1 5
T .
_ SINE /A
T INAY SHAPER Moo seLect 2
3 11
IRe |
1 L 5.6V -
+d ico <+
. =
uy B '
THASE DET +—
p'y "’
y
5 N ] IMPULSE 12
uMIER - e e DFESET NOISE  }-»-
™" fuem FILTER

[
i f i‘ 13K ‘mji m ™

v aL 3 v

FIGURE 1. Block diagram of carrier—current chip with a cemplement of discrete components making a complete
Fo =125 kHz, pa1a = 360 Baud transceiver. Use caution with this circuit—dangerous line voltage Is present.
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Absolute Maximum Ratings

i Mlli!ary/Aerospace specified devices are required,

Maximum continuous dissipation, Ta=25C,

£68ZW1/E68L N1

please contact the National Semiconductor Sales plastic DIP N (Note 2): transmit mode 1.66 W
Office/Distributors for availability and specifications, receive mode 133w
Operating ambient temp. range -40 {0 85°C
\S/gﬂggevg:: ;?: 12 gg x Storage temperature range —65 to 150°C
Voltage on pin 10 (Note 1) v Lead temp., soldering, 7 seconds 260°C
Voltage on pins 5 and 17 4V Note: Absolute maximum ratings indicate limits beyond
5.6 V DC zener current 100 mA which damage to the device may occur. Electrical specifica-
Junction temperature: transmit mode 150°C lions are not ensured when operating the device above
recsive mode 125°C guaranteed limits but below absolute maximum limits, but

Electro-Static Discharge (120 pF, 15000) 1KV tharo will be no device degradation.

General Electrical Characteristics
(Note 3). The test conditions are: V+ = 18V and Fp = 125 kHz, unless otherwise noted.

Test Deslign Limit
* Parameter Condltions Typlecal Limit Limit Units
{Note 4) {Note 5)
1 5.6 V Zener voltage, Vy Pin 11, 1z=2mA 5.6 5.2 V min,
5.9 V max.
2 5.8 V Zoner resistance, Az Pin 11, Az = (V;@10 mA - Vz@1 mA)/{(10 mA~1 mA) 5 n
3 Carrier 1/Q peak survivabla Pin 10. discharge 1 i1F cap. charqed to Vo | 80 60 V max,
transient voltage, Vor thry <10)
4 Carrler 1/0 clamp voltage, Voc Pin 10, Iog = 10 mA, AX moade 44 41 V min.
2N2222 diode pin 8 10 9 50 V max,
5 Carrier /0 clamp resistance, Rio Pin 10, log =10 mA 20 2]
8 | TX/AXlow input voltags, V_ Pin§ 1.8 0.8 V max,
7 TX/BX high input voltage, Vyy Pin 5 (Note 9) 2.2 28 ' V min,
8 TX/BX tow nput current, e Pin5ato8yVv -2 -20 pA min.
1 nA max,
9 TX/RX high input current, Tt Pinsatdov -1 o MA min,
10-4 10 puA max.
10 RX -~ TX switch-over tima, TRt Time to davelop 63% of full current drive thru pin 10 10 us
1 TX —~RX swilch-over tima, Tra 1 bittime, Tg=1/({2Fpaya). Time Trgr ‘s user 2 bit
controlled with Cyy, see Apps. Info,
12 [ ICOinitiat accuracy of Fs TX moda, g~ 6.65kn, Co = HF0 pF 125 13 kHz min,
Fo = (Fy ¢ F,z(_g_ 137 kHz max,
13 | 1CO temparature coetlicient of Fo TX of RX mode. (Fonax ~ Fonn/ (Taran< =T ) -100 PPM/*C
14 Temperature dnit of Fo TX or X mode, ~40 AT3S T MAY +2.0 +5.0 *% max,
Transmitter Electrical Characteristics (Note 2). The test conditions are: V + = 18 V and Fo = 125 kiHz
unless otherwisa noted. The transmit center frequency is Fo, FSK low is Fy, and FSK high is Fy.
Test Design Umit
* Parameter Conditions Typical Limit Limit Units
) & {Note 4) {Note 5) -
15 Supply voltags, V +, range Meets tast 17 spec. at Ty =28°C and: 13 14 13 V min.
I(F,[uvl—a[mvl)/F,[lev}kom 40 24 23 V max.
IF 24V ~F [18VI)/F, [18V][ <0.01
16 Total supply current, leyr Pin 15, Pin 12 high. Iy i3 Ig through 52 79 mA max,
pin 15 and the average current lops of the
Carrler 170 through pin 10
17 Carrier 1/0 output current, lo 1001} foad on pin 10 70 45 mApp min.
18 Carrier 1/0 lowar swing fimit, Vae Pin 10. Setinternally he ALC. 4.7 4.0 V min.
2ND222 diode pin 8 to 9 5.7 V max.
19 THD of I {Note 6) Q of 10 tank driving 100 line 0.6 8.0 % max.
1001} load, no tank 5.5 9 % max.
20 FSK deviallon, Fa—Fy (Fa~F)/([F5 + F]72) 44 a7 % min,
5.2 % max.
21 Data In. low input voltaga, Vi Fin 17 1.7 0.8 V max.
22 Data In. high input voltage, Viy Pin 17 (Notp 9) 2.1 2.8 V-min,
23 Oata In. low input current, by Pin 17 at 0.8 v™ - -1 -10 pA min,
_ 1 nA max,
24 Data In. high input currnt, Iy Pin 17 at40 v T ~1 ) HA min.
10-4 10 #A max,
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Receiver Electrical Characteristics (Nota 3). The test conditions are: V+ =18 V, Fo = 125 kHz, +2.2%
deviation FSK, Fnata=2.4 kHz, Vin= 100 mVpp, in tha receive mode, uniess otherwisa noted.

Test Design Limit
» Parameter Conditlons Typicat Limit Limit Units
{Note 4) {Note 5)
25 Supply voltage, V+, range Functional raceivar (Note 7) 12 13 13.8 V min,
37 0 28 V max:
26 Supply current, gy lqr is pin 15 (V+) plus pin 10 11 5 mA min:
(Carriar 1/0) current, 2.4 k2 Pin 13 to GND. 14 mA max.
27 Carrler /0 input resistance, Ryo Pin 10 19.5 14 k§ min,
. 30 k0l max,
28 Max. data rate, Fyp Funetional racoivar (Note 7), Cp =+ 100 pF, 10 48 2.4 kBaud
R = 041, no tank,
2.4 kHz*= 4.8 kBaud
29 PLL capture ranga, Fe Ce= 100 pF, Rg -0 N +40 +15 10 % min,
30 PLL lock range, Fy_ Cg = 100 pF, Rp =0 {2 +45 +15 % min,
31 Receiver input sensitivity, Sin For a functional receiver (Note 8)
Referred to chip side (pin 10) 1.8 10. 12 mVRus
of the fina-coupling XFMR: Fo =50 kHz 2,0 mVaus
Fo =300 kHz 14 mVaus
Reaferred to lina side of XFMR: 0.26 mVaug
(assuming a 7.07:1 XFMR) Fo=50kHz 0.29 mVRus
Fo =300 kHz 0.20 . MVRMs
32 Tolarabla input dc voltags offset Pin 10 lower than pin 15 by Vinoc 2 0.1 V max.
rangs, Vinoc
33 Data Qut. breakdown'voltage Pin 12, Inakage 1< 20 uA 70 55 V min,
34 Data Out. low output, Vo, Pin 12, sat. voltage at loy =2 mA 0.15 0.4 V max.
35 Impulse noise filter current, I; Pin 13 charga and discharga current +55 +45 pA min,
+85 pA max,
36 Offset hold cap. bias voltage, Vo Ping 2.0 1.3 V min,
j 3.5 V max.
37 Offset hold capacitor max. drive Pin 6. V(pin 3) - V(pin 4} = + 250 mV +55 +25 A min,
current, lycm +80 pA max,
38 Offset hold bias currant, loHg Pin 6, TX mode, Blas pin 6 as it seif- ~0.5 -20 —-40 nA min,
biasod during test 31, 40 nA max.
39 Phase comparator current, lsc BlagpinsJand 4 al 8.5V 100 50 A min,
lpc=1{pn 3) + I{pin 4), TX mode 200 | A max.
40 Phase detector output resistance, Pins 3 and 4, 10 6 kY min,
Rpp Rpp = (V@ 109pA —V@501A)/(50uA) 18 k{1 max,
41 Phasa detector demodulated output Pin 3 to 4, measurad after filtering 100 80 mVpp niin,
voltage, Vpp out the 2F component 180 mVpp max,
42 Fast offset cancel voltage “window™ VPINg~Vping = = Vwinoow + DG ofset 0.95 0.70 VIV min,
-to-Vpp ratlo, Viy/Vpp Drive for + 1 pA pin 6 current 1.20 V/V max,
43 Power supply rejection, PSRR i Ci = 0.1 uF. PSRR = CMAR. 120 Hz 80 dB min,
Note 1: More r'ately. the i voltaga all on pin 10s Vo, and Voo ranges from 41 to sbv. Also, transients may reach above 60V: sea the transient

peak voltage characteristic curve.

Note 2: The maximum power dissipation rating should be derated for device operation above 25°C to Insure that the jungtion temperature remains balow the
maximum rating. Use a 844 of 75°C/W for tha N package using a socket in still air {which is the worst case). Consult the Application Information section for more
detail,

Note 3: The boldface valyas apply over the full junction lemperaturs range for the spacified supply voitage range. All sther numbers 8pply at To=T;=25°C, Pin
numbers relar to LM1893. LM2893 tosted by shorting Carrier In to Carrier Out and testing it as an LA1893.

Note 4: Guaranieed and 100% production tested.

Note 5: Guarantesd (but not 100%% production tested) over the temperature and suppty voltage ranqes. These limits are not used to calculate outgoing quality
levels.

Note 6: Total harmonic distortion is measured using THO = s (ah components at o above 2Fp))/ llams {fundamental)).

Note 7: Receiver function is delined as the error-ree passage of 1 cycle of £0% duty-cycle 2.4 kHz square-wave data (2 sequential 208 uS bits), with tha first bit
baing a *1," All of the data transitions (odqes) must fall within £ 10% (+20.8 ps) of their noise-fres positions, RX time delay is minimized by using no impuise noise
fihar cap. C; for this test.
Note 8: During the sensitivity chack, note 7 requirements are Iallowad with these excaptions: (1) data rate Fparp = 1.2 kHz, (2) &lt of the data transitions must fafl
within $20% (£41.6 us) of their noiso-lren positions, and (3), a time-domain fifter capacitor (C)) is used. The time delay of Cy Is % bit, or 208 ns. (G is
approximately 6200 pF).

Note 9: For TTL compatibility use 8 puil-up resistor to increase min, Vou o above 2.8 V.,
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Typical Performance Characteristics (Continued)
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Application Information*

THE DATA PATH

The BI-LINE™ chip serves as a power line interface in the
carier-current transceiver (CCT) system of Figure 3. Figure
4 shows the interface circuit now discussed. The controller
may select either the transmit (TX) or receive (RX) mode.
Serial data from the controfler is used to generate a FSK-
modulated SO to 300 kHz carrier on the line in the TX mode.
In"the RX mode line signal passes through the coupling
transformer into the PLL-based raceiver. The recreated seri-
al bit stream drives the controller,

With the IC in the TX mode (pin 5 a logic high), baseband-

data to 5 kHz drive the modulator's Data In pin to generate
a switched 0.9781/1.022] control current to drive the low TC,
trianglo-wave, current-controlied oscillator to +2.2% davia-
tion. The tri-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-
rant output amplifier. Driva current from tha Carrior 110 do-
velops a voltage swing on Ty's (Figure 4) resonant tank
proportional to line impedance, then passes through the
step-down transformer and coupling capacitor Cg onto the
line. Progressively smaller line impedances cause reduced
signal swing, but never clipping-thus avoiding potential radio
frequency interference. When large line impedances threat-
en to allow excessive output swing on pin 10, the ALC
shunts current away from the output ampiifier, holding the
voltage swing constant and within the amp’s compliance
limit. The amplifier is stable with a load of any magnitude 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
spikes, and power line component impings of the receiver's
input highpass filter, made up of Cg and Ty, and the tank
bandpass filter. In-band carrior signal, band-limited noisa,
heavily attenuated line frequency component, and altenuat-

" ed transient energy pass through to produce voltage swing

on the tank, swinging about the positive supply to drive the
Carrier 1/0 receiver input. The balanced Norton-input limiter
amplifier removes DC ofisets, attenuates line frequency,
performs as a bandpass filter, and limits the signal to drive
the PLL phase detector differentially. The differential de-
modulated output signal from the phase detector, contain-
ing AC and DC data signal, noise, system DC offsets, and a
large twice-the-carrier-frequency component, passes
through a 3-stage RC lowpass filter to drive the offset can-
cel circuit differentially, The offset cancelling circuit works
by insuring that the (fixed) 50 mV signal delivered to the
data squaring ("'slicing") comparator is centered around the
0 mV comparator switch point. Whenever the comparator
signal plus DC offset and noise moves outside the carefully
matched +50 mV voltage “window” ot the offset cancel
circuit, it adjusts its DC correction voltage in series with the
differential signat to force the signal back into the window.
While the signal is within the +50 mV window, the DC offset
is stored on capacitor Cy. By grace of the highly non-finear
offset hold capacitor charging during offsot cancelling, the
DC cancellation is done much more quickly than with an AC
coupling capacitor normally used in place of the offset can-
cel circuit. Since impulse noise spikes normally ring the sig-
nal symmetrically around 0 V, the fully bilaterat offset cancel
topology affords excellent noise rajection. The switched cur-
rent output of the comparator drives the impulse noise filter
integrator capacitor that rejects all data pulses of less than
the integrator charge time. Noise appears as duty-cycle fitter
at the open collector serial data output,

Dual-In-Line Package

ocAP 1 —1 o 18 |~ ico FREguENCY
o CAP? —2 Wi~ DATAM
ALAER | —{3 16 - LIMITER FILTER
PLLALTER 2 —d 4 13| v+
AR seeet —{s  UNISS3 1 cangwp
OFFSET HOLD CAP —] 6 12 }— NOISE INTEBRATOR
ALC STAILITY — 7 13 f DATA OUT
st0s? emrier s 1|~ 3.8V ZENER
BOOSTBASE —{§ 10 |~ CARRIER 170
TL/H/B750-2
Top View
Order Number LM1893N

See NS Package Number N18A

Small Qutline & Dual-in-Line Package

€0 cap 1—{ 1 ~ 20100 FREQUENCY
100 CAP 22 19}~ DATA W
PLL ALTER 13 18}~ LIMITER FILTER
NO CONNECTION—] ¢ 174=ve
PLLFLTER 295 ¢ 16[—GRoND
TX/RX seLecT~{ 6 154~ CARRIER IN
OFFSET HOLD cAP—{7 14§ NOISE INTEGRATOR
ALC STABILITY —{ 8 13— 0ATA OUT
BOOST EMITTER— 9 12}—5.6v ZENER
800ST BASE—{ 10 11f— CARRIER OUT
TL/H/8750- 41
Top View

Order Number LM2893M or LM2893N
See NS Package Number M208 or N20A

FIGURE 2. Connectlion Diagrams

POWER LINE
i . 1
o
CARRIER- CARRIER-
CURRENT It CURRENT IC
VI ¢ S wR o oM
SEL  DATA  DATA SEL  OATA  DATA
p P b F 3
Y Y
MASTER SLAVE
CONTAOLLER CONTROLLER
AT ADORESS 1 AT ADDRESS 2
! 4
I ]
L4 L
SWITCHED
KEYBOARD LoaD SENSOR
TL/H/8750-3

FIGURE 3. The block dlagram of a carrier-current
system using the Bl-Line chip to interface digitat
controllers via the power line

“Unlass otherwise noted, all pin references refer to LM1893, but hold true
for equivatant LM2893 pin,

E68ZNT/E681LINT



i
: $3X0q paysep uj umoys suopido Aiddns AS pue 1s00q atp) Yim wWaysAs 199D ® jo wiesbep yoolg » JUNOIY
N ¥-0S29/HNL
) » "y - W 4 3 ] ,3—““““0
£ ) v t ot ] ti r—--
P7 T
% ) vaims et . | !
EN T B o '
PO 3508 Howv o w3t o b oo
2 asina 13§340 - ey .M. LY i 21
+A WA N ¥
i g T
.
L —- 130G 3SWid A H i [
[l
.;aun._ by dWy 8 iso08f | < @ | ,
= Ll mngne A3 L m “ 17 .
T r e T - o == s SR ;
M ! T 7 a 24§ ! i
ot | Vg i
g N — _ . { ! '
N “ “ “ 4 3 [ ' _
B 19318 ¥3dvis
m Lp g X731 oy s M m
= E“v
[y
v
& sS4 b]
S e L
.mm |
30N
vIva 103135
ang o
-ml x¥ /X of h unHl
.w ¥3TI0HINDD
< 4
— n
o <A
©
=
[\
L
[-1
o
<
€68CNT/E68LINT

e -




Application Information (continueq)

" Recommended Effect of makingthe component vatue: Notes
Value Smatler
Co|560 pF Together, Co and Rg|Increases Fo Uscreases F +5% NPO ceramic. Use low TC
Ro[6.2 kN Increases Fo Decreases Fp 2k potand 5.6 k fixed R.
<5.6 k not recommended. | 7.6 k not racommendad. |Poor Fo TC with <5.6 k Rp.
Cr {0.047 uF PLL loop fitter pole  {Less noise immune, higher [More noise immune, lower Depending on R value and
tDATA.more PLL stability. |fnata, less PLL stability.  |Fo, PLL unstable with large
Re [3.3kN PLLtoop fiterzero  {PLL less stable, allows PLL more stable, allows Cr. See Apps. Info. Cg
less Cr. Less ringing. rore Ce. More ringing. and Rg values not critical.
Cc(0.22 uF Couples Fp toline, |Low TX line amplitude, Drives lower ling Z. 2250 V non-polar. Use 2C¢
Ccand Ty low-pass |Less 60 Hz Ty current. More 60 Hz Ty current. on hot and neutral for max.
attenuates 60 Hz, Less stored charge, More storad charge. line isolation, safety.
Cqj0.033 uF Tank matches line Z, | Tank Fouporincrease  |Tank Fo down or decrease 100 vV nonpolar, fow TC, +10%
bandpass filters, L of Ty for constant Fg. L of Ty for constant Fo. High large-signal Q needed.
Ty |Use isolates from line, Smallar L: higher F or Larger L: lower Fg or Optimize for fow Fg line
recommended Jincrease Cg; decreased Fo |Cecrease Cc: increased Fp|pull with control of FoTC
XFMR line puil. / line pull, and Q,
Ca 0.1 uF Noise spikes turn ALC off. |Slower ALG rasponse. Ra optional, ALC stable
Ral10 kN Less stable ALC, ____|More stabls ALC. for Cao2 100 pF.
Cy [0.047 nF Limitor 50 kHz pote, |Higher pole F, more 60 iz {Lower pole F,less 60 Hz  |Any reasonably low TC cap,
reject. Fo altenuation? raject, mora noise BW. 300 pF guarantees stability.
Cuj0.47 uF Holds RX path Vog  |Less noise immune, shorter| Mora noise immune, longer|Low leakage = 20% cap.
Vs hold, faster Vg aqui- |Vog hold, stower Vos aqui-(Scale with fpara.
sition, shorter preamble, sition, fongar preamble.
Cy [0.047 uF Rejects short pulses |Less impulse reject, less More impulse reject, more Ci charge time ', bit nom.
like impulse noise. delay, more pulse jitter, delay, less pulsa jitter, Must be <1 bit worst-case.
R |10k Open-col. pull-up Less available sink |, ____{tess availabla source I, Rc21.5kQon56V
Rz |12k 5.6 V Zener bias Larger shunt current, Smaller shunt current, 1 <1z <30 mA recommendod.
more chip dissipation. less V+ current draw. (Chip power-up needs 5.6 V)
Zy |44V BV Transient clamp Zr Inilura, highar sares 2y costly, lower saries Recommend Zener rated
-~ 60V paak fl-axcess nrak V, Zener R gives anhanced for 2500 W for 1 ms.
and chip damage, transient clamp,
less ruggedness. more ruggedness.
Rrl4.7 0 Damage 27, pult up V+, Excessive TX attenuation. [{Carbon comp. recommended.
Or|>44vBYV Ovar-driva Clarnp Failure on Transiont Costly IRF 11DQ05 or 1N5819
Rg[180 0 Faster, lower THD 1o, Inadequate turn-off speed. |Boost optional. Qg F(—3 dB)
Qg |Power NPN Boost gain device Excessive T; and Vgar. More rugged, but costly.  {of > 200 MHz. Rg > 24 Ohm,
Rg[t.1 0 Current setting R More In, need higher hy,.  |Less I, lower min. i lo =70[(10+Rg)/Rgl mApp.
Ca 247 uF Transients destroy chip. Less supplv spike. V+ never over abs. max.
Zp |51V Stop ALC charge Excess ALC ALC RX charging Z4 optional - 5.1V
current flow not inhibited over T +20% low leakage type

FIGURE 5. A quick explanation of the external component function usi
18V, Fo = 125 kHz, IpaTa = 360 Baud (180 Hz),

Component Selection

Assuming the circuit of Figure 4 is used with something oth-
er than the nominal 125 kHz carrier frequency, 180 Hz data
rate, 18V supply voltage, etcetera, the component values
listed in Figure 5 will need changing. This section will help
direct the CCT designer in finding the required component

values with emphasis placed on look-up tables and charts, it

is assumead that the designer has selected values for carrier

center frequency, Fo: data rate, foaTa: Supply voltage, V +; Co

power lino voltags, V; and power line frequency, F(. If one
or more of those parameters is not dofined, ono may read
the data sheet and make an educated guess,

Maxims to keep in mind, based on CCT electrical perform-

ng the circuit of Figure 4. Values givenarefor v+ «
using a 115 V 60 Hz power line

ance considerations only, are: 1) the higher the Fg the bet-
tor, 2) the lower the maximum data rate the better, and 3)
the more tima and frequency filtering the better.

Use Figure 5 as a quick reference to the axternal compo-
nant function.

THE TRANSMITTER

Central to chip operation is the low TC of Fo emitter-cou-
pled oscillator. With proper Co. the Fg of the 2Vgg ampli-
tuda triangle-wvave oscillator output may vary from near DC
to above 300 kHz. While Co may have any value, Cq should

€68CWNT/€68L N
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Component Selection (continued)

be made above 10 pF so that parasitic capacitance is not
dominant. Excessive or unbalanced common-mode-to-
ground capacitance should be avoided. A low temperature
coefficient (TC) of capacitance (<100 PPM/°C), such as a
monolithic NPO ceramic multilayer type, preserves low TC
of Fo. Figure 6 finds a Cq value given Fo.

Ro

Resistor Rg is used by the IC to generate a Vge/R related
current that is multiplied by 2 to produce the 200 rA ICO
control current that sets F. The control current TC “bucks”
the Vgg related tri-wave amplitude across Co to effect a low
TC of Fo. Vary Rg to trim Fo, within limits. Raising Fo more
than 20% above its untrimmed value by means of decreas-
ing Rp more than 20% Is not recommended. Low Ro. and
s0 high control current, risks ICO saturation and poor TC
under worst-case conditions. Raising Rp reduces the de-
modulated signal amplitude from the phase detector: raising
Rp by more than a factor of 2 (1 octave) is not recommended.
Since lower TC pots ara relatively costly, it is recommended
that Rp be made up of a 5.6 k fixed (<100 PPM/°C) resistor
with a 2 kQ (<250 PPM/°C) series pot,

Caand Ry

Components Ca and R4 control the dynamic characteristics
of the transmitter output envelopa. Their valies are not crit-
ical. Use the values given in Figure 5. Ca and Ry are func:
tions of loaded Ty tank Q, Rp. fpaTa. and line impulse
noisa. Any changes made in Ca and Ra should be made
basad on ampirical measuromants of a CCT on tha linn,
Roughly, Ca acts as an ALC pola and Ra an ALC zero.

T
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Co —OSCILLATOR CAPACITANCE {nF)

1 10 100 1000
Fy—CARRIER CENTER FREQUENCY (kitz)
Tt /M/8750-5
FIGURE €. Find Cq's value knowing Fo

49.0 ui 71,0880 4

J

At this point, the CCT system designer may choose to use
one of the recommended transformers or to design custom -
Ty. Consult "The Coupling Transformer" section to help
with the design of T if a new or boost-capable transformer -
i3 needed. The recommended 125 kHz transformer fung.
tions with an Ig of up to 600 mApp. R PV F

Itis recommendad that CCT systems use the recommended
transformers, described in Figure 7, for Ty. The 3 transtorm-
ers are optimized for use in the ranges of 50- 100 kHz, 100-
200 kHz, and 200-400 kHz with unloaded Q's (Qu) of about.
35, and loaded Q's (QU) of about 12. Three secondary taps
are supplied with nominal 7.07, 10, and 14.1 tums ratios (N)
to drive industrial and residential power line impedances of
3.5, 7, and 140 respectively. All are inexpensive, all have
the same pin-outs for easy exchange in a PC board, and all
are small - on the order of 10 mm diameter at the base.

4
)
Ty ‘;
1

Ca

Tank resonant frequency Fq must be correct to allow pas-
sage of transmitter signal to the line. Use Figure 8 to find
Cq's value. Trimming Fq to equal Fg is done with Ty's trim-
ming slug. The inductance of Ty has a TC of + 150 PPM/*C
which may be cancelled by using a — 150 PPM/°C cap such
as polystyrene. Since circulating current in the tank is Ya.
Anpwms, Cq should have a low series resistance (& 1 0 series
resistance is too much). Polypropelene caps are excellent,
“orange drop” mylars are adequate, while many other my-
lars are inadequata. A 100V rating is needed for transient
protection.

50,000 —

CON s aaiii
€ Bu
§ 5000 [2nFoltLy
g weasCERRIT
£ s0 By I
3 8.0 uHHY
g w0 AN
H i
H 108 2N
28 k= !
o«
1 i in
& o3 il
10 100 1000

Fo-—-CARRIER FREQUENCY (kHz}

Tuwnso-!o\
FIGURE 8. Find Cg's value given Fq
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Bottom View
TL/H/6750-8

Toko America, 1250 Fechanville Drive,

1
41727, 0.405 uH

31727, 0.248 44
?

TL/H/G750-7

125 kHz
Toko 707VX-A04ZYUIK

T2V 113 4

51/271, 0.605 it
2

s O $ $
4 )

TL/H/6750-8
50 kHz
Toko 707VX-A043YUK

FIGURE 7. The recommended T4 transformers, available through:

21/2T. 156 WM
11727, 0.056 .4
?

4 H

TL/H/8750-9
300 kHz
Toko 181XN-A207YUK

Mount Prospect, IL, 600586, (312) 297-0070
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Component Selection (continued)

Ce

Capacitor Cc's primary function is to block the power lina
voltage from T's line-side winding. Also, Cc and Ty's line-
side winding comprise a LC highpass filter. The self-induc-
tance of Ty is far too low to support a direct fine connection.
Cg must have a low enough impedance at Fo to aflow Ty to
drive transmitted energy onto the tine. To driva a 140 power
line, the impedance of Cg should be below 140).

Use Figure 9 to find the reactive impedanco of Cg to check
thatitis less than the line impadance. Then chack Figure 10
1o see that the power line current is small enough to keep
Ty well out of saturation: the recommended transformers
can withstand a 10 Amp-turn magnetizing force (1 Amp
through the worst-case 10 turn line-side winding).

Caution is roquired when choosing Cg to avoid series reso-
nance of the serles combination of Cc. the transformer in-
ductance, and the reflected tank impedance. The low resist-
ance of the network under series resonance will load the
line, possibly decreasing range. For your particular line cou-
pling circuit, measure for series resonance using soine ex-
pected line impedance load,

Rg
This base-bleed resistor tuns Qg off quickly - important
sinca the amplifier output swing is abont 200V/ps. An Rg

below about 2411 will conduct excessive current and over-
load the chip amplilicr and is not racommended.

0 ey
1
g {
g 1 950 v
w = = Iy
s K Ft Nl T+
g ~ LH D"Lzs iz
g =Ml >
: = ==
IS
SN
b [
0.t 1 10

Cc —~LINE COUPLING CAPPCITANCE (uf)
TUTRZSD 11
FIGURE 9. C¢'s impedanca should be,
73 a rule-of-thumb, smaller than the fowest
expected line Impedance

Rg

This re«istor, in parallel with tha internal 101} rosistor, fixes
the current gain of the output amplifier, and so the output
current ampiitude. Figure 11 gives output current and mini-
mum AC current gain hyg for Qg when Rg is used to boost
output current.

Qp

The boost gain transistor Qg must be fast. Double-diffused
devices with 50 MHz Fy's work, slower transistors (epi-base
types) do not preserve a sinusoidal waveform when Fois
high or wilt cause the output amp. to oscillate. Qg must have
a certain minimum hy, for given boost levels, as shown in
Figure 11. Figure 12 shows the power Qg must dissipate
continuously operating with a shorted output, BVegn (N ==
Rg) must be 60V or greater and Qg must have adequate
SOA for transient survival,

Zr
Unlortunately, potentially damaging transient energy passes
through transformer Ty onto the Carrior 1/Q pin (instanta-

naous powar of greaterthan 1 kW has been measured us-
ing the recommanded transformers). For self protection, the
Carrier 1/0 has an internal 44V voitage clamp with a 200
sories resistance. A-parallel low impedance 44V external
transient suppression diode will then- conduct the- lion's
share of any current when transients force the Carrier 110t
a high voltage.

g

Fua 60 H2

50 Hz
i

UNE-FAEDUENCY CURAENT (mAp}

1
9.1 1 10

Cg —LINE COUPLING CAPACITANCE WF)  TUNHE750-12
FIGURE 10. The AC line-Induced current passed by Ce

1000
- | g =0.0247({10 + R}/ 10Rg )
7 -\ Ty =25°C
2 <
oy p
g N 2
S 100 é 1 8
o o NG 3
£ ol £
3 ; E]
1 mu
2 )

1] "t

0.1 1 1 100

Ra - GAIN-SETTING (0) TL/H/ET50-13
FIGURE 11. Output amplifier current and required min.
Qg hye versus gain-setting resistor Rg

g

3

=

AVERAGE 09 DISSIPATION (W)

I

10 100 1000

lo—-BUTPUT CURRENT {mArme) TL/M/6750-14
FIGURE 12, Boost transistor power dissipation versus
amplifier output current

Zr must be used unless some precaution is taken to protect
the Carrler 1/0 pin from line transients or transients caused
when stored line energy in Cc is discharged by the random
phase of power line connection and disconnection, Worst
case, Ce may discharge a full peak-to-peak line voltage into
the tuned circuit. Another way to reduce the need for Zy is
by placing another magnetic circuit in the signal path that
relies on a high, but easily saturated, permeability to couple
a primary and secondary winding - a toroidal transformer for
eyample. Torolds cost more than 27,
Use an avalanche diode designed specifically for transient
suppression — thay have orders of magnitude higher pulse

E68CWT/E681L N
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Component Selection (continued)

power capability than standard avalanche diodes rated for
equal DC dissipation. Metal oxide varistors have not proven
useful because of their inferior clamping cosfficient and are
not recommended. Specifications for an example minimum
diode are given in Figure 13

Breakdown Voltage 44-49V @ 1 mA
Maximum Leakage 1pA @ 40V
Capacitance 300 pF @ BV
Maximum Clamp Voltaga 64.5V @ 7.8A

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

10kWfor 1 pus

70A for 1/120s

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

Ry

Rr acts as a voltage divider with 27, absorbing transient
energy that attempts to pull the Carrier Input pin above 44V,
Make the resistor a carbon composition 1/4W. When exper-
Iments discharging Cg charged to the peak-to-peak 620V
AC thru a 10 power line were carried out, film resistors blew
open-circuit.

Dt
This Schottky diods Is placed in parallel with the CCT chip’s
substrate diode to pass the majority of the current drawn
from ground when the Carrier Input or Carrier Qutput is
pulled below ground by a farger-than-twice-the supply-swing
on the tank. Note that Zt is in parallel with the substrate
diode, but is ineffactive due to its high forward voltage drop
and high diffusion capacitance caused by its low forward
speed. Tests proved that a 1N5818 kept a receive-path
functionat with a 20X boost transmitter with a 7: 1 transform-
er attempted to swing the receiver's Carrier 1/0 to £100V
(300 mA peak ground current in the receiver). Without Dr,
the receiver momentarily stops functioning at a 100 times
lower ground current,

This diode is not needed if the Carrier 170 never swings
below ground. If your CCT systems all run on the same
regulated voltage with all matched transformers and turrs
ratios, it is not needed, Otherwise, it js.

THE RECEIVER

The receiver and transmitter share components Cg, Ty, Cq,
Rt. Z7, Co. Ro, and peripheral supply and bias components
that ara not in need of change for RX 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 dB of
115V, 60 Hz attenuation is required between thie line and
the fimiter amplifier output. Using the circuit topology of Fig-
ure 4, the combined attenuation of the Cc/Ty highpass, the
tuned transformer, and the bandpass filter attenuation of
the- limiter amplifier give far more fine rejaction than the
abovo-stated minimum. tlowever, It some other CCT line
coupling circuit is used, line rejection will become important
to the system designer.

Receiver input power supply refection (PSRR) and common-
moda rejection (CMRRY) ara one-in-the-same using the sup-
ply-referenced signal input of Figure 4. Ripple swings both

differential inputs of the Norton amp. equally, while the sin-
gle-anded input signal swings only the positive input. Overaii
PSRR consists of the input CMRR (set by the Input stage
component matching) and the ripple-frequency attenuation
of the input amplifier bandpass response that passes carrier
fraquency but stops low frequencies. A typical 1% resistor

and 1 mV n-p-n mirror offsets give 26 dB of attenuation, the .

bandpass gives 54 dB 120 Hz attenuation, for an overall 80

dB PSRR to allow tens of volts of ripple before imput:tlngb"d

ultimate sensitivity.

Ce

A value was chosen earlier. Knowing T's secondary induc-
tance allows a check of LC line attenuation using Figure 14,
Cu

The Norton input limiter amplifier has a bandpass filter for
enhanced recelver selectivity, nolse immunity, and line fre-
quency rejection. The nominal response curve for Fo = 50
kHz is shown in Figure 15, The 300 kHz pole is fixed. The 50
kHz pole is set by C_ s value, After Cy is found, the resulting
line frequency attenuation is found for the bandpass filter,
Use Figurs 15 to find a Cy value given for Fo. The approxi-
mate lino frequency attenuation of the bandpass filter may
then be found in Figure 16. Figure 15 returns a value for C_
33% larger than nominal, giving a low frequency pole 33%
low to allow for component tolerances.

& I
- ~ T
s Kume 0 1T
3 g
£
3" TR
5 1w .l"‘
2 120 N =
100

(A} 1 "
Ce — COUPLING CAPACITANCE ()
TWH/B750-15
FIGURE 14, The 60 Hz line rejection of the highpass
filter made up of C¢ and Ty's line-side winding

(neglecting capacitive coupling)
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]
gof P
-~ i 1
] Lt
0 " 1 S l' ]
] T 100 S w0k w00k Ny
3 ol FREQUENCY Mz
-8 4 TUH/E750-16
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L
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Fo—CENTER PAEOUENCY (rHz)
TUL/H/8750-17

FIGURE 15. Glven F, Ci Is found. Also shown Is the
Input ampiifier's small signal amplitude response
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Component Selection (continueq)

Cgand Rg

These phase-locked loop (PLL) loop filter components re-
move some of the noise and most of the 2F components
present in the demodulated differential output voltage signal
from the phase detector. They affect the PLL capture range,
loop bandwidth, damping, and capture time. Becausa the
PLL has an inherent loop pole dus to the integrator action of
the ICO (via Cp), the loop pole set by Cr and the zero set by
Rr gives the loop filter a classical 2nd-order response.

P ]
P
R

§ » ”:

; oo o1 1

CL~POLE-SETTIND CAPACTIANCE OF) TL/H/6750-18
FIGURE 16. The Norton-input limiter amplifier bandpass
filter line-frequency signal attenuation given ¢

1006
£ 20% CAPTURE RANGE

lann <<
MAX 0ATA RATE

THT

b=
= MAX DATA RATE

Narii
0 100 1000
Fo—CARRIER FRECUENCY (kMH2) TUL/H/6750-19
FIGURE 17. Find Cg given Fo. Figure 19
gives the maximum data rato

No Cg and Rg give the most stable PLL with the fastest
response. Large Cg's with a too-small RE cause PLL loop
instabitity leading to poor capture range and poor siep re-
sponse or ascillation.

Calculation of ¢ and Rg is quite difficult, involving not only
the 2nd-order loop step response, but also the PLL non-
dominant poles, the tuned transformer stepped-frequency
responsa, and tha RC lowpass step response (for data rates
approaching 1 kHz). Cg and Ap values are best found em-
pirically. Tolerance is not critical. Component valuss are se-
lacted to give the best possible impulse noise rejection
while praserving a +20% captura rango and wido stability
margin, Figures 17 and 18 give Cr and R values versus Fo,
where "fpaTa << MAX DATA RATE” means that fpata
should be less than the maximum data rate, in kHz, from
Figure 19 divided by 10.

Note that C¢ and Rr are a function of data rate only for high
data rates and are not plotted against data rate - as one
might expect. Tha reason for this is important to understand
if the CCT system dasigner wishes to find Cr and Rg empiri-
cally. Data signal is, loosely speaking, passed through the
PLIL loop and is therefore potontially attenuated if tho loop
bandwidth is on the order of the 3rd harmonic of the data
rate, or less. Overall loop bandwidth is held as low as possi-
bla for maximum noise rajoction whiln passing the data.
Loop bandwidth is roughly proportional to the geomstric
mean of the unfiltered loop bandwidth and the filter pole set
by Ce. Therefore, Cr is related to dala rate, Unfortunately,
the loop capture range falls to critically low values whaen
large enough values of Cg are used to reduce loop band-
width down to the 100's of Hz range, for low data rates. The

Cr—PLL LOOP FILTER {aF)

obvious way out Is to then reduce the unfiltered loop band-
width, That bandwidth is approximately proportional to the
value of Co. For a fixed Fo. unfiltered loop bandwidth reduc-
tion requires a farger Cg and larger control current. With this
chip, changing the controt current is not allowed. So one is
forced to choose a Cp/Rg combination with some minimum
capture range, say +20%, that is within soms guardband
from the point of loop instabifity. Happily, impuise nolse

lands to last only fractions of a millisacond so that the lack-

of low bandwidth loop response with low data rates s not a
heavy penalty. As long as thera is adequate capture range,
tha impulse nolse filter performs admirably. Note that reduc-
ing Fo will reduce the no-filter loop bandwidth; and indeed
the maximum data rate falls below the limit set by the RC
lowpass filter as Fq falls below 100 kHz (Figure 19).

The tuned transformer characteristics will affect the demod-
ulated data waveform more than Cr and Rg at low data
rates. Tank Q and off-tuning will affact overshoot during the
FSK frequency steps. This is a property of tuned circuits.
The maximum data rate of Figure 19 is measured from the
receiver input to the Data Out and does not include the data
bandwidth reducing effects of T.

Cu

Capacitor Cy, stores a voltage corresponding to a correction
factor required to cancel the phase detector ditferential out-
put DC offsets. The stored voltagé is 4 of the DC offset
plus some bias level of about 2.2 V. A large Cyy value in-
croases the time required to bias-up the receive path at the
beginning of transmission, A large Cyy does filter well and
store its bias voltage long. Bacause of the initial random
charge of Cy, the receiver must be given a data transition to
charge to the proper bias voltage. Therefors, reducing Cy's
value to one that may be charged in less than 2 bit-times wiil
not savo blasing time and Is not recommendad.

100
£70% CAPTURE AANGE =
g I A T
LILRR) 1
g ~ haata < < MAX DATA A
% 10 e
g T 3
AI? [ toara = MAX DATA AATE
1
" 100 1000
Fg—CARRIER FRECHIENTY (iNz} TLMI8750-~20
FIGURE 18. Find Rg given Fo with Fpata a parameter
bl e 0
7.
g -3
3 10 P4 s &
i, , 3
§ " F
3 40-60% 0ATA O i
1 || Joury oveee
\ LT
0 100 1000

Fo—CARRIZN FREQUENCY (A1) TL/H/8T50-21
FIGURE 19. The maximum data rate versus Fo using
loop filter components optimized for max. noise
performance while retalning a min. +20% capture
range (large signai)

Use Figure 20 to find Cy's value knowing fpara, assuming
the standard 2 bit receive charge time is desired. The cap.
value and TC are not criticel, but the capacitor should have
low leakage.
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Component Selection (Continued)

a
g

1000

Cu~OFFSET MEMORY CAPACITANCE {nF)
8

10 100 1069 10,000

foatn ~0ATA RATE iz} TL/H/8750-22

FIGURE 20. Size Cy, assuming a 2 bit-time
recelve bias time

G
The impulse noise filter integrator capacitor Ci is used to
disallow the passage of any pulse shorter than the integra-
tor charge time. That charge time, set to a nominal ¥ bit
time, is the time requirad for a + 50 pA charge current to
swing Gy over a 2 Vgg range. Charge time under worst case
conditions must never be greater than a bit time since no
signal could then pass. Using a £10% capacitor, ful junc-
tion temperature range, and full specified current range, a
maximum nominal charge time of 1, bit is recommendod.
Figure 21 gives Cj versus data rate under those conditions.

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

pull-up current drive and speed while preserving adequate
output low current drive.

o)
S

Ci—INTEGRATOA CAPACITANCE {

oo 1000 19,000
foars —DATA RATE (Hz)
TL/H/B750-24
FIGURE 21. Impuise noise filter cap. C) versus Fpara
where the charge time is %, bit time

vyt

Za

The 5.1V silicon zener diode 24 is required when a shorf
RX-to-TX switch-over time is needed at the same time that
the chip is operating In the RX mode with a pin 10 input
signal swing approaching or exceoding twice the supply
voitage. Predominant causes of these large swings imping-

ing on the RX input are; .1} a transmitter's supply voltage
higher than the receiver's supply voltage, 2) a TX and RX !
pair that are electrically close, or, 3)'a higher RX Ty step-up i
turns ratio than the TX Ty step-down ratio. '

Normally, when in the RX mode with small incoming signal
on pin 10, ‘the ALC remains off with pin 7 at a 6V |
(Vz—-2Vgg) bias voltage. Ca is then charged to 6V. TX ]
mode may then be selected with 6V on Ca allowing 100%
TX power to pump T1'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 V¢ (4.7V typically),
that ALC activates to charge Cy to about 6.6V to reduce TX
output driva. However, if in the RX mods pin 10 ever swings
balow V4¢3, Cp will charge to above 6.6V. Now, when the
TX mods is selected with Ca at 6.6V, somewhere from 0 to
100% TX output drive is available to pump Ty’s tuned circuit
resulting in a slower rising line signal - effectively reducing
the RX-to-TX switch time.

Use a 5.1V Z, driven by a 0 to 0.8V logic low signal to
guarantee over-temp. operation. Ra must be in series with
Z to limit current flow and should never fall below 1 k. I
Ra is less than 1 kN, then put a 2 kN resistor in serles with
Za. Logic high voltages above 10V will cause current flow
into pin 7 that must be limited to 1 mA (with Ry or a
sories R).

Breadboarding Tips

During CCT system evaluation, some techniques listed be-
low will simplify certain measurements,

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

— When evaluating PLL operation, oftset cancel circuit op-
eration, and loop filter values, use the filter of Figure 22
to view the demodulated signal minus the 2Fy and noise
componsents. This filter models the AC lowpass filter on
chip.

PN
3—5 100k
1% 100 100K
n
1K Sm
[ p— 100 3pF T3 pE Tt pe A 1\7 S
1% 100k 100k p L
10k LFass Yo
%
/ ¢
10K
3 e 1%
100k 100k 100¢ < ok,
1 L 1y 1

FIGURE 22, Circuit to view the differential demodulated data signal, minus the nolse and 2Fg components,
convenlently with a single-ended gain-of-one output
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Breadboarding Tips (continued)

— When evaluating CCT system noise performance on a
real powor line, it is desirable to vary the signal ampli-
tude to the receiver. This is not easy. An in-line line-
proot L-pad is fine except that the line impadance is un-
known and variable and so the L-pad will rarely match,
Instead, the power output of a chip transmitter may be
controlled using the circuit of Figure 23. This circuit con-
trols the ALC.

— Itis sometimes desirable to place lmpulsé noise on the
Jline. A simple light dimmer with a 100 W light bulb load
produces reprosentative 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 care not to mo-
mentarily short pins 10 and 11 - chip damage may resuit,

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

Tuning Procedure

This procedure applies to circuits similar to Figure 41 .M1893

or LM2893 circuit.

First, trim Fo by putting the chip in the TX mode, setting a

logical high data input, and measuring the TX high frequen-

¢y, 1.022 Fg, on the Carrier I/0 using these steps:

1. Take pin 17 to a logic low.

2. Take pin 5 to a logic high.

3. Place a counter on pin 10,

4. Adjust Rg on pin 18 for F = 1.022Fq.

Second, the line transformer is tuned. The chip is placed in

the TX mode, a resistive line load is connected to disable

the ALC by reducing tank voltage swing below ils limit, FSK

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

lope may be adjusted for equal amplitude for high and low

data frequency.

1. Take pin 5 to a logic high.

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

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

4. Place a scope on pin 10.

5. Adjust the transformer slug for the Inast envelope modu-
lation.

In lieu of the 330 N rosistive load, Ty may be coupled to the

power line to better simulate actual load and tank pull condi-

tions during tank tuning. Alternatively, a passive network

: —“L:T/ 10 v/Div.

representing an average line impedance may be connected
to the line side of Ty. The circuit of Figure 23 should then be
used to defeat the leveling effect of the ALC.

v.
5K

100k:

N7 10 TURN

0.1 ,F

“TU/H/8750-26

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 chip pow-
or dissipation and maximum junction temperature Ty. The
talling output power at elevated Ty allows a more optimal
power output - high power at low Ty and lower power at high
Ty lor 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, high supply, shorted load, poor PC
board layout (with small copper foil area), and an above
nominal current part. Under those conditions, a part may
dissigate 2140 mW, reaching a Ty = 170°C worst-casa (ad-
mittedly a rare occurrence). Proper system design includes
the measurement or calculation of Ty max. lo guarantee
function under worst-case operation. Like all devices 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 rating.
A direct method of measuring operating junction tempera-
ture is to measure the Vg voltage on pin 18, which is al-
ways available under all operating modes. The graph of Fig-
ure 25 may be used to find T, knowing Vgg at the operating
point in question and Vgg at Tp = Ty = 25°C. Vgg is found
by powering up a chip (in RX mode) that has been dissipat-
ing zero power at some Ta for some time and measuring
Vge in less than 1 s (for better than 5°C accuragy).
Alternately, Ty may be calculated using:

Ty = Ta + 64aPp (1)
whare 6,5 is 75°C/W for the plastic (N) package using a
socket. That 8,4 value is for a high confidence level; nomi-

10 V/Div,
10 mV/Div.

400 mV/Div.

b 2 V/Div.

TL/H/6750-23

FIGURE 24, Oscillogram revealing signals at several important nodes under weak signal (0.5 mVpus) conditions with
SCR spikes on an otherwise quiet 115 V, 60 Hz power Jina. The signals are: 1) transmitted data, 2) RX carrier on the
tuned transformer, 3) demodulated signal from the PLL after passing thru circult ot Figure 22, 4) signal after RC

lowpass, 5) data at impulse nolise filter Integrator,

and 6) received data. Harizontal scale Is 10 ms per div.
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Thermal Considerations (continued)

nal 8, for an N package is 60°C/W, lower with good PC
board layout. Since Py is a relatively strong function of T},
an iterativa solution process starting with an initial guess for
Ty is used. With the estimated T 4 find the total supply cur-
rent found in the typical performance characteristics,

13
t2
& n \\
my.
z!:' ‘e N\ ._"115____
Y
£ N
3o K
07 ™\
Y]

~60-30 0 30 61 98 120 150 180
T4 JUNCTIOR TEMPERATURE [2C) TL/H/6750-27
FIGURE 25. T, may be found by using the temperature
coefficlent of pin 18 Vgg If Vg is known at 25°C

Transmit-To-Receive

Switch-Over Time 3
An important figure-of-merit for a hatt-duplex CCT link, af-
facting effective data rate, is the TX-to-RX switch time TyR.
Using the recommended component values gives this part a
nominal 2 bit-time (1 bit time = 1/ (2foaTal) over a wide
range of operaling conditions, where the receiver requires 1
data transition. Typ cannot ba decreased significantly but
does increase as noise {itering, especially via Cu, Is in-
creased. Impulse noise at switch, signals near the limiting
sensitivity, poor Fg match between receiver and transmitter
because of poor trim or worst-cass conditions, and the sta.
tistical nature of PLL signal acquisition may all contributs to
increase Trg to possibly 4 bit-times.

TTR is lower when a pair of LM1893's handshake rapidly.
The receiver was designed to “remember” the RX-mode
DC operating points on Cpy and Cg while in the TX mods.
Under nolsy worst case conditions, Cwm will dischargs to the
point of faise operation after 35 hit-times in the TX mode
(1400 bit times with no noise and a nominal part, {paTAa =
180 Hz). TyR is about 0.8 ms (proportional to the selected
Fo) plus 1 bit-time.

The major components of TrR are described below for a
nominal 125 kHz Fq, 180 Hz (pata. lightly-loaded tank with
a Q of 20, and the circuit of Figure 4. The romote CCT has
been operating in the TX mode with a 26.6 Vpp tank swing
and is now selected as a receiver. An incoming signal re-
quiring the uitimate receiver sensitivity immediately is placed
on the line,

First, the tank stored energy at the transmit frequency must
decay to a level below the 2.8 mVpp swing caused by the
0.14 mVpyg incoming line signat containing the information
lo be recsived.

\Z
decay time = —Q—-ln (—1—) =

wfo Vo
20 266
= 0.46
7 X 125 000 (o.ooza) & ms @

That is 0.47 ms of delay (proportional to I/Fp and Q).

Second, the PLL must acquire tha signal; it must lock and
settla. Acquisition time Is statistical and may take any length
of time, but average acquisition time depends on the loop
filter components Cr and Rr and the difference in cantar
Irequencies, AFp, of the TX/RX pair. Using the recom-

mended Cg and Rg (47 nF and 6.2 k1) with a +4.4% AFg
fa + 100 mV DC offset on Cr and Rg), lock was measured
to take fess than 50 cycles of Fo. Thatls a 0.40 ms delay
iproportional to 1/Fq).

Acquisition I3 incomplete until the second order PLL. loop
settles. For the above-mentioned Ci: and Rr, the loop natu-~
ral frequency Fy and damping factor are found to be
2.3kHz and 1.0 respectively. Settling to within +25 mV of
the 100 mV DC offset change requires 2.7 periods of Fy,
or 1.2 ms (a function of C¢ and Rg). )

Third; theRC lowpass filter introduces a 0.12 ms delay.
Fourth, Cyy must charge up to £(%)100 = 83 mV depend-
ing on the polarity of F. Borderline data squaring with zero
noise immunity is possible with only % (%4) 50 mV of charg-
ing. Cy charge current is an asymptotic function approxi-
mated by assuming a 50 pA charge current and the full 83
mV chargs voltage. Cy charge time is then 1.7 ms (propor-
tional to 1/fpata).

Fifth, the impulse noise filter adds a 4 bit-time delay. Total
TyR is 3.9 ms plus Y, bit-time for a total of 1.9 bit-times at
J60 Baud.

Receive-To-Transmit

Switch-Over Time

Assume the chip has been in the RX mods and the ™
mode is now selacted. In less than 10 ps, full output current
is exponentially building tank swing. 50% of full swing is
achieved in less than 10 cycles - or under 80 ps at 125 kHz.
'n the same 10 us that the output amp went on, the phase
detector and loop filter are disconnected and the modulator
input is enabled. FSK modulation is produced in 10 ps after.

‘switching to TX mode.

Power Line Impedance ,
irrespective of how wide the limits on power line impedance
Z,_ are placed, thera are no guarantees. Howsver, since the
CCT design réquires an estimate of the lowest expected line
impedanca Z; y encountered for the most efficient transmit-
ter-to-line coupling, line impedance should be measured
and Z,_limits fixed to a given confidence level. Reasonable
values for Ty turns ratio, loaded Q, and tank resonant fre-
quency pull Fq may be found to enable a CCT systern de-
sign that functions with the overwhelming majority of power
lines.

A limited sampling of Z;_ was mades, during the LM1893 de-
sign, of residentfal and commercial 115V 60 Hz power line,
Data was also drawn from the research of Nicholson and
Malack (reference 1), among others, to produce Figures 26
and 27. All measured impedances are contained within the
shaded portions of Figure 27. A nominal 3.5,70and 14 0
2N is used throughout the application information with a
nominal 45° phase angle (0° is sometimes used for simplici-
ty).

|2~ IME MPEDANCE {0}
-1

'!l w13 M0 19 e
Fa—CAARYER FREQUENCY [L00] TL/H/8750-28
FIGURE 26. Measured !Ine impedance rnnga.for.
residential and commercial 11 5V, 60 Hz lines
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Power Line Impedance (Continued)
P iqiy]

R (0}

TL/H/8750-29

LYl ]

TL/H/6750-30 TL/H/8750-31

FIGURE 27. Complex-plane plots of measured 115V, 60 Hz line impedance where 2, = R + Xo

Power Line Attenuation

The wiring in most US buildings Is a fiat 3 conductor cable
called Amerflex, BX, or Romex. All referenced line imped-
ances refer to hot-to-neutral impedances with a grounded
center conductor, The cable has a 100 0 characteristic im-
pedance, a 125 kHz quarter-wavelength of 600 m (250 m at
300 kHz), and a measured 7,48 attenuation for a 50 m run
with a 10 02 termination. Generally, line loads may be treat-
ed as lumped impedances. Instrument line cords exhibit
about 0.7 uH and 30 pF per meter.

Limited tests of CCT fink range using this chip show exten-
sive coverage while remaining on one phase of a distriby-
tion transformer (100's of m), with link fallure often occuring
across transformer phases or through transformers unless
coupling networks are utilized. Total line attenuation allowed
from full signal to limiting sensitivity is more than 70 ds.
Typically, signal is. coupled across transformer phases by
parasitic winding capacitance, typically giving 40 dB attenu-
ation between phased 115 v windings. Coupling capacitors
may be installed for improved fink operation across phases.
Power factor correcting capacitor banks on industrial lines
or filter capacitors across the power lines of some eloctranic
goar short carrier signal and should be Isolated with induc-
tors. Increasing range is sometimes accomplished by elect-
ing to instali the Isolating inductors (Figure 28) and coupling
capacitors, as well as by electing to use the boost option.
Frequency translating or time division multiplexed repeaters
will also increase range.

S0 uH 56 uH

AC ISOLATED
LINE 2 uf LoAD

50 pH 50 uH

TL/HI6750-40
FIGURE 28, An Isolatlon network to prevent: 1) noise
from some device from polluting the AC line, and 2)to
stop some low iImpedance device (measured at F,)
from shorting carrier signal. Component values given
as an example for Fy, = 125 kHz on
residentlal power lines

The Coupling Transformer

The design arrivod at for Ty is tho result of an unhappy
compromise - but a workable one. The goals of 1) building

T1 with a stable resonant frequency, Fq, that is little affect-
ed by the de-tuning effect of the line impedance Z, and of
2) building a tightly line-coupled transformer for transmitted
carrier with loose coupling for transients, are somewhat mu-
tually exclusive. The tradeotfs are exposed in the following
example for the CCT desligner attempting a new boost.ca-
pable, or different core, transformer design,

The compromises are eased by separating the TX ouiput
and AX input in the LM2893, An untuned TX coupling trans-
former with only core coupling (not air-coupled solenoid
windings) would employ a high permeability, high magnetic
field, low loss, square saturating, toroidal core. The reso-
nant RX path would be isolated from line-pull problems bya
unilateral amplifier that Operates at line voltages with' much
more than 110 dB of dynamic range, or by a capacitively
coupled pulse transformer driving a unilateral amplifier and
filter, for increasad selectivity. See the LM2893-spaecific ap-
plications section.

For a LM1893-style transformer application, first, choose
the turns ratio N based on an estimated lowest Z,, likety
encountered, Z . Figure 29 shows graphically how N al-
facts line signal, N should be as large as possible to drive
Zy \ with full signal. If Ty has an unloaded Q, Qu, of well less
than 35, a guess of N somewhat high should be used and
later checked for accuracy. The recommended transformers
have secondary taps giving a choice of N=7.07, 10, and
14.1 (nominally) for driving ZiN's of 14, 7.0, and 3.5 0 re-
spectively {at Ty = 25°C, V+ = 18V, and Qy = 385).

The resonating Inductance of the tuned primary, Ly, Is
scught. Nota that, while standard transformer design gives a
transformer self-inductance with an Impedance at opetating
frequency well above load impedance, the tuned transform-
er requires a low Ly for adequate Qy and minimum fine puil,
Result: relatively poor mutual coupling.

L1=

2nFoQ ®
It is known that resonant frequency Fq = Fg and some
minimum'bandwidth, or maximum Q, will be required to pass
signal under full load conditions,
L, = Pallzunl @

21 FoQu

[Zinl" is tha reflected Zun. Qs the loaded Q, and parallel
resistance Rq models all transformer losses and sets Q.
Ra § 1Zun" is found knowing that it absorbs full rated power,

£68ZIN1/E68LINT
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The Coupling Transformer (continueq)
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2 ~LINE IMPEDANCE (0
TL/H/6750-32
FIGURE 29. Impressed line voltage for a given Z
for each of the 3 taps available
on the recommended transtormers

Po:bVo:'Qg[Z("VALC'*‘VH (=47 +V4g
22 242 4
whare |g is in amps peak-to-peak at an elevated T
(18 — 4.7)0.06
=

(5)

Po = 0.200W {6)

Rol lzunl* = \_/93 = w = 442 () @
Po lo
Rq is found using Zyy and the value for N found when as-
suming Qg = 35.
1Zunl" = N2z = (7.07)213.9 = 695 (8)
' -
) NS ANCILAD

Raoll Izl [zunl” 442 695
Rg 1210

Ro = 100 (9

Ros = - 1N (10)

1+Qu2 1352
Only Qi remains to be found to calculate Ly. Q is related to
the ~3 dB (half-power) bandwidth by

{

T o 1
a BW (% of Fo) (n
An iterative solution is forced where line pull, AFq, must be
guessed to find QU and Ly. Ly is then used to check the line
pull guess: a large error requires a new guess. Try a BW of
8.7% - that is 4.4% lor deviation, 1% for TC of Fo, and
3.3% for AFq - giving Q_ = 11.5.

442

e 40, 1
b K Tas 000 % 17E ~ 400 RH (12)
Knowing the core inductance per tumn, L, and Ly, the num-
ber of turns is found.

L 49.0 uH
= /-l= , =491
T \/-l:- 20 nH/T 49 ¥4 turns 13

T is normally an integer, but these transformers require so
few turns that half-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 .
= — =" =700=7t
T2 N 707 7.00 = 7 turns (15)

giving an L3 of 0.98 uH. Note that the recommended 125
kHz transtormer mirrbrs these spacifications. The resonat-
ing capacitor is

=33.1 X 10-2 = 33 nfF (16)

1
Ch = —e——
Q7 rFo2 L,

Line pull AFQ was calculated (reference 3) for a Z_ magni-
tude of 140 and up with any phase angle from —90° to 90°.
AFQq was 6.4% - well above the 3.3% estimate. Referring to-
(11), an 11.8% bandwidth is required, forcing Ly to be re-.
duced to reduce Q. That fix was not implemented; some
signal attenuation under worst-case drift and. AFq is al-
lowed. Ly is already so small that the 31 gauge winding
conducts a Y, Apms circulating current.
Line Carrier Detection-

While the addition of a carrier detection circuit (for a mute or
suuelch function) will only decrease receiver ultimate sensi-
tivity, there is sometimes good reason to employ it to free
the contrallar from watching for RX signal when no carrier Is
Incoming, or to employ it to reduce the probabiliity of line
collisions (when muttiple transmitters operate simultaneous-
ly to cause one or more transmissions to fail). Unlgss the
detector is heavily filtered or uses a high carrier amplitude
threshold, there will be false outputs that force the controller
to have Data Out data checking capabiiity just as is required
wnien using no carrier detector. If false triggering is mini-
mized, the orobability of line collisions Is increased due to
the inability to sense low carrier amplitudés and because of
sense delay. The property of the LM1893 to change output
state infrequently (although the polarity is undefined) when
in the RX mode, with no incoming carrier, reduces the desire
to Mnplement carrier detaction and preserves the full ulti«
mate sensitivity. Also, many impulse-noise insensitive trans-
mission schemes, like handshaking, ere easily modified to
recover from line collisions.

Rasgarding this, it should be stated that for very complicated
industrial systems with long signal runs and high fine noise
levels, itis probably wise 1o use a protocol which is inherent-
ly collisinn free so that no carrier detect hardware or soft-
ware Is needed. A token passing protocot is an example of
such a system,

Fiqure 30 shows a low cost carrier amplitude detection cir-
cuit.

Audio Transmission

The LM1893 is designed to allow analog data transmission
and reception. Base-band audio-bandwidih signals FM
modulate the carrier passing through the tuned transformer
(placing a limit on the usable percent modulation) onto the
power line to be linearly demodutated by the receiver PLL,
Bocause the receiver data path beyond the phase detector
will pass only digital signal, external audio filtering and am-
plification is required. Figure 37 shows a simple audio trans-
mitter and receiver circuit utilizing a carrier detsction mute-
circuit. A single LM339 quad. comparator may be used to
build the carrier detect and mute. Filter bandwidth is held to
a minimum to minimize noise, ospecially fine-related corre-
lated noise,

Communication and System

Protocols

The development of communication and system protocols
has historically been the single most time consuming ele-
ment in design of carrler current systems. The protocols are
defined as the following:

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

—
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FIGURE 30. A simple carrier amplitude detector with output low when carrier Is detected
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FIGURE 31. A simple linear analog audio transmitter and recelver are shown,
The carrler and 1.6V inputs are derived from the carrler detector of Figure 30.
The remaining 2 LM339 comparatdrs may be used to build the carrier detector circuit.

Communication and System

Protocols (continueq

sion 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 noise induced errors do
not easlly occur; and when they do, they can always be
detected. Lastly, the software algorithms that are used on
the receive end to decode incoming data prevent the recep-
tion of nolse induced *“phantom” messages, and insure the
recovery of real messages from an incoming bit stream that
has been altered by noise.

2. System protocot me manner in which messages are co-
ordinated between nodes in a system. Its first purposae is to

ensure message retransmission to correct errors (hand-
shake). Secondly it coordinates messages {or maximum uti-
lization and efficiency an the network. Lastly, it ensures that
messages do not collide on the network. Common system
protocols include master-slave, carrier detect multiple ac-
cess, and token passing. Token passing and master slave
have been found to be the most useful since they are inher-
ently collision free.

Both protocols usually reside as software in a single micro-
controller that is connected to the LM1893/2893 1/0. In any
case, some sort of intefligence is nesded to process incom-
ing and outgoing messages. UARTs have no usefulness ‘in
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Communication and System

Protocols (Continued)

carrler curront applications since they do not have the intalli-
gence needed to distinguish betweert real messages and
noise induced phantoms.

The difficulty in designing special protocols arises out of the
spacial nature of the AC line, an environment laden with the
worst imaginable noise conditions. The relatively low data
rates possible over the AC line (typically less than 9600
baud) make it even more imperative that systems utilize the
most sophisticated means available to ensure network efli-
clency.

With these facts in mind, the designer is referred 1o a publi-
cation intended to aid in the development of carrier current
systems. This is literature #570075 The Bi-Line Carrler Gur-
rent Networking System, a 200 pp. book that functions ag
the “bible” of Bi-Line system “design. It has sactions on
LM1893 circuit optimization, protocol design, evaluation kit
usags, critical compeonent selection, and the Datachecker/
DTS case study.

Basic Data Encoding (pleasa refer to the pre-
viously mentioned publications for advanced techniques)

At the beginning of a recsived transmission, the first 0 to 2
bits may be lost whila the chip's recelver settlas 10 the DC
bias point required for the given transmilter/receiver pair
carrier frequency ofiset. With proper data encoding,
dropped start bits can be tolerated and correct communica-
tion can take place. One simple data encoding scheme is
now discussed.

Generally, a CCT system consists of many transceivers that
normally listen to the line at all times (or during predeter-
mined time windows), waliting for a transmission that directs
one or more of the receivers to operata. If any receiver finds
its address in the transmitted data packet, further action
such as handshaking with the transmitter is initiated. The
recewver might tell the transmitter, via retransmission, that it
recaived this data, waiting for acknowledgement befora act-
ing on the received command. Error detecting and correct-
ing codes may be employed throughout, The transmittar
must have the capability to retransmit after a time if no ra-
sponsa from the raceiver 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
callision. (A line collision happens when mare than 1 trans-
mitter oparates at one time - causing one or more of the
communications to fail). After many re-transmissions the
transmitter might choose to give up. Colfision recovary is
achieved by waiting some variable amount of time bafore ra-

transmission, using a random number of bits delay or a ce-
lay based on cach transmitter's address, since each trans-
ceiver has a unique address.

An example of a simple transmission data packet is shown
n Figure 32. The 8 bit 50% duty-cycle preamble is tong
enough to allow receiver biasing with snough bits left over
to allow the receiver 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 raceive controller detected
the alternating-polarity data square-wave it would then use
the sync. bit to signal that the address and data were imme-
diately following. The address data would $hen be loaded,
assuming the fixed format, and tested against its own. If the
address was correct, the receiver would then ioad and store
the data. Il the address was not correct, gither the transmis-
sion was not meant for this receiver or noise has fooled the
receiver. In the former case, when the transmission was not
meant for the receiver, the controller should immediatety
return to watching the incoming data for its address. if the
later case were true, then the receive controller would con-
tinue to datect edges, tieing itself up by loading false data
and being forced to handshake. The square-wave detection
and address foad and check routines should be fast to mini-
mize the time spent in loops after being false-triggered by
noise. If the controller detects an error (a recsived 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 and
the process repeated.

A line-synchronous CCT system passing 3 bits per half-cy-
cle may replace the iong 8 bit preamble and sync pulse with
a 2 bit start-of-transmission bias preamble. The receive con-
troller might then assume that preamble always 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 simplar controlier than an asynchronous system.

Discussion has assumed that the controller has always
known when the Data Out is high or low. The controller
must sampla at the proper time to check the Data Out state,
Since noise shows itself as pulse width fitter, symmetrically
placed about the no-noise switch-points, optimum Data Out
sampling is done in the center of the received data pulse.
The receive data path has a time delay that, at low data
rates, is dominated by the impulse noise filter integrator and
is nominally ', bil. At a 2 kHz data rate, an additional delay
ot approximately ', bit is added because of the cumulative
delay of the remainder of the receiver. Figure 33 shows that
Data Out sampling occurs conveniently at the transmitted
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FIGURE 32. A simple encoded data packet, generated by the tranemit controller is shown.
The horizontal axis is time whera 1 bit time Is 1/(2tpata)
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Basic Data Encoding (continued)
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FIGURE 33. Operating waveforms of a line-
synchronized transceiver pair are shown. The diagram
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 tha previous paragraph. With the
asynchronous system suggested, lho receive controller
must sample the Data Qut pin often to determine, with sev-
eral bits of accuracy, where tho square-wave data tran-
sitions take place, average their posilions assuming a
known data rate, and calculate where the center of the data
bits are and will continue to ba as the address and data are
read. A long preambie is helpful. Software that continuously
updates the center-of-bit time estimate, as address and
data are received, works even better. Alternatively, a coding
scheme employing an embedded clock can be used.

LM2893 Application Hints

The LM2893 Is intended for advanced applications where
special circuitry is used in the transmit and receive paths.
The LM2893 makes this possiblo by featuring separate
transmit output and receive input pins.

Examplas of enhancements that can ba added to the basic
LM1893/2893 circuit includs separate transmit and receive
windings on the coupling transformer, high quality ceramic
or LG filters in thn rocoive path, and simple impulso noise
blanking circuits,

In many applications, the additonal performance to be
gained outweighs the extra cost of the additional circuitry,
More than likely, high performance industrial applications
such as building energy management will fit into this catago-
ry, sinca they require the utimost in raliablfity,

Because of the specialized nature of individual LM2893 ap-
plications, it is not possible to give one circuit that will satisfy
all requirements for performance and cost offectiveness,
Therefore no specific application examples will be given.
Instead 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 intend-
ed to be a springboard for ideas.

LM2893 COUPLING NETWORKS

The main disadvantages of the typical LM1893 coupling
network are that it functions as the bandpass filter, has
loose coupling betwesn primary and secondary, and has a
single secondary. The LM1803 coupling network was de-
signed this way mainly because of the restraint that the car-
rigr input and output are lied togather,

Bacause the coupling transformer is used as a filter, the
LM1893 circuit is susceptible to pulling 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 transformer has a high value of
"Q", ringing also occurs in the presence of impuisive noise.
This ringing occurs at the center frequency and increases
the error rate of transmissions, especially at relatively high
data rates (> 2000 baud). Because it is the only tuned circuit
in the system, the selectivity characteristics leave a lot to be
desired.

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

The first anhancement that can be made with the LM2893
circuit is the use of a high permeability ferrite toroid for line
¢aupling along with a separate filter, The transformer would
b2 of broadband design (untuned) with two secondaries,
one for coupling to the transmit output and one for coupling
to the recaive input. This allows impedance matching of
bath the transmitter and receiver, with the result of quite a
bit more receive sensitivity.

Bacause of the increased signal and separate receive signal
path, a 3 or 6 db pad can be used belore the solactive
stages to eliminate pulling of the center frequency due to
changes in line impedancs.

Another advantage of the toroidal transformer is that it can
ba designed for use at very low line impedances due to its
Inherent tight coupling.

SEPARATE FILTER

Because of the separate receive path 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 center frequency characteristics compatible with
carrier current operation, Futhermors, the use of thess fil-
ters allows multichannol operation, previously mads difficult
by the single tuned network of the LM1893. These filters are
easily cascaded for even more oft-frequency rejection. If the
pad is added belore the filter, there will be negligible pulling
due to changes in line impedance reflected through the cou-
pling transformer.

Alternatively, a Butterworth/Chebyshev bandpass LC fiiter
or an active filter can be used in place of the ceramic filter.

IMPULSE MOISE BLANKER

A'though the LM2893 has adequate impulse noise rejection
fer most applications, there is reason to employ impulse
blanking to improve arror rates in severe AC line environ-
ments. Typically, errors occur due to pulse jitter in the
LM1893/2693 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 path before the selective por-
tions of the circuit to eliminate ringing. This also allows the
receiver filter to smooth out the blanks that also occur in the
dasired incoming carrler signal.

If a carrier detect circuit is desired In conjunction with the
LM2893 it can be located after the filtar and impulse blank-
e1. Because impulse noise Is removed, the false triggering
that plagues these circuits will be greatly reduced.
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HC14469

IAXIMUM RATINGS (Vottages reterenced 13 VSs)

This device ccmtaing circuitry 19 protect

\he inputs against damagedue to mgh stanc

Parameter Symbol Value Unit voltages or electnc fields: however, it is
0C Supply Vaoltage Voo ~0.510 +18 v advised inat normal precautions oe taken to
- - v avord apphication of any voltage higner tan
[ input Vottage. Al inputs Via__| -95t0V0C+0S maxmum rated voitages to this hugh
0C Cutrent Drain pes Pin I 10 mA :mpedance circutt. For proper operation it1s
recommended that Vin and Vou e

Terr R T ~4010 -85 5

Operaung Temperaiure ange A ¢ constrained to the range VSS < (Vin OF Vout)

siorage Temperature Range Tsig -5510 150 sC < VpO-

Unused inputs must always be fieg 0 an
appropnate logic voltage level {e.g.. either
vss o Vppl

ELECTRICAL CHARACTERISTICS (Voltages Refetenced 10 vss)
~20°C 25°C +85°C
Voo
Characteristic Symbol v Min l Max Min l Max Min Max Unit
[— ]
Output Vohage ‘0" Level VoL 5.0 —_ 0.05 —_ 0.0 — 0.05 \
Vin = Vpp or 0 10 - 0.05 - 0.05 - 0.05
15 - 0.0 - 0.05 - 0.05
1" Level VOH 5.0 4.95 - 495 - 495 - \
Vin = 00r Vpo 10 9.95 - 9.95 -— 9.95 -
15 14.95 — 14.95 - 14 95 o

Inout Voltage (Except OSC1) -0 Level Viu Y
Vga24.50105V) 5.0 — 1.5 — 1.5 —_ 1.5
{(Vo=9.00r 1.0V) 10 — 3.0 = 3.0 —_ 3.0
(Vo= 13.50r1.5V) 15 - 4.0 - 4.0 s 2.0

-1" Level ViH v
(Voe=0.50r45V) 5.0 3.5 - 35 o 3.5 -_
{Vo=1.00r3.0V) 10 7.0 - 7.0 - 7.0 —
(Vo =1.50r13.5V) 15 1" - 1 — " —

Output Orive Currant (Except 0SC2) 'OH - mA
(VoH = 2.5 V) Source - 50 -1.0 — -0.8 — -0.6 -
Vory=46V) 5.0 02 - -0.16 — -0.12 b
(VoH =935V 10 -0.5 — 0.4 - 0.3 -

(VOH = 135 V) 15 -1.4 - -12 — | .m0 -

(VoL =04V) Sink oL 5.0 0.82 - 0.44 - 0.36 —_ mA
VoL = 0.5 V) 10 1.3 - 1.1 - 0.9

(VoL =15V 15 36 - 3.0 - 2.4 -

Qutput Orive Cutrent {QSC2 Onty) lon mA

(VoH =25V} Source 5.0 -0.19 — ~0.16 _ -0.13 —_
(Vo =46 V) ‘ 5.0 -0.04 - -0.035 - -0.03 -
(Vor =9.5V) 10 ~0.09 - ~0.08 - -0.06 - —_
I tvon=135V) 15 -0.29 - -0.27 — -0.2 —
(VoL =04V} Sink oL 50 'y 04 - 0.085% - 0.07 —_ mA
{VoL=0.5V) 10 0.17 - Q.14 - 0.1, —
VoL =15V) 15 0.5 - 0.42 — 0.3
| osc Frequency 08¢ 45 0 400 0 365 0 310 kHz
12 0 800 0 730 1} 620 :
inout Current lin 15 == =03 - =03 - =1.0 pA
‘ Pull-Up Current (AO-AB. 100-iD7) lyp 15 12 120 10 100 8.0 85 uA
[ Inout Capaciance {Vin = 0} Cin - - - - 7.5 —_ —_ oF
I Guiescent Current (Per Package) 190 5.0 — 75 — 75 — 565 uA
_ 10 - 150 — 150 -_ 1125
. 15 — 300 - 300 - 2250
LSuomy Vottage Voo — -4.5 -18 -4.5 +18 4.5 ] -18 v
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- DATA FORMAT AND CORRESPONDING DATA POSITION AND PINS FOR MC14458 ANDMC6850
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PIN DESCRIPTIONS

OSCILLATOR (OSC1, OSC2)
These oins are the oscillator input and output. (See
Figure 1.)

RESET (RESET)
when this pin is pulled low for a minimum ot 700 ns.IMECH-
cunt 1s reset and ready for operation.

ADORESS (A0-A6)

These inputs are the address setting pins which contain the
scdress mateh for the received signal. Pins AOQ through A6
have on-chip pullup resistors.

INPUT DATA (1D0-iD7)

These pins contain the input data for the first eight bits of
datato be ransmitted. Pins 1D0-1D7 have on-chip pulluo resis-
tors. .

RECEIVE INPUT (RI)
This 1s the recewe input pin.

NEGATIVE POWER SUPPLY (VSS)

This pin 1 the negative power supply connection. Normally
this pin 1$ system ground.

TRANSMIT REGISTER QUTPUT SIGNAL (TRO)

This pin transmits the outgoing signal, Note thatitis inverted
from the ncoming signal, it musi go through one stage of inver-
sion it it is to anve another MC14469.

SECOND OR STATUS INPUT DATA (S0-57).

These oins contain the input cata tor the second eight bits of
data ta be transmitted.

SEND (SEND)

This pin accepts the send command after receipt of an ad-
dress.

VALID ADDRESS PULSE (VAP)

This is the output for the valid address pulse upon receipt of
a matched incoming address.

COMMAND STROBE (CS}

This is the output for the command strobe signitying a valid
set of command data (CO through C8).

COMMAND WORD (C0-C8)

These pins are the readout of the general-purpose com-
mand word which is the second word of the received signal.
POSITIVE POWER SUPPLY (VDD)

This pin is the package positive power supply pin.

OPERATING CHARACTERISTICS

The raceipt of 2 start bit on the receive inout (RH line causes
the receve clock to start at a frequency equal tc that of the 0s-
citator cividec by 84, All recervec datas strobed in 21 the cen-
ier of a recerve clock pencd. The start oitis {ollowad by eight
cataois. S of the bits are compared against siaies of the
address of the dvrucular circuil {AO-AB). Address is latched 3t
clock cycles afidr the end of the stan bit of the Incoming ad-
dress. The eghth bit signifies an address word "1” or a com-
mand word "0~ Next. a panty bil 1s recewed and checked by
the internallogic for even panity. Finatly a stop bitis recewved. At
the complenan of the cycle if the address maiches. a valid ad-
dress pulse (VAF) occurs. Immediateiy following the address
ward. a command word is received. It also contains a startbit.
/~ghtcata bits. evenpanty bit. anc a stop Dil. The sightdatabits
re comoosed of a seven-bit commanc. and a "0” which ingdi-
cates a command word. At ihe end of the command word a
command strobe pulse {CS) occurs.

A positive transition on the send input initiates the transmit
sequence. Send must occur witin 7 Dit times ot CS. Againthe
ransmitted data 1s made up of two eleven-bit words. 1.e.. ad-
dress and command words. The data porticn of the firstworgis
made up from input data inputs (ID0-1D7). and the data for e
second word from second input data (S0-S7) inputs. The data
on inputs ID0—1D7 is tatched one clock before the talling edge
ot the sian bit. The data oninputs S0-ST is latched on the ns-
1ng edge of the siartbit. The transmitied signat is the inversion
of the received signal. which allows the use of an inverting am-
plifier to drive the lines. TRO bagins either 1/2 0r 1-1/2bittmes
after send. depending where send occurs.

The oscillator can be crystal cantrolied or ceramic resonator
controlled tor required accuracy. OSC1 can be driven from an
external oscittaior. See Figure 1.
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i5M | Nate: ‘or externatly = b 4 A
generaiad clock, i
gnve OSC1. fioar OSC2. !
A)____{D y
I ol :} Han TRO"
Ct =

POWFl mG1izss

X1 » Cerarmic Rasonator: 307 2 kM2 = 1 kHz for 4800 baud rata. y
C1 anc C2 are sized ser *he ceramic rasonatar supgier's recommenda- ) Ss
tion,

Ceramic Rasarater Suootiers:*
! Margan Matrac. Inc., Seatora. OH 216,232-8600
2. Radio Matenais Co.. Attica, 1N, 317.762~2491
* Mc:orala cannat recommend one sucohar over another and :n rq way
suggests tnattvs s a nsnng ot [ sunatiers.

Figure 1. Osciltator Circuit Figure 2. Rectified Power from Data Lines Clrcuit

-
¢t CHANNEL
AP
2
SELECT
cs CHANNEL LA
START
CONVERSION  lem
seno 0
) Fie donveRscn [T
30 ANALOG
WPUTS by
1
s o
s2
I
™ DIGIAL L
s OUTPUTS
$3
83
57
8-CHANNEL
AD
CONVEATER
ASSEMELY

Figure 3. A-D Converter Intertace’
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MC1 4469

.'é l ‘00
"% ! R . j
MPS-005 3 ] ll ' Sy
: l MPS- or'y 14PS-D05 1MPS-CGS
l 13 ok W0k 10k 10k 0k
—— |
Y me ‘ A RO R TR0 o 0
sS Voo 0 0o
v v ¥
| L7 3 L o 8 1 U s 4
- S7 s7 S7
MGEES0 I ueis T veresss LT Meresss
CA l —] a0u0 ° ! &
UART ‘ ALIOY Shess ALD1 TRORESS
ADDRES. £
¥: A2102 0000201 A2.102 i
l E A3103 *— A3.103
As 108 ?—— A4 104
| #2105 e $—iss0s  CS1M] )\
t—- sigs SO 1 o dusips V0 °Y°
| ADDRESS 1. ]
2000000 I’
‘ [EMOTE MG 2 Nate: For simalex operation the 107 must be hec Pigh, S7 must be tied low and the
s.,.slo'\( :.TAT!UNS 7.on 1D must be the same as 1ne 7-bit acaress (or setio sorme ynused aadress)

10 grevent erroneous résponses.

Figure 4. Single Line, Simplex Data Transmission

v. f
{ Yoo
|
i
|
Sk
] 1
l MPS-005 MP3S-008 MPS-008 h
| |
100g 1k K2 10K 10K 10k ]
l | T L |
A A0 Al TRO Rl TRO 1
’ss l voo  Yss[ L vop  Vss vop  Vss |
1CE356 " ADDRESS|  MCie269 ADDRESS 12289 AGORESS ME14269
ACIA 5930000 w0 ¢ 2000001 111111 127
% A
UART l |C At — Al
‘ E a2 —
%] —
l Ad +—— Ad
1 A5 VAP — a5 VAP VAP
| JL_—- s SEND ] _t— a seno—) ssnoF‘
. e 1 146 "7 ) I
MASTER = =
puali iy ‘ AZMOTE MC12269 STATIONS

Figure 5. Double Line, Full Duplex Data Transmission
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RE3ET
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INITIALIZE
TRANSMITTER

ADCRESS
YALID?

PREVIOUS
TRANSMISSION
COMPLETE?

Y
LATCH
COMMAND

JE

ISSU
Cs

TRANSMIT
10
TRANSMIT
STATUS

Figure 6. Flow Chart of MC14469 Operation
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MOTOROLA
TECHNICAL DATA

m SEMICONDUCTOR 5 e s S e S

MC14411

BIT RATE GENERATOR

The MC14411 bu rate generator is cansiructed with compitementary
MOS ennancement moae dewices, !t sulizes a frequency divider net-
work to grovice a wide range of output Irequencies. M

A crys:al controlied osceiator 15 the ciock source for the network. A
wo-Dit address 1s provided to setect one of four multiple output clock
rates.

Aophications nclude a saectatle frequency source for equipment in
the data communications marret, such as teleprinters, printers, CRT
termnals, and MICTCDFOCESSOr Systems.

CMOS Lsi

LOWPOWES= COMPLEMENTARY MOS)

BIT RATE GENERATOR

L SUFFIX
CERAMIC PACKAGE
CASE 623

® Singte 5.0 Vdc { = 5%} Power Supnty
® Internai Oscillato Cryswat Controliec for Stabuity {1.8432 MHz) de

Diode Protecuor on All inputs
External Clock May be Appled 10 P 21

® Sixteen Duffzrent Quiput Clock Rates

® 50% Outpu: Duty Cycte

® Programmacte Time Bases for One of Four Multipte Output Rates |
® Suffered Outputs Comeauble with Low Power TTL P SUFFIX {
® Noise Immunity =45% of Vpp Tvpeal PLASTIC PECRAZE |
° CASE "zg 2a

[

[}

Internal Puliup Resistor on Reset Input <
‘ A ASSGNMENT

"L" o~ u b‘/oo
;:32 2301 RS A
MAXIMUM RATINGS !Voitages referenced to Vsg, Pin 12.} 0z 22{1 RSy
Axting Symbol Vaiue Unk FTdd 211} Xralin
OC Suoply Votiage Range Vnp 15251t -05 v ;Ed_-_ 201 Xtalgyy
input Voitage, Al Inputs Vi vppo-+0.510 v
9 ® | Vee-0s Ficdz 9P Fis .
OC Current Dran per Pin 1 10 mA Feils 18 {]FI5
Qoerating Temperature Range Ta -4010 +85 °C Fiidz 1 {F2
Siorage Temperature Range Tsig | —6510 +150 °C & )
[ F6
NF12
IAGRAM
BLOCK DIAGR Lot A b3
o017 f2
roz F3
oo =An 24
L o016 F4 S=nn
2ate Selecty 23 0— 3 5 115 =An 12
' O
Rate Selecig 22 i v L 515 F6
L F7
X1 Dividers :Z ; s . This 0ewcr wamasarcuitry 10 protect the
X NDULS aGar e Zamage Que to high statc
Crystati, 210—] Osciliator ] & Rate ko7 F9 vollages o mmrrz {wmzs; however, it is ad-
Circunt Ocvidet [X181 Select [ los F10 vised tha: “rr—a preautions be taken 1o
*Crystalyy, 20 O Ixe4 | Loge o8 Fin avoa apeacancs of avw voliage higher than ’
‘ > . F12 maxmum 2w s 10 this high im-
.. 1 '0:3 F13 pedance Cuar For LODAr OLEIANON 1t 1S
-0 recommencac “at Ve and Vg be cone
Fesat 100 > g Fl4 straned 'z T4 Qe Vggs (Vi of
Vou!SVo3
» See Figure 2 for typical 018 Ff15 Unusec ~mium rrss dways be tiad to an
crystal oscillator orcuns, 018 Fi6 appreonate . «ohaie avel le.g., either

Vgs or Vouor

« » When Reset= 0, outduts F1 thru F14 =0, outous F15 and Fi6 = 1,

MOTORQLA TELECOMMUNICATIONS DEVICE DATA



MC14411

ELECTRICAL CHARACTERISTICS

- Voo ~40°C =C -85°C
Charscteristic Symbol R ™ Min Tep ez i PO Urwe
Suppiv Voitage van | - a5 | 5% 475 5.0 5.25 475 €25 \
Quiput Voltage T Leve v 59 - .05 - 4] 0.05 - 008 Y
“1teve] O {50 | ¢ - 49 5.0 - 4.9 - v
Inout Voltage .
Vo=4.50r05V) viL | 5.0 - 18 - 2.25 15 - 15
(Vo=0.5 or 4 § Vdg) Vin 50 35 - 3.5 .75 - | 3.5 - N
Output Onve Current
(VoH=25V) Source IOH | 50 | -02 - -0.20 -7 - ~0.16 - Ta
VoL =04 V) Sink oL 5Q 0.3 - 0.20 0.78 - 0.16. - e
inout Current
Pins 21, 22, 23 hiny - - =01 - =0.00001 =01 - =10 a~
Pin 10 5.0 - | - -5 3 ~75 - - s
Input Cacacitance {Vin =0} Cin = - - : - 5.0 | - - - c=
Qurescent Dissioatan Pq | 5.0 - 28 0 - 0015 | 25 - ECER
Pawer Oissioanon”*t 1
{Dynamic plus Quescent D 5.0 PD=17.5 mW/MH2) I + P - '
IC =15 pF) ;
Quiput Rise Time'* T | S0 | - & < 70 200 - - re .
=30 ns/pF) Cy + 25 ns ) H
Output Fall Time** tTHL | 5.0 - - - 70 200 - - rs
ti= (1.5 ns/oF} Cy + 47 ns
tngut Clock Frequency fer 5.0 - K - - 1.85 - -]
Clock Putse vWiain WICH - 20 ~ 200 - - 200 - "y
Aeset Puse Wicth WWIR) - =il - 50 - - SO0 - 53
tFor dissivauon at citferent externat capacitance IC|} refer to corresoonding formuta:
PTICL = Pp+2.6x 10~ HC - 15 oF) Vpp2!
where: PT, Pp'in mW, C n oF, VO in Vde, and { in MHz.
°°The fonmua given 1s for the typical Gharactensucs onty. .
TABLE 1 — OUTPUT CLOCK RATES
Rate Seiect
3 3 Aate
0 0 X1
0 1 X8
1 2 X16
1 1 X64
Output Output Rates (Hz}
Number X84 X18 x3 X1
Fi 6184k 836k 76.8 x 9500
F2 408k 115.2% 5§7.6 k 7200
F3 - W2k %8k B4k 4800
F4 04k 5768k 8.8k 3600 .
F5 S1836 % Bak 19.2 % 2400
6 1152k 28k 14.4 % 1800
F7 JeBEy | 192k 9600 1200
FB8 Bk 960 4800 600
] 192k &0 2400 00
£10 128k nn 16C0 200
[} A0 2400 1200 150
F12 8613.2 €33 1076.6 1345
£13 pioc- ] 1758 879.4 w099 .
Fl4 <800 20 £00 75
F15 73N 3 ¢ RI6k 921.6 k 9216k
Fig* 1.863 M 1643 M 1843 M 1,843 M

"F16 13 buttered oscator output

MOTOROLA TELECOMMUNICATIONS DEVICE DATA
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MC14411

FIGURE 1 — DYNAMIC SIGNAL WAVEFORMS

Dns 20ns
—’1 :‘_ _.1 '1— Voo
/0% *

Input 10%. . vss

Qutput

FIGURE 2 — TYPICAL CRYSTAL OSCILLATOR CIRCUIT

~ | Rate Select
Reset A 8
Xtakn l l
2 2
]
=t
Bit Rate
g - _t"_;‘_ Clock Quiputs
SR O
20
Xtalgyt A= 15 MO+ 10%
Crysal Specifications
Crysial Mode Parailet
Frequency 1.8432 Mz $0.05% @13 pf
Rs 540 0 max
7.0 pF max
Temperaturs Range 010 70°C
Test Level 1 mW
Test Set TS ~ 30/TSM or Equrvalent

*Suggested Crystal Suppliers:
Tyeo, CTS Knignts

Circuit diagrams utlizing Motorols products are mciuded 25 8 mesns
of idlustrating typical semiconductor sppficatons; consequently,
complete informanon sutficient tor constructon purposes 8 not
necessanly grven. The information has been caretully checked and is
behoved 10 be entirely rahable. However, no responsty s assum-
80 for inaccuracies. Furthermare, such nformaton Goes ot Convey
10 the purchaser of the semiconducior Cewices described any bcense
under the patent rights of Motorola Inc.. of othars.
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National Analog-to-Digital Converters
} Semiconductor -

ADCO808, ADCO809 Single Chip Data Acquisition: System

General Description o . . .o

The ADCO808, ADCO809 data acquisition components
are monolithic CMOS devices with an 8-bit analog-to-
digital converter, 8-channel multiplexer and microe
processor  compatible control logic. The 8-bit A/D
converter uses successive approximation as the conver-
sion technique. The converter features a high impedance
chopper stablilzed comparator, a 256R voltage divider
with analog switch tree and a successive approximation

features make this device ideally suited to applications

such as process control, industrial control, and machine-
control. For 16-channel multiplexer- with common

output {sample/hold port) see ADCO816 data sheet,

Feat_ure's =g

» Total-unadjusted error < £1/2 LSB

"

v e CONTROL

. " ® L i < *1/2LSB
register. The 8-channel muitiplexer can directly access o aneart(\./ erro; 12LS
any one of 8-single-ended analog signals. 9jmissing,co e's’ . - T
® Guaranteed monotonicity ‘
The device eliminates the need for external-zero and » No offset adjust required Q) P
full-scale a.diustrr\ents and‘ features an abs‘o!ufe accuracy ® No scale adjust required. .- -
< 1 LS8 including quantizing error. Easy interfacing to s C ion tire of 100
microprocessars is provided by the tatched and decoded onvers.lon TS < e
address inputs and latched TTL TRI-STATE® ‘outputss ... ™ Easy microprocessor, interface:
o a - . _) f—— 2 ® {atched TRI-STATE output
The design of the ADCO808, ADC0809 has been opti- w Latched address input "
mized by incorporating the “most’ desirable aspects of ‘s Rati . : - -
atiometric conversion
several A/D conversion techniques. The ADC0808; Rl mSVr ANy
ADCO809 offers high speed, high accuracy, minimal ingle su;fply XY
temperature dependence, excellent long-term accuracy u Low power consumption—15 mW-
and repeatability, and consumes minimal power. These a Full —55°_(2 to +125°C operation-available
Y i ¢
Block Diagram 3o & ] "
START  CLOCK
NN, e o s
o 1. 11 /
1 T AP ¥ ENO OF CONVERSION
! e i
co. o | l 1
O] 3 CHANNELS } | _"
i 8 ANALOG INPUTS — MULTIPLEXING 1 L .
o SWICHES sAR. |
—_— e . R = et P | A
= COMPARATOR : E
TR
] 1 " sTaTeS o
. . QUTPUT: - —3BIT QUTPUTS ~ ¢
Lo_ | - LATCH N .
| . | SUFFER
0 1 i, ‘
: - - % SWITCH TREE . |
o— ! [
3-81T ADDRESS Ot L___ K ’
° ADORESS 1 ﬂ !
DECODER |- ’ |-
AQDRESSLATCHENABLE  O— -, .-- . N ' l .
' . . 256R RESISTOR LADOER
(I S | ]»
Ve GND AER(s - REFL-) -TRI .
- .. . STATE -

608020y ‘80800QY



Timing Diagram 1 Q
- O
Y o}
) o
[——-m——.} o‘
tLecx ‘-: ’ " p
. >
START mj . ! roe ' g
. KR (@)
ALE sn][_ SKm | g
- e ) . - {3
STABLE ADORESS ' .
~FE 2 |
A
h) l "
ey
i © fponaur A .. ,
) 3 — - [ . T ;
TALSTATE®
CONTAGL l
€0C-- = )(! | Y
. = = \
tc * rs S
. , . r;u.nm I“I'W_T’.‘" —_'——_"‘_-‘ ] o
QUTINTY — ——— . P —— e aovase
] ; . . fim,
. "FIGURE 5w .l -
Typical Performance- Characteristics /
15 . 1
 fo = 1200 kHz X Tpa=85°C
1 / Coemo A
z / e N Tp=25°C -\
< 05 At = : .
3 : v = - :
z 0 .o A V12 640kHz = . i N
—
3 fe= BW Oy z / N \
S =
> -0.5 > \
- . -
/V I:‘ Ta= —40°C
-1 fo = 1200 kHz ;
b1 | i v - ,
] 1.25 25 3.75 5 " 1.25 2.5 3.75 5
Vin V) TR Y1)
FtGURE 6. Comparator l{N vs V[N FIGURE 7. Multipiexer Ron vs VIN
(Vee = VREF = 5V) {Vce = VREE =5V}
. :




i ADCO8Q8, ADCOB09

1w

Functional Description

Multiplexer: The device contains an 8<channel single-
ended. analog signal multiplexer. A particular input
channel is selected: by using the address.decoder. Table -

| shows-the input states for the address lines to select ™~~~

any: channel: The .address. is.latched..into the_decodec.’
on the low-to-high transition of the address latch enable .
signal.

TABLEI h
SELECTED:. ADORESS LINE =
ANALOG CHANNEL c B A
. INO L A
IN1 L L | H
Nz T LI H L 7
INg =-w =p- Lo M| HeT
e dNa L LH L L)
IN5 H|] L | H
77~ ~e N RN
INT H| H| H

CONVERTE-R CHARACTERISTICS

The Converter k

a3

L |’ 1 Sl "
The heart-of this-single cAhip data acquisition system is its
8-bit analog-to-digital converter. The converter is designed

to give fast, accurate, and repeatable conversions over 3
wide range of temperatures. The-converteris partitioned
into .3 major sections:--the -256R- ladder network, the~ ~
successive apgroximation:register, and ‘thé comparator:
The converter’s digital outputs dre positive trus,

The 256R ladder network dapproach (Figure 1) was
- chosen-over the-conventional R/2R ladder because of its
inherent rnonotonicity, which guarantees no missing
digital codes. Monotonicity is particularly important in
closed loop feedback control systems. A non-monotonic
relationship can cause oscillations that will be catastro-
~-phic- for the- systerm.- Additionally, the-256R network
does not cause load variations on the-reference voltage:

- THe" bottom resistor~and the top resi;tor of the l;dder

__ network in Figure_ 1 _are_not the same value as the

remainder of the network. The difference in these
resistors causes the output characteristic to be-symmetri-
cal with the zero and full-scale points of the: transfer
“turve. The first “dutput “transition Toccurs ‘when the
analog signal has reached +1/2 LS8 and succeeding out-
put transitions occur every 1 LSB later up to- full-scale.

The successive approximation.-register {SAR).performs
8 iterations ya/pﬁroximate the-input voltage: For any

- SAR"type "donverter,” n-iterations are required for an

n-bit converter. Figure 2 shows a typical example of a

_ 3-bit converter..In the ADC0808,_ADC0809, the approx-
imation- technique is extended fo 8 bits using the 256R
network. - » e g

CONTROLS.FROM S.A.R.
|
N
+REF O /* { ‘ 3
4 ‘, RTCA R,
., “ “,, y " e e
3 o .4 74
" A R R
. 8 -
L .".“ “'-. 1 ‘.
. » '.‘ \~ * S - — —- ';
~ 1y -
- PR T A =
e - « ~—t=3~ COMPARATOR
{ ineuT
- . . . P N :
R .
.: . Y . Y A -
R - 'Y ! . F= s -
—_ e - * ~.‘ = - a— - -
%R : ¥-
< v
P —

REF(—} O

s
we T

FIGURE 1..Resistor Ladder and Switch Tree




ADCO0808, ADC0809

R

Applications Information
OPERATION

Ratiometric Conversion R
The ADCQ808, ADCO809 is designed as a complete
Data Acquisition System (DAS) for ratiometric conver-
sion systems. In ratiometric systems, the- physical -
variable being measured is expressed as a percentage of -
full-scale which is not necessarily related to an absolute
standard.’ The voltage input to the ADC0808 is expressed
by the equation

0x
Omax — DMIN

ViN
Vi = V2

Bt

VN = Input voitage into the ADC0O808

V¢s = Full-scale voltage

V4 = Zero voltage

Dx = Data point being measured

DmAX = Maximum data limit

DMIN = Minimum data limit -
A good exampie of a ratiometric transducer is a poten-
tiometer used as a position sensor. The pasition of the
wiper is directly proportional to the output voltage
which is a ratio of the full-scale voltage across it. Since
the data is represented as'a proportion of full-scale,
reference requirements are greatly reduced, eliminating
a large source of error and cost for many applications.
A major advantage of‘the- ADC0O808, ADCO809 is that
the input voltage range is equal.to the supply range so
the transducers can be connected directly across. the
supply and their outputs connected directly into the
multiplexer inputs, (Figure 8.

Ratiometric transducers such as potentiomete‘rs‘;'strain
gauges, thermistor bridges, pressure transducers, etc,, are
suitable for measuring proportional relationships; how-
ever, many types of measurements must be referred to
an absolute standard such as voltage or current. Th
means a system reference must be used which relates
the full-scale voltage to the standard volt. For.\g_g:aqu"l;,'
if Vec. = VREF = 5.12V, then the full-scale range is
divided into 256 standard steps. The smallest$tandard.
step is 1 LSB which is then 20 mV. Lot

LN
ANUS e-y
Resistor Ladder Limitations a1
3R =

The voltages from the resistor ladder are cor"nipa}eﬂ to
the selected input 8 times in a conversion. These voltages
are coupled to the comparator via an analog switchttree
which is referenced to the supply. The vo!wges"alg' the
top, center and bottom of the ladder must be ganfegiled
to maintain proper operation. B ,_,g

3
The top of the ladder, Ref(+}, should not be more osi-
tive than the supply, and the bottom of the ladder
Ref{—) should not be more negative than ground. The
center of the ladder voitage must also be+near the’
center of the supply because the analog swi;ct\i;tree

changes from N-channel switches to P-channet switahes._.. . ...

Y

These limitations are arreaTcmiwe Satravfied in ratio-
metric systems and can S5 23RN Tres ground refer-
enced systems.

Figure 9 shows a grounC = erseoss muasemn witr 3
separate supply and reference. > Thx svxagen, the supply
must be trimmed to MFET T ey .;olragg For
instance, if a 5.12V refersnc2 5 _sex e supply sr;ould
be adjusted to the same wClooR ‘@rshee 3 vy

The ADCOB08 needs '=ss =& 3 ~iitmewn of supply
current so developing e SDOW “~we ~y rgferance is
readily accomplished. In i @a® ™™ » Svumd referanced
system is shown which generges vve Rty from: the
reference. The buffer shcwn car 22 3 5 amp of suffi-
cient drive to supply: T rHame X seopiy ¢

and the desired bus drive, gr ¥ zah-e.:; a.:: .::::::.
by the cutputs a large Ca0ACITOr Rl SuRns the transient
supply current as seen in Soumm ™.~y | M301 is
overcompensated to insure SIEOIYY srean oaded by the
10 uF cutput capacitor.

The top and bottom !adcder vovtamas Sarmot exceed
Ve and ground, respecTvelv. T e nan be sym-
metrically less than VCC 20 reader wan sround. The
center of the ladder voitage shoun® nwwms ve ne.-;r the
center of the supply. The shsTwo ¢ e converter
can be increased, {i.e., size 07 @ LSS sowey decreased)
by using a3 symmetrical reference svsosm Figure 12
a 2.5V reference is symmeTricEly ceoonaay yavayt Ve /2'
since the same current flows in .cerogw ~~s:stors 'I%\is
system with a 2.5V réference sllcws tre L33 bit 'm be
half the size of a 5V referenca sveode,

Converter Equations

The transition between adjacent >oves

AP and N + 1
_'S_Q'VFP.QX:. .
e ‘,,-: , N } ’
= 5 e —— =, -
VIN=VRBE() 1958 T sy T oS (2)
o g :
The center af an output cede N is zwse 3
L N,
VIN = VREF{+) 258 | TUE (3)

-

is
I".':!'he'voumut code N for an arbitrary TOUT 3 e integers
within the range: - teg

— X 256 *Absolute Ann ey

(4)

where: VIN %'.V_/plta_ge at comparator irQuwz

VREE{+) = Voltage at Ref(~}

VREF(~) = GND »

VTUE: = Total unadjusted error xaimy, e P
VREF(+)/512] Tvpieally

EE- A

‘—;

o

o



Applications Information (continued)

L i vee . —e - - ivee .
L- REFt) 31 = w3 -
- - ' . . > -
—[ < DIGITAL Vaer Atst) oratrat
* . snoran a 2:::::““
. 2
— 1w e {o_
.. et Vin {O—o
. (%Y O==] |:. . .
g [——-uum-L ] N — REF(-} e
1 11 (11}
= Adcoves Apsotss
Vin | VIN ViN
Qour = ur =
VRer  Vce % VREF

4.75V < Ve = VREF £ 5.25V
*Ratiometric transducers

FIGURE 8. Ratiometric.Conversion System

- Voo
), M3
SIGITAL QUTPUT
vae v Vi Bqur| REFERENCED TO
") Ol GROUND
e Vin  Oomet 3
' OO0
I——-i REF-} 153
cuo
ADCoIss
Vin
Qout =
VREF

4.75V < Veg = VREF < 5.25Vv

FIGURE 10. Ground Referenced Conversion System with
Reference Generating V¢ Supply.

4.75V £ Vee = VREF € 5.25V

FIGURE 9. Ground Referenced )
Canversion.System Using Trimmed Supply

10-15 Vag

REF{s]

+ 1Buf
— soLID

= T TantaLum
—p €X0
- L, REF(~}

FIGURE 11. Typical-R_eference and Supply Circuit

5V
ny i
VAA- Vee
LiL1d PP

mste b )

?
s 9

[
L

.

msp

OIGITAL GUTAUT
PROPCATIONAL TO
ANALOG INPUT

125V Vi 178V

Qqur

LsR

INgt4
- 125y AtFi-)
L5V
REFERENCE A
—WVT- GNg
Ra = Rg

» n
Ratlometric transducers

FIGURE 12. Symmetrically Centered Reference
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MOTOROLA .

= SEMICONDUCTOR
TECHNICAL DATA

EIA-232-D/V.28 Driver/Receiver S
(Formerly RS-232-C) “,

t]
The MC145406 is a silicon-gate CMOS IC that combines 3 drivers and 3 receivers !l'
to tulfill the electrical spacifications of standards EIA-222-D and CCITT V.28, The . L SUFAX
drivers teature true TTL input compatibility, siew-rate~iimited outout, 300 onms CASE €20
power-oft source impedance. and output typically switching to within 25 percent of CERAMIC

combining both drivers and receivers in a single CMOS chip. the MC145406 pro-
vides efficient, low-power solutions for E1A-222-D and V.28 acpiicanons,

Drivers

¢ +5tw +12V Supply Range -

® 300 Onms Power-O#f Source Impedance

® Qumut Current Limfing

)
e

TTL Compatible !

Maximum Slew Rate =30 V/us )
Recervers
® 25V inout Vohage Range When Vpp=12V, Vgg= ~12 v i -
® 3 10 7 Kilohms Input imoegance DW suFAx ~
® Hvsteresis on Inout Switenpomt CASE 751G
s0IC
FUNCTION DIAGRAM PIN ASSIGNMENT
Yoo Yoo RECEIVER VUDC H lsvaCC.r
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MC145406

APPLICATIONS INFORMATION

The MC145406 has been oesxined to meet the etectricai
soecificstons of standaras EIA-232-0 and CCITT V.28. BIA-
232-0 defines the electrical and pnvysical interfaca detween
Cam Communisstion Eguioment !DCE) and Daw Termina
Equioment (DTE). A DCE is connectad to 3 DTE using 8 cable
that typically carties up to 25 leads. Thesa leads, reterred 1o
as imerchange circuits, allow the wanster of timing, data,
control, and test signals. Electricallv this transter requires ieve!
shitting between the TTL/CMOS togic leveis of the computer
or modem and the high voltage levels of EIA-232-D, whicn
can range from =3 to +25 votts. The MC145406, provices
the necessarv level shifung as weli as megung otner aspects
of the EIA-232-0 specificauon.

DRIVERS

As defined by the specification. an EIA-232-0 driver presents
3 voltage of between +5 to + 15 vors into a load ot between
3 to 7 kilohms. A logic one 3t tne dnver input results In &
vortage of between ~5 to — 1§ veits.’ A logic zero results m
a voitage betwesn +5 to + 15 volts. When operating VDD
and Vgs at +7 to + 12 voits. the MC145406 meets this re-
quirement. Wnen operatng at + 5 voits, the MC145406 drrvers
produce less than + 5 volts at the outout (when terminateq;,

which does not meet £1A-232-0 soecification. However, tne ~

output voltages when using a2 + 5 volt power supply are higs
enough (around *4 volts) to perma proper reception by an
EIA-232-0 receiver, and can be used in aoplications wnere
strict compliance to EIA-232-D s not recuitea.

Anotner requirement of the MC145406 drivers: s that they
witnstand a snort to another driver in the EIA-232-D cable.
The.worst-case condition that is oermitted by EIA-232-D is &
+ 15 vott source that s current limred to 500 milliamperes.
The MC145406 drivers can withstand this condinon momen-
tarilv. in most short circult condivons the source driver wii'
nave 3 series 300 ohm outoUt IMpeaance needed to satisty the
EIA-ZR-D driver requirements. This will reduce the short cir-
cun current to under 40 mA whicn s an accaptable level tor
the MC145406 to withstand. i

Unlike some other drivers, the MC145406 drivers feature ar
intemaity-limited output slew rate tnat does not exceed 3
voits per microsecond.

RECEIVERS

The job of an EIA-232-D receiver is to level-shift voltagesin |
the range of —25 to +25 volts down to TTL/CMOS logic
leveis (0 to + 5 voits), A voitage of between —3 and ~ 25 volts
on Rx1 is defined as a mark and produces a logic one st DOT.
A voitage between + 3 and + 25 volts is 3 space and produces
a logic zero. While recsiving thess signals, the Rx inputs must
present a resistance between 3 and 7 kilohms, Nominally, the
input resistance of the Rx1-3 inputs is 5.4 kilohms.

The input threshold of the Rx1-3 inputs is typically biased
at 1.8 volts above ground (GND} with typically 800 milfivohs
of hysteresis included to improve noise immunity. The 1.8 voit
bias forces the sppropriate DO pin to 8 logic one when its Rx
inout is open or grounded as called for in the E1A-232-D spec-
ification. Notice that TTL logic levels can be applied to the Rx
inputs in lieu of normal E1A-232-D signal leveis. This might be
helpful in situations where access to the modem of computer
through the EIA-232-D connector is necessary with TTL de-
vices. However, it is important not to connact the EIA-222-0
outputs (Tx1-3) to TTL inputs since TTL operatas off +5 volts
only, and may be damaged by the high output voltage of the
MC1454086.

The DO oututs are to be connected to a TTL or CMOS
input (such as an input to 3 modem chip). Thess cutputs will |
swing from V¢ to ground, allowing the designer 10 operate
the DO and Di pins from digital power supply. The Tx and Rx
sections are inaependently powered by Vpp and Vgsg so thst
one may run logic at +5 volts and the EIA-232-D signals at
+ 12 vohs.

POWER SUPPLY CONSIDERATIONS !

Ve should not exceed Vpp by more than 0.5 volts, Due ’
10 an internal diode between Vpp and VCC, the power-up of
power-down power supply sequences may permit VCC 10 08 |
greater than Vpp tor a short period of time. This condition
could cause parts to fai for longer periods of time. A diode |
as shown in Figure 4 can be used to protect the devics from

this condidon. . ‘
45812y Wvgg  VoolB— s v
POWER SUPPLY POWER SUPPLY
MC145406

Figure 4. Protection Diode for Voc>Vpp Condition
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