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DIGITAL DATA TRANCIEVER BY POWFR LINE
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YEAé 1980
ABSTRACK
DIGITAL DATA TRANCIEVER BY POWER LINE IS THE EQUIPMENT FOR
SERIES DIGITAL nATA GOMMUNTCAT(ON ~ BETWEEN ~ MICROCOMPUTER IN BUILDING.
THIS EQUIPMENT USES A.C. POWER LINE AS TRANSMISSION LINE. THE BASIC
OF THE NiW METHOD IS THE USING OF FSK MODULATION BETWEEN D1GITAL SIGNAL
AND CARRIER FREBQUENCY 125 KHz , THEN COUPLING INTO  A.C. FOWER LINE.
THIS COMMUNICATION MUST HAVE PROTOCAL.

THIS THESNIS IS THE STUDY OF POSIBILITY OF THAT METIOD.
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Naﬁonal _ PRELIMINARX' - _ -
Semiconductor BI-LINE™

LM 1893 Carrier-Current Trans.ceiverT

General Description
Carrier-current systems use the power mains to transfer in- 8 Output power easily boosted 10-fold

formation between remote locations. This bipofar carrier- R 50 to 300 kHz camer frequency choice

currenit chip performs as a power ting interface for haif-du- = TTL and MOS compatible digital levels

plex (bi-directional) communication of serial bit streams of g Regulated voltage to power logic

virtually any coding. In transnussion, & sinusoidal carrier 1s w Drives all conventional power lines e .
FSK modulated and impressed on mosl any power kne via & P
rugged on-chip driver. In reception, a PLL-based demodula- H

lor and impulse noise filter combine 10 give maxsmum range. App“caﬂons

A complete system may consist of the LM 1893, a COPS™
controller, and discrete components.

® Energy managament syslems
u Home convenience control
® Inter-office communication

Features W Appliance control

® Noise resistant FSK modulation ® Fice alarm systems

u User-selected impulse noise filtering ® Security systems

® Up to 4.8 kBaud data ransmission rate B Telemetry

® Strings of 0's or 1's in data allowed ® Computer terminal interface

& Sinusoidal line drive for low RF!

Typical Application
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FIGURE 1. Block dlagram of carrier——current chip with a complement of dl.sc'ret' components making a complete
transceliver. Use caution with this circult-——dangerous line volupo is present.
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LM1893

. Junction temperature: transmit mode 150°C
Absolute Maximum Ratings receive mode 125C
Supply vottage 30V Maximum continuous dissipation, T = 25°C,
Voltage on pin 12 55v (Note 2): plastic DIP N 166w
Vollage on pin 10 (Nots 1) 4av Operating ambient tamp. range —251085'C
Vottage on pins § and 17 40V Storage temperature range ~6510 150°C
5.6 V DC zener current . 100 mA Lead temp., soldering, 7 seconds 260°C
General Electrical Characteristics (ot 3). The test conditions are: V* = 18 V and Fg = 125 kHz.
unless otherwise noted.
Test | Design Umi
’ Parameter Conditions Typical| Umit | Umit Unit N
(Note 4) | (Note 5) $ '
1 |5.6 V Zener vontags, vz Pin11,1z=2mA 5.6 5.2 Vmn, -
5.9 V max :
2 [5.6 V Zener resistance. Ry Pin 11, Rz = (V@10 mA —V,@1 mA)/(10 mA— 1 mA) 5 n_
3 | Carner 170 peak survivable Pin 10, discharge 1 uF cap. charged to Vor 80 60 Vmax .
lransient voltage. Vot .
4 | Camer 1/0 clamp vottage, Voc Pin 10, logc = 10 mA. RX mode 44 41. .4 V mm.
2N2222 diode pin B to 9 50 V max :
5 | Carner 170 ctamp resistance. Ryq | Pin 10, loc = 10 mA 20 n
6 §{ TX/AX fow input vollage. Vi Pin 5 1.8 0.8 Vmax :
7 ) TX/BX high input voltage, Viy Pin § (Note 8) 2.2 28 Vmn
8 | TX/RX low input current, I Pin5at0.8Vv -2 -20 pA mn
1 pA max !
9 | TX/AX high input current, tiy Pin5 at40 v -1 pAmin |
10-4 10 pA max s
10 RX —~TX switch-over time, Tpy Time to develop 63% of tull current drive 10 ks
through pin 10 I !
11] TX~RX swiich-over time, Tt 1 bit ime Tg = 1/(2Fpata) Time Tyy is user 2 bit !
controlled wmﬁm. see Apps. Info.
12]1CO initial accuracy of Fg TX mode, Rg = 6.65kfl, Co = 560 pF 125 113 kHz mmn. 1
137 kHz max
13]1CO temperatwra coethicient of Fn | TX moda., (Forax —Fomm)/ (T max— Tmind { x 200} PPM/C *
4 { Temperature dnft of F TX mode, —255T;<150°C (£2.0)] (£5.0) | % max .

Transmitter Electrical Characteristics (Note 3). The test conditons are: V.. = 18V and Fo=125kH?
uniess otherwise noted. Tha transmit canter frequency is Fo, FSK low 1s Fy, and FSK high is Fa.

Test Design Umit
’ Parameler Conditions Typleal [ Limit Limit Units
N (Note 4) | (Note 5)
15 | Supply voltage, V*, range Meots test 17 spec, at T) = 25°C and: (13) 14 (15) V min.
[(Fs114v] —Fy[18V))/F, 118V} <0.01 24 (23) V max.
l(Fy[24v] ~Fy [18V))/F, [18V]| <0.01 : .
16 | Total supply curent, Igt Pin 15. Pin 12 high. iqr is Ig through 42 78 mA max. :
pin 15 and the average current lopg of the
Carrier /0 through pin 10 .
17 | Carrier 1/0 output current, lo 1000 load on pin 10 70 45 mApp mun. 1
18 [ Camer /0 lower swing limit, Va ¢ | Pin 10. Set internalty be ALC 4.7 4.0 V min.
2N2222 diode pin B 1o § 5.7 - Vmax.
19 | THD of I (Note 6) Q of 10 tank driving 100 line 0.6 £2.0) * max.
1000 load, no tank 5.5 9 . % max.
20 | FSK dewviavon, F3—F, (Fa~F)/([Fa+Fy}/2) 4.4 3.7 % min.
5.2 %6 max.
21 | Data in. low input voltage, Vy Pin 17 1.7 0.8 Vv max.
22 | Data In. high input voltage, Vi Pin 17 (Note 9) 2.1 28 V min,
23 | Data In. low input current, Iy Pin17 at0.8 v -1 -10 pA rmin.
1 pA max.
24 | Data In. tugh input current, iy Pin 17 at40Vv -1 pA mun.
10-4 10 pA max.

Note 1: Transents may reacn

2bOve 60 V: 349 e Panwent péiak voltage characionsic curve,
HNote 2 The maumum power casioadon ratng shouid be dersted 1or device 0perabon Above 25°C 10 insure that the NNACHON 1@MDErANN S 1eMaNg DSOw the Manmui e .
ung. Use & 035, ol 715°C/Wior the N DACKAO8 UsIg 8 sOcKet I St alr. Consult e Apphcabon Informanon secton for more ceus.
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Receiver Electrical Characteristics mote 3). The test conditions are: V+ = 18V, Fo= 125 kMz, £2.2%
deviation FSK, Fpara = 2.4 kHz, Viy = 100 mVpp, in the receive moda, uniess otherwise noted.

cROT W

. Test Design Limnt
1e Parameter Conditions Typlcal | Umit timit Unhts
] {Note 4) | (Note 5)
| Supply voltage, V+, range Functional receiver (Note 7) (12) 13 (13.5) V min,
. 30 (28) V max.
8 | Supply current, igt ot is pin 15 (V4 ) plus pin 10 1 5 A min,
(Carrier 1/0) current. 2.4 kN Pin 13 to GND. 14 mA max.
11 | Carrer 170 input resistance, Ryg Pin 10 19.5 15 kN min.
30 k)l max.
2 | Max. data rate, Fpyp Functionat receiver {Note 7) 10 48 (2.4) kBaixd
square-wave data, 2.4 kHx = 4.8 kBaud . .
% | PLL capture range, Fe Ce= 100 pF, Re=0 1 +40 )] 220 % min,
% | PLL lock range, F(, Cg=100pF, Re=0 0 +45 +20 ' % min,
31| Recerver input sensttivity, Siy .. | For a functional receiver (Note 8) . .
Refetred to chip sids {pin 10} 1.8 10 12) mVRits
of the fine-coupling XFMR: Fg = 50 kHz 2.0 mVaus
Fo =300 kHz 1.4 mVams
Referred 1o line sida of XFMR: 0.26 mVaus
(assuming a 7.07:1 XFMR) Fg =50 kHz 0.29 mVaus
Fo =300 kHz 0.20 o | mVams -
32 | Tolerabia input dc voltage offset Pin 10 lower than pin 2 0.1 V max.
range, Vinpe - o
33 | Data Out. broakdown voltage Pin 12, leakage 1< 20 pA 70 55 V min,
M | Data Out low output, Vo Pin 12, sat voltage at o = 2 mA 0.15 0.4 V max,
35 | Impulse noise filter current, Pin 13 charge and discharge current +50 45 pA min,
. | 485 ] pAmax
3 | Oftset hold cap. bias voltage. Voiy | Pin6 20 1.3 V min,
35 V max.
37 | Offset hold capactior max. drive Pin 6. V(pin 3)— V(pin 4) = + 250 mV +48 +25 pA min,
' current, hucu 480 pA max, |
38 | Offset hold bias current, loug Pin 6, TX mode. Bias pin 6 as it sell- -0.5 -20 (-40) nA min.
biased during test 32. 40) | nAmax
% | Phase comparator curent, lpg BiaspinsJand 4 818.5V 100 50 pA min,
. R Ipc ™ l(pin 3) + I(pin 4), TX mode 200 pA max
140 | Phase detector output resistance, Pins 3 and 4. 10 6 kN min,
Rpp Rpp ™ (V& 100:A—V@50uA)/(50.A) 18 kf} max.
41 | Phase detector demodulated output | Pin 3 to 4, measured atter filtering 100 60 mVpp mn.
voliage, Vpp out the 2F g component » 180 mVpp max.
42 | Fast ottsel cancel voltage “window" | Vpina — Vping = £ Vwinpow + DCofiset | 0.95 0.70 V/V min,
! -10-Vpg ratio, Vw/Vep Drive for £ 1 pA pin 6 curent 1.20 V/V max,
1 43 | Power supply rejection, PSRR CL = 0.1 uF. PSRR = CMRR. 120 Hz 80 dB min.

Mots X m"mmwmmnm”mummwuowwmluhmdmww.nmm
oply st Ta= T, =25°C,

Mote & Gueranised and 100% production tested. S .
Iobl:Gu-nmnd(bu\nmlOO\Lwmlmmnmmwummvmmmmmlmodbalaubunoo'nqm
lovely

Nots & Total harmonic distorbon is measured using THO = {lrnes (2 components at or above 2F )}/ [laus (flundamentan].

Mote 7: Recerver functon i defined as the error-free Dasesge of 1 cycte of 50% duty-Cycls 2.4 kH2 square-wave data (2 sequental 208 S bits), with the firet bit
beng 2 1.7 All of the data ransrbons (edges) must fall withn 2 10% (£ 20.6 u3) of thew nose-free posstons. RX ime delay s Murwnaed by Useng NO IMEUIse Nowe
Star cap. Cy for this test, ” -
Mots & During the sensivity check. note 7 requirements are folk with these (1) Gata rate Fpata = 1.2 kHz. (2) aX of the data Tansrtions mus! fell
whn 220% (2418 ps) of thew nose-irse postons, and (3), & time-doman Hiter capacrior (Cy) s used. The tme delay of Cy 18 % b or 208 pa. (C, in
Kproamatety 8200 pF),

Mora 9 Fo:TTLmlelRym.lenﬁ-\orhhamomvmhmle.

8 12-69



LM1893

Typical Performance Characteristics v+ =1ov, Fo = 125 kHz. cireutt of Figere 1)
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Typical Performance Characteristics (V* =18V, Fo = 125 kHz. circult of Figurs 7) (Continuod)
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LM1893

Application Information

THE DATA PATH

The BI-LINET chip serves as a power line interface in the
carrier-current transceiver (CCT) system of Figure 3. Figure
4 shows the interface circuit now discussed. The controlier
may select either the transmit (TX) or receive (RX) mode.
Serial data from the controller is used to generate a FSK-
modulated 50 to 300 kHz carrier on the kne in the TX mode.
In the RX mode fine signal passes through the coupling
transformer into the PLL-based recetver. The recreated seri-
al bit stream drives the controfier.

With the IC in the TX mode (pin 5 a logic high), baseband
data 1o § kHz drive the modulator's Data In pin to generate
& switchod 0.9871/1.0221 control current to drive the low TC,
triangie-weve, current-controtied oscillator to +2.2% devia-
tion. The tri-wave passes thcough a ditferential sttenuator
and sine shaper. which deliver & current sinusoid through an
automate level control (ALC) circuit to the gain of 200 cr-
rent output amplifier. Drive current from the Carmier /0 de-
velops a voltage swing on Ty's (Figure 4) resonant tank
proportional to line impedance then passes through the
step-down transiormer and coupling capacitor Cc onto the
ine. Progressively smaller line impedances cause reduced
signal swing, but never clipping-thus avoiding potentia! radio

. frequency interference. When large kine impedances threat-

on to allow excessive output swing on pin 10, the ALC
mmunmmymm.wwwm«.wm
voltage swing constant and within the amp’'s compliance
mit. The amplifier is stable with & load of any magnituda or
phase.

In the RX mode (pin 5§ a logic low), the TX sections on the
chip are disabled. Carrier signal, broad-band noise, transient
gpikes, and power line component impings of the receiver's
input highpass filter, made up of Cg and Ty, and the tank

¥ Duakin-Une Package

KOCAP T =1 U 18 = ICO FREQUENCY
reocary {2 . - MK
nLATE] 3 16 f— UMTER FLTER
ru.nmuﬁ: 18 b V¢
/RN sEEcT —{g UMY ool gy
OFFEET HOLO £ — § 13 = MOISE INTERRATOR
ALL STASIUTY = 7 12}~ BATA OUT
$003T EMITTEN —{ § 1= 5.5V e
DOOST BASE —{ ¢ 18|~ caanER /e
TOP VIEW
TU/H/6750-2

FIQURE 2. Connection Diagram

See NS Package Number N18A
Order Part LM1893N

——

bandpass filter. in-band camrier signal, band-limited o, § |
heavily attenuated kne frequency component, and atteny
od transient energy pass through to producs voltage s
on the tank, swinging about the positive supply to drive n
carier 170 receiver input The balanced Norton-input bmiy
amplifiec removes DC offsets, attenuates fine frequeng
porforms as a bandpass filter, and limits the signal to diy
the PLL phase detector differentially. The ditfecential ¢
modulated output signal from the phase detector, conta
ing AC and DC data signal, noise, system DC offsets, ang,
large twice-the-carmier frequency ctomponent, passy
through & 3-stage- RC lowpass filter 1o drive the offset o
cel circuit ditferentially. The ofiset cancelling circuit wory
by insuring that the (fixed) +50 mV signal delivered to #y
data squaring (“slicing”) comparator is centered around i
0 mV comparator switch point. Whenever the comparm
signal plus DC offset and noise moves outside tha carehs
matched 150 mV voltage “window™ of the offset cancy
circuit, # adjusts its DC cofrection voltage in senes with
differential signal to force the signal back into the windox
While the signal is within the £ 50 mV window, the DC oft.
is $tored on capacitor Cy. By grace of the highly non-fines
oftset hold capacitor charging during offset cancslling, ty
DC cancellation is done much more quickly than with an A
coupling capacitor nommally used in place'df the offset can
cel circult. Since impuise noise spikes normally ring the sg
nal symmetrically around 0 V, the fully bilateca! offset cance
topology sffords excellent noise rejection. The switched as-
rent output of the comparator drives the kmpulse noise e
integrator capacitor that rejects all data puises of less than
the integrator charge time. False bits and noise may appes
as duty-cycle jitter errors at the open collector serial dat
output.

CARRIER- CARNER-
CURKREXT IC CURNEXT IC
R ™ o wiR o
SEL  DATA DATA SEL  DATA  DatA

4 4 4 3
J' v
MASTER SUYE
CONTROLLER CONTROULER
AT ADORESS 1 AT ADORESS 2
R T ¥
| 1
4 1
SWITCHED
KEYS0ARD 1040 $0Ns08

TUH/e750-3
FIGURE 3. The biock diagram of s carrier<current
system using the Bi-Line chip to interface digital
controtiers via the power line

$12.72
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mpllcation Information (contiwed)
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Application Information (contined

s~
o Roeo‘l;:l:;:ndod Purpose Effect of making the component value: Notes
Smaller Larger L. .
Co|[560 pF Together, Co and Ag|Increases F Decreases Fo 1 5% NPO ceramic. Use lowx
Rp(6.2kn set iCO Fp. Incresses Fo Decreases Fo 2k pot and 5.6 k fixed R.
<5.6 k not recommended. |> 7.6 k not recommaended. |Poor Fo TC with <5.6k R,
Cr [0.047 uF PLL loop filter pole  |Less noise immune, higher {More noise immune, fower Depending on R¢ value and
Fpata, more PLL stability. [Fpata. less PLL stability. Fo. PLL unstable with large
Rp[3.3kn PLL loop filter zero  [PLL less stable, allows PLL more stable, allows  |Cg. See Apps. Info. Ce
- less Ce. Less nnging. more Cg. More nnging. and Re values not cntical,
Ccl0.22 pF Couple Fo lo line,  |Low TX line amplitude. Drives lower line Z. 2250 V non-polar. Use 2c;
Ccand Ty low-pass |Less 60 Hx Ty current. More 60 Hz T4 current, on hot and neutral for max,
attenuates 60 Hz.  |Less stored charge. More stored charge. line isolation, salety.
Co(0.033 uF Tank matches line Z, {Tank Fo up or increase Tank Fo down or decrease 100 V nonpolar, low TC, * 10%
bandpass fillers, L of Ty for constant Fo. Lof Ty tor constant Fq. High targe-signal Q jeedsd‘
Ty |Use isolates from line,  |Smaller L: higher Fg or Larger L: lower Fg or Oplinjvze for low Fg line
recommended |and attenuates increase Cc; decreased Fg [decrease C; increased Fo|pull with control of Fo TC
XFMR transients, line pull, fine pull. and Q.
Ca[0.1 pF ALC pole Noise spikes tum ALC off. |Slower ALC response. Ry optional. ALC stable
| Raj10kn ALC zero Less stable ALC. More stabie ALC. for Ca > 100 pF.
CL’ 0.047 uF Limiter 50 kHz pole, [Higher pole F, more 60 Hz |Lower pole F, 18§60 Hz  |Afy reasonably low TC f:.ap.
60 Hz rejection. reject. Fo attenuation? reject, more noise BW. 300 pF guarantoes stability,
Cit{0.47 uF Holds RX path Vpg  (Less noise immune. shorter|More noise immune, longer|Low laakage = 20% cap,
Vos hold, faster Vos aqui- [Vog hold, slower Vg aqui-|Scale with FDATA-
sition, shorter preamble. sition, longer preamble. L
C; |0.047 uF Rejects short pulses [Less impulse reject, de- More impulse reject, de-  |C, charge nrm? Y, bit nom,
like Impulse noise.  |iay, mora pulse jitter. lay, less puisa fitter, Mustba <1 bit worst-case.
Rcl10kn Open-col. pull-up  |Less availabla sink I Less available sourcel.  |[Rg21.5kN on5.6V
Rz|12 kN 5.6 V Zener bias Larger shunt current, Smaller shunt current, 1 <17 <30 mA recommengedg.
more chip dissioation. less V+ current draw. (Chip power-up needs 5.6 V)
27|244vBY Transientclamp . [Higher Rz-excess peak V., [Lower Ry gives enhanced [Recommena Zenerrated -
<60 V peak Zener and chip damage.  |transient clamp. Costly.  [for > 500 W for 1 ms
Rrid.7n Transiant 1 limit Damage Zy. pullup V.. Excessive TX attenuation. {Carbon comp. recommended
Rp|180n Basa bloed Faster, lower THD lo. Inadequata turn-off speed. {Boost optional, Qg F(~3 dB)
Qg|Power NPN Boost gain device  {Excessive T yand Vgar. More rugged, but costly.  jof >200 MHz. Rg > 24 Ohm,
Rglt.1n Current setting R More lo, need higher hye. {Less Iy, fower min. hy,. lo=700((10+ Rg)/10Rg] mAm
Cg{247 uF Supply bypass Transients destroy chip. Less supply spike. V+ never over ab$. max.

FIGURE 5. A quick explanation of the external component function using the circuit of Figure 4. Values given are for
V*+ = 18V,Fo = 125kHz, Fpara = 360 Baud (180 Hz), using & 115 ¥ 60 Hz power line

Component Selectioh

Assuming the circuit of Figure 4 is used with something oth-
er than the nominal 125 kHz carner frequency, 180 Hz data
rate. 18V supply vollage, elcetera, 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
instead of circuit theory. It is assumed that the designer has
Selected valuss for camer center frequency, Fo; data rate,
Fpata: supply voltage, V. ; and power line voltage, Vi, and
frequency, F. if one or more of those parameters is not
defined, one may read the data sheet and make an educat.
ed guess - or just pick a nominal value and try the crreuit.

Maxims to keep in mind. based on CCT elactrical perform-
&nce considerations only, are: 1) the higher the Fg the bet-

ter, 2) the lower the maximum data rate the better, and 3)
the more time and frequency filtering the beftter,

Use Figure 5 as a quick ralerence to the external compo-
nent function.

The Transmitter

Co

Central 10 chip operation is the low TC of Fg emnter-cou-
pled oscillator. With proper Cq, the Fg of the 2Vag amolitude
tnangle-wave oscillator output may vary from near OC lo
above 300 kHz. While Cg may have any value, Co should

LY
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The Transmitter (continueq)

] e made above 10 pF so that parasitic capacitance is not
dminant.  Excessive or unbalanced common-mode-to-

gournd
| coetficient (TC) of capacitance (<100 PPM/*C), such as a
sonolithic NPO ceramic multilayer type, preserves low TC
o Fo Figure 6 finds a Cq value given Fo.

]

Resisior Ro is used by the IC 1o generate & Vpe/R related
arrent that s multiplied by 2 to produce the 200 uA 1CO
control curment that sets Fy. The controf current TC “bucks”
1 re Vgg related tri-wave amplitude across Cg lo effect a low
TCof Fo. Very Rg to trim Fo, within limits, Raising Fg more
han 20% above its untimmed value by means of decreas-
g Rg more than 20% is not recommended. Low R, and
%0 high control current, risks ICO saturation and poor TC
wder worst-case conditions. Raising Rg reduces the de-
moddated signal amplitude from the phass detector; raising
Rg by more than a factor of 2 (1 octave) is not recommended.
Since lower TC pots are relatively costly, it is recommended
1 tetRg be made up of a 5.6 k fixed (<100 PPM/*C) resistor
wth & 2 k1 (<250 PPM/"C) series pot.

=1 caand Ry
Components Ca and Ry controf the dynamic characteristics
=1 o the transmitter output snvelope. Their values are not crit-
kal. Use the values given in Figure 5. C, and Ra are func-
fors of loaded Ty tank Q, Ro. Fpata, and fine impulise
foise. Any changes madse in C, and Ra should be made
besed on empirical measurements of a CCT on the line,
Roughty, Cp, acts as an ALC pole and Ra an ALC zero.

100 gy
i Com M0.Ex19-¢
3 ]
g b}
: 'é;
; X}
3 £
]
Tam
k] k1] i 1090

fo ~- CARRIER COMTER FAEOUENCY (xH1)
% TL/H/6750-8
FIGURE 6. Find Co's valus knowing Fo
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N capacitance should be avoided. A low temperature *
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Ty

At this point, the CCT system designer may choose. to use
one of the recommended transformers or to design Ty one-
solf. Consult “The Coupling Transformer section to help
with the design of Ty f a new or boost-capable transiomer
is nooded. The recommended 125 kHz transformer func-
tlons with an lg of up to 600 mApp.

It is recommended that CCT systems use the recommended
transiommers, described in Fgrare 7, for Ty. The 3 transform-
efs are optimized for use in the ranges of 50100 kHz, 100-
200 kHz, and 200400 kHz with unioaded Q's (Oy) of about
35, and loaded Q's (Q) of about 12. Three sacondary taps
are supplied with nominal 7.07, 10, and 14,1 turns ratios (N)
1o 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 smafl - on the order of 10 mm diameter at the base.

Co

Tank resonant frequency Fq must be corect to aliow pas-
sage of transmitter signal to the line. Use Figure 8 to find
Cq's value. Trimming Fq to equal Fg Is done with T¢'s trim-
ming slug. The inductance of T, 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 Y,
Aaus. Cq should have a low senes resistance (a 1 ] series
resistance ts too much). Polypropelene caps are excellent,
“orange drop” mylars are adequate, while many other my-
lers are inadequate. A 100V rating is needed for transient
protection.

2
H
s

g = HE—
= KN Megm.t
g 3000 “ 1P
U =100t
§ 08 HIL |
3 St A
£ oW oS
g |u"(‘x X
149 R
.y NN
I s
1 e 10

o —CANDER FREQUENCY (\itr)
TL/H/8730- 10

FIGURE 8. Find Cg's value glven Fq

TL/H/8750-8 TUH/8750-9
300 Wz
€2 10UL-003

Toko 181XN-A207YUX

50 KHx
C2 10UL-002
Toko 707VX-AD4IYUK

FIGURE 7. The recommended T transformers. All are avallsbie through:
1) C2 Electronics, 1787 Vets Highway, Centrai Isiip, N.Y., 11722 (516) 348-8839 or,
2) Toko America, 5520 W. Touhy Ave., Skokle, IL, 60077,(312) 677-3640.
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The Transmitter (continusd)

Ce

Capacitor C¢'s primary function is to block the power fine
voltage from Ty's line-side winding. Also, Cg and Ty's line-
side winding comprise a LC highpass filter. The seli-induc-
tance of Ty is far 100 low 10 support a direct line connection.
Cc must have & low enough impedance at Fg to allow Ty to
drive ransmitied energy onto the line. To drive a 14 1l pow-
or line, the impedance of C¢ should be below 14 0.

Use Figures 9 and 70 1o find the reactive impedance of Ce
to check that il is less than the line impedance. Then check
10 see that the power fine current is small enough to keep
T4 well out of saturation: the recommended transformers
can withstand a 10 Amp-tum magnetizing force (1 Amp
through the worst-case 10 tum line-side winding).

Caution is required when choosing Cg o avoid series reso-
nance of the senes combination of Cg, the transtormer 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 fine cou-
phng crrcuit. measure for series resonance using some ex-
pected line impecance load.

Rp

This base-bleed resistor tums Qg off quickly - important
since the amplifier output swing is about 200 V/pus. An Ry
below about 24 N1 will conduct excessive cumrent and over-
load the chip amplifier and Is not recommendad.

100
{;’?lll
g HH
an g = 59 kit
3 ===
f& 125 kN
\
1
E
308 RM2[ S
$ 1118
0 il
X 1 "

TUH/8780-11

FIGURE 9. C¢'s impedance should be,
28 a rule-of-thumb, smaller than the lowest
expected line impedance
Ra
This rosistor, in paraliel with the internal 10 resistor, fixes
the current gain of the output amplifier, and 8o the output
current amplitude. Figure 11 gives output current and mini-

mum AC current gain by, for Qg when Rg Is used to boost
output current.

Op

The boost gain transistor Og must be fast, Double-diiused
devices with 50 MHz F1's work, slower transistors (epi-base
types) do not preserve a sinusoigal waveform when Fp is
high or oscillate. Og must have a certan minimum hye for
given boost lavels. as shown in Figure 11. Figure 12 shows
the power Qg must dissipate continuously operating with a
shorted output. BVceR (R = Rg) must be 60 V or greater
and Qg must have adequate SOA for transient survival,

Zr

Unfortunalely, potentially damaging transient energy passes
through transformer T4 onto the Carrier 1/0 pin (instanta-
Neous power of greater than 1 KW has been measured us-

——

ing the recommended transformers). For sell protection, the
Carrier I/0 has an intomnal 44 V voltage clamp with a 20 )
serlas resistance. A parallel low impedance 44 'V exiems
transient suppression diode will then conduct the Som;
share of any current whon transients forge the Carmier 170y
& high voltage.

i
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0.1 1 10

T~ UHE COUPUNG CAPACTIANCE ()
TUM/eTS-n
FIGURE 10. A graph showing the AC line-induced
current pessed by Co

o o = 0.024T]{10 + Aq)/ 18R]
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FIGURE 11. Output amplifier current and required min
Qp hye versus paln-setting resistor Ag
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FIGURE 12. Boost transistor power dissipation versus
amplifier output current

21 must be used unless some precaution is laken to proted
the Carrier 170 pin from line transients or transients caused
when stored line energy in Cg is discharged by the random
phase of power line connection and disconnection. Worst
case, Cc may discharge a full peak-to-peak line voltage ink
the tuned circuit. Another way 1o reduce the need for Z1 8
by placing another magnetc circult in the signat path th#f
relies on a high, but easily saturated. permeatulity to coup
a primary and secondary winding - a toroidal transtormer
example. Toroids cost more than Zy.

Use an avalanche diode designed spocifically for transienl
suppression — they have orders of magnitude higher pulst

power capability than standard avalanche diodes rated &

512.76
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rT'he Transmitter (contined)

Breakdown Voltage 4449V O 1 MA
Maxdmum Leakage 1pA @ 40V
Capacitance 300 pF @ BV
Maximum Clamp Voltage 645V @ 7.8A
Peak Non-Rapetitive Pulsa Power 10 kW ior 1 ns
(REA Standard Exponential Pulse)

Surge Current 70A for 1/120s

FIGURE 13. Key specifications for a recommended
transient suppressor Zy avallable trom General
Semiconductor, 2001 West Tenth Place, Tempae, AZ
85201, 602-968-3101, part no. SA40A
squal DC dissipation. Metal oxide varistors have not proven
useful because of their inferior clamping coefficient, Specifi.
cations for an example rmunimun diode are given in Figure

13.

The Recelver

The receiver and transmitter share components Ce. Ty. Co.
Ry. 21, Co. Ro. and penpheral supply and bias components
that are not in need of change for RX mode operation, Val.
ves for the balance of the components are now found.

Lne-Frequency Rejection

To use the ultimate sensitivity of the device, fully 110 dB of
115 V, 80 Hz attenuation Is-required batween the kine and
the Emiter amplifier output, Using the circuit topology of Fig-
Uw 4, the combined sttenuation of the Cc/Ty highpass, the
wned transiormer, and the bandpass filter attenuation of
the kmiter ampiifier give tar more kine rejection than the
above-stated minimum, However, #f some other CCT line
coupling circuit is used, line rejection will bacome important
o the system designer.

Receiver input power supply rejection (PSRR) and common-
mode rejecton (CMRRY) are one-in-the-same using the sup-
plyreterenced signal input of Figure 4. Rippla swings both
differential inputs of the Norton amp. equally, while the sin-
Ple-ended input signal swings only the positive input. Overall
PSAR consists of the input CMRR (set by the input stage
componant matching) and the ripplo-froquoncy stienuation
of the input amplifier bandpass response that passes carrier

and 1 mV np-n mirror ofisets give 26 dB of attenuation, the
bandpass gives 54 9B 120 Hz attenuation, for an overall 80
98 PSAR to allow tens of volts of ripple before impacting
ulimate sonsitivity, p

Cc

A value was chosen earlier. Knowing T4's secondary induc-
tance allows a check of LG line attenuation using Figure 14,
Cr

The Norton input limiter amplifier has a bandpass filter for
enhanced recever selectivity, noise immunity, and fine fra-
Quency rejection. The nominal fesponse curve for Fo = 50
kHz is shown in Figure 15, The 300 kHz pole is fixed. The 50
kHz pole 1s set by Ci's value, After Cy is found, the resulting
fne trequency attenuation is found for the bandpass filter.
Use Figure 15 to find a Cy value given for Fg. The approxi-

mate line frequency attenuation of the bandpass filter may
then be found in Flgure 16. Figure 15 retums g value for C_
33% larger than nominal, giving a low frequency pols 33%
low 10 allow for component tolerances,

— i

frequency but stops low frequencies. A typical 1% resistor
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€2 — COUPLINE CAPACTTANCE (1)
TUH/8T50. 18
FIGURE 14. The 60 Hz iine rejectioh of the'highpaas
fiiter made up of Cc and Ty's line-side winding
(neglecting capscitive coupling)
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FIGURE 15. Given Fo, Ci 1s found. Also shown Is the
input amplifier's small signal amplltude response

Ceand Re

These phase-locked loop (PLL) loop fiter components re-
move soms of the noise and most of the 2Fg components
present in the demodulated ditferential output voltage signal
from the phase detector. They afiect the PLL capture range,
loop bandwidth, loop overshoot, damping, and cepture time.
Because the PLL has an inherent loop pole dus 1o the inte-

grator action of the ICO (via Co). the loop pole set by Cp °

and the zero set by Rr gives the loop fiter a classical 2nd-

n
T |
£~ ¥
- 98 7
E " 3 4
& L}
»
K 1
E X ;) [R) 1
q—m-uw—wmnam

TU/H/€TS0-18
FIGURE 18. The Norton-input Kmiter amplifier bandpass
fliter line-frequency signal attenustion given C_
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The Transmitter (continved)
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Cp—PLL LOOP FILTEA (»F)

TLIH/6750-19
FIGURE 17. Find Cg given Fq. Figure 19 gives the
maximumn data rate

order response. Zero Cr and Rg give the most stable PLL

with the fastest response. Large Cg's with & too-small R
cause PLL loop instability leading to poor capture range and
step response or oscillation,

Calculaton of Ce and R is qune difficult, involving not only
tie 2nd-order loop step response, but also the PLL non-

" dorminant poles, the tuned transtormer stepped-frequency

response, and the RC lowpass step response (for data rates
approaching 1 kHz). Cg and R values are bast lound em-
pirically. Tolerance is not critical. Component values are se-
lected to give the best possible impulse noise rejection
while preserving a t20% capture ranga and wide stability
margin. Figuras 17 and 18 give Cr and R values versus Fo.
Note that C¢ and R are a function of data rate only for high
data rates and are not plotied against data rate - as one
might expect. The reason for this is important to understand
i the CCT system designer wishes to find C¢ and Rr emprri-
cally. Data signal is, loosely spaaking, passed through the
PLL loop and is therefore potentially attenuated if the loop
bandwidth 1s on the order of the 3rd harmonic of the data
rate, or less. Overail loop bandwidth is held as low as possi-
ble for maximum noise rejection while passing the data.
Loop bandwidth is roughly proportional to the geometnc
mean of the unfiltered loop bandwidth and the filter pole set
by Cr. Therelors, Cr Is related to data rate. Unfortunately,
the loop capture range falls to critically low values when
large enough values of Cr are used to reduce loop band-
width down to the 100's of Hz rangs, for low data rates. The
obvious way out is to then reduce the unfiltered loop band-
width, That bandwidth is epproximately proportionat to the
value of Co. For a fixed Fq, unfiltered loop bandwidth reduc-
tion requires a iarger Co and largar control current. With this
chip, changing the controf current is not allowed. So one is
lorced to choose a Ce/Re combination with some minimum
capturs range, say 120%, that is wilhin some guardband
from the poinl of loop instability. Happily, impulse noise
fends to last only fractions of a millisecond so that the lack
of low bandwidth loop response with low data rates is not a
heavy penalty. As long as there is adequate capture range,
the impulse noise filter performs admirably. Note that reduc-
ing Fg will reduce the no-filter loop bandwidth, and indeed
the maximum data rate fails below the limit set by the RC
lowpass filter as Fp falls below 100 kHz

The tuned transformer characteristics will affect the demod-
ulsted data wavelorm more than Cr and Rg st low data
rates. Tank Q and off-tuning will affect overshoot during the
FSK frequency steps. This is a property of tuned circurts.

Cu r_
Capacitor Cy stores a voltage corresponding 10 a correctos T
factor required to cancel the phase dstector differential out

put DC ofisets. The stored voltage is % of tha DC otisd &
plus some bias lavel of about 2.2 V. A large Cy value il Th
croases the time required 1o bias-up the receive path at thd &
beginning of transmission. A large Cy does filler well anq &
store its bias voltage long. Because of the initial randont ¥
charge of Cy, the receiver must ba given both a positive-go1
ing and a negative-going data transition to charge to the o
proper bias voltage. Therefore, reducing Cyy's value 1o onu %
that may be charged in less than 1 bit time wil not saw K
biasing time and is not recommended. pm
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FIGURE 19. The maximum data rate versus Fp using
loop filter components optimized for max. noise
performance whiie retsining & min. £ 20% capture
range (large signal)

Use Figure 20 to find Cyy's value knowing FpaTa. assuming
the standard 2 bit receive charge time is desired. The cap.
vaive and TC are not critical, but the capacitor should have
low leakage.
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TLMH/8780-22
FIGURE 20. Size Cy assuming 3 2 bit-time
recelve blas time

S12-78



The Transmitter (continued)

ta
+The Impulse noise filter integrator capacitor Cy is used to
dsallow the passage of any pulse shorter than the ntegra-
br charge time. That charge time, set to a nominal % bit
gme, is the time required for & +50 pA charge current to
swing Cy over & 2 Vgg range. Charge time under worst case
condiions must never be greater than a bit ime since no
sgnal could then pass, Using a 3 10% capacitor, full junc-
fon temperature range, and full specified current range, a
medmum nominal charge time of %4 bit is recommended.
Fipre 21 gives C, versus data rate under thosa conditions.

Re

The collector pull-up resistor 1s sized o supply adequate
pull-up current drive and speed while preserving adequate
output low current drive.

o 1900
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TUH/8780-24
FIGURE 21. Imputse nolse fliter cap, Cyversus Fpara
where the charge time is 4 bit time

Bresdboarding Tips

During CCT system evaluation, some techniques fisted be-

low will simphfy certain measurements.

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

— When evalusting PtL operation, offset cancel circuit op-
eration, and loop filter values, use the filter of Figure 22
to view the demodulated signal minus the 2F and noise
components. This filter models the RC lowpass filter on
chip.

ve

— When evaluating CCT system noise performance on a
teal power line, it is desirable to vary the signal ampfi-
tude 1o the receiver. This is not easy. An in-line line-
proof L-pad s fine except that the kne impedance 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 dircuit ol Figure 23. This circuit con-
trols the ALC.

to analyze the offset cancel circuit Measuring the cur-
rent by dropping more than a few mV in a series resistor
sfiects operation and Is not recommended. A workable
method is to make Cy small so that it may follow any
data signal. Any change in pin 6 voltage shows that the
data signal reaching the offset cance! circuit is larger
than its nominal + 50 mV voltage window. A Cy on the
order ol 500 pFE.with a 1 pA pull-down aliows pin 6 to
follow the internal signal (with a gain of about 5.6).

It is sometimes desirable 1o place impulse noise on the
line. A simple light dimmer with a 100 W light butb load
produces representative impuise noise,

Do not allow peak currents of over 1 A through the 5.6 A4
Zener. In other words, don't short charged -capacitors
into this low-impedance device. Take care not to mo-
mentarity short pins 10 and 11 - damag_nnq the IC.

~ Figure 24 shows some typica! signals beginning with se-

rial data transmitted to received signal. :

Tuning Procedure

First, trim Fg by putting the chip in the TX icde, setting a
logical high data input, and measuring tha TX high frequen-
¢y, 1.022 Fp. on the Carrier I/0 using these steps:

1. Take pin 17 to a logic low.

2. Take pin 5 10 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 its limd, FSK
data is then passad through the tank so that the tank enve-
lope may be adjusted for equal amplitude for high and fow
data.
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—AAA—9-AAA—-AAA L, g
s S ~
[ pe— 1008 N 10 1 A !\Jy <
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TU/H/6730-28 "

FIGURE 22. Circult to view the differential demodulated data signal, minus the noise and 2Fg components,
convenlently with a single-ended gain-of-ten output

Monitoring charge current in Cy is sometimes important *

S$12.79

€681



LM1893

The Transmitter (continved)

1. Take pin 5 to a logic high.

2. Place a logic-lavel square wave a1 or balow the receiver’s
maximum data rate on pin 17,

3. Temporarily place a 330 1 resistor across the tank.

4. Place a scope on pin 10,

5. Adjust the transformer slug for the lowest envelope mod-
ulation,

In lieu of the 330 N resistive load, T may be coupled to the
power fine 10 better simulate actual load and tank pull condi-
tions during tank tuning. Alternatively, a passive network
representing an average line impedance may be connected
to the fine side of Ty. The circuit of Figure 23 should then ba
used to defeal the leveling efiect of the ALC.

'

100%
m 10 TURN

L gF

TL/H/6750-28

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

Thermat Considerations

it is desirable to place the largest possible signal on the
power line for maximum range, fimited only by the chip pow-
or dissipation and maxmum junction tempersture T;. The
falling output power at elevated T allows a more optimal
power output - high power at low T, and lower power at high
Ty for chip seli-protection, However, i is still possible to
exceed the maximum T within the specified ambient tem-
perature fimit Ty = B5°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 thoss conditions, a part may
dissipate 2140 mW, reaching & Ty = 170°C worst-case (ad-
mittedly a rare occurrenca), Proper systent design inciudes
the measurement or caicuiation of T J max. to guarantes
function under worst-cass operation. Like all devices with
fallure modes modeled by the Arrhenius modsl, the high
chip reliability is further enhanced by keeping the die tem-
pergture mercifully beiow the absolute maximum rating.

A direct method of messuring operating function tempora-
ture is to measure the Vg voitage on pin 18, which is al-
ways available under all operating modes. The graph of

(1
(2)
. 3
(8)
(s) B&
(6) K

FIGURE 24. Osclilogram revealing signais st several importsnt nodes under weak signal (0.5 mVpues) conditions with
SCR spikes on an otherwise quiet 115 V, 60 Hz power line. The signals are: 1) transmltted data, 2) RX carrier on the
tuned transformer, 3) demoduiated signal from the PLL, 4) signal atter RC lowpass, §) data at Impuise noise fitter
Integrator, and 6) recelved data. Horizontal scale Is 10 ms per div, L

The

Figure 25 may be used lo find T, knowing Vpg nlmoooe:::
ating point in question and Vg at Tp = T; = 25°C, Veewio
loundbypowothgtpachbﬁnRXrnode)malhasbu‘n
dissipating zero power at some T, for some time and mexq) |
swring Vg in under 1 8 (for better than 5°C accuracy).

e
Alternately, T; may be caicutated using: om
Ty=Ta + 0;0Pp ({1

whore 6,5 is 75°C/W for the plastic (N) package using P%
socket. That @, value is for a high contidonce level: .

nal 8, for an N package is 60°C/W, fower with good P!
board layout. Since Py is a relatively strong funchon of 1ot
an iterative solution process starong with an initial guess fofes!
Ty is used. With the estimated T, find the total supply cuosc
rent found in tha typical performance characteristics. 0.14

Transmit-To- Recelve Switch-Over Time . b
An important figure-of-mertt for a hal-duplax CCT link. af gec
fecting effective-data rate, is the TX-10-RX swilch time T
Using the recommended component values gives this parts
nominal 2 bit-ime (1 bit timo = 1/(2Fpayal) over & Wy
range of operating conditions, where the recerver requires |
positive-going and 1 negative-going data transition. Ty ™™
canfiot be decreased signdicantly but does. increase .xs 5
noise filtering, especially via Cyy, is mcreased. Impulse noist set.
&t switch, signals near the limiting sensitivity, pooc Fo matet:of |
between receiver and transmitier because of poor trim o fte
worst-case conditions, and the statisbcal nature of PLL lockihe
ing may all contribute to increase Tyn to possibly 4 bitime
times. ' ja
TTR is fower when & pair of LM1893's handshake rapidy 190!
The receiver was designed to "remember’ the RX-modn P
DC operating points on Cy and Cr whils in the TX modeiAo

Ly it
Q12
il | -
RN | m
£ N ~-r 2 o
z e e ™
PR Fe
¢ ] N i\
e N e
¥ i s
- g 1 X
-8-2 ¢ X ¢ % 170 150 100 1}
T3 —JINCTION TEMPERATURE (°C) e
TL/H/e780-21 g

FIGURE 25, Ty may be found by using the temperature
coefficient of pin 18 Vpg If Vg Is known st 25°C ~

10 V/Div.

10 mV/Div.

10 V/Div.

TU/MH/ETS0-23
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fhe Transmitter (Contved)
jder noisey worst case conditions, Cyq will discharge to
A pointt of talse oporation after 35 bit-times in the TX mode
3400 bit imes with no noise and & nomina! part, FDATA ™
%0 Hz). Tr is about 0.8 ms {proportional to the selected
¢ U ” '/[ bhi-time,
he major componants of Ttg ere described below for a
prminal 125 kHz Fo. 180 Hz Fpata, lightty-loaded tank with
(vQ of 20, and the circuit of Figurs 4. The remote CCT has
ofjerating in the TX mode with 8 26.6 Vpp tank swing
ol 18 now selectad as a receiver. An incoming signal re-
o piing the ultimata receiver sensitivity immediately is placed
-y the line, .
‘Fw the tank storodl energy at the tansmit fraquency must
secay 10 & level below the 2.8 mVpp swing caused by the
.14 mVRaus incoming line signal containing the information
b be received.

.

‘Mﬁm - ....9-"‘ (!‘—) -

N nFo Vo
20 n(zs.e)_o‘ssm 2
X 125000  \0.0028/ s @

\

,That 18 0.47 ms of delay (proportional to I/Fp and Q).

Second, the PLL must acquire the signal, R must lock and
,setthe. Acquisition Ume is statistical and may take any length
ol tima, but average acquisition ime depends on the loop
-fer components Cg and Re and the ditference in center
.iequencies, AFg, of the TX/RX pair. Using the recom-
. mended Cr and R (47 nF and 6.2 k) with & £4.4% AFQ

fa £ 100 mV DC offset on Cg and Rg), fock was measured
o take loss than 50 cycles of Fo. Thatis a 0.40 ms delay
Jproportional to 1/Fo).

Acquisition is incomplete until the second order PLL lodp

setties. For the above-mentioned Cr and Rg, the loop hatu-

nl frequency Fy and damping factor are found to be (refer-

ence 1) 2.3 kHz 3nd 1.0 respectively. Setiling to within 25

mV of the + 100 mV DC offset change requires 2.7 periods

of Fy, or 1.2 ms (8 tunction of Cg &nd Rg).

Third, the RC lowpass filter introduces a 0.12 ms delay.

Fourth, Cyy must charge up to (84)100 = 83 mV depend-

ing on the polarity of Fo. Borderiine data squaring with zero
_folse immunity is possible with only + (%) 50 mV of charg-

g Cy charge curent is & linear and asymptotic function
. spproximated by assuming 8 50 pA charge current and a
-l 83 mV chargs voltage. Cy charge time is then 1.7 ms
, lroportional to 1/FpATA)-
, Fitth, the impulse noise filter adds a v/, bit-tima delay

]

Fa@

“ -
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g

" z“ &
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TUH/6750-29

Total Ttp is 3.9 ms plus 1/, bit-time for a total of 1.9 bit-times

- at 360 Baud.

Recetve-To-Transmit Switch-Over Time

Assume the chip has been in the RX mode and the TX
mode is now selected. In loss than 10 us, full outpt current
is exponentially building tank swing. 50% of full swing is
achieved in less than 10 cycles - or under 80 ps at 125 kHz,
In the same 10 ps that the output amp went on, the phase
detector and loop filter are disconnected and the modutator
input Is enabled. FSK modulation & 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, there are no QUaranteos. However, since the
CCT design tequires an estimate of the lowest expected line *
impedance Zyn encountered {of the most efficient transmit-
ter-to-line coupling, fine impedance should be measured
and Z_ limits fixed to a given confidence teve!l. Resonable
values for Ty turns ratio, loaded Q, and tank resonant fre-
quency pull Fg may be found to enable a CGT system do-
sign that functions with the overwhelming majonty of power
ines. o .
A Hmited sampling of Z wes made during the LM1893 de-
sign of residential and commercial 115 V 60 Hz power line,
Data was also drawn from the research of Nicholson and
Malack (reference 2), among others. to produce Figures 26
and 27. All measured impedances aré contained within the
shaded portions of Figure 27. A nominat 3.5, 7.0 and 11 n
Zyn Is used throughout the apptication information with a
nominal 45° phase (0 is somatimes used for simplficity).

10
g =
Y —
B d =
e 41
R -
!_l_ ] i A
d Y
1
s 19 1% o T XA

g~ CARKIER FREQUBNCY (i1}
TU/H/8750-28
FIGURE 26. Measured line Impedance range for
residential and commercial 115V, 60 Hz fines

P (3

-1
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-3

ofF

TL/HI8780-30 TUHIET%0-21

FIGURE 27. Complax-plans plots of measured 115V, 60 Hz line impedance where Z; = R+ X0
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LM1893

The Transmitter (contiweq)

Power Line Attenuation

The wiring in most US buildings is & flat 3 conductor cablg
called Amerfiex, BX, or Romex. All referenced line imped-
ances refer 1o hot-to-neutral impedances with a grounded
center conductor. The cable has a 100 1 characterstic im-
pedance, & 125 kHx Quarter-wavelangth of 600 m (250 m at
300 kHz), and & measured 7 dB attenuation for & 50 m run
with & 10 N termunation, Generally, kne loads may be treat-
od as lumped impedances. Instrument line cords exhibit
about 0.7 uH and 30 pF per mete,

Limited tests of CCT fink range using this chip show exten-
sive coverage while remaining on one phase of a distribu-
tion transformer (100's of m) with link failure across trans-
former phases or through translormers unless coupling not-
works are utilized. Total fine attenuation aliowed from fult
signal 10 fimiting sensitivity is more than 70 dB. Typically,
signal Is coupled across transformer phases by parasitic
winding capacitance, typically giving 40 dB attenuabon be-
tween phased 115 V windings. Coupling capacitors must be
installed for link operation across phases. Power factor cor-
recting capacitor banks on industrial nes or filler capacilors

> across the power fines of some electronic gear short carrier

signal and should be isolated with inductors. Increasing
range is sometimes accomplished by electing to install the
isolating inductors and coupling capacitors, as well as by
elocting to use the boost option end by building repeaters.

The Coupling Transformer
Thodosignanwodlllofﬁhmomofanunhawy
compromise - but a workabie one. The goals of 1) building
Ty with a stable resonant frequency, Fq. that is little afiect-
ed by the de-tuning effect of the line impedance 2, and of
2) building 8 tightly line-coupled transformer for transmitted
carrier with loose coupling for transients. are somewhat mu-
tually exclusive. The tradeof(s are oxposed in the following
pedagogus for the CCT designer attempting a new boost-
capable or different core transformer cesign,

The compromises might be eliminated by separating the TX
output and RX input. An untuned TX coupling transformer
with only core coupling (not air-coupled solenoid windings)
would employ a high permeability, high magnetic field, low
loss, square saturating, toroidal core. The resonant RX path
would be isolated from ne-pull problems by & unilateral am-
plifier that operates at lina voltages with much more than
110 dB of dynamic ranga. The solution is prohibitively com-
plex and expensive, and is not used.

First, choose the tums ratio N based on an estimated lowest
2 likely encountered, ZiN. Figure 28 shows graphicalty
how N affects line signal. N should be as large as possibie
to drive Z; y with tull signal. If T, has an unloaded Q. Q. of
well less than 35, a guess of N somewhat high should be
used and later checked for accuracy. The recommended
ransformers have secondary taps gving a choice of
N=7.07, 10, and 14.1 (nominally) for driving Z \'s of 14,
7.0,and 3.5 N respectively (at T).= 25°C, V+ = 18V, and
Qy =~ 35).

The resonating inductance of the tuned primary, Ly, is
sought. Note that, while standard transformer design gives a
transformer self-inductance with an impedance st operating
frequency well asbove load impedance, the tuned transform-
or requires a low Ly for adequate Oy and minimum line pull.
Result: retatively poor mutual coupling.

L|-

2nFoQ @

' few turns that hali-turns are specified, remembering that v

H
- ¢
S y l‘-7.ﬂ
| e

? IRYER
i v/

¢ 4 8 17w N
2, — LINE MPEDANCE {0}
TL/H/8750.y
FIGURE 28. impressed line voltags for a given Ly
for ench of the 3 taps avallable
on the recommended transformers
it Is known that resonant frequency Fg = Fo and son
minimurm bandwidth, or maximum Q, will be required to pay °
signa! under full load conditions. )
Rol[zinl’ NE
2w FoQy
[Znl' is the reflected Zy . Oy is the loaded Q, and para
resistance Rg models all transtormer losses and sets Qo
Ra I 12" is found knowing that it absorbs tull rated pows
lopp[2A=Varc+Va)] _(=4.7+V,)lo
Po"'oVo--z—Ti[ 25 } " {5).
where lo is In App. at an elevated T,

Al “'7’ 006 . 0200w ]

Ly =

coVo? _ (=Vac + ValZ
Rol 2 n Po A

Rg is found using Z\y and the vatue for N found when #
suming Qyy = 35.

=420 | ¢

[Zil = N2Zyy = (7.0m213.9 = 695 ]
1
= - = 1210 N {t
0 _2 £
Ral IZunl IZuNl" 442 7 695 oo ...

Rg 1210 :
& T T )Y e
Only Qi remains to be found to calculate Ly. O Is rolated
the —3 dB (hall-power) bandwidth by

1

O BWi% oiFo) or
An iterative solution is forced where line puil, AFq, must bt
guessed to find O and L. Ly is then used to check the lint
pull guess: a large error requires a new guess. Try a8 BW o
8.7% . that is 4.4% for deviation, 1% for TC of Fo. s
3.3% for Fq - giving Q_ = 11.5.

442
T 27 x 125000 X 115 L
Knowing the core inductance per tum, L, and Ly, the num
ber of turns is found.

Ty = ,/% = 49.0 = 49 ¥, tums (e

T is normally an integer, but those transformers require &

Ly = 49.0 uM

remaining ', tum is completed on the P.C. board and 8
loosely coupled. The secondary tums are calculat®

- - J;
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The Transmitter (continued)

Ty 485
T N 707 7.00 = 7 tums (15)

gving an L, of 0.98 pH. Note that the recommended 125
Bz translormer mirrors these specifications. The resonat-
ing capacitor is

= 33.1 X 10-8 = 33 nF {16)

Ca (2rFaQ)2 L,
Line pull AFq was calculated (reference §) for a Z magni-
wde of 1411 and up with any phase angle from —90° {0 90",
AFg was 6.4% - well sbove the 3.3% estimate. Referring to
{t11), an 11.8% bandwidth is required, forcing Ly to be re-
duwced to reduce Q. Thal fix was not implemented; some
signal sttenuation under worst-case drift and AFq is al-
lowed. L, is already so small that the 31 gauge winding
conducts & '/, Apugs circulating current,

. LIne Carrier Detection

1 While the addition of & carrier detection circuit (for a mute or
sqelch function) will only decrease receiver ultimate sens:-

tivity, there is sometimes good reason to employ it to free
the controfler Irom watching tor RX signal when no camer is
incoming, or to employ it to reduce the probability of kne
coflisions (when multiple transmitters operate simuitaneous-
Yy to cause one or more transmissions 1o fail), Uniess the .
detector is heavily filtered or uses 8 high camier amplitude
thrashold, there will be false outputs that force the controlier
to have Data Out data chacking capability just as is required
when using no carrier detector. It false triggering is mink
mized, the probability of fine collisions is increased due to
the inability to sense low carrier amplitudes and because of
sense dolay. The property of the LM1893 to change output
state infrequently (although the pofarity is undéfined) when
in the RX mode, even with no incoming camer, reduces the
desire to implement carrier detection and presarves the full
ultimate sensitivity. Also, many impuise-noise Insensitive
transmission schemes, like handshaking, are easily modi-
fied to recover from fine collisions.

S.0v
< 4>
L Qm Qi
< <
. 3 $ .10
S AAA
[}
L LRT]
Lm1s93
)
AZR
0.01,F Nk
2] 1 b CARRIER
4 1
" 7L
3
vl
914 LR Smavey $
wene o g Mk

VOLUME
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FIGURE 29. A simple carrier amplitude detector with output low when carrier is detected
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FIGURE 30. A simple linear analog audio transmitter end recelver are shown.
The carrier and 1.6V inputs are derived from the carrier detector of Figure 29.
The remaining 2 LM338 comparators may be used to bulld the carrier detector circuit
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LM1893

Line Carrier Detectlon (continued)

Figure 29 shows a low cost carrer amplitude detéction cir-
cuit Pol R gives a variable thrashold; R may be replaced by
a fixed resister when the threshold has been chosen. A
15001 R gives 8 10 mVpys threshold. The circuit exhibits a
1 ms delay and a 2 ms off delay. Minimize the capacitance
of the nods including pin 3, especially for operation a high
carmier frequencies.

Audlo Transmission

The LM 1883 is designed to allow analog data transmission
and feception. Base-band audio-bandwidth signals FM
modulate the carrer passing through the tuned transformer
(placing a limit on the usable percent modulation) onto the
power line 10 be linearty demodulated by the receiver PLL.
Because the receiver data path beyond the phase detector
will pass only digital signal, external audio filtering and am-
plification is required. Figure 30 shows a very simple audio
transmitter and receiver circuit utilizing & carrier detection
mute circult. A single LM333 quad. comparator may be used
fo build the camer detect and mute. Filter bandwidth is he!d
1o 8 mnimum to minimize noise, especially linerelated cor-
refated noise.

Data Encoding

At the beginning of a received transmission, the first 0 to 2
bits may be lost while the chip's receiver setties to the DC
bias point required for the given transmitter/receiver pair
camier frequency ofise’ With proper data encoding.
dropped start bits can be tolerated and correct communica-
tion can take place. One recommended data encoding
schema Is now discussad.

Generally, 8 CCT systern consists of many transceivers that
normally listen to the kne at all times (or during predeter-
mined time windows), waiting for a transmission that directs
one or more of the receivers to oparats. If any receiver finds
fls address in the transmitted data packet, further action
such as handshaking with the transmitter is initiated. The
receiver might tell the transmitter, via retransmission, that it
received this data. warting for acknowledgement before act-
ing on the recerved command. Error detecting and cormrect-
ing codes may be employed throughout. The transmitier
must have the capability to retransmit after a time f no re-
sponse from the receiver is heard - under the assumption
that the receiver didn't detect its address becauss of noise,’
or that the response was missed because of noise or a line
collision. {A line collision happens when more than 1 trans-
mitter operates at one time - causing one or more of the
communications to fail). After many re-transmissions the
transmitter might choose 1o give up. Collislon recovery is
schigved by waiting some variable amount of time before re-
transmigsion, using a random number of bits dolay or a de-
lay based on each transmitter's address, since each trans-
ceiver has a unique address.

An example recommended transmission data packe
shown in Figure 31. The 8 bit 50% duty-cycle preambi
long enough to allow receiver biasing with enough bits,
over to allow the receiver controller to detect the squf
wave that signals the start of a transmission. If there ¥
been no transmission for somd time, this receiver would s
ply need to note thal & data transiion had occurred ¢
begin its watch for a square-wave. Il the recelve contral
detected the altemating-polarity data square-wave t wos
then use the sync. bit to signal that the address and &
were immediately following. The address data would th
be loaded, assuming the fixed format, and tested againsh
own. if the address was correct. the receiver would th
load and store the data. 1f the address was not corre
either the transmission was not meant for this receivern
noise has fooled the recerver, In the former cass, whena
transmission was not meant for the recerver, the contron
should immediately return to watching the incoming datas
its address. If the latler case were true, then the reces
controlier would continue 1o detect edges. tieing itsell up*
loading false data and being forced to handshake. Tu
square-wave dotection and address load and check rc
tines should be fast to minimize the time spent in loops alv
being false-triggered by noise. If the controlier detects +
error (a received date packet that does not conidrm to ¢
pre-defined encoding format) i should immaediately resun.
watching the LM1893's Data Out for transmissions. Be
receiver operation is obtained when the receive controly
has the ability to store all incommg data in a shift regisy
the length of a data packet The controller would then ch.~
the whole packet for proper format. If the test failed.
next bit would be shifted in and the process repested. Evs
possible incoming bit sequonce would then be checked ai
dead time teduced.

A Kne-synchronous CCT system passing 3 bits per hall¢
cle may replace the long 8 bit preamble and sync puise wi
a 2 bit start-of-transrmission bias preamble. The recerve cor
troller might then assume that preamble siways starts afir
bit 1 (the first bit after zero-crossing) so that any data trar
sition at & zero crossing must be the start of the address b
and Is tested as such. The fine synchronous receiver opes
ates with a simpler controller than an asynchronous systern

Discussion has assumed that the controllor has aiwayr
known when the Data Out is high or low. Tha controller
must sample at the proper time to check the Data Out state
Since noise shows itsell as pulse width fitter, symmetricaht
placed about the no-noise switch-pomnts, optmum Data Ov:
sampling is dona in the center of the recerved data pulse!
The receive data path has a time delay that, at low datn
rates, is dominated by the impulse nosse filter integrator anst
is nominally 1/ bit (Y4 to 1 bit over tolerance and tempersi
ture). At 8 2 kHz data rate. an additional delay of approx
mately Yo bit is added because of the cumulatve delsy 0|

TL/HIETS0-38

FIGURE 31. A recommended encoded data packet, generated by the transmit controller is shown. The horizontst axis
is time where 1 bit time i3 1/(2Fpata) .
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+judio Transmission (continued)

nbwe remainder of the receiver. Figure 32 shows that Data
its 1t sampling occurs conveniently at the transmitied data
quages for the line synchronous data transmission scheme
-a pentioned in the previous paragraph. With the asynchro-
id spus systom suggested, the receive controfler must sample
d sa Dsta Out pin often to determine, with several bits of
itroe

woy

3 Capputi Lot
5]

nsy

It
stre, TIR BATA M
000

e ANIZNS e

S| [T LT

n -
PO TUH/8750-26
181 FIGURE 32. Operating waveforms of a line-
5 roynchronized transceiver pair are shown. The dlagram
e shows how the transmitted data transitions may be
Be used as received data sampling points

roMccuracy, where the square-wave data transitions take
Tsipiace, sverage their positions assuming & known data rate,
heaard calculate whers the center of the data bits are and will
+ Peontinue to be as the address and data are read. A long
vereemble is helpful. Software that continuously updates the
ancenter-of-bit time estimate, as address and dats are re-
ceived, works aven better. Allernatively, & coding scheme
10 ¢mploying an embedded clock can be used.
we A line-synchronous system using the LM1893 and COPS™
<o controfler that transmits data packets with a start-of-trans-
,I *

e

mission signal, address word, and data word has beoen buill
Handsheking routines are employed that have proven to be
very etiective - no faise operation or AC fines hes ever been
observed. Covered range, while operating in residential en-
virons, is excellent. Operation in commercial and, especial-
ty, industrial buildings may be lmited bacause of low line
impedance and high noise levols uniess the boost option,

inductive isolation of capacitors, and capacitive transformer

bridging are resorted 100.
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MM53200

Al

National
Semiconductor

MM53200 Encoder/Decoder

Code Transmitter — Recelver system.

Features

u Osclilator stabllity Is non-critical, 5'/- .componenis
may be used. .

® Cross Inferference of receivers in close proximity ls
virtually eliminated by eircuitry which requires 4 v valld
words to be received, each within 64 ms of the other.

In the transmit mode the twelve tnputs are scanned se-

® Asingle chip contains both the Encoder and Decoder.

Operation / NN

{

quentially producing the output pattem shown in Figure

Electronic Data Processing,_._i

-y

Tosg T ore

[

The MM53200 Encoder/Decoder ks an MOS/LS! Digital * 1. This code is generated at the rate of 0.96ms/bit,

11.52ms/word with 11.52ms reset pulse between word°\

In the recelver mode, the incoming signal Is compared:
.to the local code in a sequential manner; If there Is nn§ !
error, the system Is resel and begins Hs cqmpanson on
the next pulse. If all twelve bils are recelved correctly, RJ
“valid" signal wiil be generated. This signal clears a
84 ms counter and clocks a 3 stage counter. The 3 stagé
counter counts the “valid” pulses and when 4 pulses;
" have been recelved, the transmiUrecelve output goes,
. tow. Afler the transmit/recaive output is enabled, the next!
“valid” must be recelved within 128ms, giving & one valld
.In6 raqulremenl to keap the ltansmil]receive output lpw{

.Connection dlagrams for the device In the Recelve an&
Transmit modes are shown In Figures 2 and 3. o

;3
o WY
7

*@ 100kHz Oxc.

oy
AAA
VWA .
. ;
I

™oy
< —

Covt tw
™PUTS 331

BECEITR CO0C SW I°UT UST BF $01 TO SAME CONMITIEN A3 TRARSMITTER

Figurs 2. Pin Connections for Recelver Mods )

Figure 1. Oulput Waveform
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Design Specifications

storage Temperalure -65°Cto+125°C
operating Temperature N ~25*Cto 4+70°C
Lead Temperature, Max. (Soldering, 10 seconds) 4+300°C

power Supply

-

Voo Vgg + 7Vio Vgg + 11V
loo 12mA Max.
Electrical Characteristics
Parameter Conditlons Min. Typ. Max, Unlts
put Voi!a;:e Levels
Schmitt Trigger input Level 1 Vgg+4 v
Level 0 Vgg 42 v
All Other Inputs Level 1 ] Vpp- 05 ) Voo v
Level O Vss Vss +05 v
Input Resistor to Vpp 200k 1.2M Q
Output Vo'tpe {trans/rec) .
Logic High “1" ' 4 lsounce SHA Vpp~05 g Voo - i PRV
Logic Low "0 fsink 2MA Vss Ves+ 1.0
Oscillator Frequency +15% exclusive of 100 kHz
‘ external components

18-PIn DIP — Top View

DATA SELECT LINE —— 1 13— Vee

DATA SELECT LINE — 2 17— RECEIVE/TRANSMIT OUTPUT

OR7TA SELECT LINE — 3 16—~ RECEIVE INPUT ’ 13
BATA SELECT LIWE —44 15 p—= MODE SELECT* Y

OATA SELECT UNE —15 14— V55 (GROUND)

DATA SELECT LNE ——15 13— R.C. INPUT (OSCILLATCR)

CATA SELECT Lme —17 12— DATA SELECT LINE 14
BATA SELECT ME ~—18 11~ DATA SELECT LINE 15
BATA SELECT LINE —9 10— DATA SELECT LINE

*3 GROUND CONNECTION 1S RECEIVER MOOE
B, ¥p; COMNECTION IS TRANSMITTER N.ODE 16

Order Number MM53200N 17
See Package 20

18

Pin Functions
Pin ¥
1.12 These Data Select lines are used to set the address

of the encoder/decoder pair. They have on-chip pull-
ups and Inpu! switches should pull them to ground.
The R.C. Input is the connection point {or the ringle
pin Osciilalor. Aresistor is hooked from this pinlo
Vcc and a capacitor from this pin 1o GND. The fre-
quency = 2/RC. The frequency may be decreased
by increasing the resistor value. .

Vgs Is the Ground Pin.

The Mode Setect pin changes operation of the IC
from Receiver o Transmilter. By grounding pin 15
the IC Is put in the Recelver mode. By conneclion
to Veg the 1€ s put in the Transmitler mode.

The Recelver inpul recelves the digital PCM wave-
form from the Delector circull.

The Output pin produces the PCM waveform when

In the Transmit mode and Is aclive low In the Re-

celve mode.
Ve Is the posliive supply pin. *

=
=
o1
@
X
o
S
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DATA CO&HUNICBTIUN (SERDER) Page 1-1

TITLE  DATA COMMUNICATION (SENDER)

-e
"

1

0000 : _ CSEG SEGMENT  BYTE PUBLIC 'CODE’
RSSUNE  CS:C3E6 , DS:DSES

= (128 P 53200 equ 02E8h
= 0270 . - P_B25IC equ 0270h
= 027C P 82510 equ 021Ch
= 02F0 P_CODE  equ (2F0h
= 02E2 P_BUAD  equ 02E2h
= 000 HABICY  equ oCh
= {00 HAGIC2  equ 0Dk
= (00F ! HABICY  equ 0Eh
§ e e e
0000 sender  proc near
0000 BB ---- R oy ax , DSEG
0003 8E D3 ROy ds  -ax

get DATA SEGMENT

-

0005 & 02E3 poy te oy P 53200

§ ta
0008 F0 £A ' sov al , Ohfh
7 set code 53200
0008 EE out gx , al
’ ; out code
0008 BA 02E2 nov dx , P_BUAD
000 B0 (O Eov al , magicl
- § set buad rate , protect clear
0010- EE out dx , al
i connect bus
0011 BA (2E2 BV - dx , P_EUAD
0014 BG 0D aov al , magic?
; disconnect bus
0016 EE . out g%, al
0017 BA 0283 KoV dx , P_53200

001h B0 BE BOY al , 0BBh
; set code receiver ‘
00IC EE ) out dx , al



Hicroscft (R) Macro Assembler Version 4.00

DRTA COMMUNICATICN (SENDER)

008, .

002k
0078

" 00zE

0031
0033
(034

0038,

0037
¢039

003k
003C

003
0035

004}

00472
0045
0045

0047
0047
G044
004D
0040

- 0p4E

0050 -

0051

3k 02F0
B EE

89 O0FF
E2 FE
A 02F¢

BO EE
EE

BA 0270

32 co

a9 0003 ..

EE
E2 FD
B 40

EE
BQ DE

EE
BO 37

£E

B9 000F

E2 FE

BB (000
EA 0270

AR
7o
EC

; call receiver

AOY

nov
; set code PCH

out
; out PCY

ROV
sis

loop
; length of PCH

ROV
mav
put

i thange sode(Tx to

nov
; initial 8251
xor
noy
52;
out
loop
Boy
; software reset
out
Roy
; set MODE HDRD
out
Boy
; set COMMAND WORD
put

Boy

loop

nov
ROV

dec
1z
in

i,
el ,

dx

o,

dx
al |
dn
Rx)

dr

by,
dx |

bx
sb

al

i read status register

and
; test bit 1= |

SIREE [

al ,

.89

171780 00:09:54

9

Page 1-2

P_CODE
OEEh

al

UFFh

P_CODE

QEEh
al

P_8751C

al
3

al

OFk

P_8251¢

dx

02h
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DATA COMMUNICATION {SENDER) Page -3
0055 BA 0270 ‘ aov ox , P_B251D
0053 EC in al , dx
0059 3L 04 top al | G8h
. ; check ACK
005k 74 EA iz s4
00506 'ER IC 90 jnp 57
{050  she
0060 EQ 0247 R tzll clr
- o i tlear screen
(083 €3 0270 R call midcurs
. ¢ set cursor
00t5 B4 40 sov gh , 40h
T3 write to device
Q068 BE 0001 ROV br ¢4
’ i standard output
O0SE  BS (01 noy oo 30
i length to write
0062 BA ---- R Rov dx o SEG DSEG : contasg
3 address of buffer for
0071~ -85 DA . ROV ds ,dx
j record to be written
0073 BA 00AY R 3 oY gx y OFFSET DSEG ; contasg
0076 CD 21 . int 2th .
G073 ET 0117 B jnp erit

e ; exit to dos

0078 57

0078 £8 0247 R call clr

CO7E EB 011D R 9, call OpEN

: ; open file

0081 s8;

0081 BY 000F nov e, (Fh

0084 E3 G1SD R call read
¢ read data

0087 80 3t G0A7 & 00 cop byte ptr ds:lendcde) y G0
i not end of file : ' :

Q08C 74 30 : it sig

008E 80 3E 00A7 R 03 tap byte ptr ds:{endcde | 03

) ; end of file

' 1093 74 03 jz 59
<\\\\—‘;///EO9S E9 0117 R jap exit

008 s9; .
0098 £8 0290 R call sup

i sua of data . )
0098 E8 0247 & tall tlr

- j clear screen .
0098 8 olBs R . call disp
' i display data
00A} ES 0ICS R call dispsun
. j display summing

00A4  EB 01DS & tall sdata

1

i send data
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DATA CONHUNICATION (SENDER)

00A7
00AA
00AD

(080
0085
a0B7

(0BT

00BE
(0BE
00Ct
00C4

0aC7?

00CA

¢OCD

. 0fBa.

U0

(006

ot

00BE
QOED

GOE

Y

00ES
(OER
Q0EA
GOED
G0FQ
{0F3
Q0FS

iy

GOFA

E8 OIF7 R

"EB 0220 R

E8 0240 &

B0 3E 0088 R ol

14 &7

B0 3E Q0AB R 02
74 DA ’

E8 023D R
£ 0290 R

E8 0247 R

td 01k4 R

E8 010t R

£8 01Ds R

EB OIF7 &

€8 0200 R

E8 02Ak R

B0 3E GOAB R 01

B8 0270 R
Be 40

BB (001
By 00472
B& --—- R
o 11

BA 010D §

£h 2
ER 1B 90

-

-

-

-e

—e

-

171780 0030954

Page i-4

ssus
sety

ack

" byte ptr ds:fackcdel , 0

eid

byte ptr ds:lackcde] , 02
59 H

curs
suf

clr
dicp
dispsun

exit

_ sdata

55Ul

ceth

send endof transaission block

call
send suaming
call
send end of text
call
check ack
cap
jz
if ACK
cap
ja
if RAK
sig:
call
call
sum of data
call
clesr screen
call
display data
tall
display summing
jop
cail
send data
call
send sumsing
. call
call
check ACK
thp
if ACK
jz
loop
call
tlear screen
call
set cursor
Bov

nrite to device

poy

standard output

aav
length to writ
soyY

ack
byte ptr ds:fackede] |, 01

512
st}

clr
midcurs
ah , 40h
by 1
e, 18

dx , SEG DSEG : datamsq

address of buffer for ;

Rov

Bov
int‘
jnp

’

ds |, dx

‘record to he reillen

dny OFFUET DSEG : datsasg
2th
exit
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DATA COMMUKNICATION (SENDER) - Page t-n

; exit to DG

G0FD sil:
00FL 80 3JE 0083 R 07 cHp byte ptr ds:fackede] , (2
) ; iF NAK
0102 74 BA jz 510
0104 §12;
0104 B0 3E 0947 R 03 cap byte ptr ds:fendcded , 03
.o ; check end of file
0109 74 (3 jz i3 )
i if end of file
G10R E9 o031 & inp 5§
i if not end of file
0108 s13:
01CE ER OlBA R tall tlose
_ i clese file
0113 9 0253 R call seot
i end of transnission
0184 8 0047 & call clr
"4 clear tcreen
o117 . exib:
0117 B 4 noy ah , 4Ch
oy Bre ey CHEN
o118 LD 21 int 2th

wapiter - wnds

§
G open proc near
A 52 push dx
OHE 5 - v push ax
. i save register
it g OF L1 ah , OFh
i reguest open . ’
0121 8D 16 €000 R lea dx | fcbrec
(125 Cp 21 int 2th
0127 3C 00 . £xp al ;0 .
i file found?
0129 75 13 e agent
; no - error

t

0128 B4 1A . aoy ah 4 1Ah
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DATA CONNUNICATION (SENDER)

012D
0134
0137
0139
0138
013K

013

013k

0141
0144
0143
0147
014¢
014F

0151
0154

(158
0158
0154

0158

0150

QL5D
013D

015F
0163
0165
0168

C7 06 ¢O0E R 0080
BD 14 (025 R

th 21

R:)

34

ER IF 30

B ¢247 R
EB 0270 &
B4 40

8k 0004

BY 0042

B QOEY R
o 2t

B3 40
50 00
&b 2

Lt
Trd

B 14

8D 14 0000 R
ch 2

A2 0CA7 R

3C 02

Version 4.00

171780 00:09:54

Page 1-6

pov fecbresz 4 reclen
i set record length

lea dr , sector
i sel address of DTA

int 2th

pop ax

pop ]
; return register

jnp open?
open:

tall tir
} clear screen

tall pidcurs
; set cursor

Bov .-ak | 40h
; write to device

ROV by
; standard cutput

pov cx , 18
; length to write

nay dx ¢ SEG DSEG : opengsg

-

ROY

i noreal read

address of buffer for

de o dx

record to be written

80V dx  OFFSET DSEG : openasg
int 2th
2oV ah  4Ch
RGY. al , 0
int 2th
o3 exit to DOS ‘
open?s
ret
open . endp
i
jz====== READ DISK SECTOR s========z=c z===zz222
i
read proc near
sov ah , H4h C
; request read )
lea dx  fcbrec
int 21h
soy byte ptr ds:fendcde] -al
cmp al ¢ 2
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DATA ©

0184

o
014F
0172
0174
0177
0178
o170

04ir

Bk

(UET]
0184
0183

0134
0186

018H
018k

018D
¢
(1193
0195

0197 |

0193

0190

Q15F

01p2

GANUMICATION (SENDER)

73 1E

EB 0247 &
E8 0270 R
"34,40

BE ¢001
BY 0012
BA ---- &
8c 1A

BA GOFR R
Lo 21

By &0

Bo 00
£h 21

B4 10
8D 16 0000 K
ch 2
3L oo
74 1€

i 0i0)

5y Qoi8

-

- -~ -e -a - -

-

e -

inz

171780 00:09:54

Page -7

read! -

exit if norsal read

tall
clear screen

call
set cursor

BOY
write to device

BOV
standard output

BOv
length to write

Bov

clr
ridcurs
ah  40h
br (|
cx , 18

dx y SEG DSEG : readasg

address of buffer for

2oy

ds , dx

record to be written

Roy
int
fov
Y
int
exit to DOS

readl:
ret

resd  endp

close  proc

oy

dx y OFFSET DSEE : readacq
21h

ah , 4Ch
al ;¢

2{h

near

ah , 10h

request close file

lea
int
Cap
i

" call

clear screen

tall
set cursor

Bov
write to device

ROV
standard sutput

BOV

'

i length to write

dr , fchrec
2th

al , 00
close]

cir

nidcurs

ah , 40k

bx , 1

tx 4 24
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DATA COMHUNICATION iSENDER) .

QS B <o
01AB BE DA

03BA BA OLIF R
018D €D 21
OIAF B 4

018t BO 00
OIRY Lh 24

o185
0185 €3

0184

0188 -
0187

onoen
=

0184

0154
01BE
0iCe

8D 16 0025 R
£p 21
E3 023D R

0163
01C4

[N |

]
A

0185 €3

01Ch

" QICAT ER 0200 R

rJ

01Cy &5

Version 4.00 171780 G0:09:54

Page - 1-§

ROV dx , SEG DSEG : closensg

~j address of buffer for

BOV ds , dx
j record to written
aoy dx , OFFSET DSEG : closessy
int 21h
BOV ah , 4l
ROV gl , 0
int 21h
i exit to DOS
.closel;
ret
vlese  endp
H
y=== -=== DMGPLAY SECTOR s====sszszsssccosczz-zs
H
disp proc near
push dx
push EY I
; save register
. nov ah , 0%h
i reguest display
lea o , sector
int 2th
call curs
pop ax
pop dx
; return register
ret
disp endp )
i
yz====2z DISFLAY SUNMING =z=ss==s=z-szzczsssszezc
j
dispsus proc near
tall toncurs

3 set cursor

'

push dx
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. DATA COMMUNICATIGH (SENDER) ' Page 19

0fcs 50 push Cax
- ; save register
OICH B4 02 . rOY ah , 2
01CD 8A 1b 0ORE R aoy dl , byte ptr ds : suaming
. e i display suaming o
0ip1 LD 29 int 21h
0153 58 pop ax
014 Sk pop dx

i return register
oIS €3 . ret
) dispsun endp

j======= GEND DATA =¢ ===
i
0106 sdata  proc near
01bs 52 push dx
0107 5l push . cx
0108 53 push bx
010y 50 push ax
§ save register
0iDA  BR 0025 R ROV b | offset sector
S OIDb BY B0 pov tx o, 128
01E0 BA 027D sov. dx 4 P_825C
GIE3 sdatal:
01E3 EC . in 3l y dx
i read status register
G1E4 24 01 and “al § 0th
_ ; test bit 0 = |
0lE6 74 FR j2 sdatat
i buffer not eapty , polling
¢1E3 BA 027C oY dx  P_8251D
1EY 8A 07 nov al  [bx]
i read data from buffer
(1ED EE i out dr , al
0lEE 43 . inc by
OIEF 49 dec ~
Q4F0 75 FI jnz sdatal
01F2 5 : . pop ax
0IF3 SR pop bx
01F3 59 pop £
QIFS A pop dx

j return register
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DATA COMMUNICATION (SENDER)

01F&

Q1F7
01F7

01F8
01F9

01FR
O1FD
MFD
OFE

0200

0202

0205

0206
0205

020C

0200
020D
020€

020F
0212

0217

£3

BA 027D
£C

3t ol
74 F
BA 027C

A0 Q0es R
EE

(2%

o ocn
<

BA 027D

EC

111780 00:09:54

Page = 1-10
ret
sdata  endp
i
je====== GEND SUMMING ====sssazzszcssecsczszszas
H
S5UR proc near
push dx
push bx
push ax
i save register
ROY dx , P B25IL
SsuRl:
in al , dx.
i read status buffer
chp al ; 0th
; test bit 0 =
iz 5suRd
i buffer not eapty , pollipg -

ROY
80V
out’
i send summing

pop
pop.
pop

3 return register

ret

SSUR endp

push
push
i save register

Boy
sethl:
in

H

de y P_B251D
al , byte ptr ds:[sumning]
g, al

bx
dx

near

ox

ax

dx  P_8251C

al 4 d»

; read wtotus register
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DATA COMNUNICATION (SENDER)

0213 24 0

015 74 (E

024F €3

20 52
IS0

Ba 0370
2 EC. .

0226 24 i

0228 74 FR

(228 BA 027D

. 022D B0 3

02F EE

02306 58
0231 5

0232 L3

H

.

H

S

.
s

5

s

.

i

H

H

5

Pa§e~
and  al, 0th
test hit 0 = |
jz setx]

buffer not empty , polling

171180 00:09:5

-1

Aoy dr o P_8251D
pov al ; 23h
send ETH
out i, al
pop ax
pop dx
return register
ret
eth endp
s===zz GEND ETX =e=z=ssssssszas
etx proc near
push ‘dx
push a

save register

aov dx , P_AI5IC

efzls

in al o dx
read status register

and al , 0ih
test bit ¢ = |

jz setxnl

buffer not empty ; polling

aov dx , P_B251C
-BOV al | 034
send ETX
out dx | al
pop ax
pop dx
; return register
ret
etx endp

sz=s=3 SEND SEOT ==essssszmzses
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171780 00:09:54

FATA COMNURICATION (SENDER) Page 1-12
i
0233 seot proc fear.
0233 By 00FF ROV tx ¢ OFFh
7 set counter
w23t seatl:
0235 BA 020 oy dr , P_825IC
023y seot:
¢3¢ EC in al | dx
; read status buffer
0238 24 01 and al , ath
; test bit ¢ = |
0L 4 FB jz seot?
; buffer not expty , polling
Q3 BA OZ7C0 oY dx 4 P_8251D
0241 B0 G4 zev al , 04h
3 send EQT
U243 EE out dx , al
9241 B2 RO loup sept |
Gg (3 ret
seot endp
i
j===z .= CLEAR UCRMN ====
j
e clr proc near
0247 32 push i
0248 & push cx
0249 53 push bx
0zt sin b ax
; save register
0238 BB 0004 mov ar , b
; entire window is blanked
024E &) 07 mov bh , 7
yomoraal videw ol tihite -
0250 B9 0000 ko, ®
i upper
0253 BA 194F mov dx , 184Fh
3 lower
0256 Ch 10 int {0h
0259, 5§ pop ax
0259 Sk pop b
0238 59 pop cx
025k 58 . pop. ax
i return register
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DATA COMHURICATION (SENDER)

= e
L PG r3 ra

ch eh eh
roFe

=

0260
0242

(264 84

(1268

0264

. !:""!6(".

0280
025k

0Z78

0270
0271
0272

0273

0273

7
o

LoonoLn
LI o )

=

e~ ]
~ B
=
o

L oo
I s oo

£
2]

wnownoon
o RO

44 07
B7 G

bn U916

£h 10

-

-

-

-

i

curs

cave register

select page 0

return register

171780 00:09:5

Page 1-13
ret
endp
SET CURSOR ========zs=s==sszccrozzczess
proc near
push dx
push by
push ax
2oV ah 4 2
ROV bhy 0
ROV dh , ronctr
row {y coordinate)
ROV dt 4 0
colous {x coordinate)
int 10h
pop ak
pop b
pep dx
ret
endp

. aurs

save register

{%,y) coordinate

t

midrurs proc

push
push
push

ROY

" mov
select page O

20V

int
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PATR COMMUNICATIGN (SENDER)

027c
0270
027t

027F

0280

6260
0281
0262

(283
{74ag

o Lt

(287

{288

0274

0250
uz%}

0293

(293
0218
0298
029
029€

woen onn
3> T Lo

£
o

5B

E

Y

L]
.

[AY]

whon
= d B2

B4 07
g7 00

BA 1b4B

£h 1o

[
.t

cCh cn n
L

€4 €5 00Rs R 00
9 006
BR 0025 R

8r 07

pop
pep
pop

; return register

ret

pidcurs  endp

171780 (0:09:54
Page: 1-14
ax

bx
dx

j======= GET CURSOR SCREEN CORNER mz==z=zzsezuz
i
concurs  proc near .
push dx
push bx
push ax
; save register
mov ah y 2
©oy bh ;O
_ 3 select page ¢ s &
QY du ¢ 164Dk
3 U%yy) coordinate
int 10h
" pop ax
pop by
pop d
i return register
ret
concurs  endp
i
js=s==a s SUM OF DATR =s==s===z3z .zzzziszzzozso:
i
SUR proc near
push cx
push - bx
push ax
3 save register
KOV byte ptr ds : suaming , 0
EOY tx , 129
8OV bz , offset sector
sual:,
Rov 3l Ibxl
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DATH COMMONICATION (SENDER) ‘ Page §-13
0220 00 05 GGAL R add  ~ byte ptr ds : summing , al
204 43 inc bx
0285 E2 F7 C loop susl
07 83 pop ax
0288 SR pop bx
0289 5% pop 19

i return register

028K (3 . ret

sum endp
i
js===sas CHECK ALY =z===szzzmczzscseozszmes wsssn
H
024n ack proc near
O2RB By 005F nov oy O5Fh
0ZhE acki:
02hE EZ FE loop ack!
; delay
(280 BA 0271 oy dx , P_B25IC
0283 ack2: f
0238 EC in al 4 dx
j read status register
0283 24 €2 and 2l y 02h
3 test bit f = |
MR8 74 FR i1 ack?
0783 BA (27C noy dr , P 82510
(2bF EC - i al . dr
0ZEC 3C 08 ' cap al , 0sh
3 check ACK
G28E 74 22 jz ackd
0200 3L 15 cap 3l , t3h
. Q202 74 14 jt ackd
02C4 E8 0247 R call clr
; tlear screen
02C7 E8 0270 R " call pideurs
7 set cursor
02CA BY 40 kDY ah | 40h
; write to device
(200 BB 8001 BOV bx 1
' i standard cutput
02CF B9 0022 . ADY ™oy M
. ‘ ; length to write
0202 Bh ---- & ROV dx | SEG DSEG : ackmsg
i address of buffer for
020% HE Ba . mOv g5  dx

record to be written

—
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BATA COMMUNICATION {SENSER)

0207
0204

Bk €0C7 8
{h 2¢

020C
(2DE
02E0

LN (N
BO 00
£ 24

022
0ZE2 Tb G5 G348 R 0)
02E7 03 ’

(2EB
0ZE8 Cb 05 (0R8 R 02
(2ED L3

02EE

{000

GO0

0000 0

GO0 T4 4573 74 20 29 20
i

& 73 &b

¢od0

HAGY

(D03
¢00C,
(00
010
(214
0016

0020 GO
0021
= (080
G023 60301
20

-0k - 00
Q07 00
GoAl 00
G0RY 24

~a
==
"
x

-

ot

54
83
i5
ik
a007 24

2
§

[ AL I NN
wn oon
L= SR

> I3 RO LR e

[ RS e
-~
LN

Bt
i

T o B

[ S I
= on

>

~oon
ra

.

LY

2043 41 4E

[
LX)
=5

A 20 43 4F 4F

BGY
int

pov
mov
int

; exit to DOS

ackd:

ack4:

fchrec

frhdriv
tchname

fehent
fchblk

febres:

frbsgre

reclen
sector

sunming

endcde
ackcde

contasg

EEE'

atkusg

t

BOY
ret

SEGHENT

label
db
b

i}
dw
iF]
dd
i
dt

db
dd
Bqu
db

db
il
db
db

db

1/1/80 00;09:54
Page  1-14

dx  OFFSET D3EG : ackesg
2th

ah , 4Ch
al , 0
21h

byte ptr ds:lackeded , 04

byte ptr ds:lackedel , 02

EE T T Tyer sy

BYTE FUBLIC: "DATA’

byte
&0
‘test

‘ase’
0000

. 0009

?
?
?

0

?

128

reclen dupl® "),'$"

00
¢0
00
"#ve CONTACT RECEIVER ERROR

"e¥E CAN NOT RECEIVE ACK DR
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DATA CORMURICATION (SEHDER)

(OE?
(0F 8
a10p
OI}F

(4137

¢138

2000

00040

04084

44 20 45
20 74 74

2k 2R Zh

20 2
o 7 b
5 20
45 4

Zh 2k

HH
2777

20 44
[V
24

20 43
45 49
S AF

wn

I R O |
Bl -
71 =

3 OR3P
-

=

F ol 45

-
N
cn
ro

Lo
TN

[ 2
[

i 5
ar 52

4L 4F
iC 45

o 20

Page 1-17

NAK wen’
openasg  db "§8% DFEN ERROR #¢’
readasg db "®e& FEAD ERROR ves’
datassg db "#ek DATA ERROK eer
closexst b "#kr CLOSE FILF ERROR wert
rowiur o' His
b . £
;:: REZZI. TEREezE==s -+ttt AT 1 3 -1 EREZISE===
STACK  SEBHENT  STACK

dn &4 dupt?)

CSTACK ENDS

END °  SENDER
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DATH COMSUHITATION (RECEIVER) Fage 1-1
L

TIILE DATA COMMUNICATION (RECEIYER)

Gitn C3ER SEGHENT  BYTE  PUBLIL ‘COCE
¥ S 73

CS:T3E6, D51 DUER, 8S: 5TACK

i
; —————————————————————————————————————————————
i
= (g P 53200 equ 02Ehh
i oport set 53204
= (IES P BISIE  equ 42Eth
) §

D equ 0IE0h
i 8251 data
= ¢IfL ’ ¢ BUA Bqu 07EZh
’ i port cet buad rate
= Gh9f MABICY equ (Ch
= £04D HAGIC2 egu (bh

t
251
ort 8251 control
251

t

= LiF YES eat OFFh
= {uil £0] BGU 2Gh
= el FIC BT ecu 204

H

X HEELEE L PE:_';_‘EH}Q FRYT SIEzrizuosesmonnrus

j
G003 FECEIVE  proc HEar
0005 23 -ee- i ROV ax , DBSEG

;ooet DATR SECSENT

0003 EE b5 (A ds | ax
0005 £5 04 0004 | 00 BOYV byte ptr ds:int_flag |, 0

i sel interrupt flag

D00R  BE DIER ®ov de y F_S3200
G000 B RE noY al , GRER
i set oun code 53200
0GOF  EE out dr y al
i ot code ’
G0id B oacu oy dx , P_RURD
9043 a6 oo Rov al , magicl
i set buad rate,protect tlear,
o1y iz cut dy | al
T8 i connect bus TRO3Z

HUES . 17

p )
-
~
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BETH CORNUNGZRTEON (RSCEIVER) Page  {-2

start INIT

0016 BB 350 noy ar  330kh
i get interrust vector
COO0ME R 2 int 21h
ODLE 9% IE 000l R aov gs:int02_off | by
i and save
000F BL 08 G50 R . BOY derintOR. ceq |, e
0023 1L puch ds
0024 G puch s
(075 If pop ds
i 05 contains cegment
0025 BA wiRd R mov dx , offeet service
i DY containe offset
0029 EB Z30n mov ax - 250Bh
i furction 254
coEl B N int 2Uh
i changes interrupt vector 0%y
I 1 pop ds
wis o Ed 7 in al , Z1h
i resd current interrupt mack
ISHEE and al , 0F7h
i ersble interrunt nao, 3
033 B M out 2th , al
j write to 8257 port mack
poend INIT
093¢ 0
G035 B0 IE wudd R FF chp syte pbr dssint Flag | yes
i test interrupt flag
0038 74 07 jz restore

i 1 no interrupt eerured

¢o3C LR FY7 Jap il
COIE restore:
i ctert RESTORE
WIS in al  Zth
eode of 0 or al ¢ 63k
i dizable interrupt no.3
{4 26 2 out 2th , al
wig g pueh fs
i save 0§
MAE 0F 18 G807 R nov dr , ds:int0f off
i DX contains cffset
1045 A boiw g foY @y ds;int0B_ceq
004C  3E [ ' fiov de | ax
' i DS contains segment
ME 33 2508 mov ax , 250Fh
i change interrupt vector
#0581 Lh 2y int 21h
0033 r pop ds

restore D5



Meresoft {B) Sazen foceabler Version 4,00 1788 G 25

" DATR CONKUNICATION (RECEIVER) Page 1-3

; end RESTORE -
j======zzz2 MALN FROGRAH SEXrZzSIszozszomenas

. H
G028 BR 02E| mov dx , P 83510
t initial 825
GeS7 37 Lo i gl 2l
0057 BY 0043 nov oy 3
GusT il
GOSC EF cut de oy sl ”
005D £2 FD loop il
GOEF 30 4 moy 2l 40h
i seftware recet
(ubt S out dr | al
LY T ] RG¥ 3l GLEh
i set MIDE WGRD
0084 EE out di , al
0085 po 37 mov al y 37h
i set COMMAND pomp
00sY out dn , al
(0kd B9 (06F Bov %  OFh
(083 i
f0dE E7 FE oo i?
i delay
OG:h BB 0747 & cail ack
i send &0
Q070 EB 0100 7 call opes
; open file
QOFY L5 0iEr % call sty
i chock STX
Q0% 39 00s mov oy 3
(074 recervet:
CUKI R I T call recdata
pogiae fata in hoffer
207 F8 030 & call su
i theck sup
MIF £33 p call clr
; clear screen
w32 ER Qs R call curs
i sel cursor
(035 B3 02%6 & call diep
i dieplay bufier
0038 E3 0307 & cali dispsun
i display cusming .
QO8H 37 IE G0RD R a0y 51, byte str d5: su.ping
GOBF  8h 97 4090 KoV dl y byte ptr ds:{byeizg)

Q091 34 D tap bl di
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DATH CuBURICATION (RECETVER)

0095

6097
0094

USTs

0037

0052

Q0R4,

0487
i
HGAD
O04F

Q052

(054
GORT
0087
¢08A

H0EC
(oR:

¢0ct
0aL3
00C4
Gocy
{0CH
&5CE
2001
20D4
Rl

GOGY
HDR

74 2

£
£2

i1
Y

0:3E R
bp

40

a 000

7

———

AR

]

Dotk

- i

g

016C |

;i

wl

19 s¢

Luapare supwing
Cjr
correct , zave in
tail
leop

HH/80 (0:22:51

Fage -4

receive?
giskette
nak

receivel

i not correct | receive again

call clr
; clear screen

tall pidcurs
; SEt curcor

pov ah ¢ d0h
; write to device

ROy B,
i standard output

aoy Cioy 23
i length to write

oY dn  BER D3EG SULHSD
i addrzes of buitfer for

nay ds , dn
j recerd to be written

Be dx , DFFSET B3EG . e

int 2Hh

inp exit
ioexit to DO&
receivez:

cail ety
i check ET

cop 2l 00
i i ETY error

inz received

call nak
i send NAK

loop receivel

call clr
i clear screen

tall midcurs
i set cursor

ROV gh | 40h
toarite to device

noy by
; standard output

mov o, 27
;i length to write

moy dr , SEG DSEB gtrmsg
j address of buffer for

ROY ds , dx
i record to be written

KoY dx , OFFSET DSEG : etrmsg

int 2th

isp erit

exit to DOS

-



ferosott {40 aceo Lesembler

PRIE CEREUM TGy (5

Ut
O0LE
UGy

QoL

0102
Y
0103
01
(108

010k
Q16D

vk

3t

LRUERY

rry
L)

inad
wr

Y ey

ES |
2 Ty

e

(]

o
Ry

L]

kit

]

-
ok

‘g

ord
s
=

an
1%

L)

t

|

hl

R

rr

L

IVER)

TECHived:
rap
in?

11180 025y

Page

al ,
recerves

i if not end of data

call

write

i save data in diskelte

£33
; send ACK

p

ack

receivel

i receive dats again

TECeiveD:

call nrite
; osave data in disiette
tall close
t clase file
cal} ack
i erd of date | seng Ay

tell

endy

i end of comzumcation

exit:
moy dv , ® RUAD
noY al | magit!
i Clear 7474 | connect tus
out ¢x  al
nov gh s 4Ch
RoY al oo
int 2th

OFEH GISK FILE =

near

d

ax

ah | 1é&h

dx , frhrer

receive  endp

opeEn pruc
puch
push

; save register
aov

i reguest creste file
les

i address of FCH
int
CEp

i Check statuye
jni
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UATA CONMUNICATION

Gl

UBE

0112
ant

¢11e
UIiF

Mz

S

¢iz]

i3d

e137

0iit
N
H141
42

2144

(4s

0143

06 i3 R oO0ad

16 003R R

R !
Lo 21

croLn
I e

B3 037 ¢

57 B2l
1§ -e-- g

35 he
dz gn

£ 2y
B4 sy
v G0

ac
{’h_’l

LE 2

o
[

ot
&
[

r.e

8 L& s R

(RECE1VER)

11780 00:20;

Fage I

i ojusp, create failed

3

§

;oY

i record size

les

fcbresz | recien

dr y nasefid

sel address to DA

Rov
int
pap
poy

return

ret

opents

-

-

call

tlear streen

cail
Cursor

mo.

cet

arite to devire

Qv

standard vutal

oV

oY
allress of
50

ah, 1ok
2th

an
dx

al &0y

by, 1

cx o, 14

6x , B85 Gfu s DLELAEG

baffor for

ds |

reteid to he wratten

aoY

int

woy
Lav
clear
out
nov
20v
int
exit to Dog

ret

§
; HRIT
i
“ile 4o
nov
i request wrils

lea

s, BEFSET D3E3 @ ¢
21k

de P _BUAD

aly rsgic!

7474 | “cenect bus

dx , &l
zh ' 4Ch
al , 0
21h

fita:
ah , 15k

dr oy {chree

[~
J

i
H
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DATH COMEURICY 1IGN C:ECEIVER) HELE t-7

address of FCR

0140 Cp 2 , int 21k
U LT RO byte pir dssendeue s al
0154 30 00 cap al ;9
i check states
015y 75 ot jn2 witel
jojump, write failed
MES 03 ret
3 successful,y return
&4 writel:
01536 3C 0t cep al , 01
! i check disk full status
0fsq 75 &5 jnt wrile?
i Juepy seqaent wrap
0154 28 03it R, cell tlr
' i clear streep
L E8 03x3 g el rigcurs X
i ocet corsar
0188 w4 47 RUY ah , 40n
i write to device
f18T 3R i oGV by i
j ctansard outout
0145 BY nosa niiy £y o, 24
; leacthn ta weite
G183 BA ---- g noYv dx , SEE PREG . aritlacg
i 2ddress of buiter for
[1ez 38 D4 oy ds , dx
- i record to be written
01ts BE GICT 5 noy n y OFFSET D3SH & writlpe
g
vy h int 2th
Bh OZEC " mov dx , P BUAD
e . MOV al | nagicl

i clear 7474, connect bas
! dx 4 &)

rey
)
.

o
—
'~
3 e
ix]

0173 B4 40 oy sh , 4Ch-
G174 B2 00 mey al , 0
G170 (8 % int 2th
; i oexit to DS
e {3 ret
047t arite2:
L} IEC 4 B T caltl clr
i clear screen
(1ac £z call mideurs
i sel cursor
0185 B4 40 nov ah  40h
jourite tu device
(187 BB 000 mov be o
i standard outpwt
88 59 0043 moy o, 4
i length to write




Hicrosobt (%) Hacro fscembler Version 4,00 171130 QD:Eﬁ:SI

DATA CUNMUNICATION (RECEIVER) | Page -3
j

QiCF recdsta  proc near

MLF 52 push dr

o0 51 puch X

01 53 push by

¢1bz 50 push ax

} save register

W03 BR ehrb R A by, offeet hufier
; sei buffer
0156 BY G0u2 Aoy o, 130
; set counter
BN recdatal:
0107 a8 o7 - oY [bx] | al
i save data in buffer
IBE 43 inc b
0400 Be 078 aov dx , P_B23IC
O1BF recdatal;
QIbF EC in al , dy
GlEe 24 47 and al | 028
i test bit | =
EY 74 FE iz recdata? -
i buffer not eapty , golling
01E4 BA O7Fw a0y ex , P 82510
€7 EL in al y dx
MEX B2 IF lacp recdatal
Q1Es =R peg ax
MEE zp pep bx
MED 59 ’ pop cx
{HED--5n pop dx
EE €3 ret
recdsta  endp
H
y=e=====szz CHECK 71X TETEsmmsszsssssczoommss
i
O£k sty proc nEar
O1EF BY GOOF nov or , GFh
(F2 stut:
F2 BT FE loop stxl
i delay
O1F4 stxl:
MF4 AR 00l a0V b, 0
01F7 B4 02£1 mov dx | P 82510
GIFs stx3:
OFA 45 ; dec by
GIFR 74 CE jz stxd



hicresoft (R} Hacro Resesbler Vereion 4,00 171780 002 27:51

DATR COMNUNICATION (RECEIVER) Fage t-10
0FD EC in al ,
i read status register
GIFE 24 02 and al , 0k
; test bit f = |
02¢¢ 74 Fa jz stx3

i buffer not espty | palling

0202 BA 02E9 nov dx | P_8251D
0205 EC in al , dx
0204 3L 02 CRE al , 02h
i test STX
0208 74 Ef jz sl

i it ST, poiling

020m 03 ret
0Z0h stad:
0208 E8 035 & call clr
i clear streen
0200 BB oIt g call mideurs
i set cursor
01 B4 40 mov ah 40k
i write to device
0213 BB 000 RoY by, |
i standard outout
(2l B9 061 sov cx , 27
i length to write
9219 BR ---- @ rov dx | SEG DSEG : ctensy
i address of buffer for
az1L BE b 6oy ds | dx
i record to be weitten
0218 PR 0iS) B 20Y dr y OFFSET DBZR : eiracg
0228 O My int 21h
0223 BA 072 noy dr y P_RUAD
D26 RO O 10y al , kagicl
i clear 7474 | connect bus
0228 £ out g, al
0% 34 4L nov ah  4Ch
0228 A0 mav al 0
(20 €D 21 int 2th
i exit to dos
022F 3 ret
sty endp
i .
‘ y====z=2=z=zz CHECK ETY SEIZrzsosomzszssszosooca i
| i )
023G ety proc near
0230 Bh IE 0iZE & ROV Bl y byte ptr de:lbuffer+d
291

0234 &0 FE 7o cap bt , 20h



Mitrozaft (R Macro fisse

DATA COMUNICATION (RECEJVER)

0238

02410
0241
{741
(243
4244
044
(24

0ME
W26
(251
0754
(255
0r5%
w287

LEFRT
02SE

025C

nac
Qs

0281 .

028%

(12564

I HE

[

0!

o

(i

BE

17

zhler Vereion 4,00

jz

L1180 0014354

Page 1-11

etr!

i correct | receive date again

cap
y ETY = ETY
iz

bl , 03

etx?

j correct | end of data

ROV
i not correct | ETY

ret
etul;

mov

ret
etn2:

yF======z== GERD A0V

ack proc

push
push
preh
puzh
; save registers

any
i SE! counter
acki;

a0y

mov
achls

det

it

in
i read §251 buffer

and
i lect Bit 0 = §

jz

ROY

oy

out
cend ALK

-

oo

pop

al , (0
Error

al -, o

dx
cx
b
an

€x  (FFh

ack!

teffer not espy , polling )

dx , P_8251D
al , 04k
dn  al

ack{

a%



hicrcseft (F) Hatro ficcepbler Version 4,00 $11780 000 22:5]

DATA CONMUNICATION (RECEIVER) Page W
0252 Ik - po; bx
(265 9 pep 84
0267 54 pop dx
; return
RLERIE N el
02 ack?:
0287 B3 0 LA ulr
i clear screcs
U0 ER 0383 R tatl fidours
; seb ocursor
VIAE B 40 nov ah , 40k
i write Lo device
027F R 000! mov by 41
i standard outjut
0274 BY 6013 nov cr oy 4
i length to write
0277 DR ---- K Aoy dx y SEG D5EG : ackacy
i address of buffer for
G276 BE DA pay ds , dx
iy record to be written
027C BA 0187 R mov dx y OFFRET BSEG ¢ ackas
GO7F Ch int 2h
0z81  BA 0FED noy dr ; P_RUAD
0284 B0 oL noy 2l  wagicl
i clear 7474 | cennect bus
UZEs Ef cut dr 2l
G237 B4 4 a0y sh  4Ch
0287 &b 03 oY al 0
P28 b 2l int 21k

exit to LES

4236 3 ret
ack endp
§
j=e====zzzz REND MAK ==zcscscocscoczcoscn-sos
§
028 nak fddels near
023 52 puch d
0Z8F 5l push o
096 53 puch b
4291 50 push ar
{ save register
1297 B9 eoF ‘ Rov tr , GFFh
2295 nak{
295 8B 003 =OV by y 0
0772 BR 04 @ov dy , F_3251C
229 nakl;
79045 dec bx
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DATR CORNGNITATION (RECEIVER) Page 1-13
029C M4 (& iz ack?
029 EC in al , dx
) j read B2G1 wuffer
(295 24 0f ' and al , 0th
| ; test bit 0 =1
G268 74 F3 ' iz naki
Q283 BA 0280 " mov dn , P_B2SID
Q6 B IS mov al , 15h
0283 EC out de y al
; send NAK
02R% E2 Eh loop nako
Q2R 58 pop an
02aC Sh pop b
0260 59 pep o
926 A pon dr
; return
026F L3 ret
0280 nakds
(2B E8 03EF § tall clr
i clear screen
uZB3 EF gigy | call atdcurs
i set cursor
0208 BY 40 nov &b A0k
i write to device
0283 b 000y AGY by 1
= i standard output
028R  BY 013 BoYv ch , 24
i Jeagth to write
O2BE B ---- § moy dx_, BEB DSEG : nakncg
. i address of huffer for
G2C1 3 DA may ds , dv
i rececd to be weilten
0203 fm O15F & . foYv dx y CFFSET D3EG : nakpsg
G20s b 21 int 2th
Q208 BA G2EZ ROV dx , P_RURD
CICR BD 6T aoy al | magicl
v clear 7474 | connect bus
02Ch EE out dx , al
wCE B4 40 nov ak , 4Ch
CE B0 0 a0V gl , ¢
0202 Ch 21 int 2th

exit to DOS

0204 L2 ret
nak endp
i
yezs======2= GUM (F DATA =====szzzczczazsaccos
3



Mercseft (3) #acro frcpabior Vereion 4,00

DATA COMMUNICAYION (RevclVvER)

0205

YR IN]

(206

o217

[

Ih e e e
r =3 ra
o

Lo~ I SN

=

[RC SO
m ™ o

AU SV

Pt

¢iky
Q2ER

Q2EC
C2ED
02E:

(2F0

27F9

=

AL B )

el

il
[ R )

e

U2FE
4306
030!

€303

(304
a30%

e30¢

(X3
N -

cre e
S

ré
By

]

G LR G
GadEg

0240 R

307

ol

]

1T e
[

m
)

on

L ]

Ao

o )

(] rre
(A=) Pt el o3

~o

[ I A
>

& O0RD R

3 0375 &

P
g

04Rd §

7

puch
fro e
put

gy

Loy

aoy
Sufis

oy

add

int
ooy

0P
pop
pop

ret

st endn

11780 00:72:51

Faoe 1=

byte pte de s surzing , 0
o, i3
br y ufizet buffer

al  [hy]

byte ptr ds : suseing s &l

h
sumi

ax
by
o

zzzzs=zzuz BISPLAY RUCFER SETzzzzzszziazeas

digg proc

call
i set cursor

puch
push
puch
i Save register

mov
moy

near
curs
dx

£x
bx

[ S
by | &

i set address of data

dicpls
ROV
i dizsplay data
int
inc
loop

pop

Fop
pop

ret

6l 4 ibx]

21k
bx
disp!

by
o
dx



Hicrozoft (5} Macre Asseabler Vercion 4,00 e &

DATE CORKURICATION RECEIVER) Fage 1-1%

diep endn
i
yEzz==zsass OIGLLAY GURAING sszzoomzssszescas
j
KRy dicpsun proc near
0307 B {ovt g call corapcurs
i =et cursor
03A 52 puch dx
G30F 50 push an
i save regictes
bd gl gl ab o 2
AN S ray dl | byte ptr
' ; 2y 5L
GHD (B 1nt 21k
O TR Fup ax
4318 Bop dx
j return
.
0ty 3 ret
digpus  Endp
j
{seisszzzss DD C'!‘{MU”I[‘E”DN Szzzzrorzoas
j
07 endc pro near
G217 B9 uts rav tx 16
LTS i b
QI B8 0in nod dy , P_87351C
IR U TN in al , dx
03 L3y tezt al , 02
0lie 75 - jn? endc!
0327 B4 G dr | P_3251D
(G in al  dx
(3i 30 {y crp al (M4
0038 74 Gy iz endc?
A I 34 leop enccl
0330 2§ waes 3 tatl clr
i clear screen
O3IF BB G zd iy call midoure
i osat cursor
it pish ts
43 ad nay &h , d0h
jowrite to desice
0335 B apny Kav (O
i standard output
0338 BE wusg nov br o, 41

length to write
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pop bx
ppp tn
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0IAS .

HREES

2347

(3nC

O34F

fpd
L6

f

N

Cni1EM (RECEIVER)

b 1o

o

qIr X O

L1 L

Lo oo
oo

]

~
et

519

* L,

Qe

el

= kA

03

04

[\

G R OFF

int
pop
pep

poy

ref
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(e}
oy

disable interrupt
out

nov

gt DATA SEGHENT
R0y
nov

SET CURSDR SUREEN CONHER

171780 06:2%;:5

HU
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