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USE IN LIFE SUPPORT DEVICES OR SYSTEMS MUST BE EXPRESSLY AUTHORIZED

SGS-THOMSON PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF SGS-THOMSON Microelectronics. As
used herein:

1. Life support devices or systems are those which (a) are 2. A critical component is any component of a life support
intended for surgical implant into the body, or (b) support device or system whose failure to perform can reason-
or sustain life, and whose failure to perform, when prop- ably be expected to cause the failure of the life support
erly used in accordance with instructions for use pro- device or system, or to affect its safety or effectiveness.

vided with the product, can be reasonably expected to
result in significant injury to the user.
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INTRODUCTION

Dedicated Modem Chip Targets
Home Automation Systems

Sending data over 220V/110V power lines, the ST7537 Home Automation
modem lets appliances communicate without extra cabling.

by Joél Huloux
& Jérome Gilbert

work also makes modification
and enhancement very simple
since new devices just have to
be plugged into a wall socket
to be instantly connected to
the network.

In the latest generation of
home automation systems,
appliances can exchange in-
formation by transmitting data
over the domestic mains wir-
ing. As a result there is no
need to install extra control ca-
bles and appliances can be
connected to the "network"
simply by plugging them into
the nearest wall socket. Apart
from the obvious saving in in-
stallation cost, this virtual net- |

What makes these systems
feasible is a new dedicated mo-
dem integrated circuit, the
SGS-THOMSON ST7537
Home Automation Modem IC,

new high volume consumer
market as part of a European
Community "ESPRIT" project
on domestic automation.
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Inside the ST7537 are all of the basic functions needed in a power line modem,
plus carrier detection and watchdog functions. The only external components
needed are a transformer and a simple line driver.

developed specifically for this

Designed specifically for home auto-
mation applications, the SGS-THOM-
SON Microelectronics ST7537 Home
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1200bps over 220/110V power lines
using a 132.45kHz carrier, this elimi-
nating the need for extra cabling. A
PLCC28 package Is used.

THE MODEM CHIP

Fabricated in analog CMOS
technology, the ST7537
sends and receives data at
1200bps in half duplex mode
using a carrier frequency of
132.45kHz, complying with
Europe’s CENELEC ES
50065 standard (which speci-
fies the use of band 125kHz to
140kHz carrier frequencies for
home automation) and US
FCC regulations.

Frequency-shift keying is
used for transmission, a fun-
damental design choice that
makes it possible to achieve
rugged transmission in a very
noisy electrical environment
at an affordable cost for high-
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volume consumer markets. |

Among the alternatives, am-
plitude- shift keying is too sus-

ceptible to noise and Spread |
Spectrum, though theoreti- |

cally more reliable, requires
complex and costly circuits.

Moreover, field trials in a criti- |

cal remote utility meter read-
ing application have proven
the dependability of the SGS-
THOMSON approach.

Included on the chip are all of

the functional blocks neces-

sary for the transmission and |

reception of data over power
lines. In addition to this IC the
only external components

needed are a line driverand a '
transformer, plus, of course, |

the microcontroller that pre-
pares and interprets message
data. The photo shows a com-

plete module made by Landis !

& Gyr, the schematic of which
is given below. In this module
the ST7537 die is mounted
directly on the under side of
the board without a conven-
tional package, though the de-

i
|
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INTRODUCTION

This compact modem module de-

signed by Landis & Gyr mounts the

ST7537 die directly on the underside

of the board. Surface mounting tran-
sistors are used to make the line driver.

vice is also supplied in a
PLCC28 package.

Transmit data enters the FSK
modulator asynchronously
with a nominal intra-message
data rate of 1200bps. Inside

the modulator the data is

transformed into two frequen-
cies (133.05kHz for a "0" and
131.85kHz for a "1"), derived
from an inexpensive
11.0592 MHz crystal.

Schematic of the application board shown in the photo above.

SGS-THOMSON

| The modulated signal fromthe
| FSK modulator is filtered by a
switched-capacitor bandpass
filter (TX bandpass) to limit the
output spectrum and to re-
i duce the level of harmonic
components. The final stage
of the transmit path consists of
an operational amplifier which
needs a feedback signal from
the power amplifier.

In the receive section, the in-
| coming signal is applied at the
RAl input (with a sensitivity of
10mV) where it is first filtered
. by a switched-capacitor band-
. pass filter with a pass band of
- around 12kHz, centered on

the carrier frequency. The out-

put of the filter is amplified by
| a 20dB gain stage which pro-
| vides symmetrical limitation
| for overvoltages. The result-
ing signal is downconverted
by a mixer which receives a

! local oscillator synth;s?zed by
| the FSK modulator block.

| Finally, an intermediate fre-
| quency bandpass filter whose
' central frequency is 5.4kHz
improves the signal-to-noise
ratio before entering the FSK
demodulator. The coupling of
the intermediate frequency fil-
ter output to the FSK demodu-
lator input is made by an
external capacitor which can-
cels the receive path offset.

In the ST7537 there are two
important additional functions:
the carrier detector and the
watchdog. Carrier detection is
needed because in practically
all applications more than two
| appliances will be connected
.‘ to the power line. Before at-
i tempting to transmit an appli-
i ance must first check that
' thereis no carrier present, and
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HOME AUTOMATION SYSTEM

In a typical home each appliance or device will have an ST7537 module and communicate with other devices using the

power cable.

if there is, it must wait and retry
later.

The watchdog function is pro-
vided to ensure that the mo-
dem’s control micro is
functioning correctly. Soft-
ware in the micro mustinclude
instructions that send a pulse
to the watchdog input of the
ST7537 at least once every
1.5 seconds. If no negative
transition is observed at this
input for 1.5s a reset signal is
generated to restart the micro.
This watchdog monitor
scheme ensures that any dis-
ruptions caused by glitches
are quickly corrected.

During full operation the
ST7537 dissipates less than
300mW. Supplies of 10V and
5V are used.

THE HOME SYSTEM PROJECT

SGS-THOMSON Microelec-
tronics is a member of an ES-
PRIT project on home
automation, together with
EDF (Electricité de France,
the French electricity author-
ity), Landis & Gyr, Daimler

3/3

Benz, Merlin Gerin and Thom-
son Consumer Electronics.
These industrial partners
have built a platform for devel-
opment tools that work with a
common protocol, called
Home System (HS).

One of the partners, Landis &
Gyr, already uses the new
ST7537 modem chip in a new
family of home automation
products. Thanks to products
like these we enter a new era
of appliances that are not only
smart, but they communicate
with each other, too. A typical
household scenario is shown
above, where various appli-
ances, sensors, utility con-
trols, a telephone interface
and a TV screen display are
all connected to the power line
using Landis & Gyr modules.

If this automated house
catches fire the appropriate
detector will send a warning
message over the power line.
This will be picked up by the
gas control which can cut off
the gas supply, by an alarm

6

system that can alert anyone
in the house, and even by the
telephone interface that can
call the emergency services.

The telephone interface also
allows the householder to give
instructions to appliances
from outside. You might, for
example, phone home and tell
the air conditioner to precool
certain rooms at a specified
time.

Where there is a limit on en-
ergy consumption, or where
demand energy pricing is used
(now that the technology is
available this is likely to be ap-
plied extensively in future) vari-
ous appliances can negotiate
power requirements through
an energy control system. For
example, a washing machine
can agree with the heating
system when it can start a cy-
cle to avoid sudden and un-
necessary peaks of demand.

1993 SGS-THOMSON Microelec-
tronics, all rights reserved. The cover
illustration appeared first in the maga-
zine Elektronik Informationen.
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‘ SGS-THOMSON
MY/ luchozECTRONICS ST7536

POWER LINE MODEM

HALF DUPLEX SYNCHRONOUS

FSK MODEM

* Two programmable channels for 600bps data
rate

* Two programmable channels for 1200bps
data rate

AUTOMATICALLY TUNED

Rx AND Tx FILTERS

TX CARRIER FREQUENCIES SYNTHESIZED

FROM EXTERNAL CRYSTAL

= LOW DISTORTION Tx SIGNAL (S/H2 > 50dB)

= AUTOMATIC LEVEL CONTROL

ON Tx SIGNAL
® Rx SENSITIVITY : 2mVrms  (600bps)
3mVems (1200bps) PLCC28
= Rx CLOCK RECOVERY (Plastic Package)

= POWER-DOWN MODE
= SUITABLE TO APPLICATION IN ACCORD-
ANCE WITH DH028/29 ENEL, EN50065-1

CENELEC AND FCC SPECIFICATIONS

ORDER CODE : ST7536CFN

PIN CONNECTIONS
™ < [II
b b ol oGk
2egacds
NN
( ~t ™ N - @ ~ ©0
N o N
R []5 O 25 | ] RxFO
CLR/TE 6 24 J RAI
RxDEM | | 7 23| ] avy,
DGND | | 8 22| | AGND
DESCRIPTION Dvop [] 9 21 [] AVss
The ST7536 is a half duplex synchronous FSK TESTiLY 0 20| | oem
MODEM designed for power line communication TEST2 [ | 11 19 ] IFo
network applications. O I R RN
It operates from a dual power supply +5V and -5V, T
and requires an external interface for the coupling o N -2 9 u g
to the power line. It offers two programmable data #2238 g 3
rate with two programmable channels each. k &
May 1993 1/9

This is advance information on a new product now in development or undergoing evaluation. Details are subject to change without notice.
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ST7536

PIN DESCRIPTION

( N:ﬁe Nul:rl:t])er T'\:(I;e Description

Rx/Tx 1 ] Digital Rx or Tx mode selediéﬁ ihﬁut - o

RESET 2 Digital | Logic reset and power-down mode input. Active when low.

TEST4 3 ' bligiliali Test input which selects the Tx band- -pass filter input (TxFl) when h|gh

TEST3 4 Digital | Test input which gives an access to the clock recovery input stage. This input is
selected when TEST1 is high.

RxD g,, Digital | Synchronous receive data oﬁtput -
CLR/T 6 Digital | Rx or Tx clock according to the functional mode T
RxDEM 7 Digital Demodulated data outpu} ' o -
DGND 8 Supply | Digital ground T
DVDD 9 Supply | Digital positive supply voltage 5V £5%

TEST1 10 Digital | Test input which cancels the Tx to Rx mode automatic switching and validates
TEST3 input. Active when high.
TEST2 1 Digital | Test input whlér} ';édiljces the Tx to lii}aode automatlc swvtchi;g;[fne Active
i when high.
TxD 12 Digital | Transmit data input
XTAL2 13 Digital | Crystal oscillator output -
XTALA1 14 Digital Cl;ystal oscillator input o N
CHS ) 15 Digital | Channel selection input
BRS 16 | Digital | Baud rate selection input - -
AFCF 17 Analog | Automatic frequency control output for connecting compensanon network.
D\E N 18 Supply | Digital negative supply voltage : -5V + 5%
IFO 19 Analog | Intermediate frequency filter output

DEMI 20 Analog | FSK demodulator input
N AVSS 21 Supply | Analog negative supply voltage : -5V +5% o
~__AGND 22 Supply | Analog ground : OV

AVDD 23 Supply | Analog positive supply v'c;ltage; 5V £ 5%
| RAI | 24 | Analog | Receive analog input
| RxFO 25 Analog | Receive filter output -

TXFI B 26 Analog | Transmit filter input (seiécted whenW;I'ES'TZ iisihigryh')w ‘

ALCI 27 Analog Automatic level control input
| ATOA,,, 77287 Analog | Analog transmit output o

2/9
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ST7536

BLOCK DIAGRAM
RFO  Dvgg DGND DV, AVgg AGND AV,
{2 £18; 8r— 9 ——2 —— 22—
RAll) | 2 PXBAND-PASS | 2 o] 2008 »| 2 IFBANDPASS | gk
< S.C. FILTER = GAIN < | S.C. FILTER =
= =
< » T < 2
[} [ i3] xTAL2
i , | | 14| XTAL1
1 1
L l % ‘l‘ REFERENCE I TIME BASE AND {1/ RxTx
AFCF ‘17{44 AFC . VOLTAGE ‘ CONTROL LOGIC l ‘{—:2—1 RESET
; L |«—{16/BRS
N 4 4 Y + ‘l ‘
; Y ‘ 15| CHS
J & «i] & Y
Ao %ﬂ S TXBAND-PASS x > FK 12] o
i ALC TR =) o
- E 0 scruren [V 3 % MODULATOR g
/'y < <’1‘ <
ALCH27] " | - {26] TxFI
RxDEM T [
RxD i* cLOCK D -0 @‘ POST-DEMO CORRELATOR |- {__‘ {0 DEMm
CLRT 6 | RECOVERY s S.C. FILTER
g
TEsT | FSK DEMODULATOR
. | ottt
Iid |
foH11-3 s
P 2
g8 2 &
- =
TRANSMIT SECTION Table1
The transmit mode is set when Rx/Tx = 0, if Rx/Tx | oo | o | Baud Rate | Tx Frequencies (kHz) |
is held at 0 longer than 3 seconds, then the device i (Baud) |  TxD=1-TxD=0
switches automatically in the Rx mode. A new | 0 0 600 | 81.75 - 82.35
activation of the Tx mode requires Rx/Tx to be 0 1 600 67.2-67.8
returned to 1 for a minimum 2 microsecond period 1 0 1200 714-726
before being set to 0. 1 1 1200 85.95-87.15

The Transmit Data (TxD) is sampled on a positive
edge of CLR/T which delivers the transmit bit clock
when the transmit mode is selected. This data
enters a FSK modulator whose two basic frequen-
cies are selected by the Baud Rate Selection pin
(BRS) and the Channel Selection pin (CHS) ac-
cording to the Table 1.

Figure 1 : Tx Data Input Timing

X X

TxD DATA VALID

7536-03 EPS

£ SGS-THOMSON
Y/ iCrosUseTRONICS

KGIRO)

These frequencies are synthesized from a
11.0592MHz crystal oscillator ; their precision is the
same as the crystal one’s (100 ppm).

The modulated signal coming out of the FSK modu-
lator is filtered by a switched-capacitor band-pass
fiter (Tx band-pass) in order to limit the output
spectrum and to reduce the level of harmonic com-
ponents.

The output stage of the Tx path consists of an
Automatic Level Control (ALC) system which keeps
the output signal (ATO) amplitude independant of
the line impedance variations. This ALC is a vari-
able gain system (with 32 discrete values) control-
led by an analog feed-back signal ALCI. The ALC

3/9
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ST7536

gain range is 0dB to -26dB and gain change is
clocked at 7200Hz. Gain steps are of magnitude
0.84dB typically.

A period of this clock is decomposed into a 34.7us
gain settling latency and a 104.2us peak detecting
time. The gain change is related to the result of a
peak detection obtained by making a direct com-

Figure 2 : Automatic Level Control Timing Chart

parison of ALCI maximum value (during detecting

time) with two threshold voltages V1 and Vr2.

- max (VALCl)< Vr1 - The next gain is increased
by 0.84dB

- V11 < max (VALCI)< V12 - No gain change

- V12 < max (VALCI) - The next gain is decreased
by 0.84dB.

Low Gain Correct Gain

Amplitude
modification
due to an
external cause

c:;:l -g)m
£3 8
2z 33
53 %
8= S
ALC CLOCK
RECEIVE SECTION (11uF £10%, 10V) which cancels the Rx path offset

The receive section is active when Rx/Tx = 1.

The baud rate and channel selection is also made
according to Table 1.

The Rx signal is applied on RAIl with a common
mode voltage of 0 volt and filtered by a band-pass
switched capacitor filter (Rx band-pass) centered
on the received carrier frequency and whose band-
width is around 6 kHz. The input voltage range on
RAl is 2mVRums - 2VRwms.

The Rx filter output is amplified by a 20dB gain
stage which provides symmetrical limitations for
large voltage. The resulting signal is down-con-
verted by a mixer which receives a local oscillator
synthesized by the FSK modulator block. Finally an
intermediate frequency band-pass filter (IF band-
pass) whose central frequency is 2.7kHz when
BRS = 0 and 5.4kHz when BRS = 1 improves the
signal to noise ratio before entering the FSK de-
modulator. The coupling of the intermediate fre-
quency filter output (IFO) to the FSK demodulator
input (DEMI) is made by an external capacitor C5

4/9
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voltage.

A clock recovery circuit extracts the receive clock
(CLR/T) from the demodulated output (RxDEM)
and delivers synchronous data (RxD) on the posi-
tive edge of CLR/T.

Figure 3 : Rx Data Output Timing

wr SN\ \__/
ADDITIONAL DIGITAL AND ANALOG FUNC-
TIONS

A reset intput (RESET) initializes the device.

When RESET = 0, the device is in power-down
mode and all the internal logic is reset. When
RESET = 1, the device is active.

A time base section delivers all the internal clocks

RxD DATA VALID

7536-04.EPS
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ST7536

from a crystal oscillator (11.0592MHz). The crystal
is connected between XTAL1 and XTAL2 pins and
needs two external capacitors C3 and C4 depend-
ing on the crystal characteristic typically
22pF +10% for proper operation. It is also possible
to provide directly the clock on pin XTAL1 ; in this
case C3 and C4 should be removed.

An Automatic Frequency Control (AFC) Section
adjusts the central frequency of Rx and Tx band-
pass filter to the carrier central frequency. The
stability of the AFC loop is ensured by an external
compensation network C1 (470nF £10%, 10V), C2
(47nF £10%, 10V) and R1 (1.5kQ +5%) connected
to pin AFCF.

Figure 4 : Automatic Frequency Loop Filter

c2

AFCF (]} AGND

e ol w2
S | m——

TESTING FEATURES

An additionnal amplifier allows the observation of
the Rx band-pass filter output on pin RxFO.

A direct input to the Tx band-pass filter (TxFI) is
available and selected when TEST4 = 1.

The 3 second normal duration of the Tx to Rx
mode automatic switching is reduced to 1.48ms
when TEST2 = 1.

When TEST1 = 1 the Tx to Rx mode automatic
switching is desactivated and the functional
mode of the circuit is controlled by Rx/Tx as

ABSOLUTE MAXIMUM RATINGS

7536-06 EPS

follow : when Rx/Tx = 0_the circuit is transmitting
continuously, when Rx/Tx = 1 the clock recovery
block is disconnected from the FSK demodulator
for testing purpose, in this configuration TEST 3
is the data input of the clock recovery block,
RXDEM follow TEST3 and RxD delivers the
resynchronized data.

POWER SUPPLIES WIRING AND DECOUPLING
PRECAUTIONS

The ST7536 has two positive power supply pins,
two negative power supply pins and two ground
pins in order to separate internal analog and digital
supplies. The analog and digital terminals of each
supply pair must be connected together externally
and require special routing precautions in order to
get the best receive sensitivity performances. The
three major routing requirements are :

- The ground impedance should be as low as
possible, for this purpose the AGND an DGND
terminals can be connected via a local plane.
The positive and negative power supplies (AVpp,
DVpbp, AVss, DVss) should be star-connected,
avoiding common current path for the digital and
analog power supplies terminals.

Five decoupling capacitors located as close as
possible to the power supply terminals should be
used. Two 2.2uF tantalum and two 100nF ce-
ramic capacitors perform the main decoupling
function in the vicinity of the analog power sup-
plies and a 100nF ceramic capacitor in the vicinity
of the positive digital power supply is used to
reduce the high frequency perturbations gener-
ated by the logic part of the circuit.

~Symbol - ~_ Parameter Value Unit
AVpp/DVpp | Positive Supply Voltage (1) -0.3, +7 \'
| AVss/DVss Negative Supply Voltage (1) -7,+0.3 Vv
Vagnopeno | Voltage between AGND and DGND -0.3, +0.3 \
Vi Digital Input Voltage DGND-0.3, DVpp+0.3 Vv
Vo Digital Output Voltage - DGND-0.3, DVpp+0.3 \Y
L lo Digital Output Current -5, +5 mA
Vi Analog Input Voltage AVss-0.3, AVpp+0.3 N
Vo Analog Output Voltage AVss-0.3, AVpp+0.3
lo Analog Output Current -5, +5 mA
Pp Power Dissipation 500 mwW
Toper B Operating Temperature -25,+70 °C
B ~ Tsyg Storage Temperature - 65, + 150 °C
Notes : 1. The voltages are referenced to AGND and DGND.

2. Latch-up problems can be overcome with 2 reverse biased schottky diodes connected respectively between A/DVop & A/DGND

and A/DVss & A/DGND.

3. Absolute maximum ratings are values beyond which damage to device may occur. Functional operation under these conditions

is not implied.

£ SGS-THOMSON
Y/ 1iCRoELESTRONICS
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ST7536

GENERAL ELECTRICAL CHARACTERISTICS

The test conditions are A/DVpp = +5V, A/DVss = -5V, A/DGND = 0V,
Tamb = -10 to 70°C unless otherwise specified

Min.

7Max )

Symbol Parameter Test Conditions Typ
AVpp/DVpp | Positive Supply Voltage 475 | 5 | 525 \"
AVss/DVss | Negative Supply Voltage -5.25 5# 475 V
Alop + Dlop | Positive Supply Current in Tx Mode RESET =1, RX/Tx = 0 |30 | 35 | ma
Alpp + Dlpp | Positive Supply Current in Rx Mode RESET =1, RX/Tx = 1 29 34 mA
Algs + Dlss Négative Supply Current in Tx Mode RESET =1, RX/Tx=0 -34 | -29 B mA )
Alss + DIss | Negative Supply Current in Rx Mode RESET =1, RX/Tx = 1 -33 72? mA
Alpp + Dlpp | Positive Power-down Current RESET =0, RX/Tx = 1 | 1.2 mA
Alss + Dlss | Negative Power-down Current | XTALT =1 -1.2 mA
Vin High Level Input Voltage Digital inputs except XTAL1 22 \
Vi Low Level Input Voltage Digital inputs 08 | Vv
Von High Level Output Voltage Digital outputs, lon = - 400uA | 2.4 | | v
VoL Low Level Output Voltage Digital outputs, lor = 1.6mA 7770.4 \
Viy High Level Input Voltage XTAL1 input 36 Vv
DC XTAL1 Clock Duty Cycle | External clock 40 60 %
TRANSMITTER ELECTRICAL CHARACTERISTICS
The test conditions are A/DVpp = +5V, A/DGND = 0V, A/DVss = -5V,
Tamb = -10 to +70°C unless othewise specified
Symbol Parameter Test Conditions Min. | Typ | Max | Unit
V1ac Max Carrier Output AC Voltage RL = 2kQ, VaLcl < V11 28 | 32 | 37 | Vep
HD2 Second Harmonic Distortion RL = 2kQ, Vaici < V14 032 | %
FD | FSK Peak-to-peak Deviation "BRS=0 600 Hz
BRS =1 1200 Hz
Tﬁ)ﬁ' xﬁ 7E}rier Act-iv;ti‘d.r{ ﬁme T After Rx/’-T;xA1 - 0 trahé}i o 1 ms
TALC | Carrier Stabilisation Time ALC maximum settling time 5 ms
32 gain steps
DRNG | ALC Dynamic Range - I 25 | 26 | 27 dB
VT1 | ALC Low Threshold Voltage 1181 [ 187 v
VT2 | ALC High Threshold Voltage B 212 | 218 | v
GST | ALC Gain Step | oss dB
PSRR1 | Power supply rejection ratio on ATO (1) Vin = 200mVep, fn= 50Hz | 35 | a8
PSRR2 on Vpp or Vss 10 dB

Note 1 : This characteristic is guaranteed by correlation.

6/9
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ST7536

RECEIVER ELECTRICAL CHARACTERISTICS
The test conditions are A/DVpp = +5V, A/DGND = 0V, A/DVss = -5V,
Tamb = -10 to +70°C unless othewise specified

Symbol | Parameter Test Conditions [ Min Typ Max | Unit
ViN Maximum Input Signal 2 | Vaws
Rn | Inputimpedance - ) 100 kQ
RCJ | Recovered Clock Jitter Percentage of the nominal clock -5 +5 %

PSRR1 | Power supply rejection ratio ViN = 200mVep, fin = 50Hz 35 dB

V‘f?S;RRZ on RxFO (1) - B on Vpp or Vss 10 dB

Rx sensitivity (1) Typical measured BER < 10° mVRms
Vino BRS = 2
N ) ~BRS=1 3
Bit error rate at minimum Rx White Noise, S/N = 15dB 5 3
BER1 | signal (1) RAI = 2mVgums, BRS = 0 2-107 | 107
BER2 | RAl = 3mVawms, BRS = 1 13-107 ] 107 -
BER3 | Bit error rate at maximum Rx RAI = 2Vams, White Noise 107 | 10°
signal (1) S/N = 25dB
BER4 | Bit error rate at medium Rx RAIl= 0.6VRrvs, S/N= 15dB 10°® 10°
signal (1) S B
i BERS5 | Bit error rate with impulsive : RAl = 90mVgrwms, N = 5Vpp pulse wave, 103
| noise (1) | f=100Hz, duty cycle=10% j B
Bit error rate with modulated S+ Ns < 0.2Vgwms, Ns = sine carrier
sinusoidal noise Ns (1) ' with 80% AM modul., fm = 1kHz,
| See Figure 5 3
BER6 i Smin = 2mVRms, BRS =0 ! 10°
| ! -3
| BER7 | Smn=3mVaus, BRS = 1 ] 107 |
Note 1 : This characteristic is guaranteed by correlation
Figure 5 : S/N Mask for 80% AM Sine Noise
/N s (dB)
20 i
§ B |
10+ = 1
| 4
0
|
| |
-10 . i -1
| 1
|
-20 | |
-30 , ‘
40 ¢ 1
o | |
-oU 1 i 1
0 0.5 1 1.5 2
Frequency (f/fc)
B = 20kHz at 600 Bit/s (BRS = 0) fc : Central Carrier Frequency
B = 40kHz at 1200 Bit/s -BRS = 1)
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FILTER TEMPLATES
Frequency (kHz) Test Conditions ____ Amplitude (dB)
Min. Typ. | Max. |
RECEIVE AND TRANSMIT FILTER
54 =
79.05 -4 -3 .2
Ref 82.05 BRS=0,CHS =0 5
85.05 _4 — >
123 s
444 o
65 -4 3 2
Ref 67.46 BRS =0, CHS = 1 5
69.93 > = >
101.13 T35
4757 _35
69.64 " 3 >
Ref 72.28 BRS=1,CHS =0 5
74.92 ) = >
108.36 s
57.08 - —
83.57 ) - >
Ref 86.74 BRS=1,CHS = 1 5
89.91 _4 3 >
130.03 o
INTERMEDIATE FREQUENCY FILTER
12 =
2.15 s = =
Ref 2.7 BRS=0 5
3.25 = 3 -
5.8 =
24 o 35
43 -5 -3 2
Ref 5.4 BRS =1 5
6.5 -5 3 | -2
16 %]
= 57 SGS-THOMSON
S/ At Seileciies

18

7536-06.TBL



ST7536

PACKAGE MECHANICAL DATA
28 PINS - PLASTIC CHIP CARRIER

=

B
M1
ﬁ mininininin
4 2 1 28 26 ) 7
= Ofs 2s|[] =
0 : a
0 N .
E .................. g’ ................... j wl B
g 1 b
O ]
O 1 190 R BN
12 : 18
OO0 009 u
R D2
[ | D1
@ G (Seati . D
(Seating Plane Coplanarity)
. o Millimeters Inches
Dimensions -
Min. Typ. Max. Min. Typ. Max.
A 1232 12.57 0.485 0.495
| B 11.43 11.58 0.450 0.456
D 4.2 4.57 0.165 0.180
D1 2.29 3.04 0.090 0.120
D2 0.51 0.020
E 9.91 10.92 0.390 0.430
e ] 1.27 0.050
e3 7.62 0.300
| F 0.46 0.018
F1 0.71 B 0.028
G ) 0.101 0.004
M 124 - 0.049
M1 1.143 0.045 ]
9/9
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I - INTRODUCTION TO THE ST7536

The ST7536 is a half duplex synchronous FSK-mo-
dem, and has been designed to operate on power-
line networks. For a complete communication
system, a micro-controller and a powerline-inter-
face (PLI) are needed (see Figure 1).

Such a system is able to transmit and receive on 4
different channels with 2 different data rates (600
and 1200 baud). The baudrate (BRS) and channel
(CHS) selection is made, according to the table 1:

Table 1

rrrrr T Xmit Freq ] Xmit Freq ‘

BRS | CHS | Bitrate (KHz) | (KHz) |

T™xXD=1 | TxD=0 |

o | o] e0 | 8175 | 823 |

0 1 600 67.20 67.80 |

| 1 | 0 | 1200 7140 | 7260
1 1 1200 85.95 8715

The ST7536 is a half duplex modem, as it has two
operation modes; receive or transmit data. The
mode selection is made with a Rx/Tx control input.

Data input and output are related to the clock
signal; it's a synchronous modem. This clock signal
is generated by the ST7536.

Only a few external components have to be added
fnr £l A Aradiae ~AfF tan QT7LCNAL. A Armigdal T
U1 |u|| U'Jb‘ldlIUII Ul uie ol /70900. a urysiai, IUUI

resistors and five capacitors.

Il - ST7536 DESCRIPTION

The ST7536 is a single chip modem; all the electri-
cal circuits needed for a complete modem are
inside the chip. The modem is available in 28 pins
PLCC (see Figure 2).

In transmit mode the Transmit Data (TXD) is sam-
pled on the positive edge of the clock (CLR/T).
Then the data enters the FSK modulator. The
frequency on which this modulator operates is set
by the time base and control logic. In normal op-
eration the multiplexer (MUX) selects the FSK
modulator signal to be send to the transmit filter.
This filter is a switched capacitor band-pass filter.

The time base and control logic uses the Automatic
Frequency Control (AFC) to set this filter at the
transmit frequency, corresponding to the selected
channel. After filtering, the transmit signal is sent to
an Automatic Level Control (ALC). This control is
used to overcome problems with line impedance
variations. The powerlines on which the modem
has to operate, have variations in their line charac-
teristics, which are very frequent and totally unpre-
dictable. The automatic level control uses a feed
back signal (ALCI) from the powerline interface to
adjust the transmit output (ATO).

In receive mode the signal enters the chip on the
Receive Analog Input (RAI). The received signal is
filtered in the receive band-pass filter. It's just like
the transmit filter , a switched capacitor filter.The
automatic frequency control is used to set it on the
right frequency. After being amplified the signal is
down converted and filtered in the intermediate
frequency band-pass filter. The resulting signal is
sent to the FSK demodulator. The coupling of the
intermediate frequency filter output (IFO) to the
FSK DEModulator Input (DEMI) is made by an
external capacitor which cancels an eventual offset
voltage. Aclock recovery circuit extracts the receive
clock (CLR/T) from the demodulated output
(RXDEM) of the FSK demodulator. Synchronous
received data (RXD) is delivered on the positive
edge of the clock.

A time base section delivers all the internal clock
signals from a crystal oscillator running at 11.0592
MHz. The crystal is connected between the XTAL1
and XTAL2 pins. It is also possible to provide
directly a clock signal on XTAL1 instead of using a
crystal.

To debug the chip and test external circuits the
ST7536 provides some test options. The transmit
band-pass filter can be observed using a direct
input on the filter. This input (TXFI) is selected by
the multiplexer if TEST4 = 1. The Receive band-
pass Filter Output (RXFO) is provided at pin 25.
Finally the clock recovery can be observed when
TEST1 = 1. In this case the TEST3 input gives a
direct input to the clock recovery block.

Figure 1
data-transmission
ST7536 [ PLI  —— S PLI (o ST7536
POWERLINE
it
|
Controller controller
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Figure 2 : Block Diagram
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Il - ST7536 PIN DESCRIPTION

The pin decription is not given in numerical order,
but the pins are described in relation with their
function and consequently sometimes with other
pins.

- power supply input

- channel selection

- crystal oscillator input

- AFCF stabilisation

- automatic level control input

- data input and output

- test inputs

- IFO/DEMI output/input

- transmit output and receive input

- Rx/Tx control input

- reset input

lil.1 - Power Supply Input
- pin 8 (DGND) : Digital ground (0V)

- pin 9 (DVpp) : Digital positive supply
voltage (+5V)

- pin 18 (DVss) : Digital negative supply
voltage (-5V)

- pin 21 (AVss) : Analog negative supply
voltage (-5V)

- pin 22 (AGND) : Analog ground (0V)

- pin 23 (AVpp) : Analog positive supply
voltage (+5V)

Internally the ST7536 has separated power sup-
plies: the digital and analog circuits are separated.
Externally the power supplies should be connected
together. For decoupling, both the positive and
negative supplies are decoupled with 2 capacitors.
C6 and C7 decouple the positive, C8 and C9 the
negative supplies. For proper operation the digital
positive supply voltage should be decoupled with a
capacitor (C10) mounted close to pin 9. C6,C8 and
C10 are 100nF/16V ceramic capacitors, C7 and C9
10uF/16V tantal capacitors (see Figure 3).

3/52
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Figure 3
AVDD (23) —*T T e M 4S5 Volt
DVDD (9) {1 l
L cé - C7
C10  yo0nF == 10uF
Iwom: ‘
DGND (8) - ] ‘
] 0 Volt
AGND (22) ———— e
cs *L o
100nF = 10uF
AVSS (21) | 1 |
DVSS (18) A -5 Volt

1I1.2 - Channel Selection

- pin 15 (CHS) : Channel selection input
- pin 16 (BRS) : Baudrate selection input

Both inputs are digital inputs (0/+5V). The ST7536
operates with two bitrates: 600 and 1200 baud.
These bitrates are selected with pin 16 (BRS). For
both bitrates the ST7536 offers two channels,
which are selected with pin 15 (CHS).

Alogical "0" is represented by 0V, a "1" by +5V. R1
and R2 are pull-down resistors, creating a logical
"0". Closing a switch gives a "1". The selection is
made according to table |.

Figure 4
CHS BRS
(15)  (16)
ST -
R1 = < R2
100kQ > == 100k
channel baudrate
+5V
L — -

1IL.3 - Crystal Oscillator Input

- pin 13 (XTAL2) : Crystal oscillator output

- pin 14 (XTAL1) : Crystal oscillator input

The internal crystal oscillator of the ST7536 needs
an external crystal. This one should be a
11.0592MHz crystal. Two capacitors (C1 and C2)
have to be added for proper operation. They are
typically 22pF/10V ceramic capacitors.

4/52
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Itis also possible to connect directly a clock signal
to the oscillator input, in this case the crystal and
the capacitors should be removed. On the applica-
tion board this option is not used. The ST7536 clock
signal is the time reference of the system.

Figure 5
0SCOUT OSCIN
4) (3)
—
Cl i 11.0592MHz Cc2
22pF T ™ 22pF

lll.4 - AFCF Stabilisation

- pin 17 (AFCF) : Automatic frequency control
output

In the ST7536 an automatic control section adjusts

the central frequency of the receive and transmit

band-pass filters. The stability of this section has to

be ensured with an external RC network.

Figure 6

470nF

LC4
47nF

1.5kQ
<
—

lll.5 - Automatic Level Control Input

- pin 27 (ALCI) : Automatic level control input

The output stage of the transmit path consists of
an automatic level control (ALC). It offers the pos-
sibility to keep the output voltage of the power
amplifier independent of variations of the powerline
network. The impedance of these networks can be
anywhere in the range of 5 - 100€2. If the impedance
of the powerline changes, the output of the ampli-
fier will change. With the ALC input it is possible to
correct these output variations. To control the out-
put of the powerline interface a feed-back signal is




needed. This signal is sent through an amplifier.
The automatic level control can decrease the maxi-
mum transmit output in 32 steps of 0.84dB. The
gain range is 0dB — -26dB. A peak detection is
done on the signal presented on the ALClnput and
the ALC compares it to two reference voltages, VT1
(1.87V) and VT2 (2.12V).

If max. VALCI < VT1 the next gain is increased by
0.84dB.

IfVT1 < max. VALCI < VT2 there is no gain change.
If VT2 < max. VALCI the next gain is decreased by
0.84dB.
The gain of the feed-back amplifier is such that the
feed-back signal peak voltage falls between Vr1
and Vro.

Example:
The wanted interface output voltage is
0.5V(peak).
For a 0.5V output peak voltage
V 0.5
_ out peak 29 _
“TVmeVe | 2 4 (12dB).
2

Then the feed-back amplifier should have a gain of
4x (= +12dB). The ST7536 starts up. VALCI =

(VALCI < VT1). The ATO output is increased with a
gain of +0.84dB. On a certain moment the output
voltage over the powerline will become 0.5
Vineak). This signal is amplified to 2.0 \Ilnnal(\

ViPTAR). 1o sighidi is anipintu Woc.v vipoan
Then the ALC stops increasing the ATO output
which will remain at its actual level. If the line
impedance increases, the power amplifier of the
interface might deliver more output voltage. If the
output voltage of this amplifier increases, the ALCI
voltage will be higher than VT2. The ALC will then
immediately decrease the ATO output. And so the
output of the interface can be made independent
of impedance variations of the powerline.

Of course this will operate only if the power ampli-

ST7536 APPLICATION NOTE

fier in the interface is able to drive all the imped-
ances at the required output voltage. Let’s say the
impedance of the line becomes 0.1Q. The ALC will
increase the output of the ATO. But if the power
amplifier is not able to drive such low impedances,
the only result will be an output signal with a large
distortion. Therefore on the application board the
ALClInput is set at OV with a resistor (R4). The ATO
will be always at maximum output (1.25 Vrms). The
powerline interface has been designed to drive all
impedances from 0.5 - 100 with this input. To be
able to do some experiments with the ALC, a
resistor is used to set the ALCI at OV. It gives the
possibility to inject a signal on the ALCI. This would
not have been possible if on the printed circuit
board a short circuit to ground had been made (see
Figure 7)

I11.6 - Data Input and Output

- pin 5 (RxD) Synchronous receive data
output

- pin 6 (CLR/T) Receive and transmit clock

- pin 7 (RxDEM) : Demodulated data output

-pin 12 (TxD) : Transmit data input

The ST7536 is a synchronous modem; data input
and output are related to the clock (CLR/T). In
transmit mode the ST7536 generates this clock
emnnl The transmit data are samnlpd on the nnql-
txve edge of CLR/T. Therefore the TxD should be
valid at that moment. In receive mode the demodu-
lated (receive) data is available at pin 7 (RxDEM).
A clock recovery circuit extracts the clock signal
from the demodulated data and delivers synchro-
nous data (RxD) on the positive edge of CLR/T.

On the application board the RxDEM data output
is not used. All the data signals from and to the
ST7536 (RxD, TxD) are related to the clock
(CLR/T) (see Figure 8).

Figure 7
|
| power next gain decreased by 0.839 dB
| _amplifier t v 2ty
ATO (28) 1’ “ /,7> —T e no gain change Max. (Valcl)
oL ;\ R powerline l»—— VT1 01.87V
1 s =
ALCI 27) \ i LW__*, next gain increased by 0.839 dB
‘ ;ﬁ R 4‘““J feed-back
= 100k amplifier
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Figure 8

]

CLR/T

data data
valid valid

data data timing
valid valid

bit bit

bit bit

bit bit RXD

bit bit XD

IIL.7 - Test Inputs

- pin 3 (TEST4) : Testinput, witha"1" on this pin
the multiplexer selects the
transmit band-pass filter input
(TXFI).

: Test input which gives a direct
acces to the clock recovery
circuit.This input is selected
when TEST1 ="1".

-pin 10 (TEST1) : Test input, a "1" on this pin
cancels the automatic
switching from transmit to
receive mode, and validates
the TEST3 input to the clock
recovery circuit.

-pin 11 (TEST2) : Test input, a "1" on this pin
reduces the automatic
switching time (from transmit
to receive mode) to 1.48
msec.

On the application board TEST 2/3/4 are not used,

and pin 3, 4, and 11 are therefore set at 0V. With a

switch TEST1 can be set at "0" or "1". See also the

Rx/Tx control input.

- pin 4 (TEST3)

1.8 - IFO/DEMI Output / Input

- pin 19 (IFO) Intermediate frequency filter
output
- pin 20 (DEMI) FSK demodulator input

The connection between the intermediate fre-
quency filter output and the FSK demodulator input
should be made externally with a capacitor (C5,
1uF/10V).

lIL.9 - Transmit Output and Receive Input

- pin 24 (RAI) Receive analog input

6/52
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- pin 28 (ATO) : Analog transmit output

Pin 24 is the receive input of the ST7536. The
receive output of the powerline interface should be
connected to this pin. The maximum input voltage
is 2VRms. The receive sensitivity of the ST7536 is
2mVewms f on channel 1 and 2 (600 baud), and
3mVRgwms on channel 3 and 4 (1200 baud).

Pin 28 is the transmit output of the ST7536. The
transmit input of the powerline interface should be
connected to this pin. The ATO output is regulated
by the ALCI circuit. The maximum output voltage is
3.5Vpp. The second harmonic distortion is about
-53dB.

1110 - Rx/Tx Control Input

-pin 1 (Rxfﬂ) : Receive or transmit mode
selection input

The ST7536 is a half duplex modem and has
therefore two operation modes: receive and trans-
mit. This mode selection is done with the Rx/Tx
input. The transmit mode is selected when Rx/Tx
is "0". If Rx/Tx is held at "0" longer than 3 seconds,
the ST7536 switches back to receive mode. To set
the ST7536 again in transmit mode, Rx/Tx should
be held at "1" for a minimum of 3 microseconds
before being set to "0".

The carrier activation time is 1 msec.

To be able to observe the transmit output of the
ST7536 on the power line interface fora longer time
than 3 seconds it is possible to use the test 1 Input.
If this input is set at "1" the automatic switching is
disactivated.

Then it is possible to transmit a signal but not to
receive.




Il.11 - Reset Input

- pin 2 (RESET) : logic reset and power-down
input

When this input is set at "0" the ST7536 is in

power-down mode. All the internal logic is then

reset. For normal operation this input should be set

at"1". On the application board this input is control-

led by the micro-controller.

IV - POWERLINE INTERFACE

The power line interface (PLI) connects the
ST7536 to the powerlines.The following PLI has
been designed according to the ENEL (italian elec-
tricity distributor) specifications : (This PLI is suit-
able to CENELEC european specification and the
FCC USA spec) (see Figure 9)

transmit output :

R powerline > 50 — 1-2 VRMs

R powerline < 5Q — 200-400mARMS
Second Harmonic Distortion « 72dB

for R powerline = 18€2

receive sensitivity : 1.5mVams

in transmit mode the powerline interface amplifies
and filters the transmit signal (ATO) from the

__ST7536 APPLICATION NOTE

ST7536. The maximum output current that can be
taken from ATO is TmA. Therefore a buffer is used
to protect the ST7536 and in order to drive the next
stages in the powerline interface. The Second Har-
monic Distortion (HD2) of the transmit signal from
the ST7536 is -53dB. To suppress the harmonics a
low pass filter (LPF) is used. The filtered signal is
then sent to a power amplifier, which must drive
powerlines with impedances from 1 to 1002 via the
transformer. The transformer is not only used to put
signals on the powerlines. It's also used as a band
pass filter, in order to suppress the second har-
monic of the transmit signal to a level of less than
-72dB.

In receive mode the transformer extracts the signal
from the powerline. Before sending it to the receive
input (RAI) of the ST7536, itis amplified with a level
of 34dB in the preamplifier.

The buffer and power amplifier are switched off in
receive mode,in order to avoid the low output im-
pedance of the power amplifier attenuating the
received signals.

IV.1 - Buffer and Low Pass Filter

These two functions are build up around UA1 (see
Figure 10).

Figure 9
Powerl ine Interface
buffer LPF power amplifier
ATOST7536 | | ‘ :
q° Powerline
RX/TX T transformer
RAI ST7536
preamplifier
Figure 10
c7
LA AN, )
R5 R7
tr:l:'\;r&it 1 PUSH I c9
ST7536 j> AUV PULL : I F*”
i UA1 R6 AMPLIFIER
to transformer
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A feed back from the output of the power amplifier
to the operational amplifier is done with R7/C7. This
gives a low pass function and therefore the possi-
bility to create a low pass filter. The ST7536 oper-
ates on 4 channels : 67, 72, 82 and 86kHz. With
R7 and C7 the cut off frequency of this filter is set.If
this frequency is set at 75kHz, the difference be-
tween 75kHz and 150kHz (second harmonic) sig-
nals is only 3dB,because such a filter has already
an attenuation of 3dB at the cutoff frequency (see
figures below).

Figure 11
75kHz
150kHz
- 3dB
Figure 12
24kHz
\ 75kHz
\ 150kHz
-6dBI :\

To ensure an attenuation of 6dB of the second
harmonic, the cut off frequency has been set at
24kHz.

With R7 = 10kQ
f=1/(6.28*R7*C7) =
C7 = 680pF
The ratio R7/R5 provides sufficient amplification on
the transmit frequency, to drive the power amplifier
at optimum performances.The frequency differ-
ences of the four channels result in a different
output of the low pass filter. Therefore the ratio of
R7/R5 is not the same for all the four channels

24kHz

Channel | R7(Q) R5(2) | ATO(Vpp) |
1 [ 10k 1500 | 33
2 | ok e0 | 36
3 10k 1800 35
4 l 10k 1500 32

The connectlon of the operahonal amphfler to the
power amplifier is done with R6. This resistor is
added to avoid oscillation. Without this resistor
stable operation cannot be guaranteed. The value
of Ré is determinated with experiments to be 330¢2.

8/52
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An other function of R6 is to increase the load
impedance seen by the operational ampilifier. The
impedance is R6 plus the input impedance of the
power amplifier. If this impedance is to low the
operational amplifier will not be able to drive the
power amplifier in optimum performances. The
maximum voltage swing will decrease and the
second harmonic distortion will increase. Different
operational amplifiers have been tested. The
TLO71C gives the best performances.

V.2 - Power Amplifier

The power amplifier increases the output signal of
the operational amplifier and low pass filter (UAT).

Figure 13

Voo . 1 +
t -
;

.
L
ol

R10

INPUT { ] outpur

R9 !

Vss

The input impedance is increased because it's
multiplied by the Beta of T5/6, which are no longer
used as diodes. Therefore R8 and R9 could be
decreased, to deliver more current to T7/T8. The
optimum performances of the amplifier were ob-
tained with a value of 820¢2 for R8 and R9. An other
solution to deliver more current to the output tran-
sistors is the addition of C8. It will decrease the
input impedance, but also deliver extra current to
T7 by T6, and to T8 by T5. Other transistors have
been used also a BD237 for T6/T7, a BD238 for
T5/T8. These transistors can deliver more output
power, and are not much expensive than the
2N2222/2N2907. Furthermore, the collectors are
connected to the (metal) package. This gives the
possibility for a mechanical connection of T5/T8
and T6/T7. This will result in the same temperature
in both transistors, what will avoid thermal runaway.
To decouple the power supplies C3/C5 (22uF/16V)
and C4/C6 (100nF/16V) are used, mounted close
to T7 and T8.

Using this configuration, it is possible to provide
1 — 2 VRms in powerlines with impedances from
5 — 100Q.
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IV.3 - Transformer

A transformer is used to connect the power ampli-

fier and the preamplifier to the powerline.This

transformer has to :

- separate the rest of the interface from the power-
line

- put the transmit signal on the powerline

- extract the received signal from the powerline

- filter the 50/60Hz signal coming from the power-
line

- filter the second harmonic of the transmit signal.

The transformer is a TOKO T1002N,which has two

primary windings and one secondary winding. The

ratios of the windings are 4:1:1 (turns) (see also the

Figure 14). Typical values of the transformer are:

L1t windings : 9.4 nH

L4t winding : 140 uH

The primary windings of the transformer are used

to create a bandpass filter. The resonance fre-

quency is set at the transmit frequency with

C10/C11. These capacitors are in parallel with the

primary windings (1t/4t). The equivalent value for

those two windings can be calculated according to:

Leq=L1t+ L4t +2M
M=k- VLt L4t k= 1
;2

4 pH * 140 pH) °8
316 pH) %5 = 36.3 uH
Leq =L1t+L4t+2-(L1t-L4t)0S

=9.4uH + 140pH + 2 - 25.6uH = 200uH
The resonance frequency of this LC network is
dependent of Ceq = Cp = C10/C11 and Leq ac-
cording to:

(16)

1

fres:——"’_'
21 % NLeq - Cp

a7

1 2
CP: 2n 'fres (18)

Leq

As this filter is very sharp, there are different values
for Cp on each (transmit) frequency.

channel 1: f=82kHz — Cp=18nF =10nF // 6.8nF
channel 2 : f =67kHz —»Cp= 28nF = 22nF // 6.8nF
channel 3 : f=72kHz —»

Cp = 24nF (only 1 capacitor)
channel 4 : f=86kHz -Cp =17nF = 10nF // 5.6nF

On channel 3 only 1 capacitor is needed and
therefore C11 doesn'’t exist. On a printed circuit
board the capacitors should be mounted close to
the transformer. In order to get the best filter per-
formances.The capacitors (C10/C11) have to be
linear, such as the KS (styroflex) types.

C12 is used to filter the 50/60Hz signal from the
powerline. The capacitor filters low frequencies
50/60Hz and lets the high (transmit) frequencies
pass. The capacitor is a class X2 capacitor. These
capacitors have a short circuit protection, which is
absolutely necessary,because in case of a short
circuit in the capacitor, the 50/60Hz filtering is lost,
and the powerline interface will be destroyed, or
might be dangerous for persons working with the
interface and the ST7536.

As a final protection against any possible spikes, a

transil (TRL1) is used. It is a 6.8V bipolar type. If a
voltage 6.8V appears, the transil will act as a short
circuit to ground, protecting the other parts of the
powerline interface from damage.

R12 is added to discharge C12 after disconnecting
the interface from the powerline. Without this resis-
tor, C12 will not be discharged and shock hazard
might occur if someone touches the powerline
connector. This resistor is only usefull in evaluation
systems. In all other cases when disconnecting
from the powerline never takes place R12 can be
removed.

Figure 14
TRANSFORMER
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V.4 - Preamplifier

Receive signals on the powerline are extracted by
the transformer and (pre)amplified before sending
them to the Receive Analog Input (RAIl) of the
ST7536. This is done to have, according to the
specifications, a receive sensitivity of 1.5mVgums.
The sensitivity of the ST7536 is 2mVgrws for chan-
nel 1 & 2, and 3mVpms for channel 3 & 4. To
increase the sensitivity the received signal is fil-
tered in the transformer, and then amplified with a
gain of 40dB. Alimiter is used to protect the ST7536
against signals > 2Vpwus.

Figure 15
R15
ST7536 .
R | ]

AR -
"L" 1 \J" from

Rin | i | ‘ R13 UA2 ; transformer
T r ‘

In receive mode the power amplifier is virtually
disconnected from the power supply, in order to
avoid its low output impedance attenuating the
received signals. Signals that are extracted from
the powerline are filtered in the transformer, in the
same way that the transmitted signals.
Afterfiltering, the signals are amplified. This is done
with UA2, an inverting amplifier. The gain of this
amplifier is set with R15 and R16.

gain = R15/R16 = 100k / 1k = 100 x = +40dB
The maximum input level at the RAI is
2VRwms.Therefore the signals coming from the pre-

7536-21 EPS.

amplifier have to be limited to avoid transmodula-
tion to the ST7536. Amplifier UA2 operates with a
power supply of -5V and +5V. The maximum output
voltage of the amplifier is then + 4V. With R13 and
R14 a simple limiter has been created. The output
voltage of this limiter is the voltage over R13. The
input resistance of the RAI (Rin) is 100kQ.

The gain of the limiter

=(RnV/R13)/(Rin/R13 + R14)

= (100k//47k ) / ( 100k//47K + 47K )
=0.4x(=-8dB)

With a maximum output of the amplifier of 4V, the
maximum output of the limiter is set at 0.4 x 4V
= 1.6V. Strong input signals are clamped by UA2,
but tests showed that this clamping has no effect
on correct demodulation.

The total gain of the preamplifier is: +40dB + -8dB
= +32dB providing the required receive sensitivity
of 1.5mVgwms.

IV.5 - Power on/off Switch

The powerline interface has two operation modes:
transmit and receive. Normally the ST7536 system
(and therefore the interface) is in received mode,
waiting for commands or data requests from the
master system.The interface will be used in trans-
mit mode ,only when the system has to respond to
the master,

To save energy costs, the buffer and power ampli-
fier in the transmit path are switched off. Also if the
interface is used in a master system, which will be
often in transmit mode, this switching can be use-
full.

A second reason to switch off the transmit power
amplifier is the fact that its low output impedance
will attenuate the incoming signals in receive mode.
Therefore the power amplifier is virtually discon-
nected from the power supply (see Figure 16).

Figure 16
+5v | M\ T4
..'L.c1 R2 T p-— } Buffer (UA1)
Vi% T | ! Voo \ Power Amplifier
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s TN
R1 ) .
RuTx ";j{\ﬂ L 1% |
P Pl
i‘ "L’ Lr: Vss
. wmC2 ,7"\ 1
V| e — T3

32




ST7536 APPLICATION NOTE

Switching the positive (Vpp) and the negative (Vss)
input voltage is done with T3 & T4. If these transis-
tors are switched off the high resistance of the
collectors will provide the virtual disconnection. In
transmit mode these transistors are switched on,
and the voltage lost over the transistors (Vce) will
be 0.2V.

The Control of the switch is done with a Rx/Tx
control line from the controller. In transmit mode
this line is +5V, in receive mode 0V. The +5V will
open T1, which delivers the base current for T2 and
T4. T3 is switched by T2.

In transmit mode the buffer and power amplifier will
operate with HF-signals (the transmit signals have
frequencies 67...86kHz). Therefore the input (+ 5V)
of the switching transistors has to be decoupled.
This is done with C1 and C2, which have both a
value of 100nF.

R1 is 47k, to create a high input impedance. R2,
R3 and R4 are 270Q. T1 and T3 are a 2N2222, T2
and T4 the equivalent pnp version; a 2N2907.
These transistors can deliver a maximum current
of 0.8A, more than enough for the buffer and power
amplifier.

IV.6 - Building-up the Powerline Interface

The whole described parts make a complete pow-
erline interface. The interface has to be connected
to the ST7536 as described before.

Because the interface is supposed to operate with
the ST7536, the input and output names corre-
spond to the related pin names of the ST7536. for

instance: the ATO pin of the ST7536 should be
connected to the ATO pin of the powerline interface.

The ATO and RAl are the analog output and input
from/to the ST7536. The Rx/Tx control input is
connected to the controller. The controller switches
the interface from transmit mode to receive mode
and vice versa. The +/-5 Volt inputs are connected
to the power supply connections of the application
board. These inputs are HF-decoupled on the
board. See also the schematic of the ST7536. If the
interface has to operate separated from the appli-
cation board, using an external power supply, the
+ 5V inputs should be decoupled with four capaci-
tors (see Figure 17)

The operation mode of the interface is set with the
Rx/Tx input line. A high input (+5V) on this line
selects the transmit mode, a low input (OV) selects
the receive mode. A micro-controller has to be used
to control this input.

The 'power line’ outputs are the powerline connec-
tions. On the application board these connections
are located close to C12 and the transformer, to
avoid long tracks carrying high voltage.

IV.7 - Performances of the Powerline Interface

The following tests have been done on the power-
line interface :

- power consumption

- transmit output

- receive sensitivity

All the tests are done with the powerline interface
connected to the ST7536.

Figure 17
10uF  100nF
+5V B 1,5V
== —
- = pwr line -
oo o POWERLINE POWERLINE
— INTERFACE  ,wrine |-—m
L L
—
-5V FL : -5V
104F  100nF FI' ‘IO RX 1 X
RECEIVE TRANSMIT  MODE
OUTPUT INPUT  SELECTION
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IV.7.1 - Power consumption
The power consumption is measured both in trans-
mit and receive mode.
In both modes the powerline has been simulated
with a 5Q resistor (worse case simulation). In trans-
mit mode the data input (TxD) was a logical 0 (OV).
The results remained the same for the four chan-
nels.
The current consumption :
The input voltage : - 5.00V, + 5.00V

transmit mode : - 150mARgwms, + 180mARMs

receive mode : - TmARMs, + TMARMS

The power consumption :

transmit mode : -5V x -150mA + +5V x +180mA
0.75W + 0.9W = 1.65W

-5V x -1mA + +5V x +1mA
0.005W + 0.005W = 0.01W
(= 10mW)

In transmit mode the powerline interface delivered
0.340 W into a 5Q load. With an input of 1.65 W the
efficiency is 20%. This does not imply a waste of
energy. A ST7536 system is almost allways in
receive mode, and the lost of energy is conse-
quently limited.

In receive mode the buffer and the power amplifier
are switched off. Power is only consumed by the
preamplifier. This explanes the low power con-
sumption in receive mode.

Test equipment : Keithley 165 Multimeter

Test conditions : T = +25°C

receive mode :

IV.7.2 - Transmit output

The transmit output of the powerline interface is
measured with the powerline simulated by resis-
tors.

The interface is tested on the four channels. On
each channel the ST7536 uses two signals : one
for TxD = 1 (lower freq.) and one or TxD = 0 (higher
freq.) Therefore the output on each channel is
measured for TxD = 1 and TxD = 0. This makes 4
(channels) x 2 (TxD 0/1) = 8 signals to test.

The powerline is simulated with resistors. Six dif-
ferent impedances are tested : R = 0.5, 1, 5, 10,
50, 100Q.

A spectrum analyzer is used to test the output of
the powerline interface It measures the output
power and generates a frequency spectrum plot.
With this plot the harmonic distortion can be calcu-
lated (see Figure 18)

Test results. ( see ANNEXE B)
With the spectrum analyzer the output power on
the transmit frequency (H1) is measured. Then the
power of the harmonics is measured. The differ-
ence between those two signals is the harmonic
distortion.
Example : TxD = CHS =BRS =0

(channel 1, txd = 0 — 81.75kHz.)

R powerline = 5Q.

H1 : f= 81.75kHz, measured power = +15.2dBm.
H2 : f = 163.5kHz, measured power = -58.8dBm.
The difference between H1 and H2 is + 15.2dB -
-58.8dB = 74dB.

The second harmonic of the signal is in this case
suppressed to a level of -74dB (compared to H1).
The measured output power of H1 = +15.2dBm.
Then the output voltage can be calculated.

0 dBm is 1TmW power into a resistor of 50Q. So
+15.2 dBm is 33mW power into a resistor of 50€2.
Vout(rms) is therefore (33mW * 50Q)10.5. In this
case the output voltage is 1.29VRwms.

Figure 18
Power
Line
AT M
stsss | ATO| POWERLNE | [ | speCTRUN
INTERrALE | ANALYZEN
.‘ ’ ’ BRS CHS
CHS BRS TXD Channel 1 0 0
Channel 2 0 1
R : 0.5/1/5/10/50/1002 Channel 3 1 0
TXD:"0"/"1" (OV/+5V) Channel 4 1 1
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The output current is also calculated :

lout(rms) = Vout(rms) / R.

For example; the output voltage with R powerline
= 0.5Q is 0.18VRrms. Then the output current is
360mARMS.

Channel 1 : 82kHz

Output | Output H2 H2
Rline (2) | (Vrms) (Vrms) (dB) (dB)
TxD=1 | TxD=0 | TxD=1 | TxD=0
| 05 0.18 0.18 -51 -54
1 0.31 0.31 -51 -55
5 1.29 129 74 -76
10 1.70 1.68 77 81
50 206 | 202 74 77
100 2.09 2.06 74 76
Channel 2 : 67kHz
Rline Output | Output H2 H2
@ | )| S8 | oo | mpre
0.5 0.16 0.16 -67 -68
R 0.28 0.28 -68 -68
| 5 1.21 1.20 -75 75
10 1.70 1.65 -78 -75
50 2.16 2.11 -83 75
100 | 221 2.16 -84 75
Channel 3 : 72kHz
" Output | Output H2 H2
| s | e |0 |0
05 | 0.16 0.16 -65 -67
1 0.28 0.28 -66 -67
5 | 117 1.16 -73 76
10 1.62 1.56 -75 -79
50 2.02 1.95 74 -75
100 2.06 2.00 73 -75
Channel 4 : 86kHz
. Output | Output H2 H2
iy T(Vnzf) (Vows) | _(@B) | _(@8)
o xD=1 | TxD=0 | TxD=1 | TxD=0
0.5 0.17 0.17 -56 -52
B 0.29 0.30 -60 -57
| 5 1.21 1.18 77 77
10 1.55 1.53 -82 -82
50 1.86 1.80 -82 -78
100 1.88 1.84 -80 -78

‘ SGS-THOMSON
Y/, MICRoELECTRONIGS

Summary of the test results :

R < 5Q 310-360mARMs
R >5Q 1.3-2.1vRMs
R 10/50Q H2 < -74dB
Channel 2 :

R < 5Q 280-320 mARMS
R>5Q 1.2-2.2 VRMs
R 10/50€2 H2 < -75dB
Channel 3 :

R < 5Q 280-320mARMS
R > 5Q 1.2 - 2.0VRms
R 10/50Q2 H2 < -74dB
Channel 3 :

R < 5Q 290-340mARMS
R >5Q 1.2 - 1.9VRMs
R 10/50Q H2 < -78dB

With impedances < 5Q the output current is for all
the four channels in the range 280-360mARMs.

The output voltage on impedances > 5¢2 is both on
channel 3 and 4 in the range 1.2 - 2.0VRms. On
channel 1 and 2 it's in the range 1.2 - 2.2VRwms.

On all the channels the second harmonic of the
signals is < -74dB, on channel 4 the second har-
monic is even < -78dB.

IV.7.3 - Receive sensitivity

The receive sensitivity of the powerline interface is
measured with a Bit Error Rate (B.E.R.) test. The
Bit Error Rate is the amount of wrong bits in a
received bit pattern. For example, if 2 out of 1000
received bits is wrong detected, the B.E.R. is
2/1000 = 2 E-3. If the B.E.R. with an input of
1mVgwums is worse than with an input of 5mVRgwus, the
receive sensitivity is not ImVerms but SmVeums (or
more).

Test configuration
In this test two ST7536 boards are used. Each
board has a ST7536 + powerline interface.

One board is in transmit mode, the other in receive
mode. ABit Error Rate Analyzer is used to generate
bit patterns, and to compare these patterns with the
receive patterns. Because the ST7536 is a syn-
chronous modem, both the received data (RxD)
and transmitted data (TxD) are related to the clock
signal generated by the ST7536. Therefore the
clock signals of the boards are delivered to the
analyzer (see Figure 19).

13/52
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Figure 19
Bit Error Rate - ANALYZER
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SPECTRUM
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The output of the transmitting board is a Frequency
Shift Keying (FSK) signal. This signal is added with
the signal from a noise generator. This to observe
the B.E.R. under different Signal/Noise-ratio condi-
tions. In the adder the FSK signal is attenuated to
a level of 0.5 - 5mVRms. The output signal is then
send to the receiving board.

A spectrum analyzer is used to measure all the
signals.

Two tests are done on channel 3

(72kHz/1200 baud).

First B.E.R. test is made with a FSK input of
1mVRums ( = -60dBV). With the noise level set at
-68....-74dBV. This gives a S/N ratio from 8....14dB.

A second test is done with a FSK input of 5mVems
(=-46dBV). With the noise level set at-54...-60dBV.
These values are set by adjusting the mixer, and
measured with the spectrum analyzer.

The spectrum analyzer measurements are made
in a spectrum of 1200Hz. This is done because the
FSK signal has two main frequencies on 1200 Hz
distance from each other. The noise signal is there-
fore measured in this band. In annexe B example
plot are given from all the tests, with a S/N ratio of
10dB.

The B.E.R. is calculated from the number of errors
counted by the B.E.R. analyzer.

Example :

Forinstance the bit rate is 1200 baud. In 10 minutes
the analyzer counted 800 errors. The measure time

14/52

36

is then 10 x 60 seconds is 600 seconds. Each
second 1200 bits are transfered, so in 600 seconds
720000 bits. Then the bit error rate is 800/720000
=1.1E-3.

— B.E.R. = number of errors / (time in seconds x
bit rate)

Test resul XE A

The results of the B.E.R. test are almost the same
for both 1mVrms and 5mVrms (FSK signal level)
input. Compared to B.E.R. test results of a stand
alone ST7536, the results are even 1dB (S/N ratio)
better.

These results demonstrate that the receive sensi-
tivity is at least 1mVRrms, and therefore the other
channels are tested with an input of 1mVRums.

Channel 1, 2 and 4 are tested with a FSK signal
input of ImVams. On those channels the results are
also compared to B.E.R. test results of a stand
alone ST7536. On channel 2 there is no difference
between the B.E.R. of a stand alone ST7536 and
a ST7536 + powerline interface. On channel 1 and
4 the B.E.R. is 0.5dB better than a stand alone

oT=man

ST7536.
Typical B.E.R. : (input FSK 1mV)

S/N | Channel | Channel | Channel | Channel
(dB) 1 2 3 4
8 1.2E-2 1.2E-2 2.0E-2 1.0E-2
10 2.0E-3 2.0E-3 4.5E-3 1.2E-3
12 1.0E-4 1.0E-4 4.5E-4 1.0E-4
14 4.0E-6 4.0E-6 4.5E-5 3.0E-6 |
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IV.7.4 - Conclusions

The B.E.R. tests confirm a receive sensitivity of
1mVgums. This is according to the specifications
under which the powerline interface has to operate.
Moreover, the B.E.R. tests showed that the power-
line interface improved the performances of the
ST7536 ; the results of a ST7536 in combination
with the powerline interface are better than a stand
alone ST7536.

Remark :

To test if these results are not only valid for a
laboratory set up, both boards have been con-
nected to the 220V powerline network. The dis-
tance between the two boards was 30 meter. After
a measure period of 15 minutes, not even 1 error
was detected !

Test equipment : (see Figure 20)
Shlumberger Si 7703B B.E.R. analyzer
HP3562A Spectrum analyzer

Rohde & Schwarz SUF2 Noise generator
Mixer :

V - HEATING CONTROL APPLICATION

V.1 - Introduction

We will do a heating control system, using the

ST7536 and a ST6 micro controller.

We have two boards (see Figure 21) :

- MASTER : control and set temperature in each
room

- SLAVE : temperature reading,switch on/off of
heater.

Figure 20
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V.2 - Micro-controllers

Two different micro-controllers have been set up,
one for the slave systems, and one for the master
system. The main differences between the two
controllers are the different input/output facilities.
The slave version needs one 8-bit data input to
initialize its own address, and one 8-bit input to read
data from an external measure system. It should
also provide an output that switches a load. This
load will be simulated by a LED.

Figure 22 : Slave Micro-controller

8-bit
ADDRESS |1__M A r
INPUT ’*) ST7536
ST6
DATA - et
INPUT — F——— | LOAD

The master version will have its own address initial-
ized in the software. Therefore no data input is
needed for that. Data input (8-bit) is needed to read
the destination (slave) address. To display data, an
8-bit data output has to be provided. Furthermore,
it needs a 2-bit command input.

Figure 23 : Master Micro-controller

8-bit
ADDRESS N
INPUT L) ST7536
ST6

8-bit

DATA (-

INPUT

2-bit

COMMAND

Both the master and the slave version need also
data exchange with the ST7536; the clock, transmit
data, receive data, reset and Rx/Tx control lines.

V.3 - Hardware

As a micro-controller the ST6 has been chosen.
This controller provides 20 data input/output pins,
a reset and a non maskable interrupt input. Only a
few external components have to be added to this
micro-controller for full operation. The used ST6 is
a 2K byte program memory EPROM version; the
ST62E15. The ST6 has an internal oscillator circuit.
One machine cycle takes 13 oscillator pulses. This
means that with a clock frequency of 8MHz a

16/52
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machine cycle takes 1.625us. Most of the instruc-
tions (load instructions, bit manipulations) take 4
machine cycles. The maximum bitrate the ST6 has
to serve is 1200 baud. One bit has a lenght of
833us, which is equal to 512 machine cycles. This
means that during each bit about 130 instructions
can be executed.

The ST6 has an on chip watchdog circuit. There
are two different versions of the ST62E15. On one
there is a software selectable watchdog, and on the
other (the hardware version) this watchdog is all-
ways activated. The version that is used for these
micro-controllers is the hardware version.

V.4 - Slave

This micro-controller is in fact just an ST6 with a
very few external components. A few switches,
resistors, capacitors, a crystal and a 74LS04 are
connected to have a complete controller. Each of
these components is used to set the ST6 in the
correct configuration.

Pin configuration slave controller

For each pin a short discription is given, such as
the configuration chosen for this micro-controller.
- pin 27..20 (PAOQ..PA7) : Input/output port A.
Port A of the ST6 is used for reading the (8-bit)
home address of the slave system. Switches are
used to set each bit. The ST6 provides an internal
pull-up resistor which will cause an "1". Closing a
switch (to OV) will cause a "0".

Figure 24
Y s16
SWITCH R=
<
e b PAX
[ PAXx

- pin 19..12 (PB0..PB7) : Input/output port B.
Port B of the ST6 is used to read (8-bit) data from
an external measure system. This system is
simulated by switches. The same as for port A,
the ST6 provides an internal pull-up resistor
which will cause an "1". Closing a switch (to 0V)
will cause a "0".

- pin9 (PC4): Port Cbit4.

This output is used as the Rx/Tx control. Transmit
mode of the ST7536 and the powerline interface
is selected if this output is "1". Receive mode is

7536-30.EPS
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selected with an "0".

- pin 8 (PC5) : Port C bit5.
This pin is used as the transmit data (TxD) output
to the ST7536.

Figure 25

pos uﬂ>ﬂ

Rx/Tx

Rx/Tx
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- pin 6 (PC7) : Port C bit7.
This pin is used as the receive data input (RxD)
from the ST7536.

- pin 7 (PC6) : Port C bit6.
This is the load switching output. The load is
simulated by a LED. Two inverters are used as a
buffer between the ST6 and the LED. Because
the ST6 outputs are in high impedance during a
reset, a pull down resistor (R3/2k2) is used to
avoid the load switching on.

Figure 26
741504
PC6 r~----{> »—b L
R4 = 5600
R3 <. 22k0 3
1 Dt <7 LED
= T4 4
g
- g

- pin 4 (OSCOUT) : Oscillator output.

- pin 3 (OSCIN) : Oscillator input.
Between these pins a 8.00MHz crystal has to be
connected. If the internal oscillator of the ST6
runs at 8MHz, one machine cycle is 1.625ps. This
speed is needed to be able to serve the 1200
baud bitrate from the ST7536.

Figure 27
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- pin 5 (NMI) : Non maskable interrupt.
The NMI is used as input of the (inverted) clock
of the ST7536. The NMI is falling edge sensitive.
An external pull-up resistor (R2/100k) is added to
provide +5V for debugging the controller without
the 74L.S04 (the inverter).

- pin 11 (RESET) : Reset input.
The reset of the ST6 is active low. To restart the
microcontroller at the beginning of its program,
this pin should be set to OV by closing the switch.
For normal operation the +5V is provided by a
pull-up resistor (R1/100k).

Figure 28
+5V
"
ST6 L
1 Z100kQ
RESETt—— — 8 RESET
/ RESET ST7536

1

- pin 2 (TIMER) : Timer output, not used.

- pin 10 (TEST) : Test input.
The test pin is used to set the ST6 in a special
operation mode. For normal operation this pin is
set at OV.

- pin 1 (Vpp) : Power supply, +5V.

- pin 28 (Vss) : Ground, OV.

V.5 - Master

The main difference between the master and the
slave version of the micro-controller is the fact that
the master needs one extra input/output pin. The
slave version has 1 output to control a load, where
the master needs 2 inputs to read a command.
Therefore one input/output (PC5) has been multi-
plexed, it serves both the RxD and TxD lines to the
ST7536.

Pin configuration master controller

The pin configuration of the master differs from the

slave on the next pins:

- pin 27..20 (PAO..PA7) : Port A.
The master uses port A to display data. Light
Emitting Diodes (LED’s) are used to do this. The
maximum current that can be taken from each pin
is 5SmA. Therefore the serial resistor has a value
of 1kQ (current = U/R = 5-0.6/1k = 4.4mA).
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Figure 29

R3
— A\ ———a PAT1
D1 T tke

LED f;L

- pin 19..12 (PB0..PB7) : Port B.
The hardware configuration of these pins is the
same as on the slave, but on the master these
pins are used to read a (destination) address.

pin 7/6 (PC6/7) : Port C bit6/bit7.

On the master these pins are used to read a
command (see also the software discription). The
hardware configuration is the same as for port B.
pin 9 (PC5) : Port C bit5.

The slave uses PC7 asreceived data input (RxD).
Because the master already uses this pin for
reading a command, PC5 has to be multiplexed.
This is done with an 74LS245. It is a (8-bit) bus
receiver/transceiver. The Rx/Tx line is used to
select whether the RxD should be send to PCS5,
or the data from PC5 to the TxD (that’s the
opposite direction).

Figure 30

12
PC5 m—— T TXD
i
1 9
— —® RXD
7415245
V.6 - Software

The software that has been developed for the
micro-controllers has to be regarded as an intro-
duction to more complex communication protocols.
Therefore a very simple but effective protocol has
been set up. With this protocol it should be possible
to evaluate the performances and possible appli-
cations of a ST7536 system.

V.7 - Protocol

The protocol has been set up in such a way that all
kind of features can be added easily. A simple but
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powerfull frame format is used. It gives the possi-
bility to use error correction and detection.

Each frame consists of a preamble, a system ad-
dress, a destination address, a control block and a
data block. The preamble and the system address
length is 2 bytes, the destination address, the
control block and the data block are 3 bytes long.

The preamble is used to train both the transmitting
and receiving ST7536. It consists of two 8-bit pat-
terns (10101010). The receiving ST7536 needs it
to train its clock recovering. Because the 3 first bits
transmitted by an ST7536 are not guaranteed to be
correct, the preamble is also used to overcome
unreliable data in the beginning of a transmission.
This because the preamble doesn’t contain data.

The system address is used to be able to have
more than one ST7536 system operating on a
certain powerline network. For example a remote
metering system and a traffic light control system.
It is also used to avoid interference with other (no
ST7536) systems. The lenght of the address is only
8 bits, and therefore it's send twice, to avoid un-
wanted activation of a group that has not been
called.

The lenght of the preamble and system address
together is 4 bytes (32 bits) (see Figure 31)

The preamble and the system address inside the
frame (see Figure 32).

The received destination address, control block
and data block should be very reliable, and there-
fore an error correction is done. To be able to do
this all these data is send 3 times. The destination
address has a lenght of 1 byte (8 bits), which is
send 3 times: in block 1, block 2, and block 3. This
is the same for the control byte and the data byte.
As an example the destination address inside the
frame (see Figure 33)

So all the blocks (block 1/2/3) contain the same
byte. The error correction uses them to extract the
correct byte out of the 3 that have been received.

The destination address is used to select 1 user
(slave) in a system group. All the slavesin a system
have their own’home’ address. To activate a slave,
it has to recognize the received destination address
inside a frame as its own ’home’ address.

In this simple protocol there is only communication
between a master and the slaves. Therefore the
destination address is transmitted by each slave is
the master address. In the frame which transmitted
by the master, the destination address is the home
address of the slave that is called.
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Figure 31
FRAME FORMAT
e I T "'\
e AN
//
/
(- | N |
|
| SYSTEM DESTINATION \
| PREAMBLE ADDRESS ADDRESS i CONTROL DATA 1
| ? | ! ]
2 bytes 2 bytes 3 bytes 3 bytes 3 bytes
- 13 bytes >
Figure 32
FRAME FORMAT
/ h N
. - \\~
I | SYSTEM | DESTINATION | T ]
PREAMPLE | o lres | i%(me&s CONTROL | DATA |
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| SYSTEM SYSTEM !
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{ PREAMPLE ‘\ PREAMPLE | ADDRESS ADD!IESS\
i Lo - i — S |
8BIT 8BIT 8BIT 8BIT
- 4BYTES — »>
Figure 33
FRAME FORMAT
/ - \\
i@,i - L
| SYsS DESTINATION
iz PREAMBLE ADBHESS ADDRESS CONTROL DATA
BLOCK 1 BLOCK 2 BLOCK 3
8BIT 8 BIT 8BIT
R ——  3BYTES >
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The control byte can be used for all kind of infor-
mation about the frame. In this protocol the control
block is only used to say if the frame is a command
or a response. This is done with bit 7. If this bit is
set it means that the data byte contains a command
(from the master to the slave), and the data byte
will contain the command. If this bit is reset it means
that the frame is a response (from the slave to the
master), and the data byte will contain the re-
quested data.

Control Byte Status Data Byte
10000000 command command
00000000 response requested data

In the control byte only bit 7 is used. Bit 0...6 are
reset. They can be used to add severall features to
the protocol.

Error detection and correction

A possible feature that can be added is error detec-
tion. In the protocol this feature is not available. This
because, to be really usefull, error detection would
require the possibility to send a message from the
receiver to the transmitter, indicating that an error
has been detected. It will need a more detailed
protocol, which uses the free bits in the control byte.
The intention of this protocol was to be very simple
and clear. Therefore the error detection is not pro-
vided.

Although there is no error detection, the protocol
provides an error correction. It would be very unre-
alistic to assume that all the bits in a received frame
are correct. Therefore the most important parts of
the frame (destination address, control byte and
data byte) are protected with an error correction.

The error correction is done with bit-overlay. This
is a very powerfull method to correct bytes that are
transmitted over very noise lines. Each byte is
transmitted (and received) 3 times. The software
uses the 3 received bytes to extract the (probably)
correct byte. This is done by performing a bitwise
majority decision on all the received blocks.

Even if all the 3 received blocks contain errors, it's
still possible to extract the correct byte out of these
blocks.

example :

The first received block contains 3 errors (b6/b4
and b1), the second block contains 2 errors (b7 and
b3) and the third block contains 3 errors (b5/b2 and
b0) (see Figure 34).

The error corrector will take bitwise a decision what
is probably the correct bit. If two out of three bits
are "1", the resulting bit willbe "1". If two out of three
bits are "0", the resulting bit will be "0".

This system can correct 1 error out of 3 bits. If more
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blocks are send, let’'s say 9, it would be possible to
correct 4 out of 9 bits. This is a very interesting
method to overcome problems on very noisy pow-
erlines.

Figure 34

ERROR CORRECTION

b7 6 5 4 3 2 1 0

00 1 01 0 1 1 tansmitedbyte
T I i I |

01 1. 1 1,0 0 1 receivedblock1

10 1/0l0 0 1 1

! received block 2

‘ received block 3

1 | 1  corrected byte

V.8 - Application software

The protocol has been designed to demonstrate
typical applications of the ST7536.

All the slaves have been programmed with one
program. With this program it is possible to set a
load (simulated by a LED) on or off. This load can
be for example (depending on the application) a
traffic light. With this program it’s also possible to
read data (simulated by 8 switches) from an exter-
nal measure system, and send this data to the
master if requested. The measure system, for ex-
ample, can be reading an electricity meter. Remote
reading these meters, can save the costs for man-
ual reading (such a system is allready operational
in ltaly). So there has been written 1 program for
the slaves, that can simulate different applica-
tions.

Each typical application should be programmed in
the master. It gives the possibilty to demonstrate
different applications without reprogramming all the
slaves.

One application program has been developed for
the master.It demonstrates the good functioning of
the system: a remote heater control. With this
application it's possible to control in a building in
each room the heater (which is equipped with an
ST7536). The LED on the slave simulates in this
case the heater. With the master each heater can
be set manual on or off, and even more, the master
can regulate automatically the heater, by reading
out the room temperature. This temperature is
simulated with the 8 switches on the slave. The
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master has 4 different commands:

1:(00) manual off 00000000 heater on
2:(01) manual on Temperature : 00001111
3:(10) not used 00010000
4:(11) automatic control — 11111111 heater off

V.8.1 - ST6 programs

The programs for both the master and the slave
have been written in assembly language. An as-
sembler is used to create the executable code. A
special ST6 kit is used to debug the programs. The
EPROMs are also programmed with this kit. The
program memory size of the ST62E15 is 2K byte.
The slave program is 1.6K byte, the application
program for the master 1.8K byte long.

Some subroutines are used in both the master and
the slave program, like the transmit/receive subrou-
tines and the error decoding.

In annexe C the slave program is given, and in
annexe D the application program for the master.
The register declaration file is given in annexe E.
From both programs the most important subrou-
tines are described on the next pages. The flow
charts that are used do not give a detailed repre-
sentation of the subroutines, but are used to ex-
plain the structure of the subroutine.

V.8.1.1 - Slave program
Figure 35

MAIN

T
|
LOAD WATCHDOG
CALL SET_UP
CALL RECEIVE
CALL DECODE

NO received destination
= home address ?
YES
NO ./ N\ received co

and
e

o 2\ feceived comman
’ = data request ?
YES

READ MEASURE DATA
CALL TRANSMIT

]

In the main program first of all the watchdog is
(re)loaded. The watchdog is a down-counter that
generates a reset when it's not in time reloaded. It
provides a recovery from a software upset.

7536-41.EPS
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Then the home address is read from the switches
in the set-up routine. The slave will go in receive
mode and be maintened until a complete frame is
received.

After that the contents of this frame is decoded. In
the decode subroutine the bytes are corrected and
depending on the received command the led is set
on or off.

If the received destination address was the slaves
home address and the received command was a
data request the (simulated) measure data is read
and then transmitted to the master.

Receive subroutine

The receive subroutine is used to read a frame. It
ignores all the RxD until the system address is
received. When it is received for the second time,
the next bytes of the frame are read and stored. To
read the RxD this subroutine uses the read_bit
subroutine which is discribed on the next page.

Figure 36

RECEIVE

SET Rx/Tx "0"

CALL READ_BIT

RX-PATTERN =
SYSTEM ADDRESS ?

I

YES

RX-PATTERN =
SYSTEM ADDRESS ?

| YES

CALL READ_BIT (8X)
RX_PATTERN - RX_DEST1
CALL READ_BIT (8X)
RX_PATTERN — RX_DEST2
CALL READ_BIT (8X)
RX_PATTERN — RX_DEST3

I
CALL READ_BIT (8X)
RX_PATTERN — RX_CONTROL1
CALL READ BIT (8X)
RX_PATTERN — RX_CONTROL2
CALL READ_BIT (8X)
RX_PATTERN — RX_CONTROL3

[

CALL READ_BIT (8X)
RX_PATTERN — RX_DATA1
CALL READ_BIT (8X)
RX_PATTERN — RX_DATA2
CALL READ _BIT (8X)
RX_PATTERN - RX_DATA3

RET
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First of all the Rx/Tx line is reset. The ST7536 and
the powerline interface will then be in receive
mode. Then the read_bit subroutine is called, which
will add the next received bit to the Rx_pattern. As
long as the system address is not received, the
programs continue read the RxD.

When the system address is received, the next 8
bits will be loaded using the read_bit subroutine,
and after that the Rx_pattern should contain again
the system address. If this is not the case this
procedure starts again. Else the next bytes will be
read and stored.

First the 3 destlnatlon addresses. The read_bit
subroutine is called 8 times and the Rx_pattern will
then contain the next byte (Rx_dest1 ) which is
stored. The next 2 bytes (Rx_dest2, Rx_dest3) are
read in the same way.

When the destination addresses are received the
control bytes and the data bytes are received and
stored in the same way.

Read-bit routine

This routine is used to read the RxD is presented
on PC7 (for the master on PC5). The ST7536
delivers valid data on the positive edge of its clock.
The inverted clock is used as the NMI input of the
ST6. This NMI is falling edge sensitive - > an NMI
will be generated on the positive edge of the
ST7536 clock. This means that the RxD should be
read immediately after a NMI interrupt. The re-
ceived bit is then added to the (Rx_)pattern.

Figure 37

READ_BIT

I
LOAD WATCHDOG
WAIT FOR NMI
I
RX_PATTERN — ACCU
SHIFT LEFT ACCU

YES
< ? > PC7 (RXD) ="1"?

TNO

RESET ACCU b0
ACCU — RX_PATTERN

SET ACCU b0
ACCU - RX_PATTERN

RET RET

First of all the watchdog is reloaded.

Then the ST6 will wait for the NMI (interrupt). The
Rx_pattern is loaded into the accumulator and then
shifted left. If the received data bit is a "1" the next
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bit (b0 in the accumulator) is set to "1". If the
received bit is a "0", this bit will be set to "0".

At the end the new pattern is stored.

Transmit subroutine

This subroutine uses the send 8-bit subroutine to
send a 8-bit pattern. This subroutine is discribed on
the next page.

Figure 38

TRANSMIT

l
SET Rx/Tx "1"
WAIT 5MS
i

SEND 2 x PREAMBLE
SEND 2 x SYSTEM ADDRESS
SEND 3 x DESTINATION ADDRESS
SEND 3 x CONTROL BYTE
SEND 3 x DATA BYTE

\
WAIT
SET RX/TX "0"
|

In the transmit subroutine first off all the Rx/Tx line
is set "1". The ST7536 and the powerline interface
are then in transmit mode. Typical carrier stabilisa-
tion time of the ST7536 is 5ms. Therefore the
program waits this time before sending all the
bytes.

First the preamble (10101010} is send 2 times and
then the system address. The destination address,
the control byte and the data byte are send 3 time.
This is done with the send 8-bit subroutine.

Send 8bit pattern subroutine

The ST7536 samples the TxD on the positive edge
of the ciock. The inverted ciock is used as the NMi
input of the ST6. On the positive edge of the clock
(CLR/T) an NM! interrupt occurs. The software
waits then 304 machine cycles before changing the
TxD. When the TxD is changed it waits for the next
NMI and again 304 cycles before storing the next
TxD on PC5. Using these delays it is possible to
present the ST7536 valid TxD on the positive edge
of its clock. Both 600 (channel 1/2) and 1200
(channel 3/4) baud bitrates can be handled this
way.
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Figure 39
| , | ST753reads TXD
\J
| l l l I I CLR/T
nmi nmi nmi nmi nmi
wait 304 sn
wait for nmi
. . . . TXD
bit bit [ bit bit CH. 112
Figure 40
r***"*'**- ST7536 reads TXD
I | l , I l I CLR/T
1 l 1 { l { * CLR/T
nmi nmi nmi nmi nmi
wait 304 255
wait for nmi
. . . TXD
bit bit bit CH. 3/4
Figure 41 In the subroutine the watchdog is (re)loaded. Then

SEND 8 BIT PATTERN

LOAD WATCHDOG
8 -» COUNTER
]
WAIT FOR NMI
WAIT 304 CYCLES
ROTATE LEFT ACCU

was B7 "0" ?

YES

NO|

[es vt
} J

| [ COUNTER = COUNTER - 1 I

NO
counter =0 ?

| YES
RET
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the counter is set at 8. The ST6 waits for the NMI
and then 304 cycles. The accumulator contains the
pattern that has to be transmitted. This pattern is
shift left; the carry bit will contain b7, b7 will contain
b6 etc. If b7 was a "0" PC5 (the TxD output of the
ST6) is reset, if it was a’ 1’ PC5 is set. Bit7 is then
transmitted.

The counter is then decreased by 1, the software
waits the same time, and the accumulator is shift
left again. The carry bit will then contain b6 of the
pattern that should be transmitted. The same as
before, this bit is transferred to the TxD output.
This is also done with b5..b0. If b0 is trans-
ferred(transmitted) the counter will be 0. And then
the ST6 will jump out of the subroutine.

Decode subroutine

When a frame is received the main program jumps
to this subroutine. In this subroutine first of all the
error correction is called. After the correction, de-
scribed below, the subroutine checks if the desti-
nation address of the frame was the home address
of the slave. In this case, and then the control byte
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indicates a command in the data byte, the subrou-
tine decodes the data byte. Then there is a jump
out of the subroutine (see Figure 42)

Three commands are used in this program :

1: data = 0000 0001 —  LED off.

2: data = 00000010 —  LEDon.

3: data = 0000 0100 — data request.
Depending on the received data byte the led will be

set on or off, or in case of a data request, the ST6
reads the data on the system.

Figure 42

I
rCALL ERROR CORRECTION

NO : RX_DEST = HOME ADR ?
\

RESET LED @ RX_DATA 00000010 ?
S

RET | NO
SET LED |> ? RX_DATA 00000001 ?
T YES
RET NO

RX_DATA 00000100 ?

READ MEASURE DATA |—
YES \

i
RET | N

©

o

RET

Error correction subroutine

In this subroutine the bits of the 3 received bytes
are compared. The resulting should be set ("1") if
at least 2 out of 3 received bit are set. If 2 or more
received bits are reset, the resulting bit should be
reset ("0"). All the bits of the bytes are tested this
way. This is done bit by bit (bit x), using the same
procedure (see Figure 43).

V.8.1.2 - Master program

For the master one application program is set up.
It presents the ST7536 in a central heating control.
The receive, transmit and error correction subrou-
tines are almost the same as described for the
slave program. The master has a 2 bit command
input (PC6/PC7).

After reading the command it is checked if it's a new
command or an old command. The program con-
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tinues if a new command is read (from the
switches). Then this command is decoded :

PC6/7:00 — heater off

PC6/7: 01 — heater on

PC6/7:10 — not used

PC6/7:11 — automatic control

The program will jump to the subroutine corre-
sponding to the command that is decoded; the
automatic, manual on or manual off subroutine
(see Figure 44).

Figure 43

ERROR CORRECTION

1
—— | 1
1

4
E:O—l BIT =1

Figure 44

MAIN
.

AUTOMATIC ?

CALL AUTO

—

Y
CALL MAN-ON

MANUAL ON ?

MANUAL OFF ?

IAN-OFF |
T
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Automatic control subroutine

In this subroutine the master compares the receive
data (temperature) from the slave to the reference
value (00001 1 1 1). If the data < reference the
heater is set on, else the heater is set off.

First the master sends a datarequest command to
the slave. Then it goes in receive mode, to wait for
the response of the slave. The received frame is
then corrected, and the received destination ad-
dress and control byte are checked. If the control
byte indicates a response the received data is
compared to the reference value (00001111). If the
received data < the reference, a heater on com-
mand will be transmitted, else a heater off com-
mand. After that the command input is checked to
be still an automatic control command. In this case,
the master will continue with controlling the heater
(see Figure 45).

Manual on/off subroutines

Although these routines are very simple, their func-
tions are given in the flow charts below, to have a
complete overview of the application program. The
manual on subroutine sends a frame containing a
heater on command, the manual off routine a frame
containing a heater off command (see Figure 46).

V.8.1.3 - Evaluation of the software

The used protocol seems to be rather effective and
functional. The system has been tested on very
noise powerline networks, and no (software) prob-
lems occured. The ST6 programs have been writ-
ten and tested step by step. When the programs
were operating according to the protocol they have
not been 're-written’. Therefore the programs might
not be as well structured as possible. For final
application software, it might be usefull to evaluate

o1 ¢
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the programs, and then rewrite some subroutines.
The program size may be decrease, and a 'clean
up’ will make the programs easier to understand.

Figure 45

AUTOMATIC

e

TRANSMIT DATA REQUEST
CALL RECEIVE
CALL ERROR CORRECTION

NO RX_DEST = MASTER ADR ?

YES

. Nf?@ RX_CONTROL = RESPONSE ?

' YES

|
[ @ RX_DATA - 00001111 ?
\

‘ O ‘
A i

!

|

—

YES |

! TX HEATER OFF ] [ TX HEATER ON

i YES
i COMMAND STILL AUTO ?

NO
RET

Figure 46

[ MANUAL_OFF I | MANUAL ON |
T T

| |
| X HEATEH OFF I L TX HEATER ON I

RET RET
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Figure 47 :

ANNEXE A

B.E.R. ST7536 Application Board
Comparison of channel 1/2/3/4
T =25°C, Line Input = 1mV
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—%= Channel 3 —6- Channel 4 8
Figure 49 : B.E.R. comparison - ST7536 board

versus stand alone ST7536
T = 25°C, Channel 1 (82kHz)
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Figure 48 : B.E.R. Channel 3 (72kHz.) ST7536
board input 1mV & 5mV versus
stand alone ST7536 RAI input 3mV
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Figure 50 : B.E.R. comparison - ST7536 board
versus stand alone ST7536
T = 25°C, Channel 2 (67kHz)
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Figure 51 : B.E.R. comparison - ST7536 board
versus stand alone ST7536
T = 25°C, Channel 3 (72kHz)
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Figure 52 : B.E.R. comparison - ST7536 board

versus stand alone ST7536
T = 25°C, Channel 4 (86kHz)
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ANNEXE B : B.E.R. ST7536 APPLICATION BOARD (Signal/Noise frequency spectra)

Figure 53 : Channel 1 (82kHz) - S/N = -10dB, Input 1mV = -60dB
FSK (-60dB) - 1mV
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Figure 54 : Channel 1 (82kHz) - S/N = -10dB, Input 1mV = -60dB
Noise (-70dB)

KH AX=670. Hz
éaEl 73 z AYa=1. 554 Pwre-70, 072 d8

PQNER SPECI 30Av 0OX0Ovlp top
-20.0

10.0

/04v

d8

rma
ve

AT Y

-100
Fxd Y 81.05k Hz

83 .05k

Figure 55 : Channel 1 (82kHz) - S/N = -10dB, Input 1mV = -60dB
FSK + Noise
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Figure 56 : Channel 2 (67kHz) - S/N = -10dB, Input 1mV = -60dB
FSK (-60dB) - 1imV
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Figure 57 : Channel 2 (67kHz) - S/N = -10dB, Input 1mV = -60dB
Noise (-70dB)
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Figure 58 : Channel 2 (67kHz) - S/N = -10dB, Input 1mV = -60dB
FSK + Noise
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Figure 59 : Channel 3 (72kHz) - S/N = -10dB, Input 1mV = -60dB
FSK (-60dB) - 1mV
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Figure 60 : Channel 3 (72kHz) - S/N = -10dB, Input 1mV = -60dB
Noise (-70dB)
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Figure 61 : Channel 3 (72kHz) - S/N = -10dB, Input 1mV = -60dB
FSK + Noise
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Figure 62 : Channel 3 (72kHz) - S/N = -10dB, Input 5mV = -46dB
FSK (-46dB) - 5mV
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Figure 63 : Channel 3 (72kHz) - S/N = -10dB, Input 5mV = -46dB
Noise (-56dB)
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Figure 64 : Channel 3 (72kHz) - S/N = -10dB, Input 5mV = -46dB
FSK + Noise
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Figure 65 : Channel 4 (86kHz) - S/N = -10dB, Input 1mV = -60dB
FSK (-60dB) - 1mV
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Figure 66 : Channel 4 (86kHz) - S/N = -10dB, Input 1mV = -60dB
Noise (-70dB)
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Figure 67 : Channel 4 (86kHz) - S/N = -10dB, Input 1mV = -60dB
FSK + Noise
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iST7536 POWERLINE COMMUNICATION SYSTEM
;APPLICATION 1 :HEATER CONTROL

’

MASTER PROGRAM

~

; frame format:
l: preamble
;2@ syst.address
3: dest.address
4: control
5: data

destination add

; command is read

;PC7 = command in
;PC6 = command in
; PC5 = RXD/TXD

;PC4 = tx/rx

ANNEXE C : ST6 MASTER PROGRAM

[SERVE RV SO I
XXX X ox

ress

put
put

Ltitl
.vers

ounter .def
1t_count .def
preamble .equ
syst_adr .equ
dest_adr .def
tx_pattern .def
tx_contr .def
tx_data Ldel
rx_pattern .def
{_cntr .det
rx_ontrl .def
LA_Cner? .def
rx_cntrl del
rx_data .def
rx_datal .def
rx_data2 .def
rx_data3 .def
rx_mast .def
rx_mastl .def
rx_mast2 .def
rx_mast3 .def
byte_1 .def
byte_2 .def
byte_3 .def
byte_c .deft
last_com .def

= e b

byte
byte
byte
byte
byte

data is displayed on Port A

is read from Port B
trom Port C

e "APPLICATION_1"
"STE215"

Qi)

81lh

10101010b

36h
82h

83h
84h
55M

93h
94h
95h
96h

97h

.romsize 2
.pp_on
.inpu

t "621l5_reg.asm"

pPC7 command
0 hearer off
1 heater on
0 not used
1 aut omat ic
33/52
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jmmm— e e mmmmm e — i ——m initialization-----------------memeom - -
.section 1
.org 0AOh
reset 1di wdr,0feh ;load the watchdog
1di ddra,11111111b ;port A as output
1di ora,11111111b ;to display data
1di dra,11111111b ; ( push-pull
1di ddrb,00000000b ;port B as input
1di orb,00000000b ;to read dest address
1di drb,00000000b ;pull up R / no interrupts
1di ddrc,00111111b ;pcd rx/tx output
1ldi orc,00111111b ;pch rxd/txd input/output
1di dre,00101111b ;pc6/7 command input
1di ior,10h ;enable all interrupts
1di tscr,00h ;disable timer interrupt
1di adcr, 00h ;disable adc interrupt
clr dra ;clear display
reti ;end of reset routine
e MAIN PROGRAM- - - - - e e e e e e e m e m - m s ———m— = — = — =
1di a,00000001b
1d last_com, a
start 1di wdr,Ofeh ;reload watchdog
1di ddrc,00111111b
1di orc,00111111b
1di drc,00101111b
new_com 1d a,drb ;get destination address
1d dest_adr,a ;store destination address
clr dra ;clear display
1d a,drc
andi a,11000000b ;read PC6/7 (command)
cp a,last_com ;new command?
jrnz loop
1di wdr,0feh ;reload watchdog
jp new_com
loop 1d last_com,a ;store last command
cpi a,11000000b ;auto command?
jrnz nextl
call automatic
jp loop_end
nextl cpi a,10000000b ;manual on command?
jrnz next?2
call man_on
jp loop_end
next2 cpi a,00000000b ;manual off command?
jrnz next3
call man_off
jp loop_end
34/52
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next 3 cpl a,01000000b ;not used
jrnz loop_end
nop

jp loop_end

loop_end jp start
jmmmm e automatic heater control -----cc-mmmmmmme o~
automatic 1di tx_contr,10000000b ;command
1di tx_data,00000100b ;data request
go call transmit ;tx data request
call receive ;read requested data
call error_cor jcorrect received data
ld a,rx_mast
cpi a,11111111b ;master address?
jrnz go
jrs 7,rx_cntr,go ;rx_contr = command?
1d a,rx_data jget temp
1d dra,a ;display temperature
jrs 4,rx_data,h_off janalyze temperature

jrs 5,1x_data,h_off
jrs €,rx_data,h_off

jrs 7,rx_data,h_off

h_on ldi tx_data,00000001b ;heater on command
call transmit ;tx command
ip h_end
h_off ldi tx_data,00000010b ;heater off command
call transmit ; tx command
h_end id a,drc
andi a,11000000b ;check if the PCA/7 command
cpl a,11000000b ;1is still automatic control

jrnz auto_end
jp automatic

auto_end ret
= m e manual off ---------mee e
man_off

1di tx_contr,10000000b ;command

1di tx_data,00000010b ;heater off command
call transmit

ret

PR e manual on —----m-o e

man_on
1di tx_contr,10000000b ;command
1di tx_data,00000001b ;heater on command
call transmit
ret

e mm e transmit ---------e .
transmit 1di wdr,O0feh
set 4,drc ;rx/tx = 1

call pcS5_output ;select txd
1di counter,0ffh

35/52
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car_wait

tx_bit_one
tx_bit_zero
loop_test

next
end

36/52

dec counter

1di wdr,Ofeh
1di wdr,Ofeh
jrnz car_wait

1di a,preamble
1d tx_pattern,a
call send
call send

1di a,syst_adr
1d tx_pattern,a
call send
call send

1d a,dest_adr
1d tx_pattern,a
call send

call send

call send

1d a,tx_contr
1d tx_pattern,a
call send

call send

call send

1d a,tx_data

1d tx_pattern,a
call send

call send

call send

wait

wait

res 4,drc

call pcS5_input
ret

sent 8-bit pattern

1di wdr,Ofeh
1d a,tx_pattern
1di counter, 8

wait

1di wait_count, 50
dec wait_count
jrnz d_w_c

rlc a

jrnc tx_pit_zero
set 5,drc

jp loop_test

res 5,drc

dec counter
jrz end

jp tx_loop
ret

58

;walt 5 milliseconds
;for carrier stabilisation

;preamble -> a
;a -> tx_pattern
;tx preamble

;Ex preamble

;syst_adr -> a
;a ~> tx_pattern
;Lx syst_adr

;tx syst_adr

;dest_adr -> a

;a -> tx_pattern
;tx dest_adr block
; block
; block

;tx_contr -> a

;a -> tx_pattern
;tx control Dblock
i block
i block

;tx_data -» a
;a -> tx_pattern

;tx data block
; block
; block
;wait

;wait for end last
;rx/tx = 0

;select rxd

;reload watchdog
;8 -> counter
;wait for nmi

;wait 304 cycles

W N =

W N =

tx-bit

;continue if wait_count=0

;bit 7 -> carry

;tx bit 1

;tx bit 0

;end of tx pattern

RN
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i
receive

syst_read

syst_not_ok

st_ok
st2_read

mastl_read

mast2_read

mast3_read

contrl_read

contr2_read

reCEe1VE — == e

nop

call read_bit
1d a,rx_pattern
cpl a,syst_adr
jrz syst_ok

jp syst_read

1di counter, 8
call read_bit
dec counter
jrnz syst2_read

Id a,rx_pattern
cpl a,syst_adr
jrz syst2_ok

jp receive

1di counter, 8
call read_bit
dec counter
jrnz mastl_read

ld a,rx_pattern
1d rx_mastl,a

1di counter, 8
call read_bit
dec counter
jrnz mast2_read

1d a,rx_pattern
1d rx_mast2,a

1di counter, 8
call read_bit
dec counter
irnz mast3_read

ld a,rx_pattern
1d rx_mast3,a
1di counter, 8
call read_bit
dec counter

jrnz contrl_read

1d a,rx_pattern
1d rx_cntrl,a

1di counter,8
call read_bit
dec counter

jrnz contr2_read

1d a,rx_pattern
1d rx_cntr2,a

1di counter, 8

;begin of receive routine

;get next bit
;load rx_pattern
JYX_pattern = syst_adr ?

;get next 8 bits
;get next bit

;load pattern
;rX_pattern = syst_adr ?

;restart

;get next 8 bits
;get next bit

;load rx_pattern
;store rx_mastl

;get next 8 bits
;get next bit

;load rx_pattern
;store rx_mast2

;get next 8 bits
;get next bit

load rx_pattern
tore rx_mast3

19}

;

;get next 8 bits
;get next bit

; load pattern
;store rx_cntrl

;get next 8 bits
;get next bit

;load pattern
;Store rx_cntr2

;get next 8 bits

£ SGS-THOMSON
Y/, ICROELECTROMICS
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contr3_read

datal_read

data2_read

data3_read

read_bit

pcS_res

pcS5_set

error_cor

38/52

call read_bit
dec counter
jrnz contr3_read

1d a,rx_pattern
1d rx_cntr3,a

1di counter, 8
call read_bit
dec counter
jrnz datal_read

1d a,rx_pattern
1d rx_datal,a

1di counter, 8
call read_bit
dec counter
jrnz data2_read

1d a,rx_pattern
1d rx_data2,a

1di counter, 8
call read_bit
dec counter
jrnz data3_read

1d a,rx_pattern
1d rx_data3,a

ret

read bit ------------

1di wdr,0feh
wait

1d a,rx_pattern
sla a

jrs 5,drc,pcS_set
res 0,a

1d rx_pattern,a
ret

set 0,a

1d rx_pattern,a
ret

error correction

1d a,rx_mastl
1d byte_1,a
1d a,rx_mast2
1d byte_2,a
1d a,rx_mast3
1d byte_3,a

clr byte_c

call det_byte_c
1d a,byte_c

1d rx_mast,a

60
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;get next bit

;load pattern
;store rx_cntr3

;get next 8 bits
;get next bit

; load rx_pattern
;store rx_datal

;get next 8 bits
;get next bit

;load rx_pattern
;store rx_dataz2

;get next 8 bits
;get next bit

;load rx_pattern
;store rx_datal

;end of reading frame

;reload watchdog

; load pattern
;shift left accu

;jump if PC5 is set

;accu bit0 = 0
;store rx_pattern

;accu bit0 = 1
;store rx_pattern

;correct rx master address
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1d a,rx_cntrl ;correct  rx control
1d byte_1,a

1d a,rx_cntr2

1d byte_2,a

1d a,rx_cntr3

1d byte_3,a

clr byte_c

call det_byte_c

1d a,byte_c

1d rx_cntr,a

1d a,rx_datal ;correct rx data
1d byte_1,a

1d a,rx_data2

1d byte_2,a

1d a,rx_data3

1d byte_3,a

clr byte_c

call det_byte c
1d a,byte_c

1d rx_data,a

ret

e L L T determinate correct byte (byte_c) --------cc-omoo__

det_byte_c ;correction of byte
det_bit0 jrr 0,byte_1,a0 ;correction of bit 0
jrr 0,byte_2,b0
jp bit01

au jrr 0,byte_2,bit00
jrr 0,byte_3,bit00
jp bit01

b0 jrr 0,byte_3,bit00

bit01 set 0,byte_c
jp det_bitl

bit00 res 0,byte_c

det_bit1l jrr 1,byte_1,al ;jcorrection of bit 1
jrr 1,byte_2,bl
jp bitll

al jrr 1,byte_2,bitl0
jrr 1,byte_3,bitl0
jp bitll

bl jrr 1,byte_3,bitl10

bitll set 1,byte_c
jp det_bit2

bitl0 res 1,byte_c

det_bit2 jrr 2,byte_1,a2 ;correction of bit 2
jrr 2,byte_2,b2
jp bit21

39/52
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a2

b3
bit31l

bit30

det_bit4

a4

b6

bité6l

40/52

jrr 2,byte_2,bit20
jrr 2,byte_3,bit20
jp bit21l

jrr 2,byte_3,bit20
set 2,byte_c

jp det_bit3
res 2,byte_c

jrr 3,byte_1,a3
jrr 3,byte_2,b3
jp bit3l

jrr 3,byte_2,bit30
jrr 3,byte_3,bit30
jp bit31l

jrr 3,byte_3,bit30
set 3,byte_c

jp det_bit4
res 3,byte_c

jrr 4,byte_1,a4
jrr 4,byte_2,b4d
jp bit4dl

jrr 4,byte_2,bit40
jrr 4,byte_3,bit40
ip bitdl

jrr 4,byte_3,bitd0

set 4,byte_c
jp det_bith
res 4,byte_c

jrr 5,byte_1,a5
jrr 5,byte_2,b5
jp bits1

jrr 5,byte_2,bit50
jrr 5,byte_3,bit50
jp bit51

jrr 5,byte_3,bit50

set 5,byte_c
jp det_bité
res 5,byte_c

jrr 6,byte_1,a6
jrr 6,byte_2,b6

ip bit6l

jrr 6,byte_2,bit60
jrr 6,byte_3,bit60
jp bité6l

jrr 6,byte_3,bit60

set 6,byte_c
jp det_bit7

62

o7

;correction of bit 3

;correction of bit 4

;correction of bit 5

;correction of bit 6

SGS-THOMSON
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bit60 res 6,byte_c
det_bit?7 jrr 7,byte_1,a7 ;correction of bit 7
jrr 7,byte_2,b7
jp bit71
a7 jrr 7,byte_2,bit70
jrr 7,byte_3,bit70
jp bit71
b7 jrr 7,byte_3,bit70
bit71 set 7,byte_c
jp det_end
bit70 res 7,byte_c
det_end ret ;end of byte correction
e it PC5 input/output =-=-----ocmmm
pcS5_input res 5,ddrc ;program PC5 as input

res 5,orc
set 5,drc

ret
pch_output set 5,ddrc ;program PC5 as output
set 5,ddrc
set 5,ddrc
ret
P R L L L e NMI interrupt routine -----------mmmm o ____
nmi_int reti ;not used
oo mmmm e interrupt vector routines -----------oo____________

.section 32

.org 00h
adc , nop
reti
timer nop
reti
int2 nop
reti
intl nop
reti
.org Och
nmi jp nmi_int
res jp reset
Jmm e END - - = = o e e e

41/52
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;ST7536 POWERLINE

U W D)

i
i
7
;
i
;
i
i
i
i
i
i

; PCT
; PCO
; PCH
; PC4

counter
wait_

preamble
syst_
master_adr
home_

tx_pattern
tx_contr
tx_data

rx_pattern

rx_home

rx_homel
rx_home?2
rx_home3

rx_cntr

rx_cntrl
rx_cntr2
rx_cntr3

rx_data

rx_datal
rx_data?2
rx_data3l
byte_
byte_
byte_
byte_

42/52

SLAVE PROGRAM

frame format:

preamble
syst.address
dest .address
control

data

home address is
data is read from PB

= RXD

= LED output
= TXD __

= tx / rx

ANNEXE D : ST6 SLAVE PROGRAM

COMMUNICATION SYSTEM

command:
2 x 1 byte 00000001
2 x 1 byte 00000010
3 x 1 byte 00000100
3 x 1 byte
3 x 1 byte
read from PA
input, no pull up R, no

- output, push pull
output, push pull
output, push pull

.title "SLAVE"
.ver

count

adr

adr

1
2
3

C

.def
.def

.equ
.equ
.equ
.def

.def
.def
.def

.def

.det
.def
.def
.def

.def
.def
.def
.def

.def
.def
.def
.def
.def
.def
.def
.def

=)

"ST6215"

80h
81h

10101010b
36h
11111111b
82h

83h
84h
85h

86h

87h
88h
89h
8Ah

8Bh
8Ch
8Dh
8Eh

8Fh
90h
91h
92h
93h
94h
95h
96h

.romsize 2
.pp_on

.input

64

"6215_reg.asm"

led on
led off
data request

interrupt
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e initialisation
.section 1
.org 0AOh
reset 1di wdr,0feh
ldi
ldi
1di

ddra, 00000000b
ora,00000000b
dra,00000000b

ldi
1di
ldi

ddrb, 00000000b
orb,00000000b
drb, 00000000b

1di
ldi
1di

ddrc,01111111b
orc,01111111b
dre,11111111b

ldi
1di
ldi

ior, 10h
tscr,00h
adcr, 00h

res 6,duc

reti
fomm e mmmmmmns MAIN PROGRAM
1di wdr,0feh
call

set_up

call
call

receive
decode
la a, rx_home
cp a,home_adr
jrz home_ok
jp start

1d a,rx_data
Cpl a,vuluululb
jrz d_request
Jp starc

1d a,drb

1d tx_data,a
call transmit

home_ok

d_request

jip start
clr tx_contr

1d a,dra
1d home_adr,a
ret

R ittt transmit
transmit set 4,drc
1di wait_count,0ffh
dec wait_count

1di wdr,0feh

1di wdr,0feh

jrnz car_wait

car_wait

4

;load the watchdog

;port A as adr.input
;no interrupts
;pull up resistor

;port B as data input
;no interrupts
;pull up resistor

;port C as output
: (push pull)
;pe’ rxd input

;enable all interrupts
;disable timer interrupt
;disable adce interrupt

;reload watchdog

;go in rx-mode
;decode received frame

;home address ?

;1f not then restart

;command=data reqguest?
;1t not restart

;read data

;store data

;EX requested data

;dra -»> a
;a -> home_adr

;transmit mode

;wait 5 milliseconds
;for carrier stabilisation

43/52
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bit_one
bit_zero
loop_test

next
end

receive

syst_read.

44/52

1di a,preamble
1d tx_pattern,a
call send
call send

1di a,syst_adr
1d tx_pattern,a
call send
call send

1di a,master_adr
1d tx_pattern,a
call send
call send
call send

1d a,tx_contr
1d tx_pattern,a
call send

call send

call send

1d a,tx_data

ld tx_pattern,a
call send

call send

call send
wait

wailt

res 4,drc
rot

send 8-bit pattern

1di wdr, Ofeh
1d a,tx_pattern
1di counter, 8

wait

1di wait_count, 50
dec wailt_count
jrnz d_w_c

rlc a

jrnc bit_zero
set 5,drc

Jjp loop_test
res 5,drc

dec counter
jrz end

jp tx_loop
ret

FECEeIVE =—m— e e ——m o

res 4,drc

call read_bit
1d a,rx_pattern
cpl a,syst_adr
jrz syst_ok

66
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;preamble -> a
;a ->» tx_pattern
;Ex preamble

;tx preamble

;syst_adr -> a
;a -> tx_pattern
;tx syst_adr

;tx syst_adr

;master_adr -> a
;a ->» tx_pattern
;tx centr_adr block
; block
; block

;tx_contr -> a

;a -> tx_pattern
;txX tx_contr block
; block
; block

;tx_data -» a

;a -» tx_pattern
;tx tx_data block
i block
; block

swalt

;wait for end last tx-bit

;receive mode

;reload watchdog
;8 -> counter
;wait for nmi

;wailt 304 cycles

;continue if wait_count=0

;bit7 ->» carry
;Ex bit = 1

;tx bit = 0

;end of tx pattern

;receive mode

;get next bit
;load rx_pattern

Lo DO [SSH S

W N =

;rx_pattern = syst_adry
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ip syst_read

syst2_not _ok

2_ok

sy¢
homel_read

home2_read

home3_read

contri_read

contr2_read

contr3_read

data_1l_read

counter, 8
read_bit

counter
syst2_read

ldi
call
dec
jrnz

ld a,rx_pattern
cploa,syst_adr
jrz syst2_ok

ip receive

ldi counter, 8
call read_bit
dec counter
jrnz homel_read
1d a,rx_pattern
1d rx_homel, a

ldi counter, 8§
call read_bit
dec counter
irnz homeZ_read

ld a,rx_pattern
1d rx_home2, a

ldi counter, 8
call read_bit
dec counter
jrnz home3_read

ld a,rx_pattern
1d rx_hiomes, a

1di counter,8
call read_bit
dec counter

contri_read

Jjr

T3
L

1d

c, LR _paltlelll
rx_cntri,a

ldi counter, 8
call read_bit
dec counter

jrnz contr2_read

ld a,rx_pattern
1d rx_cntr2,a

ldi counter,8
call read_bit
dec counter

jrnz contr3_read

ld a, rx_pattern
ld rx_cntr3,a

ldi counter,8
call read_bit
dec counter

jrnz data_1l_read
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;get
;get

JrYX_pattern

;receive

;get

next 8 bhits
next bit

= syst_adr

next 8 bits

;jget next bhit

;load rx_pattern
;store rx_homel

;get next 8 bits
;jget next bit

;load rx_pattern
;store rx_home2

;get next 8 bits

;get next

bit

;load rx_pattern
;store rx_home3

;get
;get

next 8 bits
next bit

;load pattern

7

;get

;get

;store rx_cntrl

next 8 bits
next bit

;load pattern
;store pattern

jget
;get

next
next bit

8 bits

;load rx_pattern
;store rx_cntr3

;get next 8 bits
;get next bit

SGS-THOMSON
ICRORLECTRONICS
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data_2_read

data_3_read

decode

continue

unknown

response

command

nextl

next?2

nexts
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1d a,rx_pattern
1d rx_datal,a
1di counter,8
call read_bit
dec counter

jrnz data_2_read

1d a,rx_pattern
1d rx_dataz,a

1di counter,8
call read_bit
dec counter

jrnz data_3_read

ld a,rx_pattern
1d rx_data3, a

ret

read bit ------------

1di wdyr,Ofeh
wait

1d a,rx_pattern
sla a

jrs 7,drc,pci_set
res 0,a

1d rx_pattern,a
ret

set 0,a

1d rx_pattern,a
ret

packet decoding------

call error_cor

1d a,rx_home
cp a,home_adr
jrz continue
ret

1d a,rx_cntr
cpi a,10000000b
jrz command
cpi a,00000000b
jrz response

ret

nop

ret

1d a,rx_data
cpl a,00000001b
jrnz nextl

jp instr_1

cpi a,00000010b
jrnz next2

jp instr_2

cpl a,00000100b
jrnz next3

jp instr_3

cpi a,00001000b
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;load rx_pattern
;store rx_datal

;get next 8 bits
;get next bit

; load rx_pattern
;store rx_dataz

;get next 8 bits
;get next bit

; load rx_pattern
;store rx_datas

;end of reading frame

;reload watchdog

;load rx_pattern
;shift left accu

;jump if PC7 is set

;accu bit0 = 0
;store rx_pattern

;accu bit0 = 1
;store rx_pattern

;master use only

;led on command

;led off command

;data request

;not used




ST7536 APPLICATION NOTE

no_command
tustr_l

in

insty_3

instr_4
jemmmmmmmmmmo

error_cor

det_byte_c
det_bit0

jrne no_command
ip insti_4

ret

set o, dro ;led on

ret

res 6,drc sled off

ret

ld a,drb ;read data
ld tx_data,a ;etore data
ret

nop ;not in use
ret

error correction-----------—---—______

ld a, rx_homel ;correct rx_home
id byte_1,a

1d a, rx_home2

1d byte_2,a

d a, rx_home?

Id byte_3,a

ld a,rx_cntrl ;correct rx_contr
1d byte_1,a

ld a,rx_cntr2

d byte_2,a

d a,rx_cntr3

d bvte 3,a

call det_byte_c
1d a,byte_c

la rx_contr,a

ld a,rx_daral ;correct rx
id byte_1,a

Id a,rx_data2

id byte_2,a

ld a,rx_data3s

1d byte_3,a

call det_byte_c
1d a,byte_c
1d rx_data,a

ret

1di wdr,O0feh ;error correction
N
jrr 0,byte_2,b0

ip bit(1

jrr 0,byte_2,bit00
jrr 0,byte_3,bit00
ip bit01

rr 0,byte_1,a0 jeorrection of bit 0

47/52
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bo jrr 0,byte_3,bit00
bit01 set 0,byte_c
jp det_bitl
bit 00 res 0,byte_c
det_bitl jrr 1l,byte_1,al ;correction of bit
jrr 1,byte_2,al
jp bitll
al jrr 1,byte_2,bitl0
jrr 1,byte_3,bitl0
jp bitll
bl jrr 1,byte_3,bitl0
bitll set 1,byte_c
jp det_bit2
bitl0 res 1,byte_c
det_bit2 jrr 2,byte_1,a2 ;correction of bit

jrr 2,byte_2,b2
ip bit21

az jrr 2,byte_2,bit20
jrr 2,byte_3,bit20
jp bit2l
b2 drr 2,byte_3,bit20
bit21 set 2,byte_c
jp det_bit3
bit20 res 2,byte_c
det_bit3 jrr 3,byte_1,a3 ;correction of bit
jrr 3,byte_2,b3
jp bit3l
a3’ jrr 3,byte_2,bit30
jrr 3,byte_3,bit30
jp bit31l
b3 jrr 3,byte_3,bit30
bit31 set 3,byte_c
jp det_bit4d
bit30 res 3,byte_c
det_bit4 jrr 4,byte_1,a4 ;correction of bit
jrr 4,byte_2,b4
ip bit4dl
ad jrr 4,byte_2,bit4d0
jrr 4,byte_3,bit40
jp bit4dl
ba jrr 4,byte_3,bit40
bitdl set 4,byte_c
jp det_bitb
bitd0 res 4,byte_c
det_bits jrr 5,byte_1,a5 ;correction of bit

jrr 5,byte_2,b5
48/52
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a6

jp bits1

jrr 5,byte_2,bit50
jrr 4,byte_3,bit50
ip bits1

jrr 5,byte_3,bit50

set 5,byte_c

ip det_bite

res 5,byte_c

jrr 6,byte_1,a6
jrr 6,byte_2,b6

jp bite6l

jrr 6,byte_2,bit60
jrr 6,byte_3,bit60
jp bitéel

;correction of bit 6

b6 jrr 6,byte_3,bit60
bhit6l set 6,byte_c
jp det_bit?7
bitoeo res o,byte_c
e m e e e e mmm— e
det_bit7 irr 7,byte_1,a’7 ;correction of bit 7
jrr 7,byte_2,b7
jp bhit71
a’ jrr 7,byte_2,bit70
jrr 7,byte_3,bit70
jp bit71
b7 irr 7,bvte_3,bit70
hit71 set 7,byte_c
jp det_end
hit70 res 7,byte_c
det _end ret ;end of byte correction
e NMI interrupt routine ---------ommmmmmm
nmi_int reti ;not used
P e L e interrupt vector routines ----------m - _____
.section 32
.org 00h
adc nop
reti
timer nop
reti
int?2 nop
reti
intl nop
reti
.org Och
nmi jp nmi_int
res jp reset
N
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dra
drb
drc
ddra
ddrb
ddrc
ior
drwr
ora
orb
orc
adr
adcr
psc

tcr
tscr

wdr
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.deft
.def
.def
.def

.def
.def
.def

.def
.def
.def

.def
.def

.def
.def
.def

.def
.def

.def
.def
.def

.def

ANNEXE E : ST6 REGISTER FILE

ST6210/15 and ST6220/25 Registers Declaraticn
Use this file with the .input directive.

80htm
81lh!m

82h
83h

Offth!m

0cOh
Oclh
Oc2h

Océdhn
0cSh
Océh

Oc8h
0c9h

0dg&h

'm

; Index register.
; Index register.
; Short direct register.
; Short direct register.

; Accumulator.

; Port a data register.
; Port b data register.
; Port ¢ data register.

; Port a direction register.
; Port b direction register.
; Port ¢ direction register.

; Interrupt option register.
; Data rom window register.

; Port a option register.
; Port b option register.
; Port ¢ option register.

; A/D data register.
; A/D control register.

; Timer prescaler register.
; Timer counter register.
; Timer status control register.

; Watchdog register.

72
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: ST7536 Master

Figure 68
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Figure 69 : ST7536 Slave
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(y7 SGS-THOMSON
| Y/ MICROBLECYRONIGS - ST7537

HOME AUTOMATION MODEM

= HALF DUPLEX ASYNCHRONOUS 1200bps
FSK MODEM

® Tx CARRIER FREQUENCY SYNTHESIZED

FROM EXTERNAL CRYSTAL

LOW DISTORTION Tx SIGNAL

10mVrms Rx SENSITIVITY

CARRIER DETECTION

WATCH-DOG INPUT

RESET AND MASTER CLOCK OUTPUTS

FOR MICROCONTROLLER

= POWER AMPLIFIER BIAS CURRENT CON-
TROL (HIGH IMPEDANCE IN Rx MODE)

= SIMPLE AND ECONOMICAL APPLICATION PLCC28
SCHEMATICS (Plastic Chip Carrier)

* COMPATIBLE WITH CENELEC EN 50065-1
AND FCC SPECIFICATION ORDER CODE : ST7537

= CARRIER DETECT CLAMPING ON RxD
PROGRAMMABLE (ALLOWING DEMODULA-
TION ON VERY LOW RECEIVE LEVEL,
imVRms TYPICALLY)

PIN CONNECTIONS

€ . 8- 283
g <>( > % 0O 8
7 -
( < sl o -~ ﬁ ~ &
TxIFI [ ] 5 ) 251 | bvee
PAFB | | 6 24| | RSTO
DESCRIPTION aTo [} 7 23| ] AxD
The ST7537 is a half duplex asynchronous FSK PABC | | 8 22| | ™xD
MODEM designed for home automation communi- pABC [ |9 21] ] ¢cb
cation on the domestic electric mains which com- i - -
TEST1 [ ] 10 20 | | RxT
plies with the EN 50065-1 CENELEC standard. S
. TEST2 [ | 11 19 ] wo
It mainly operates from a 10 V power supply and a “ o e oo o °
5V power supply for the microcontroller digital in- S
terface. [ N S D N B
It is interfaced to the power line by an external 22 8 839 X
driver, and a transformer (see Application Sche- 8233 K& g

matic Diagram). Its data transmission rate is
1200 bps and its carrier frequency is 132.45kHz. _J

January 1994 1/9

77

7537-01 EPS



ST7537

PIN DESCRIPTION

N':r:e | Nu?#l;er Tl;:;le Dfascription

Vem 1 Analog Common Mode Voltage ' T
AVpp 2 Supply Analog Power Supply : 10V 15 % ]

RAI 3 Analog Receive Analog Input

RxFO 4 Analog Receive Filter Output o o ]

TxIFI 5 Analog Transmit and Intermediate Frequency Filters Test Input (mode TESTS) '

PAFB 6 Analog Power Amplifier Feed-back Input -

ATO 7 Analog Analog Transmit Output j 7 )
PABC 8 Digital (10V) | Power Amplifier Bias Current Control Complementary Outpiut o
PABC 9 Digital (10V) | Power Amplifier Bias Current Control Output
TEST1 10 Digital Tx to Rx Automatic Mode Switching Control |h>pﬂut - ]
TEST2 11 Digital Automatic Mode Switching Time and Watch-dog Time Reduction Control Input
TEST3 12 Digital | TxIFI Selection Input S
TEST4 13 Digital Undelayed Reset Input
DVoo 14 Supply Digital Power Supply : 10V +5%

DVss 15 Supply Digital Ground: OV o
XTAL1 16| Digital (10V) | Crystal Oscillator Input - -
XTAL2 17 Digital (10V) | Crystal Oscillator Output o B )
MCLK 18 Digital Master Clock Output )

WD 19 Digital Watch-dog Input )

Rx/Tx | 20 DigitaIA " Rx or Tx Mode Selection Input
CD 21 Digital | Carrier Detect Output ]

TxD 22 Digital Transmit Data Input

RxD 23 Digital Receive Data Output
RSTO 24 Digital Reset Output
DVec | 25 "Supply | Digital Buffers Supply Voltage : 5 V 5 %

IFO 26 Anzilog | Intermediate Frequency Filter Output

DEMI 27 Analog Demodulator Ep_ut

AVss 28 Supply | Analog Ground : OV

2/9
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BLOCK DIAGRAM
AVpp DV o AVgs DV Vem DV e
2b— 14} {28 15 {1} {25}
z o
|13 < © RxBANDPASS | L @ 3 Bl E IF.BAND-PASS | £ i 26| IFO
= = i =
RAI | <2 sCRUER | B3 T g S re 2™ screr | 3 2 1
S <
< p 1
. <} - B ——;117} XTAL2
CD 21} —— | REFERENCE \ 2 e ({16 xTALt
: R VOLTAGE l 298 |—»iig MCLK
B w 37 | Lo
+ S— w
= EEp =l
! | g « |—#24] RSTO
| |e—{20] Rx/Tx
J
ATO 1 - - e Y
L Ele . |5 TxBaND-PAsS | Sl FSK ol T
PAFB ?}—b = 5% S.C.FILTER o MODULATOR g2 ™o
PABC |9 Sz p: i
- o3 ; 5| TxIFI
PABC |8 j ]
RxD 23k — 1@ { POST'DEMOF CORRELATOR }4—@4:——%275 DEMI
: S.C.FILTER : &
TEST LOGIC : :
FSK DEMODULATOR
‘ ? AL ‘I .......................................................
10} {11 fi2! {13
TEST1 TEST2  TEST3  TEST4
TRANSMIT SECTION to 1.
The transmit mode is set when Rx/Tx = 0. if Rx/Tx
is held at 0 longer than 1 second, then the device RECEIVE SECTION

switches automatically in the Rx mode. A new
activation of the Tx mode requires Rx/Tx to be
returned to 1 for a minimum 2 microsecond period
before being set to 0.

The Transmit Data (TxD) enter asynchronously the
FSK modulator with a nominal intra-message data
rate of 1200 bps.

The basic transmit frequencies are :

- f(TxD=0) = 133.05kHz

- f(TxD=1) = 131.85kHz

These frequencies are synthesized from a
11.0592MHz crystal oscillator; their precision is the
same as the crystal one’s (100ppm).

The moduiated signai coming out of the FSK modu-
lator is filtered by a switched-capacitor band-pass
filter (Tx band-pass) in order to limit the output
spectrum and to reduce the level of harmonic com-
ponents.

The final stage of the Tx path consists of an opera-
tional amplifier which needs a feed-back signal
(PAFB) from the power amplifier as shown on
Application Schematic Diagram.

In Tx mode the Receive Data (RxD) signai is set

£ SGS-THOMSON
Y/ CoELECTRONICS

The receive section is active when Rx/Tx = 1.

The Rx signal is applied on RAl and filtered by a
band-pass switched capacitor filter (Rx band-pass)
centered on the carrier frequency and whose band-
width is around 12kHz.The Rx filter output is am-
plified by a 20dB gain stage which provides
symetrical limitations for large voltage. The result-
ing signal is down-converted by a mixer which
receives a local oscillator synthesized by the FSK
modulator block. Finally an intermediate frequency
band-pass filter (IF band-pass) whose central fre-
quency is 5.4kHz improves the signal to noise ratio
before entering the FSK demodulator. The coupling
the FSK demodulator input (DEMI) is made by an
external capacitor C5 (100nF +10%, 10V) which
cancels the Rx path offset voltage.

The RxD output delivers the demodulated signal if
the carrier detect (CD) signal is low and is set to
high level when CD = 1.

The RxD output can delivers the demodulated
signal whatever the level of CD (O or 1) if Rx/Tx = 1
and TxD = 0 (see Figure 1).

3/9
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Figure 1 : Data Timing Chart

Rx/Tx

ADDITIONAL DIGITAL AND ANALOG FUNC-
TIONS
Time base

A time base section delivers all the internal clocks
from a crystal oscillator (11.0592MHz). The crystal
is connected between XTAL1 and XTAL2 pins and
needs two external capacitors C3 and C4 (22pF
+10%, 10V) for proper operation.

Reset and watch-dog

The reset output (RSTO) is driven high when the
supply voltage is lower than Vrh (typically 7.6V) with
an hysteresis Vrh-Vrl (typically 300mV) or when no
negative transition occurs on the watch-dog input
(WD) for more than 1.5 second (see the timing
chart on Figure 2). When a reset occurs RSTO is
held high for at least 50ms.

Signal detection

The Carrier Detect output (CD) is driven low when
the input signal amplitude on RAI is greater than
Ve for at least Tep (typically 6ms see the timing
chart on Figure 3). When the input_signal desap-
pears or becomes lower than Vcp, CD is held low
for at least Tcd before returning to a high level. Vcp
is the carrier detection threshold voltage which is
set internally to detect 5mVRws typically.

External power amplifier bias control

Two dedicated digital output (PABC and PABC)
delivering a signal between 0V and 10V are driven

4/9
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low respectively high, when the circuit is set in the
receive mode (Rx/Tx=1) or when the transmit mode
time out (1 second) is exceeded; in the same time
the output ATO is put in a high impedance state.

TESTING FEATURES

- An additionnal amplifier allows the observation of
the Rx band-pass filter output on pin RxFO.

- Adirect input to the Tx band-pass filter and to the
IF filter (TxIF1) is selected when TEST3 =1.

- The 1 second normal duration of the Tx to Rx
mode automatic switching is reduced to 488us
andthe 1.5 second watch-dog time out is reduced
to 46.3us when TEST2 = 1.

- When TEST1 = 1 the Tx to Rx mode automatic
switching is desactivated and the functional mode
of the circuit is fully controlled by Rx/Tx.

- TEST4 is areset input which allows an undelayed
control of RSTO and of the internal state of the
circuit.

POWER SUPPLIES WIRING PRECAUTIONS

The ST7537 has two positive power supply termi-
nals (AVpp,DVpp) and two ground terminals
(AVss,DVss) in order to separate internal analog
and digital supplies. The analog and digital termi-
nals of each supply pair must be connected to-
gether externally for proper operation.

The Vpp must be protected against short-circuit for
proper operation.
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ABSOLUTE MAXIMUM RATINGS

Symbol ' Parameter Value Unit
AVoo/DVoo | Supply Voltage (1) B ' -03,+12 v
Vi | Digital Input Voltage - 7 DVss-03 DVop +03 | V
Vo | Digital Output Voltage (microcontroller interface) | DVss-0.3,DVcc+03 |V
Vo Digital Output Voltage (PABC and PABC) - DVss-0.3,DVop+03 | V
lo Digital Output Current o - 571 5 mA
7/4 | Analog Input Voltage - AVsqi 0.3 AVop+03 | V |
Vo Analog Output Voltage | AVss-03,AVop+03 | V
lo Analog Output Current -5+5 mA
Po Power ijjééganon 50 m\{r
Toper | Operating Temperraturé' ' - _0+70 | C | Ei
Tsy | Storage Temperatu | -s5.4150 °’c &

Notes: 1. The voltages are referenced to AVss and DVss.
2. Absolute maximum ratings are values beyond which damage to device may occur. Functional operation under
these conditions is not implied.

GENERAL ELECTRICAL CHARACTERISTICS
(A/DVpp = 10V, A/DVss = 0V, DVge = 5V and 0°C < Tamb < 70°C, unless otherw15e specmmed)

. Symbol i Parameter I Test Conditions . Min. | Typ. | Max. ' Unit

T | | ! |
‘ AVpp fSupply Voltage | 95 | 10 [105 Vv |
DVeo | B I
Alpp + ’Supply Current 1 i 30 | mA
Dloo 1 .
DVce j D|g|tal Output Supply Voltage | o | 475 525V
Dicc | D tput Suppiy Current 1 ) i 15 | mA
Vin i ligh Level .npu. Voltage . Digital inputs ) 42 | l LV |
\ { Low Level Input Voltage | Digital Inputs ] [ ! o_si Vv
Vo | High Level Output Voltage | low = -100uA ‘
| . ® Digital Outputs I

| | @ Digital Outputs PABC and PABC

| VoL | Low Level Output Voltage " lo, = 1004A
| @ Digital Outputs !
| . @ Digital Outputs PABC and PABC |

DC | Duty Cycle MCLK Output, G = 15pF %

I

TRANSMITTER ELECTRICAL CHARACTERISTICS
(A/DVpD = 1OV A/DVss = 0V, DVce = 5V and 0°C < Tamb < 70°C, unless otherWIse specmc:ed)

| symbol | Parameter | Test Condmons i Mm 4
| VTAC E Max  Carrier Output AC Voltage | RL=5.6kQ \T 0.8 |
HD2 | Second Harmonic Distortion | R(AVss) = 5.6kQ | ‘
| {-2200ne marman ——— R(ATO, PAFB) = 1kQ G i B S
HD3 | Third Harmonic Distortion | i GOl @B e
FD | FSK Peak-to-peak Deviation | 1200 | Hz g
(y7 SGS-THOMSON 59
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RECEIVER ELECTRICAL CHARACTERISTICS
(A/DVpp = 10V, A/DVss = 0V, DVcc = 5V and 0°C < Tamp < 70°C, unless otherwise specificied)

Symbol Parameter - ~ Test Conditions Min. | Typ. | Max. Unit J
Vin Input Sensitivity 1 10 mVems
ViN Maximum Input Signal B N 2 VRms
Rn | InplI impedance ' 15 I ?Q J‘
GRx | Receive Gain ) f=13245kHz | ]2 | | dB |
BER | Bit Error Rate (1) SIN = 150B, S = 10mVrws, N:white | | 10° | 10° ]
toem Demodulation Time Alternate 0, 1 sequence ) 3 1 T bit /
Veo ! Carrier Detection Lgvel f:'717 535.45kHz, siner\)vav'é N mmsl 7 10 ‘mv;MEf‘

Note 1 : This parameter is guaranteed by correlation

ADDITIONAL DIGITAL AND ANALOG FUNCTIONS ELECTRICAL CHARACTERISTICS

(A/DVpp = 10V, A/DVss = 0V, DVce = 5V and 0°C < Tamb < 70°C, unless otherwise specificied)

ESymbol Para{netér T Tesﬁor;dmons ) o »M|B~T_yp Max. | Unit
VRH H@irLevel Reset'VoItage See Figure 2 _7 ' o 1 79 | v
VRL Low Level Reset Voltage ‘ See Figure 2 - REZY v

| thst | Reset Time See Figure 2 50 | | | ms
two | Watch-dog Pulse Width See Figure 2 h 500 ns
twm Watch-dog Pulse Period V See Figure 2 800 us
tout Watch-dog Time Out See Figure 2 T 15 | s
teo ‘C;grier Detection Tivme See Figure 3 o o 3 ) 6.5 mé

Figure 2 : Reset and Watch-dog Timing Chart

oV V} \VRL
oD
tRsT tour trs
- - . A — :
RSTO i: l | | I i

Figure 3 : Carrier Detection Timing Chart

Veo - S | S — —

RAIT ] ri ST T T

= (77 S5 ™HOMSON —
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FILTER TEMPLATES
Receive and Transmit Filter Intermediate FrequencyFilter
Frequency Gain (dB) Frequency Gain (dB)
(kHz) Min. Typ. Max. (kHz) Min. Typ. Max.
-30 24 -35
-5 -3 | -2 43 -4 | -3 1
i 1 o Ref 5.4 o -
5 -3 -2 ) '6;5“”'“ -5 -3 2
APPLICATION SCHEMATIC INFORMATIONS
RESISTORS CAPACITORS
| Rt 180Q C1 1uF Ceramic 50
R2 | 220 Tl ce 470nF Paper, class X2
R3 220 C3(2) | 22pF 10% | Ceramic 10V
R4 2.2Q C4 (2) 22pF 10% Ceramic 10V
R5 220 c5 | 100nF 10% | Ceramic 10V ) ]
R6 1800 cé 6.8nF 5% | Plastic Film 50V S
R7 | 47kQ ’ c7 100nF Ceramic 10V i
R8 | 1kQ cs 2.2uF ]
R9 1kQ 5% co | 100nF | Ceramic 10V T
R11 47kQ C10 2.2uF
INDUCTOR C11(1) | 100nF Ceramic 10V
L1 10uH =1.5Q c12(1) 100nF Ceramic 10V
_ TRANSISTORS TRANSIL
Q1 : 2N2907 TRL1: SGS-THOMSON P6KE6V8CP
Q4 : 2N2907 TR1: TOKO T1002 N
| QTZ1: 11.0592MHz parallel resonance
Notes: 1. These capacitors might not be necessary if the overall power supplies decoupling is sufficient.
2. The value of these capacitors depends on the crystal parameters.
7/9
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APPLICATION SCHEMATIC DIAGRAM
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PACKAGE MECHANICAL DATA

28 PINS - PLASTIC CHIP CARRIER

Dimensions

B
M1
—1_|:| OO nn
/4 2 1 28 26 |
= 5 ; 25|l
= 0 u
O : [
O ]
0 5
g |
: 11 19)]
12 ! 18
OO
A
|
@G ) . D
(Seating Plane Cop ity)
Millimeters Inches ) ;—1
Min. Typ. Max. Min. Typ. Max
12.32 12.57 0485 | i 0495
11.43 11.58 0.450 0456 |
4.2 4.57 0165 0.180
229 3.04 0.090 0.120
0.51 | 0020
991 1092 | 0390 . 0.430
1.27 0.050 ]
I 762 0.300
| 0.46 | 0.018 |
Lo o028 |
| ‘ 0.101 e 0.004.
1.24 oo49 [
| 1143 | 0045 -
9/9
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| - FOREWORD : HOME AUTOMATION CONCEPT

Kenneth P. Wacks, consultant to the home auto-
mation industry, has written an article clearly defin-
ing the concept of home automation. An extract is
given below :

"... Over the past six years a new industry called
"home automation" has been developing. This in-
dustry will create the next generation of consumer
appliances. The primary value added by home
automation is the integration of products and serv-
ices for household use. A few small companies are
marketing home automation systems. Large com-
panies and institutions are exploring this emerging
industry to determine the market potential.

A communication network in the house will provide
the infra-structure for linking appliances, sensors,
controllers, and control panels inside the house.
This has become feasible by tailoring the commu-
nications technologies developed for office auto-
mation to the home environment.

1.1 - Home Automation Appliances

In home automation, the term "appliances” refers
not only to the familiar kitchen, audio/video, and
portable appliances, but also to the components of
a heating and cooling system, a security system,
and lighting features. Home automation covers a
broad range of products and services intended for
consumer use. These items are expected to share
some common attributes, among which are :
- Emphasis on Subsystems :
Most appliances in houses today are self-con-
tained in metal or plastic cabinets. Each appli-
ance operates independently to the others. Each
appliance has a different set of user control.
Appliances in a home automation environment
are able to exchange data. This allows appliances
to be grouped into subsystems. Examples range
from familiar subsystems, such as security and
audio/video systems, to sophisticated lighting
controls with preset dimming levels for banks of
lights. A future subsystem might permit a washing
machine or a dish-washer to request that a water
heater preheat water when needed or when the
energy cost is lowest.

by 3%

- Incorporation of Communications Standard :
Some of the subsystems mentioned already ex-
ist. However, the components of each are inter-
connected using custom-designed technologies
and custom wiring. Home automation standards
will relieve the manufacturer of the need to invent
an ad hoc communications protocol and to pro-
vide wiring for data signals.

Diverse Locations :

Once communications standards are developed,
manufacturers will be able to locate components
of appliances outside the cabinet. Control panels
could be placed where convenient for the user,
not necessarely mounted on the cabinet. Related
appliances, such as clothes washer and a clothes
dryer, could share a control panel so the knobs
and dials are consistent and easier to operate.

1.2 - The Growth of the Industry

Communications technology and standards play
important roles in forecasting the home automation
industry. However, the development of applications
to use these technologies will set the growth rate
that simplify routine activities, spark a desire con-
sumers, or save money.

Thus, the growth rate of the home automation

industry is ultimately determinated by the actions

of appliance manufacturers. Key among these de-
cisions are :

- Adoption of an Emerging Communications

Standard :
The appliance manufacturers will greatly influ-
ence the establishment of a particular communi-
cations standard. They may even force an
amalgamation of standards from among the cur-
rent contenders.

- Create New Appliances or Appliances Features :
The development of standard communications
methods can benefit manufacturers and consum-
ers. The design staff would more likely be encour-
aged and financed to invent appliances that
depend on the exchange of data if a communica-
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Il - INTRODUCTION

In the latest generation of home automation sys-
tems, appliances can exchange information by
transmitting data over the domestic mains wiring.
As a result there is no need to install extra control
cables and appliances can be connected to the
"network" simply by plugging them into the nearest
wall socket. Apart from the obvious saving in instal-
lation cost, this virtual network also makes modifi-
cation and enhancement very simple since new
devices just have a wall socket to be instantly
connected to the network.

What makes these systems feasible is a new dedi-
cated modem integrated circuit, the SGS-THOM-
SON ST7537 Home Automation Modem IC,
developed specifically for this new high volume
consumer market as part of a European Commu-
nity "ESPRIT" project on domestic automation.

A typical household scenario is shown in Figure 1,
where various appliances, sensors, utility controls,
a telephone interface and a TV screen display are
all connected to the power line using power line

Figure 1 : Typical Household Scenario

modem.

If this automated house catches fire the detector
will send a warning message over the line. This will
be picked up by the gas control which can cut off
the gas supply, by an alarm system that can alert
anyone in the house, and even by the telephone
interface that can call the emergency services.

The telephone interface also allows the house-
holder to give instructions to appliances from out-
side. You might, for example, phone home and tell
the air conditioner to precool certain rooms at a
specified time.

Where there is a limit on energy consumption, or
where demand energy pricing is used (now that the
technology is available this is likely to be applied
extensively in future) various appliances can nego-
ciate power requirements through an energy con-
trol system. For example, a washing machine can
agree with the heating system when it can start a
cycle to avoid sudden and unnecessary peaks of
demand.
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Il - THE ELECTRICAL NETWORK

Research has been done on the communication
properties of the residential power circuit by J.B
O’Neal Jr. An extract of his written work is pre-
sented below :

"... The primary objective in most residential power
line carrier systems is to communicate information
from one power outlet in a residence to another.
The communication medium, therefore, consists of
everything connected on power outlets. This in-
cludes house wiring in the walls of the building,
appliance wiring, the appliances themselves, the
service panel, the triplex wire connecting the serv-
ice panel to the distribution transformer and the
distribution transformer itself. Since distribution
transformers usually serve more than one resi-
dence, the loads and wiring of all residences con-
nected to the same transformer must be included.

lil.1 - Impedance of Power Lines

The most extensive data on this subject has been
published by Malack and Engstrom of IBM (Elec-
tromagnetic Compatibility Laboratory), who meas-
ured the RF impedance of 86 commercial AC
power distribution systems in six European coun-
tries (see Figure 2).

These measurements show that the impedance of
the residential power circuits increases with fre-
quency and is in the range from about 1.5 to 80Q2
at 100kHz. It appears that this impedance is deter-

mined by two parameters - the loads connected to
the network and the impedance of the distribution
transformer. The loads at a neighbor’s residence
can effect this impedance. Wiring seems to have a
relatively small effect. The impedance is usually
inductive.

For typical resistive loads, signal attenuation is
expected to be from 2 to 40dB at 150kHz depend-
ing on the distribution transformer used and the
size of the loads. Moreover, it may be possible for
capacitive loads to resonate with the inductance of
the distribution transformer and cause the signal
attenuation to vary wildly with frequency.

ll.2 - Noise

The principal source of noise is caused by appli-
ances connected to the same transformer secon-
dary to which the power line carrier system is
connected. The two primary sources of noise will
be triacs used in light dimmers and universal mo-
tors. Triacs generate noise synchronous with the
50Hz power signal and this noise appears as har-
monics of 50Hz. Universal motors found in mixers,
sewing machines, and sanders also create noise,
but it is not as strong as light dimmer noise, and not
generally synchronous with 50Hz. Furthermore,
light dimmers are often left on for long periods of
time whereas universal motors are used intermit-
tently. The Figure 3 shows noise sources as well
as background noise in a typical residential envi-
ronment.

Figure 2 : Aggregate European Power Line Impedance (by Malack and Engstrom)
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Figure 3 :

Voltage spectra for 3 universal motors compared to light dimmers operating into the 60Hz
power circuit (by Vines, Trussel, Gale and O’'Neal Jr.)
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111.3 - Standing Waves

Standing wave effects will begin to occur when the
physical dimensions of the communication medium
are similar to about one-eight of a wavelenght,
which is about 375 and 250 meters at 100 and
150kHz respectively. The length of the communi-
cation path on the secondary side of the power
distribution system will be determined primarily by
the length of the triplex wire connecting the resi-
dences to the distribution transformer. Usually, sev-
eral residences use the same distribution
transformer. It would be rare that a linear run of this
wiring would exceed 250 meters in length although
the total length of branches might occasionally
exceed 250 meters. Thus standing wave effects
would be rare at frequencies below 150kHz for

6/73
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residential wiring..."

lll.4 - Typical Connection Loss (see Figure 4)

We notice two classes of value at a transmit fre-

quency of about 130kHz :

- from 10dB to 15dB : in this case, the transmitter
and the receiver are connected to the same
branch circuit.

- from 20dB to 30dB : in that case, the transmission
path goes from one branch circuit to another
through the service panel which induces an addi-
tional attenuation of 10dB to 20dB.

Therefore, the transmit range of a home automat-
ion system depends on the physical topology of the
electric power distribution network inside the build-
ing where the system is installed.
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Figure 4 : Static Attenuation for Several Paths (by Daniel CHAFFANJON)
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IV - ST7537 POWER LINE MODEM

Fabricated in analog CMOS technology, the
ST7537 transmits and receives data up to 1200bps
in half duplex mode using a carrier frequency of
132.45kHz, complying with Europe’s CENELEC
EN 50065 standard (which specifies the use of
125kHz to 140kHz carrier frequencies for home
automation) and US FCC regulations (which speci-
fies the use of carrier frequencies lower than
450kHz).

. Frequency-shift keying is used for transmission, a
- fundamental design choice that makes it possible
to achieve rugged transmission in a very noisy
electrical environment at an affordable cost for high
volume consumer markets. Among the alterna-
tives, amplitude-shift keying is too susceptible to
noise and spread-spectrum, though theoretically
more reliable, requires complex and costly circuits.
Moreover, field trials in a critical remote utility meter
reading application have proven the dependability
of the SGS-THOMSON approach.

Included on the chip are all of the functional blocks
necessary for the transmission and reception of
data over power lines. In addition to this IC the only
external components needed are a line driver and
a transformer, plus, of course, the microcontroller
that prepares and interprets message data.

Transmit data enters the FSK modulator asynchro-
nously with a nominal intra-message data rate of
1200bps. Inside the modulator, the data is trans-
formed into two frequencies (133.05kHz for a "0"

(37 SGS-THOMSON

and 131.85kHz for a "1"), derived from an inexpen-
sive 11.0592MHz crystal.

The modulated signal from the FSK modulator is
filtered by a switched-capacitor bandpass filter
(TX bandpass) to limit the output spectrum and to
reduce the level of harmonic components. The final
stage of the transmit path consists of an operational
amplifier which needs a feedback signal from the
power amplifier.

In the receive section, the incoming signal is ap-
plied at the RAI input (with a typical sensitivity of
1mVReums) where it is first filtered by a switched-ca-
pacitor bandpass filter with a pass band of around
12kHz, centered on the carrier frequency. The out-
put of the filter is amplified by a 20dB gain stage
which provides symetrical limitation for overvol-
tages. The resulting signal is downconverted by a
mixer which receives a local oscillator synthesized
by the FSK modulator block.

Flnally, an intermediate frequency bandpass filter
WI 10se bUlIlldI uequt—;nuy iS O 4Kl"‘lZ |mproves Ine
signal-to-noise ratio before entering the FSK de-
modulator. The coupling of the intermediate fre-
quency filter output to the FSK demodulator input
is made by an external capacitor which cancels the
receive path offset.

In the ST7537 there are two important additional
functions: the carrier detector and the watchdog.
Carrier detection is needed because in practically
all applications more than two appliances will be
connected to the power line. Before attempting to

7/73
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transmit, an appliance must first check that there is
no carrier present, and if there is, it must wait and
retry later.

The watchdog function is provided to ensure that
the modem’s control micro is functioning correctly.
Software in the micro must include instructions that
send a pulse to the watchdog input of the ST7537
at least once every 1.5s. If no negative transition is
observed at this input for 1.5s a reset signal is
generated to restart the micro. This watchdog
monitor scheme ensures that any disruption
caused by glitches are quickly corrected.

V - DEMO BOARD FEATURES

Power line interface

The power line interface has been designed in
order to follow the CENELEC EN 50065-1 and US
FCC specification. It has to amplify and filter the
output signal of the ST7537.

Test pin

Itis possible to program the different test modes of
the ST7537 with the switches SW1, SW2, SW3 and
SW4 corresponding to TEST1, TEST2, TEST3 and
TEST4. The most important test mode is TEST1
which allows continuous transmission.

RS232C interface

On the application board, there is an RS232C
interface allowing you to debug your system. This
interface is connected to the ST7537 by four
switches SW5, SW6, SW7 and SW8.

Remark : It is mandatory to provide the watchdog
clock to the ST7537.

Wrapping area
You can wire your application and do its debug by

Figure 5 : Power Line Interface Description

connecting relevant digital signals to SW5, SW6,
SW7 and SW8 (pin not used) and watchdog, mas-
ter clock and RSTO.

VI - HARDWARE DESCRIPTION

VI.1 - About CENELEC Specifications

The CENELEC specifications are given for an
imaginary network (50€¥ 50uH + 5Q) simulating
the power line. This network looks like a 54Q
impedance at a transmit frequency of 132.45kHz.
The transmitted signal is measured in relation to a
reference of this network (see Annexe B). With this
configuration, some of the specifications are :

- maximum output level : 116dBuV

- harmonics level of less than 46dBuV mean.

In this chapter, the transmitted signal is measured
between the phase and the neutral of the simulated
power line. Then, the measured voltages are twice
the ones measured with CENELEC test configura-
tion. Thus, it is necessary to add 6dBuV to the
specifications given above :

- maximum output level : 122dBuV

- harmonics level of less than 52dBuV mean.

Henceforth, these values will be used .

V1.2 - Power Line Interface

The power line interface connects the ST7537 to

the power lines and meets the CENELEC and FCC

specifications. It has the following functions :

- intransmit mode : to amplify and filter the transmit
signal (ATO) from the ST7537

- in receive mode : to provide received signal from
powerlines to the receive input (RAIl) of the
ST7537

- protection against spikes and overvoltages.

It is composed of a line driver and a line interface
as it is shown in Figure 5.

ST7537

‘ RN
ATO ] >
-

PAFB :

PABC —
PABC

RAl ——

LINE DRIVER

T E
:

LINE INTERFACE

I 7
é —O

A

MAINS
50/60 Hz
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ST7537 - POWER LINE MODEM APPLICATION

In transmit mode, the power line interface has to
be able to drive, via the line interface, power lines
with impedances from 1 to 100Q. The line interface
is not only used to put signals on the power line. It
is also used as a bandpass filter, in order to reduce
the harmonics of the transmit signal to a level of
less than 52dBuV .

In receive mode, the line driver is switched off to
avoid the low output impedance of the line driver
attenuating the received signals and to save en-
ergy costs.

VI.2.1 - The Line Driver

The line driver has to amplify the output signal
(ATO) of the ST7537 (see Figure 6).

First, a normal Push-Pull amplifier has been set up
with two bipolar transistors Q4 (2N2222) and Q3
(2N2907). These types of transistors (2N2222 and
2N2907) have been chosen as they are cheap and
widely used.

The resistors R4, R5, R10 and R12 degenerate the
emitter of Q5, Q4, Q1, Q3 in order to define the bias

Figure 6 : Power Line Interface Schematics

current of the ouput branch independently of the
mismatch of the transistors. The Push-Pullis polar-
ized with two common collector amplifiers com-
posed of Q1 (2N2222) and Q5 (2N2907). As far as
resistors R7 and R11 are concerned, their value
(180€2) has been defined to obtain the optimum
performances of the amplifiers thus define the bias
current of the system.

The bipolar transistors Q2 (2N2222) and Q6
(2N2907) are used to switch off the power amplifier
during the receive mode, thanks to the ST7537
output signals PABC and PABC which follow the
Rx/Tx mode.

In order to avoid thermal runaways, it is mandatory
to connect thermically Q1/Q4 and Q3/Q5. This is
possible since the collectors of the transistors used
are connected to the metal package. Conse-
quently, both transistors will have the same tem-
perature.

Main characteristics of the line driver :

- voltage gain =1

- high input impedance

- low output impedance
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ST7537 - POWER LINE MODEM APPLICATION

VI.2.2 - The Line Interface

In order to adapt the line driver to the power line, a

transformer is used (see Figure 6). This trans-

former has :

- to isolate the rest of the interface from the power
line

- to put the transmit signal on the power line

- to extract the received signal from the power line

- to filter 50Hz/60Hz signal coming from the power
line

- to filter the harmonics of the transmit signal.

The used transformer is a TOKO T1002N. It has

two primary windings and one secondary winding.

The ratios of these windings are 4:1:1 (turns).

Typical values of the transformer are :

- L1t windings : 9.4puH

- L4t windings : 140uH.

The primary windings of the transformer are used

to create a bandpass filter. The resonance fre-

quency is set at the transmit frequency with C4.

This capacitor is in parallel with the primary winding

(1t/4t). The equivalent value for those two windings

can be calculated according to :

| Leq = L1t + L4t + 2M

M=k VL1t L4t

With the given values :
k=1/2"2
M = (9.4pH - 140uH / 29'2= 25 7uH
Leq=L1t+L4t+2 M=200.7uH

The resonance frequency of this LC network is
dependant of C4 and Leq according to :

1

Fres=— 77—
2T - NlLeq - C4

C4 = A__‘l—
Leq- (2TC- Fres)2

For Fres = 132.45kHz — C4 = 7.2nF (6.8nF is
chosen since it is the nearest capacitor value avail-
able).

The capacitor C4 must be very linear in order avoid
harmonic distortion. That's why a KS (styroflex or
NPO ceramic capacitor) capacitor has been used.
In order to filter the 50Hz/60Hz signal from the
powerlines, C1 is used. The capacitor filters the low
frequencies (50Hz/60Hz) and lets the high (Trans-
mit) frequencies pass. It is a class X2 capacitor.
These capacitors have a short circuit protection,
which is absolutely necessary. Indeed if a short
circuit in the capacitor occurs, the 50Hz/60Hz filter-
ing is lost, and the powerline interface will be

10/73 (57 SGS-THOMSON
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destroyed, or worse, danger might occur for per-
sons working with the interface and the ST7537.
Moreover, since the TOKO transformer cannot
overcome higher than 800V spikes, the safety
norms are not met and the capacitor C1 is required
to comply with them. An additional capacitor C21
is used as the phase location is unknown.

As a final protection against any possible spikes, a
transil (TRL 1) is used. ltis a 6.8V bidirectional type.
If a voltage greater than 6.8V appears, voltage
between pins of the system will be set to 6.8V,
protecting the other parts of the power line interface
from damage.

R1 is added to discharge C1 after disconnecting
the interface from the powerline. Without this resis-
tor, C1 will not be discharged and schock hazard
might occur if someone touches the powerline
connector. This resistor is only useful in evaluation
systems. In all other cases where disconnection
from the power line never takes place, R1 can be
removed, saving undesired energy loss.

V1.2.3 - The Power Line Interface

The complete power line interface has been de-
scribed in the two preceding parts. The interface
has to be connected to the ST7537 as described in
Figure 7.

The ATO and RAI are the analog output and input

fraomin tha QT7527 The nontral of tha tranemit/ra_

ceive mode is made with PABC and PABC signals
from the ST7537. A high output (+10V) on PABC
line selects the transmit mode, whereas a low
output (0V) selects the receive mode.

The "pwr" outputs are the power line connections.
On the application board, these connections are
located close to C1 and the transformer in order to
avoid long tracks carrying high voltage.

VI.2.4 - Performances of the power line inter-
face

The following tests have been done on the power

line interface :

- output impedance of the powerline interface ver-
sus the frequency

- Bit Error Rate (BER) test

- spectrum analysis of the transmit signal.

VI1.2.4.1 - OUTPUT IMPEDANCE OF THE POWER
LINE INTERFACE VERSUS THE FREQUENCY

The output impedance of the power line interface

is measured with an impedance analyzer as it is

shown in Figure 8. The board is set in receive

mode.

The results are given in annexe B.

Test equipment : 41924 LF Impedance Analyzer
5Hz-13MHz (Hewlett Packard)

Test conditions : T =+25°C
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Figure 7 : Power Line Interface Inputs and Outputs

|
oV oV PWR | -
POWERLINE g
wm v PWR ‘ ]
RA  ATO  PABC  PABC
n . L] n
RECEIVE  TRANSMIT MODE
OUTPUT INPUT SELECTION
Figure 8 : Output Impedance Measurement Configuration
- ‘{7,,,7,ﬁ_”,, .,wE o o .
| a0 J — |
‘ | | POWERLINE | | IMPEDANCE |
; ST7537 | RAl | INTERFACE L f ANALYZER |
L B |
Vi.2.4.2 - BER TEST tively the B.E.R with a RAIl input level of
Two boards are required : one for the transmission, 10.023mVRums and 1.14mVams .
the other one for the reception. Conclusion

White noise is added to the ATO transmit outputof ~ Under the test conditions of the ST7537 specifica-
the ST7537 thanks to a mixer. The aim is to meas- tion (RAl = 10mVrms and S/N = 15dB) the BER is

ure the BER under different Signal/Noise ratiocon- ~ 4.10-7. With an RAl input level of 1.14mVRus the
ditions. The mixed signal is transmitted to the RAI BERis around 10-4 with the same S/N ratio. There-

receive input of the modem. The digital signal fore, the ST7537 is able to communicate with low

injected in TxD is a 2'5-1 pseudo-random pattern input signal level of about 1mVrwms. This test illus-
long, generated by a bit error rate analyzer (with trates the high sensitivity of the power line modem.
internal 1.2kHz asynchronous clock). In Figure 10, the measured BER (with an RAI input

Inthe reception board, a 1.2kHz clock (CRX) is built level of 10mVRwms) is compared with the theorical
thanks to the ST7537 MCLK clock. The received BER of a conventional BFSK modulator/demodu-
digital signal RxD is amplified (RxDL) and synchro- lator.

nized with the CRX clock. Both of them (CRX and Test equipment :  SI7703B BER analyzer

RxDL) are analyzed by the BER analyzer. Rhode and Schwartz noise
The measurements are made with different RAI » generator
input level. The Figures 10 and 11 gives respec- Test condition: T =+25°C
11/73
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ST7537 - POWER LINE MODEM APPLICATION

Figure 9 : BER Test Configuration
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Figure 10 : BER Test for an RAI Input Amplitude of 10.023mVRrus
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Figure 11 : BER Test for an RAIl Input Level of 1.14mVgms

ST7537 B.ER

T-26c Baud rate = 1200
VRAI = 1.14 mVims
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1,00E-03
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Loy -
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—*— VRAl=1.14mVims

V1.2.4.3 - TRANSMIT SIGNAL SPECTRUM
ANALYSIS

The transmit output signal of the power line inter-
face is measured with the power line simulated by
resistors : R=1, 5, 10, 50, 100Q.

A spectrum analyzer is used to display the output
signal frequency spectrum of the power line inter-
face (see Figure 12).

In a first design of the board, a 2.2 resistor was
used instead of the inductance L1. In this configu-
ration, whatever the power line impedance, the
output level was at least 106dBuV up to 119dBuV
(see Figure 13). Thus no communication problems
had been noticed during the test session.

To improve the frequency spectrum of the transmit
signal, the resistor has been replaced by an induc-
tance L1 of 68uH, 1.6Q (see Figures 14 and 15).

Figure 12 : Spectrum Analysis Configuration

However, tests on a real site showed that the
transmit level was very low with this inductance in
case of low power line impedance : with an imped-
ance of 1Q, the output level is 87dBuV, so that
communication difficulties occur. At the transmit
frequency (132.45kHz), the inductance looks like
an impedance of about 56¢2, which introduces
significant attenuations on the transmit signal com-
pared to those induced by the 2.2Q resistor.

To improve the output signal amplitude, the induc-
tance value must be modified. A compromise has
to be found between filtering the pertubation volt-
ages and lowering the impedance of the induc-
tance at the transmit frequency. An inductance of
10 uH (0.8Q) has been chosen which looks like an
impedance of 8Q at 132.45kHz frequency (see
Figures 16 and 17).

| | __ POWER
Testt | } ATO ﬂ L LNE |
| POWERLNE | [ | SPECTRUM |
| ‘ M. |
. ST7837 | | INTERFACE LR anaLvzer |
RaTx__ PAFB_| L | 1
r i - ‘ |
[ ,,J ' e
I
TXD
R 1/5/10/50/100 ohm
TXD:"0"/"1" (OV/ +5V)
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ST7537 - POWER LINE MODEM APPLICATION

Figure 13 : Output Transmit Level (dBuV) with

2.2Q Resistor

Figure 14 :

Output Transmit Level (dBuV) with
68uH Inductance

ST7537 APPLICATION BOARD
WITH A 2.2 ohm RESISTOR
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ST7537 APPLICATION BOARD
WITH A 68 uH INDUCTANCE
XD ="0"
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CENELEC: 122.dB V)

100

Figure 15: Second and Third Harmonics Level
(dBuV) with 68uH Inductance

Figure 16 :

Output Transmit Level (dBuV) with
10pH Inductance
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Figure 17 : Second and Third Harmonics Level (dBuV) with 10uH Inductance

H2 (dBuV)

CENELEC:52dB pV)

$T7537 APPLICATION BOARD
WITH A 10 1tH INDUCTANCE
XD ="0"

R power line (ohm)

H3 (dBuV)

VOUT/H2 and VOUT/H3 variations with the 10uH inductance versus the power line impedance are given

in Annexe C.

Test results CENELEC specifications
(with L1 = 10pH)
VOUT < 122 dBuV
H2 < 39 dBuV

H3 < 49 dBuV
VOUT/H2 > 70 dB
VOUT/H3 > 65 dB

Conclusion

VOUT < 122 dBuV,
H2 < 56 dBuV mean
H3 < 52 dBuV mean

ECC specifications

H2 < 48 dBuV (extended to 60 dBuV)
H3 < 48 dBuV (extended to 60 dBuV)

With L1 =10 pH, the required harmonics level is reached and the output voltage is smaller than 122 dBuV.
Therefore, the power line interface is fully operating according to the CENELEC and FCC specifications.
Moreover, for very low power line impedances, the output transmit level is high enough to ensure a good

communication quality.

Test equipment :
Test conditions: T =+25°C

VL3 - Carrier Detect

The carrier detect output (CD) is driven low when
the input signal amplitude on RAl is greater than
(Vep - Vewm)/Grx for at least Tcp (typically 4ms).
When the input signal disappears or becomes
lower than (Vcp - Vem)/Grx, CD is held low for at
least Tcd before returning to a high level. Ved input
is the carrier detection threshold voltage which is
set externally and Grx is the receive gain (typically
20dB). The minimum detection level has to be
10mVRwms in order to meet the CENELEC specifi-
cations.

Vep- Vew
Grx

This voltage is set with a resistor bridge as it is
shown in the Figure 18.

=10mV= Vcp = 5.089V

3585A Spectrum Analyzer 20Hz-40MHz (Hewlett Packard)

Figure 18 : Carrier Detect

619
9.09K
Ved 5
10K
- ST7537

‘,OV
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ST7537 - POWER LINE MODEM APPLICATION

Vep=

Since Vcphasto be very precise, 1% resistors must
be used. With the resistors chosen :

Vcp = 5.07V

=minimum detection level = 5.8mVgums

. _RI3
R3 + R4 + R13

Calculation of the Vcp voltage range according to

resistor tolerance :

- R3max. ‘ _
VDCmex= Ramax + Rdmin. + R15min, 5'12\1

= minimum detection level = 9.85mVgrms
h\; ) o R3min.
DCmin="Bamin. + R4min. + R15max.

=5.02V ‘

= minimun detection level = 1.7mVgrms

“Thus, with 1% resistors whose value is given
above, the CENELEC specification is met.

The graph, given in Annexe D, represents the
minimum amplitude of the received signal which
can be detected (which corresponds to CD = 0)
according to the frequency. For frequencies near
132.45kHz, the minimum level complies with the
calculation made above. Thus input signals at a
frequency of 133.05kHz (high logic level) and
131.85kHz (low logic level) can de detected at a
very low level. For frequencies smaller than
129kHz or greater than 150kHz, the detection is
made at a very high level of input signal. Therefore,
only significant frequencies received signals are
detected.

In the final version of the ST7537, the carrier de-
tector level will be fixed inside the device at 5mV,
so that there will be no need of external compo-
nents on Vcp.

V1.4 - Communication with a RS232C Interface

The application board can be connected to a Per-
sonal Computer (PC) thanks to the RS232C inter-
face. As the electrical levels of the RS232 port
(£12V) do not match the electrical levels of the
ST7537 (TTL levels 0/+5V), a MAX232 is used to
make communication possible. This device has two
RS232 receivers to convert RS232 levels into TTL
levels and two RS232 transmitters to convert TTL
levels into RS232 levels.

The connections between the ST7537 and the
RS232 interface are given in figure 19. Not all the
pins from the RS232 port are used. The RXD, TXD
and Carrier Detect (CD) signals are directly con-
verted. The Request To Send (RTS) line is used to
set the ST7537 in receive or transmit mode, but
also to give the PC a Clear To Send (CTS) signal.
The Data Set Ready (DSR) line is connected to the
Data Terminal Ready (DTR) line. This simulates the
transmission of the DSR signal by the power line
modem when the PC is ready. The Rl output of the
PC is only used for telephone network modems,
and therefore it is not connected.

If the RS232 port of the PC is used, it is necessary
to provide the board with a watchdog clock
(e.g : 1kHz) in order to get the PC communication
working. A suggested clock generator is given Fig-
ure 20. It uses a NE555 timer working in astable
mode.

Figure 19 : Connections between ST7537 and RS232 Interface

+5V
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Figure 20 : Watchdog Clock

s‘v
A
4 8 1K Ohm
Reset
Discharge
wp = S ot NE555 -
100 K Ohm
5 Contro Threshold ‘6
Voltage Trigger
c ! c1
0.01 microF 7nF
ov
The output HIGH time of the clock is : Receive mode
th = 0.693"(R1 + R2)*C1 -ST7537 30mARMS
The output LOW time of the clock is : - MAX232 2.5mAgrms
tL = 0.693*(R2)*C1 - watchdog clock generator 2.5mARMS
Thus the total period Tis : T =ty + tL Total 35mARMs

The frequency of oscillation is : f = 1/T = 1/(t1 + t)

Calculations provides the following results :
- R1 = 1kQ

- R2 = 100kQ2

-C1=7nF.

VL5 - Demo-board Power Consumption

The demo-board tested is composed of :
- the ST7537

- the power line interface

- the MAX232

- the watchdog clock generator

The power consumption is measured both in trans-
mit and receive modes. In both modes, the power
line has been simulated with a 1Q resistor (worst
case simulation). In transmit mode, the data input
(TxD) was a logical 0 (OV) (see Figure 21).

Current consumption

Power line impedance : 1Q

Input voltage 1
Transmit mode

- ST7537 30mARMS

- power line interface 112mARMs

- MAX232 2.5mARMs

- watchdog clock generator _2.5mARMS
Total 147mARMSs

Total power consumption
Transmit mode : 1.47W
Receive mode : 350mW

A ST7537 system is almost always in receive
mode, and the transmit mode only lasts 1 second.
The need of energy is therefore limited.

In receive mode the line driver is switched off, which
explains the low consumption.
Test equipment : FLUKE 45
(Dual Display Multimeter)
Test conditions : T =+25°C

VI.6 - Demoboard Communicating Application

The ST7537 power line modem enables you to
design "communicating” appliances, which meet
your specific requirements and comply with the
CENELEC specifications. Equipped with a single
low-cost ST90E28 microcontroller, it makes it pos-
sibie to buiid a "smart" home neiwork, where each
device is able to use any information required either
if it is local (sensors) or remote (inside any other
communicating appliance).

This paragraph is intended to provide design basics
for the implementation of the ST90E28 on the
ST7537 demoboard.

17/73
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Figure 21 : Power Consumption Test
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VL7 - Overview of the ST90E28 MCU one data output to display information about the
The ST90E28 microcontroller chosen to equip the %a'u ffzotgtrﬁm execution by means ofa Ilelad\:m\qou
ST7537 demoboard is a 16Kbyte program memory th'o| d a brekmaln p;ggram II'S running wetl, d en
EPROM version with 256 bytes of RAM and T'f' ed s d.'frf‘ Ing as be tapp 'a':}fe ;S po‘”e;e ”°”~
256 bytes of register file. Within this file, 224 gen- e“':‘a.'” 't/e'enctefs .I‘i""ee” & two controflers
eral purpose registers are available as RAM, accu- are the inpu OUPU a.cn 1es. )
mulators or index pointers, allowing code  The slave configuration provides an ouput that
efficiency. This MCU has an internal clock gener-  switches a load. This load will be simulated by a
ator, a 16-bit watchdog timer for system integrity,a ~ LED (see Figure 22).
powerful serial communications interface (SCI)  The master configuration provides a 3-bit com-
with included baud rate generator and outstanding  mand input to control the slaves. This command will
Qhare_ic’(er search capability, and a 16-bit multifunc- be simulated by a KEYBOARD : one key is avail-
tion timer for complex user applications; it provides  apje for each slave, and one specific key enables
a reset input and up to 36 input/output pins, includ-  the user to supervise all the slaves inside a room
ing 7 external interrupts and a non-maskable inter- at once. This configuration also uses a 3-bit data
rupt. output to let you know whether a particular slave is
Most of the instructions take 14 clock cycles: with on, or whether the room is lit up. This information
a clock frequency of 11.0592MHz, one instruction will be displayed by one led attached to the key
lasts about 90ns. Connected to the ST7537, the dedicated to a particular device (see Figure 23). All
microcontroller has to deliver a maximum bit rate the slaves addresses will be stored in the master
of 1200 bauds: one bit is at least 833us long. version of the software.
i Furthermore, both configurations need a 7 bit data
V1.8 - Implementation of the STS0E28 MCU exchange with the ST7537 : clock, transmit data,
Two configurations have been set up, one for the receive data, reset, Rx/Tx control lines (see Fig-
slave appliances, and one for the master system. ure 24). No external component is needed to inter-
Both versions will have their address initialized in face the microcontroller with the power line
the software in this first release. Besides, they use modem, allowing cost savings.
18/73
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Figure 22 : Slave Configuration
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Figure 23 : Master Configuration
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Figure 24 : Interface between ST7537 and ST90E28
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- OSCIN (Pin 2) : The MCU oscillator is driven with
the PLM master clock, so that no additional crys-
tal is needed. In this case, the oscillator output pin
must stay unconnected.

Port 5 bit 1 (Pin 42) : This output bit provides the
PLM watchdog input with negative transitions,
before the timeout end is reached. The watchdog
pulses must be at least 500ns wide with a period
of at least 800us and up to 1.5s.

Port 5 bit 0 (Pin 43) : This output controls the
Rx/Tx mode. When this bit is 0, the transmit mode
is set, otherwise the receive mode is selected.
Remember that the ST7537 switches automat-
ically in the receive mode, when this bit is held at
0 longer than 1s.

INT1 (Pin 26) : The PLM carrier detect signal
channels through this external interrupt input pin,
which is triggered on falling edge. On signal de-
tection, the carrier detect output is driven low and
generates an interrupt request.

SOUT (Pin 30) : The microcontroller provides the
ST7537 with Tx data by means of the SC! output.
SIN (Pin31): The ST7537 provides the microcon-
troller with Rx data through the SCI input.

NMI (Pin 18) : The PLM reset output signal acts
as an MCU external watchdog, in order to detect
hardware or software failures. This signal chan-
nels through the MCU external non maskable
interrupt input pin, which is triggered on rising
edge. When the power supply is too low or when
no negative transition occurs on the PLM watch-
dog input for more than 1.5s, the reset ouput is
driven high and generates a top level interrupt
request, which resets the microcontroller. As for
the MCU internal watchdog timer, the watchdog
mode is disabled, so that a second 16-bit pro-
grammable timer is available for customer appli-
cations.

VI1.8.1 - Applicative Pin Configuration

- Vss (Pin 1) : Digital Circuit Ground

- Vpp (Pin 21) : Main Power Supply Voltage +5V. A
decoupling capacitor of 47uF is connected be-
tween Vpp and Vss pins. The Vpp of the micro-
controller should be connected also to the DVcc
of the ST7537 in order to reference the digital
level of the ST7537.

20/73
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- RESET (Pin 3) : This input is active low. To restart
the microcontroller, the reset key has to be
pressed (see Figure 25). A capacitor (2.2uF) will
keep the input low for a minimum startup period,
whereas a pull-up resistor (100kQ) will keep it
high for normal operation.

- Display Output : Light emitting diodes are used to
display data. The maximum current provided by
each output pin is 0.8mA. Therefore the serial
resistor R has a minimum value of 4.7kQ (see
Figure 26 : current = (4.2-0.6)/4.7e3 = 0.77mA).

The slave configuration uses 2 display output
pins.

Port 2 bit 3 (Pin 25) : blinking led

Port 2 bit 5 (Pin 27) : load (slave led)
The master configuration uses 4 display output
pins.

Port 2 bit 3 (Pin 25) : blinking led

Port 2 bit 5 (Pin 27) : load 1 status

Port 2 bit 6 (Pin 28) : load 2 status

Port 5 bit 5 (Pin 38) : room status

Figure 25 : Reset Command

+5V
L]

100K

ST9

RESET
RESET +
KEY
. 2.2uF

Figure 26 : Display Output

ST9

= Pxx

<
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- Keyboard Input : Switch keys are used to enter
commands. The keyboard pin is active high (see
Figure 27). Apull-down resistor of 10kQ2 keeps the
input low, whereas a key press holds it high for
active operation.

The master configuration uses 3 keyboard input
pins.
Port 5 bit 2 (Pin 41) :
Port 5 bit 3 (Pin 40)
Port 5 bit 4 (Pin 39)

load 1 command
: load 2 command
: room command

Figure 27 : Keyboard Input

+§V
e ST9

Pxx

10K

V1.8.2 - Power Consumption

The power consumption of each configuration has
been measured. Both master and slave boards
were connected to the AC power mains : the slave
led and all master status leds are switched ON by
pressing the master room key (worst case simula-
tion).

The current consumption is measured with a digit-
izing oscilloscope (channel 2) by means of a serial
resistor, which value is small enough to avoid big

7537-33 Al

with the same power voltage, which value is dis-
played on a multimeter.
Test equipment : Fluke 45 Multimeter, Tektronix
TDS460 Digitizing Oscilloscope
Test conditions : R = 1.04€Q, Valim = +10.006 V
T=+25°C
- Slave board : the oscilloscope is triggered on the
falling edge of the Carrier Detect (CD) signal
displayed on channel 1 (see Figure 28). There-
fore, the current consumption is displayed on
channel 2 in receive mode on stand-by (CD = 1)
and active (CD = 0) states.
Current consumption (Rx mode) :+146mAgrms
Power consumption :
(+10.006V - 1.04Q - 146mA) - 146mA = +1.44W

Slave board current consumption test results
(see Figure 29)

Channel 1: Carrier Detect signal
Channel 2 : Supply current

Master board : the oscilloscope is triggered on the
falling edge of the Rx/Tx signal on channel 1 (see
Figure 30). The current consumption is displayed
on channel 2 in both receive and transmit modes.

Current consumption :

Rx mode +160mARmMs

Tx mode +230mMARrmMms

Power consumption :

Rx mode (+10.006V - 1.04Q- 160mA) - 160mA
=+1.57W

Tx mode (+10.006V - 1.04€2- 230mA) - 230mA
= +2.25W

Master board current consumption test results
(see Figure 31)

supply voltage drops (about 1€2 typically). Channel 1 : Rx/Tx signal
A dual tracking power supply provides each board Channel 2 : Supply current
Figure 28 : Slave Board Current Consumption Test
MULTIMETER ALIM
W . . +10V
Vo osie e . ov
‘R
OSCILLOSCOPE SLAVE MASTER
= eV Tx mode
CH2 - . = ov
. 3 shots
CH1 = . CcD
s VAC » ' VAC =
AC POWER LINE 50/60 Hz o I - .
R 21/73
TR
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Figure 29 : Slave Board Current Consumption Test Results

Tek stopped 33 Acquisitions

[T ]

1=

Ch2 RMS
145.68 mv

Ch2 Max

L A724my

© Ch2 Mean

145.44 mv

Ch2 Min

- 1196 myv

Ch15.00V Ch2 20,00 mV M 100 ms Ch1\ 32V
Figure 30 : Master Board Current Consumption Test
MULTIMETER ALIM
; +V - ? L +10V
‘ Vo e 1. ov
|
R
0SCILLOSCOPE MASTER SLAVE
o e v
CH2 T * T o Rx mode
CH1 LR = RWTxX
v VAC » = VAC »
AC POWER LINE 50/60 Hz * °

22/73

(57 65 ™HOMSON
110

7837 35 Al

7537-36 Al



ST7537 - POWER LINE MODEM APPLICATION

Figure 31 : Master Board Current Consumption Test Results

Tek stopped 33 Acquisitions
LT

]

|

. Ch2 RMS
183.78 mv

ChoMax
268.2 mv
Ch2 Mean
180.84 mv
Ch2 Min
119.4 mv
Ch15.00V Ch230.0mV M 100 ms chi\ 31V
V.9 - Power Supply Urtt = ripple voltage
V.9.1 - Power supply features U = minimum voltage which has to exist
The power supply features are : between input and output of the voltage
- one reference voltage of 10 Vpc regulator
- output current of 400 mA Us = output power supply voltage
The 5 Vpc voltage needed for the numeric part of Ud = rectifier diodes voltage drop

the application is provided by a voltage regulator
LM 7805, which already exists on the board.
The power supply schematic is given in Figure 32 :

The LM317T regulator is ajustable between 1.2V
and 37V thanks to the R1 & R2 resistors. It could
be replaced by a +10V regulator.

V.9.2 - Power supply sizing

The rectified voltage between pins of the capacitor
C1 is shown in Figure 33 :

Uca = transformer secondary voltage (VRms)
Ucc = voltage between pins of the capacitor C1

Figure 32 : Power Supply Schematics

| = output power supply current
Hypothesis :

- 1 =400m

A

- Umin = 3V

-Ud=1V

The minimum voltage the transformer has to pro-

vide is :

\ Uca = (Us + Umin + Urtt + 2Ud) / 2

]

The ripple voltage is :

| Urtt=10"1/C1 (with|in mAand C1 in uF) |

ca

3¢

LM 317T
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Figure 33 : Rectified Voltage Parameters

v

A
A unt A

; Umin

10V - B

1414*Ucarms - 2°Ud Uoutput

V.9.3 - Using a 2x6 V secondary voltage trans-
former

The transformer must be able to supply | =400mA,
so that a 5 VA transformer is required.

The maximum value of Urtt is :
Urtt max = 2*Uca - Us - Umin - 2*Ud
i Urtt max = 2V

= C1 min =10*/ Urtt max

C1 min = 2000uF
We choose a C1 capacitor value of : 4700uF
The maximum voltage Vmax which can be applied
between C1 pins has to be higher than the maxi-
mum secondary voltage of the transformer. There-
fore, with a safety margin of 25% :

|__7 Vmax = (2 * pcai}* 1.25 =212V |

The maximum power dissipated by the voltage
regulator is :

B © Pd=U"I |
U =2"Uca - Us - Urtt - 2*Ud

Urtt = (10 * 400) / 4700 = 0.85V

=Pd= 1.6W

In short, the power supply sizing is :

7537-39.A1

- to process data

- to run character error test.

It is possible to transmit :

- characters

- text ( maximum 80 characters )

- hexadecimal data ( maximum 64 bytes )

- file.

The communication program allows you to run

different types of communication :

- communication between 2 computers.

- communication between 2 ports COM on the
same computer.

VII.1 - Software Running and Presentation

The description of what is executed in PLMCOM3
is given in annexe E (flow chart 1).

To run the software, type "PLMCOMS3" and press
ENTER. The presentation of the software is dis-
played.

Then, the following menu appears. It recalls the
different command function keys used in the pro-
gram (details about these keys are given in chapter
VIL3).

Figure 34

¢ Select COM 1
> i Select COM 2
of iguration of CON
F2 @ Toggle Request To Send
F1 @ Run the transmission of text, data or file in CENELEC
FA : Run QBF1 test or pattern test in CENELEC
F5 @ Clear Screen
Fo @ Clear COM1 Window
F? @ Clear COMZ Window
F8 @ Select 1 or 2 port COMCS) for communication
Fxit

¢ Display this screen

Hit any key to continue

Hit any key to continue.

- secondary voltage of the transformer : 2x6V Next display :
- 5 VA transformer .
- C1 = 4700uF with a maximum voltage of 25v  Figure 35

between its pins. B
VIl - PC SOFTWARE
With the application board, we provide you a com- Conmanication ws vy
munication program written in Turbo C language 1 One port CON ( tuo computers )
whlch a”OWS 2. Two port COMs ( one camputer )
- to drive the RS232 interface
- to transmit data via power lines thanks to the

ST7537
- to receive data from power lines thanks to the e

ST7537 -
24/73 SGS-THOMSON
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Press "1"if you want to select option 1 (1 port COM)
or press "2" to select option 2 (2 port COMs). Option
2 is set by default.

When the option is chosen, the main screen ap-
pears. One of its configuration is given below.

Figure 36

SGS THOMSON Ricroelectronics (copyright) June 1993 Rev 1.1
k ew

ST 7437 Pover Line

con

€1 1200 D81 Tx €2 1200 081  Rx

Itis divided into 3 parts :
- COM1 window
- COM2 window
- status port COM menu

The status port COM menu gives information about

the two ports COM :

- C1andc2:indicates which port COM information
refers to (the port COM selected is displayed in
upper case letters)

- 1200 081 : indicates the current RS232 port
programming (example : 1200 081 means 1200
bauds, Odd parity, 8 data bits and 1 stop bit)

- Rx and Tx : indicates that the port COM is used
in receive mode (Rx) or in transmit mode (Tx)

- CER : appears only if the test mode is selected.
It means that character error rate test is running

- CD : indicates that the port COM is receiving a
signal (possible display only during receive
mode).

VIi.2 - Frame Format

The program transmits frames composed of :

- a preamble

- a data field (text, hexadecimal data, file or sen-
tence test).

The preamble is composed of 4 bytes which are :

- FFh

- AAh

Figure 37 : Frame Format

7537-42 PCX

- data field size
- data format

As the RS232 interface is asynchronous, FFh and
AAh are transmitted to allow to train the FSK de-
modulator and to allow a good synchronisation for
next character.

The data field size corresponds to the number of
bytes transmitted in the frame. A byte corresponds
to a character or one hexadecimal data.

The data format gives information about the format
of the transmit data. It can be text, hexadecimal
data or test (a file is considered as text).

The Figure 37 shows a transmit frame.

VII.3 - Using the Command Function Keys
VIL.3.1 - Arrow keys

The left arrow key (<) selects the port COM1
whereas the right key (—) selects the port COM2.
When a port COM is selected, its name (C1 or C2)
is displayed in upper case letters in the status port
COM menu. Then, the transmission and the pro-
gramming of the RS232 port are possible.

VIL.3.2 - F1 Key

Press F1 key if you want to program the selected
port COM. The software will ask you to enter the
new port COM parameters : see Figure 38

The number of data bits is always 8.

When the programming is finished, the value of the
new parameters appears in the status port COM
menu within the part corresponding to the selected
port COM.

The programmation by default is 1200 bauds, odd
parity and 1 stop bit.

To communicate, transmitter and receiver ports
COM have to be programmed in the same way.

VII.3.3 - F2 Key (see flow chart 4)

Pressing F2 key allows you to choose between Tx
and Rx mode for the selected port COM. Changing
from one port COM to another let the unselected
port COM in Rx mode.

When you are in Tx mode, you can transmit char-
acters by typing on the keyboard. .
Remark : when the Tx mode is selected, the Rx/Tx
pin of the ST7537 is not set to a low level (OV) since
the powerline modem can’t transmit longer than 1s.
The program controls the Rx/Tx mode selection
pin.

Data field

FFh )
size

AAh

Data format

T T ]
Data field |

G5 SGS THOMSON
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Figure 38

Figure 40

SGS-THOMSON Microelectronics (copyright) June 1993 Rev 1.3

ST 7537 Power Line Moden

Baud Rate (1200,600,300,150,110) : 1200
Parity (n:none, oiodd, e:ieven) 0
Murber of Stop Bit(s) (1 or 2) 1

S6S-THOMSON Microelectronics (copyright) June 1993

ST 7537 Pouer Line fodem

Rev 1.3

Mumber Of bytes ( 64 bytes nax ): 10
Byte 10 : aa Byte n'6 : 06

Byte n°1 : bb
Byte n°2 : cc
Byte n°3 : dd
Byte n°4 : ee
Byte n°5 ¢ ff

Byte n"9 : 55

€1 1200 081  Rx ©Z 1200 081 Rx

7537-44 PCX

€1 1200 0B1  Tx

V1.3.4 - F3 Key (see flow chart 5)

The F3 key can be used only in Tx mode. Press it
to transmit text, hexadecimal data or a file. The
following options are displayed :

Figure 39

S6S-THOMSON Microelectronics (copyright) Rev 1.3

ST 7537 Pouer Line Moden

June 1993

= COM1

Select

conz

C1 1200 081 Tx

€2 1200 081 Rx

VII.3.4.1 - TRANSMISSION OF TEXT

Press "1" to transmit text. The program will ask you
to enter the text (maximum 80 characters). The
program calculates the text size and fills the trans-
mit buffer with your text. The Rx/Tx pin of the
ST7537 is set to a low level (OV). Then the pream-
ble is transmitted and next the transmit buffer. At
the end of the transmission, it is necessary to wait
30ms before returning in Rx mode, in order to save
the last transmit byte. Then the Rx/Tx pin of the
ST7537 is set to a high level (+5V).

VII.3.4.2 - TRANSMISSION OF HEXADECIMAL
DATA

Press "2" to transmit hexadecimal data. The pro-
gram will ask you how many bytes you want to
transmit (maximum 64 bytes). Then you will have
to enter hexadecimal data as it is shown in the
following screen.
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The hexadecimal data are set in a buffer and are
transmitted in the same way than the text (see
Transmission of text).

VII.3.4.3 - TRANSMISSION OF AFILE

Press "3" to transmit a file. The program will ask
you to enter the filename. You have to enter the
complete file path. An example is given in the
following figure.

Figure 41

S6S-THOMSON Microelectronics (copyright)
ST 7537 Pouer Line Wods

June 1993 Rev 1.3

Enter filenane © c:nplacondzpincond.c

€1 1200 081 Tx ©2 1200 081  Rx

Then the program opens the file and transmits it
line per line. For that, it puts the line in the transmit
buffer and transmits it in the same way than the text
(see Transmission of text).

If the file does not exist, an error message ap-
pears : "CANNOT OPEN FILE".

VIL.3.5 - F4 Key (see flow chart 7 and 9)

You have to be in Tx mode for the use of this key.
When you press F4 key, you run a character error
rate (CER) test using QBF1 sentence or your spe-
cific pattern.

The program will ask you what kind of sentence you
want to transmit : See Figure 42

7537-46.PCX
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Figure 42

SGS-THOMSON Microelectronics (copyright) June 1993

ST 7537 Power Line Modem

Rev 1.3

cont

1. QRF1
2. Pattern

Select

©Z 1200 081 Rx

(1 1200 081 B
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Figure 43
SGS-THOMSUN Microelectronics (copyright) June 1993 Rev 1.3
ST TJJ( l’rnrr l.lm Mode
cont
Number of frames transmitted
Number of characters transmitted : WB
Number of bits transmitted o 4158
e e conz

0 8
e uunx BROUN. mx Jumes ovER m) LAzZY ml mm 6789

CER

€1 1200 081 Tx €z 1200 081  Rx

By pressing “1", you start a CER test using the
sentence : "THE QUICK BROWN FOX JUMPS
OVER THE LAZY DOG 0123456789". By pressing
"2", the software will ask you to enter the specific
pattern. QBF1 test is set by default.

In this configuration you have to press F4 key on
receiver in order to enter the right pattern to check.
The program will ask you to choose the right sen-
tence (QBF1 or pattern).

Once the sentence is defined, you must enter the
number of frames you want to transmit.

Then, the program calculates the sentence size
and fills the transmit buffer. At each frame transmis-
sion, the Rx/Tx pin of the ST7537 is set to a low
level (OV). Then the preamble, the total number of
frames and the frame order are transmitted. Next
the transmit buffer is sent. At the end of each frame
transmission it is necessary to wait 30ms before
returning in Rx mode. Then the Rx/Tx pin of the
ST7537 is set to a high level (+5V) and the screen
displays (see Figure 43)

Figure 44 : Test Frame Format

The number of frames, characters and bits trans-
mitted are updated at each frame transmission.
The number of characters depends on the trans-
mitted sentence size. The number of bits depends
on the sentence size and the programming of the
port COM (for 1200 bauds, 1 parity bit, 8 data bits
and 1 stop bit, there are 11 bits transmitted per
character).

A description of the transmit test frame is given in
Figure 44.

Remark : For 600bauds or slower, the QBF1 sen-
tence is too long to be transmitted in less than 1s.

VII.3.6 - F5, F6, F7 Keys

Press F5 key to clear COM1 and COM2 window.
Press F6 key to clear COM1 window.
Press F7 key to clear COM2 window.

VII.3.7 - F8 Key

Press F8 to select 1 or 2 port(s) COM for commu-
nication.

//’
S - \\‘\‘

/ \\\
S o - o N
Lo 1 ; !

- | Data field | Data format Total number E Frame Data fied |

: | ata formal ata fie
size } of frames.to i order
; transmit 1
| I— B I |
<71 -THOM: 27/73
’I %ﬁ%li“tgxﬁx@sbﬂ%#
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VIL.3.8 - F10 Key

Press F10 key to exit PLMCOMS. The program will
ask you to confirm your choice.

Figure 45

Hit "y" to exit or hit "n" to return to the communica-

tion program.

VI1.3.9 - HOME key

The HOME key recalls the different command func-
tion keys which are used in the program.

VIl.4 - Reception

To receive data, you enter the Rx mode (use F2
key). The reception works under interruptions.
When the carrier detect of the ST7537 is held low,
an interruption is run which puts the received data
in a receive buffer (see flow chart 10). Once the
ST7537 carrier detect is set high, the program
displays the data according to their format (see flow
chart 2).

First of all, the program tests if AAh is received for
synchronisation. If so, the data field size and the
data format are read.

In case of text, hexadecimal data or file format, the
corresponding data are displayed in the receiver
COM window. As far as the file is concerned, it is
received and displayed line per line.

In case of CER test, on reception of each frame the
program reads :

- the total number of frames transmitted

- the frame order

Then it displays the received sentence, the number
of character errors, the number of received frames
and the number of received bits (see Figure 46).
Once the last frame is received, the program cal-
culates the CER and displays the following screen :
see Figure 47.

The frame errors correspond to the frames which
contain at least one error and to those which had
not been received.

The character errors correspond to the number of
received characters which are wrong.
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Figure 46
SGS-THOMSON Microelectronics (copyright) June 1993 Rev 1.3
ST 7537 Power Line Modem
cony
Number of frames transmitted 16
Mumber of characters transmitted @ 864
Humber of bits transmitted 950
conz
errors © 0 Frame n® 16 Bits ‘3561
THE QUICK BROMN FOX JUMPS OVER THE LAZY DOG 0123456789
THE QUICK BROWN FOX JUMPS QUER THE LA2Y DDG 0123456789
THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG 0123456789
THE QUICK BROWN FOX JUMPS OUER THE LAZY DOG 0123456789
ct 1200 081 Tx CER (x4 1200 081 Rx
Figure 47
$6S- SN Microe ics pyright) June 1993 Rev 1.3
ST 7537 Power Line Modem
com
MNumber of frames transmitted 50
Mumber of characters transmitted 2700
Mumber of bits transmitted 29700
conz
Frames received 50 Total frame ERRORS @ 1
Characters received @ 2700 Character ERRORS  : 33
Total bits received : 29700
CHARACTER ERROR RATE ( CER ) : 1.22x
Hit any key to continue
c1 1200 081 T CER (4 1260 081 Rx cp

VIl - TYPICAL APPLICATION :
LOAD MANAGEMENT
VIIL.1 - Protocol Design

The software described in the following parts pro-
vides you with a simple efficient protocol kernel,
which is fully interrupt handled and uses almost no
CPU time. Therefore it enables you to develop
friendly interactive applications with a short re-
sponse time.

This protocol uses a packet encapsulation mecha-
nism with two level error detection capability, both
for the packet level and for the byte level. During
reception, burst noise can affect the communica-
tion channel, so that a frame check sum is used to
detect excessive errors. In many cases, impulsive
noise may cause unpredictable data loss without
modifying the frame check sum. Therefore, each
byte is transmitted and received in an asynchro-
nous mode inside a 11-bit type word including a
start bit, one stop bit, and an odd parity bit to ensure
byte integrity.

VIiL.1.1 - Frame Format (see Figure 48)

Each frame consists of a preamble, a header, a
house address, a link control, a source address, a
destination address, a data block, and a frame
check sum.

The preambule is 8-bit field with a fixed value FFh:

7537-52 PCX.
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it trains the FSK demodulator, allows a good uart
synchronisation for next character. The header
consists of a 8-bit pattern AAh chosen with a low
probability of wrongly detecting noise or preamble
as the header. On a message reception, a match-
ing test is run on the house address field to over-
come perturbations coming from a neighbouring
home network.

VII.2 - Use of the ST90E28 resources

- The Watchdog/Timer :
The watchdog mode is disabled and the timer is
operated in continuous mode.
On each timer interrupt request, network access
parameters, keyboard delay time, common sys-
tem clock parameters are updated. Besides, the
ST7537 watchdog input is reset.

- The Serial Communication Interface (SCI) :

The SCl is configured in asynchronous mode to
exchange data between the power line modem
and the microcontroller. Every character sent (or
received) by the SCI has the following format: 1
start bit, 8 data bits, 1 parity bit (odd parity se-
lected), 1 stop bit. The transmit rate is 1200
bauds.

To start transmitting a frame, the transmitter buff-
erregister is loaded with the preambule value FFh
in order to run the SCI. Each data byte end of
transmission results in the generation of an

Figure 48 : Frame Fields

TXHEM (transmitter buffer empty) interrupt re-
quest to load the next transmit data byte.

An outstanding character search is performed to
detect the header of an incoming frame (see
Figure 49). This is achieved by comparing each
received data byte to the content of the data
compare register. If the incoming character
matches, an RXA (receiver address match) inter-
rupt is requested to enable the analysis of the next
data frame fields. Every time the reception of a
data byte is completed, a RxD (receive data)
interrupt request is generated to store the re-
ceived data byte.

The Register File (see Figure 50) :

Among the 224 available global purpose regis-
ters, 16 registers are reserved as a transmit frame
buffer, another group of 16 registers is reserved
as a receive frame buffer, 48 registers are dedi-
cated to the protocol kernel, and another group
of 48 registers is allocated to the system & user
stacks, which leaves 96 registers for storage of
applicative values.

The Input/Output Ports : _
Two of the port pins must be used for the Rx/Tx
(P5.0) and WD (P5.1) output signals. Four must
be initialized as alternate function for the RSTO
(P2.0), CD (P2.4), RxD (P3.6) and TxD (P3.7)
signals. Details concerning the initialization of
these ports are given in next section.

Is73

IR

,/ \\
/ \\
(— | ' |
| | :
i HOUSE LINK SOURCE DESTINATION [ FRAME
PREAMBULE HEADER DATA i
ADDRESS CONTROL ADDRESS ADDRESS [ CHECK SUM
Figure 49 : Character Search Function
DATA DATA MATCH DATA DATA
v v v v v
DATA DATA CHAR DATA DATA
INTERRUPT  INTERRUPT MATCH INTERRUPT  INTERRUPT
INTERRUPT
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Figure 50 : Register File Map
VR - i
FFn |
Foh PAGE /‘
[3 N )
E0h - SVSTEM Y
DFh |
SYSTEM STACK
Coh
BFh e
8o ~ USERSTACK /
i
AFh
APPLICATION
50h |
4Fh
| PROTOCOL |
\ KERNEL J
20h {
1Fh ’ A
1oh - RECVBUFFER
oFn XMIT BUFFER
00h

VIL.2.1 - Initialization of ST90E28 core and on-

chip peripherals

- Core initialization : The user and system stacks
are set up in the internal register file. The internal
clock frequency is set to 11.0592MHz. The priority
level of the main program is set to 7 (lowest),
whereas the non-maskable interrupt (RSTO sig-
nal) has the top level priority.

- Initialization of the Input/Output ports : Only six
input/outputs are required to exchange data be-
tween the ST7537 and the ST90E28. The corre-
sponding pins are initialized as follows :

NMI (Port 2 bit 0) — Alternate function,

_ open drain, TTL

CD (Port 2 bit 4) — AF, OP, TTL

RxD  (Port 3 bit6) — AF, OP, TTL

TxD  (Port3bit7) — Alternate function,
_ Push pull, TTL

Rx/Tx (Port 5 bit 0) — Output, Push pull, TTL

WD (Port 5 bit 1) — OUT, PP, TTL

The NMI pin is programmed rising edge sensitive,
whereas the CD/ input signal triggers an external
interrupt request on a falling edge (INT1 pin) with
a priority level set to 1.

As for the applicative features, each port pin is
initialized as follows :

display pin  — Output, push pull, TTL
keyboard pin — Input, tristate, TTL

30/73
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- Timer : The watchdog mode is disabled. Continu-
ous mode is selected with count down from a fixed
value of 767, each underflow resulting in an inter-
rupt request and reload of the fixed initial counter
value. The internal clock rate, prescaler and initial
count value are chosen to give an interrupt re-
quest every 555.56pus (1.8kHz = 36*50Hz =
30"60Hz). The timer counter is loaded with the
value 767 to complete an end of count every
555.56us. On each counter underflow an inter-
rupt request (INTO) is generated with a priority
level set to O (high).

Serial Communication Interface : The asynchro-
nous mode is selected. The serial interface pro-
grammed characteristics are : 8-bit word length,
odd parity generation and detection, 1 stop bit
generation, AAh header search. In this mode,
each data bit is sampled 16 times, so that each
data bit period will be 16 SCI clock periods long.
The counter of the baud rate generator is loaded
with the fixed value 576 to set the SCI clock rate
to 161200 = 19200 bauds. The priority level of
all SCl interrupts (RXA, RxD, TXHEM) is set to 1.

VIIl.2.2 - Main Program

The main is automatically entered on system reset,
and first initializes the internal clock, stacks, ports,
register file, serial communication interface, and
timer. Then the timer starts counting down towards
zero from an initial value of 767. Each time the
counter clears to zero, an high priority interrupt
request will be generated, which will initiate an
update of the network access parameters.

The main program loops around the main modules.

Figure 51 : Main Program Flow Chart

-

) Entered on

MAIN

o System RESET
Y

MCU INITIALIZATION
L
ENABLE INTERRUPTS

1
T - -
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KEYBOARD
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ANNEXE A : DEMOBOARD OUTPUT IMPEDANCE

Figure 52

877537 DEMO BOARD IMPEDANCE
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Figure 53
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ANNEXE B : DEMO-BOARD TRANSMIT PERFORMANCE
VOUT/H2 (dB) and VOUT/H3 (dB) with the 10uH inductance
Figure 54
ST7537 APPLICATION BOARD
WITH A 10 iH INDUCTANCE
B TxD = ‘0"
90
85 H
80 )
2
70 *
65 ’
60 i
1 5 10 50 100
R power line (ohm)
“ VOUT/M2 (dB) » VOUT/H3 (dB)
ANNEXE C : RAI INPUT MINIMUM DETECTION LEVEL
Figure 55
Minimum received signal(Vin) amplitude for CD="0" ( Vcd = 5.098V )
o Vin at transformer input ‘
| \
130 ‘ 1\
120 4 i [N \
10 i l\ / \: ’ i
< 100 ! 1
- |
0 |
1
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125 129 131 133 1345 1385 1426 145
Frequency (KHz)
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ANNEXE D : PC COMMUNICATION PROGRAM FLOW CHARTS

Figure 56 : Flow chart 1 : PLMCOM3
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Figure 57 : Flow chart 1 : PLMCOMS3 second half
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Figure 58 : Flow chart 2 : Com reception
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Figure 59 : Flow chart 3 : Key control execution
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Figure 60 : Flow chart 3 : Key control execution second half
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Figure 61 : Flow chart 4 : Transmit character
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Figure 62 : Flow chart 5 : Transmit text or data
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Figure 63 : Flow chart 6 : Transmit file
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Figure 64 : Flow chart 7 : Transmit test
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Figure 65 : Flow chart 8 : Transmission of tranmit buffer
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Figure 66 : Flow chart 9 : Select test
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Figure 67 : Flow chart 10 : Interruption
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Sd3vL-186L

DEMOBOARD SCHEMATICS & LAY OUT

ANNEXE E

Figure 68 : Application Board
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Figure 69 : Layout

. MICROELECTRONICS
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- {m7} +( II] = % E
R [od
- Fet +@ o LRz} (5] | or
I [cs ]|+c7 ]|+ [
(vl
O] 8 @ D) E P2 @
Bill Of Materials
Item | Qty. Reference Part Item | Qty. Reference _ Part
1 2 C11,C10 2.2uF 18 | 1 R14 619 (1%)
2 6 | C7,06,C8,09,C12,C14 100nF 19 | 4 R19, R16, R17, R18 10kQ
3 4 LD4,LD1,LD2,LD3 LED 20 | 5 |C16,C17,C18,C19,C20 10uF
4 1 IC1 ST7537 21 | 1 C21 15nF
SW8, SW1, SW2, SW3,
5 8 | SW4, SW5. SW6. SW7 2 | 2 PICO1, PICO2 PICO
6 1 XT1 CRYSTAL 23 | 2 C13,C15 10nF/16V
7 2 R8, R2 1kQ 24 | 1 L1 10uH (r=0.8)
8 2 R6, R9 47kQ 25 | 1 D1 DIODE
9 3 Q2,Q1, Q4 2N2222 26 | 5 |TP2,TP1,TP3,TP4,TP5| POINT
1'0 2 n2 Ne Ne ’)kl')ﬂn:l 27 1 D2 SUBDQ
9 WD, I, WO LINEIU &i i o (FEMALE)
1 1 C4 6.8nF 28 | 1 P2 ALIM
12 1 C1 470nF 29 | 1 P1 ALIM+
13 | 1 R1 1MQ 30 | 1 TR1 TOKO
14 | 4 R4, R5, R10, R12 2.2Q 31 | 1 R15 9.09kQ (1%)
15 | 2 R11, R7 180Q 2|1 R3 10kQ (1%)
16 | 1 IC2 MAX232CPE 33| 2 C2,C3 22pF
17 | 1 IC3 LM7805 34 | 1 cs WwF
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Figure 70 : Application Board
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Figure 71 : Master Configuration Board
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Figure 72 : Slave Configuration Board
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PROGRAM

Sk kAR AR A KK AR KRR AR A AN AR AR AR AR AR AR A AR A Ak kAR AR A Ak xk ok ok hkhd ok h kK

POWER LINE MODEM COMMUNICATION PROGRAM

ST7537
Revision : 1.3
Date : June 1993
Author : SAF Jean-Pierre

e R T T

#include <stdio.h>
#include <stdlib.h>
#include <conio.h>
#include <dos.h>
#include <bios.h>
#include <time.h>
#include <ctype.h>
#include <process.h>

JXHHAHRBAAHREAREE AR BB AN RSB B AR R R R R R R R R
HEBBEBH AR RER BB RHY INITIALISATION HAHHHHREHHRRER BB A Y
LA EER TR E R e R RS SRR TSR ARSI EESTEI SIS ST AN

FILE *f;

void display();

void menu();

void interrupt (*old_itl) ();
void interrupt (*old_it2) ();
void connect_it();

char Tx_buff_text [100),Rx_buff_textl1[100],Rx_buff_text2(100],buff(100];
char QBF1([100] ="THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG 0123456789 ;
char PATTERN([100] ,QBF1_PATTERN[100];

char test, ex, pr, prl, pr2;

char path, file_char;

int Tx_buff_data(100] ,Rx_buff_datal[100] ,Rx_buff_data2[500];
int RxTx1l ,RxTx2 ,Tx_text_data ,Rx_sizel ,Rx_size2 ,Rx_size;

int Tx_num ,Rx_numll ,Rx_num22 ,Rx_numl ,Rx_num2;

int baud_rate ,stop_bit ,parity ,nb_data_bit ,settings;

int sb ,sbl ,sb2 ,ndb ,ndbl ,ndb2 ,br ,brl ,br2 ,nbbitl ,nbbit2;
int pc_select ,exitl ,regF8 ,regfFC , regFE ,COM ,select_com;

int x1 ,x2 , yl, y2, interl, inter2, Cl1_C2, err;

int gbfl_pattern ,nb_gbfl_pattern ,cmp_gbfl ,cmp_gbflr ,cmp_gbf2r;
int Rx_nb_framel ,Rx_nb_frame2 ,frame_err;

int Tx_size_test, flag_file, flag_test, flag_Tx,flag_char;

int size_ref;

float cer;
long nbcharl,nbchar?;

clock_t start, end;
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MEIEETEREEE RIS EE SRR EEES RS RS EEEEE SRS SIS SEES SIS S S
HEHHEHHUBAE B RS Rx_Tx SETTING HAeBHHHBRRE BB RRRREY
LRSS RE ARSI RS ERRRE RS ES RS REEE TSR T RN

/* get, Clear or Toggle Request TO Send */

void Rx_Tx(int mode) {
switch (mode) {
case 0: outportb( regfFC, (inportb(regfFC) | 0x02)); break; /*Set  */
case l: outportb( regFC, (inportb(regfFC) & 0x0D)); break; /*Clear*/
case 2: {if (select_com == 0) /* COM1l selected */
{ RxTx1l = !RxTxl; } /* Toggle RxTx1 */
else /* COM2 selected */
{ RxTx2 = !'RxTx2; } /* Toggle RxTx2 */
¥
break; }

SCHEHEABRA R R R E R H R BB R R R R
HEAHGHERARBBRRERE Clear screen management HESHABEHAEHBRBRBRAHEHS
SRR AR R R e ER SRR RSN EE AR RRETES IR RS EEETE N

* Clear : - line in the selected window */
/* - COM1 window *
/* - COM2 window */
/* - both windows */
void clear_line(int xc, int ye) {
if (select_com == 0) /* COM1 selected */

----> Clear line */
{gotoxy (xc, yc);

clreol(); }
else /* COM2 selected */
A e EE L > Clear line */
{gotoxy (xc, yc+9);
clreol(); } }
veid clear_win_COM1 () {
int k;
e > Clear COMl window */
for(k=4;k-12;ks++) {
gotoxy (1,Kk);
clreol (); }
}

void clear_win_COM2 () {

int k;
/r=- > Clear COM2 window */
for{k=13;ke2l;kes) {
gotoxy (1,k);
clreol(); }
}
void clear_win() {
int k;
A T ~~=---=-=---> Clear window */
for (k=4; k<l2; k++) {
gotoxy (1, k);
clreol();
gotoxy (1, k+9);
clreol(); }
}
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FHEHABBEBRERR R REA AR R R R BRGNS E B RSB RA RHARERRRHHY
LRSI EEET RS T Select one or two port COM Hendnddndnere by
HERHHAREHERRE R R R R EH BB BB R B A

void sel_pc() {
char pc_buff[5];
char pc;
int £10;

pc_buff(0] = 2;

clrscr();
gotoxy (23, 10);
printf ("Communication using :");
gotoxy (23, 12);
printf("1l. One port COM ( two computers )");
gotoxy (23, 13);
printf("2. Two port COMs ( one computer )");
do {

£10=0;

gotoxy (2, 24);

printf ("Select : ");

cgets (pc_buff);

if (pc_buff(2]==0x00) { /* Default : one computer */
pc_select = 2;

break; }

else {

pc=pc_buffl2];

switch(pc) {

case ‘1’ : pc_select = 1; break; /* One computer */
case ‘2’ : pc_select = 2; break; /* Two computers */
default : f10 = 1; }

}
}
while (f10 == 1);
clrscr();

}

AR Aia R R REE SRS RIS RIS RES RS RESERESIEIRESEREIISIEEILEE
HEHHBEREREH SRR SY RS232 PARAMETERS HARHHHREHAR BB BB RA RS
HEHHHHABHRRB R AR AR BN R BB R R R H R BRI/

void prog_RS232() {
int f1, f2, i;
char *br_test, *sb_test;
char br_buff(10],pr_buff(10], sb_buff(10];

Jrrxkkkdkx  BAUD RATE ***#4 44kt ks
do {

f1 = 0;

do {

clear_line (24, 6);

printf("Baud Rate (1200,600,300,150,110) : ");

gets (br_buff);

f2 = 0;

for ( br_test = br_buff; *br_test; br_test++)
-------> Test if character is an integer */

(lisdigit (*br_test)) {
f2=1;
break; }
i i > Default : 1200 bauds */

00y ¢

baud_rate = 0x80;
f2 = 0;
break; }

}
while (f2 == 1);
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if(br_buff (0] != 0x00) {
sscanf (br_buff, "$d", &«br) ; /* conversion in an integer */
switch(br)

case 1200 : baud_rate break; /* 1200 bauds */
case 600 : baud_rate break; /* 600 bauds */

case 300 : baud_rate break; /* 300 bauds */

case 150 : baud_rate break; /* 150 bauds */

case 110 : baud_rate break; /* 110 bauds */

detault : f1 = 15

}
}
while (f1 == 1);

JRAFEAKA AR kkk* PARTTY AR RAARARRARAAKA

do {
fl1 = 0;
clear_line(24, 7);
printf ("Parity (n:none, o:odd, e:even) E N

cgets (pr_buff);
/* - » Default : odd parity */
if(pr_buff[2]==0x00) {

pr = ‘0’";
parity = 0x08;
break; }
else {
pr=toupper (pr_buff(2]);
switch(pr)
case 'N’ : parity 0x00; break; /* no parity */
case 'O’ : parity = 0x08; break; /* odd parity */
case 'E’ : parity = 0x18; break; /* even parity */
default : f1 = 1;
}
}
while (f1 == 1);

Jrakrxwxtxxrxxxx NUMBER OF STOP BIT ******x#%*/
do {
f1 = 0;
do {
clear_line (24
printf ("N
gets(sb_buff);
£2 = 0;

for ( sb_test = sb_buff; *sb_test; sb_test++
R L R LT > Test 1if character is an integer */
if (!isdigit (*sb_test)) {
£2=1;
break; }

1 stop bit *,
if (sb_buff(0
sb = 1;
stop_bit
f2 = 0;
break; }

}
while ( f2 == 1);

if (sb_buff(0] != 0x00) (
sscanf (sb_buff, "%d",&sb) ; /* conversion in an integer */
switch(sb) {
case 1 : stop_bit = 0x00; break; /* 1 stop bit */
case 2 : stop_bit = 0x04; break; /* 2 stop bits */
default : fl1 = 1; }
}

}
while (f2 == 1);
Jrraxsxnxrrkrtrar BIT / CHARACTER *******anw/
ndb = 8;
nb_data_bit = 0x03;

clear_win();
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AR IR RS S SRR SRR REES RS SIEREERT ST S
HARHAHHHHBSAR R Y RS232 PROGRAMMATION HEHHEBRERBERR BB AR RS

BHAHHHAH ARG ERERR R R R R G H R AR SRR EH R B R AR R R R R R

void RS232() {
SR e > COM1 */
if (select_com == 0) {
brl = br;
prl = pr;
ndbl = ndb;
sbl = sb; }
YA > COM2 */
else {
br2 = br;
pr2= pr; /* COM2 */
ndb2 = ndb;
sb2 = sb; }
settings ( baud_rate | parity | stop_bit | nb_data_bit);

bioscom( 0, settings, COM );

}

A EEE SRS EE AR R AR RS RREERR A RIS EEEIS RS IS ESTE TS
HAHHH S RS232 INITIALISATION 1200bps ,8bit+lstop,odd HEhhH

HHHHAHH A A BB R BB R R R R R E R  RaRd B  h /

JF e > Initialisation 1200 bauds */
/* 0odd parity */

/* 8 bits/character */

/* 1 stop bit */

void init_RS232(){
int set_init;
baud_rate = 0x80;
parity = 0x08;
stop_bit = 0x00;
nb_data_bit = 0x03;
brl =br2 = 1200;
prl = ‘0
sbl =sb2 = 1;
ndbl=ndb2= 8;

set_init = ( baud_rate | parity | stop_bit | nb_data_bit );
if (pc_select==1) bioscom( 0, set_init, 0);
if (pc_select==2)

bioscom( 0, set_init, 1);

bioscom( 0, set_init, 0); }

A BEHAHAHR AR BB R R R R R RREHRRRRRRRERERRHRRRR
HABRAS BRI BRR TRANSMISSION HEHEHA AR R
HRAAUHRGHG AR B R R R/

/* Transmission of : - Text */
/* - Data in hexadecimal format */

Vad - File */
void sel_text_data() {

char text_data_buff[5], txt_dt;
char file_char;

int f1,i;

div_t div_size;
text_data_buff({0] = 2;
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[ > Ask transmission format */

clear_line (36, 5);
printf("l. TEXT");
clear_line (36, 6);
printf("2. DATA")
clear_line(36, 7)
printf("3. FILE")

do {
£1=0;
clear_line (36, 9);
printf("Select : ");
cgets(text_data_buff);
if (text_data_buff[2]==0x00) { /* Default QBF1 */
Tx_text_data = 0x00;
break; }
else {
txt_dt=text_data_buff[2];
switch(txt_dr) {
case '1' : Tx_text_data = 0x00; break; /* QBF1l */
case '2' : Tx_text_data = 0x01; break; /* Pattern */
case '3’ : {Tx_text_data=0x03;
flag_file = 1;) break; /* FILE */
default : f1 = 1; }
}
}
while(fl == 1);

it (select_com== clear_win_COM1 () ;
else clear_win_COM2();
}

vold transmit_text () {
char empty_getchar, td, *p;
char num_byte_buff(50], *num_byte_test;
char byte_buff(50], *byte_test;
char file_charl;
int Tx_size, Tx_num_byte, tdl, f6, f7, x, y, i;

if ((inportb(regFE) & 0x80) != 0x80) { /* Rx/Tx=0 and CD=1 */
/* Transmission of text */

--------------- > Transmission of text */

if (Tx_texr_data == NxNN) {

Tx_num = 0;

[ ¥ >Read text and fill transmit buffer */
clear_line(1,4);

printf ("Enter the text to send : ");

clear_line(1l, 5);

.

>80 characters max */
Tx_butf_text [0]=81;
cgets (Tx_buff_text);

Tx_size = Tx_buff_text[l];
/¥e-m------------>transmission */
RX_Tx(1);

Rx_Tx(0);

f¥mmmmm e »Preamble */

bioscem( 1, OxFF, COM );
bioscom( 1, OxFF, COM

bioscom( 1, OxAA, COM ); /* send AA */
bioscom( 1, Tx_size, COM ); /* send size of text */
bioscom( 1, Tx_text_data, COM ); /* send text */
/* ->Send the text */

for (Tx_num = 2; Tx_num < TX_size+2; TX_num++) {

bioscom( 1, Tx_buff_text [Tx_num], COM ); }

A ettt > Wait before reception to save last character */
delay (30);

VAL > select reception */

Rx_Tx (1) ;

}
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[ rmmm e > transmission of data in hexadecimal format */
if( Tx_text_data == 0x01) {
Tx_num = 0;
do {
JHmm e > ask the number of bytes to send */

clear_line(1l, 4);
printf ("Number of bytes ( 64 bytes max ): ");
gets (num_byte_buff);

fe = 0;

[Fmmmmm e > test if the character is an integer */

for (num_byte_test=num_byte_buff; *num_byte_test; num_byte_test++)

if( (!isdigit (*num_byte_test)) || (num_byte_buff{0)==0x00)) {

1;
}

e m e e > Conversion in integer */

sscanf (num_byte_buff, "%d", &Tx_num_byte)

}
while((f6 == 1) || num_byte_buff[0]==0x00 || Tx_num_byte>64);
[Femmm e > Clear line 7 */

if (select_com
else y = 14;
X = 1;

for(Tx_num = 0; Tx_num < Tx_num_byte; TX_num++) {
do {
gotoxy (x, Y);
print £ ("Byte n<F128><144»><F255>%d : ", Tx_num);
gets (byte_buff);
y = wherey();
£7 = 0;

[Hmmm e s > test 1f hexadecimal character */
for (byte_test=byte_buff; *byte_test; byte_test++)
if( !isxdigit (*byte_test) ) {
£7 = 1;

y = wherey();

break; }

X = 2;
if (select_com == 0) {

y = 5;

clear_win_COM1 () ; }
else {

y = 14;

clear_win_COM2 () ; Y}

}
while( £7 == 1);

sscanf (byte_buff, "%x", &Tx_buff_data(Tx_num));
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P — -~--> Transmission mode */
Rx_Tx(0);
/* S -----» Preamble */

bioscom( 1, OxFF, COM);
bioscom( 1, OxFF, COM);
bioscom( 1, OxAA, COM);
bioscom( 1, Tx_num_byte, COM);
bioscom( 1, Tx_text_data, COM);

SR > Send bytes */
for (Tx_num = 0; Tx_num < Tx_num_byte; Tx_num++) {
bioscom( 1, Tx_buff_data[Tx_num), COM); }
A e > Wait before reception to save last character */
delay (30);
/*--=-w-----=--~--» Reception mode */
Rx_Tx(1);

————————— ---> Transmission of file */
1f (Tx_text_data==0x03) {
clear_line(1,4);
printf ("Enter filename : ");
scanf ("%s", &path) ;

[ Hemmmemeio------uTest presence of File */
if(( f=fopen(&path, "r")) == NULL) {

clear_win();

clear_line(32,6);

printf (“Cannot open file");

fclose (f);

flag_file=0;

clear_line(57, 11);

printf ("Hit any key to continue");

while (kbhit ()==0);

getch();

X1=x2=1;

y1l=5;

v2=14;

clear_win(); }

)

IRHABEARBHRRAB R AR R R R R R
ARAHABBBARARERBRRNRY FILE transmission AthhhhhnnnnnantrarE RS
AEHRAHBHAAHHRHRRERRER AR R R/

void TXx_FILE() {
int i;
int Tx_char_size=0;

I

ffffffffffffffff > Test if character different from EOF */
(file_char!=EOF) {

clear_line(35,6);

printf ("WORKING...");

Tx_num=0;

JHmmm e > Fill buffer with one line of the file */
while((fscanf (f, "%c",&file_char)==1) && file_char!=0x0A) ({
Tx_buff_text [Tx_num]=file_char;

Tx_num=TX_num++;

Tx_char_size=Tx_char_size++; }
Tx_num=0;
Rx_Tx(0) ;
bioscom( 1, OxFF, COM);
bioscom( 1, OxFF, COM);
bioscom( 1, OxAA, COM);
bioscom( 1, Tx_char_size, COM);
bioscom( 1, 0x00, COM);
for (Tx_num=0; TxX_num<Tx_char_size; Tx_num++) {
bioscom( 1, Tx_buff_text [Tx_num], COM); }
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delay (30);
/* Reception
Rx_Tx(1);
delay (5C0);

}

2 —

if (file_cha

fclose(£);
if (select

else clear_w
file_char

flag_file=0;

_com==0)

mode */

77777 > Test if End Of File */

r==EOF) {

in_COM2 () ;
=0;
}

clear_win_COML () ;

Ad iR s s EE s R R LSRR EEEE RS EIEE T
HHHHH RECEPTION LEREEE R SRS SRR SRS LES T
LEEEE R TR EEE RS RS EEEA LRSS R EEEE SR RS S LSS T AN

HHHhHpREBRIEERYY

void interrupt Rx_
disable();
interl=1;
if (RxTxl==1) i
else interl=0;
Rx_buff_textl[R

if (interl==0) R
outportb( 0x20,
enable();

void interrupt Rx_

disable();

i =1 &&
else inter2 = 0
Rx_buff_text2[R

Rx_num2 = Rx_nu
if (inter2==0) R
outportb( 0x20,
enable () ;

void enable_it ()
disable();

itl1 () o

nterl=1;

/* COM1 interrupt routine */
/* Forbid interruptions */

x_numl] = inportb(0x3F8); /* Fill reception buffer */
Rx_buff_datal(Rx_numl] = inportb(0x3F8);
Rx_numl = Rx_numl++;

x_numl=0;
0x24) ;
}

it2() {

pC_s
pc_s

/* End of interrupt */
/* Interruptions allowed *

~

/* COM2 interrupt routine */
/* Forbid interrupticns */

/* Flag of interruption */

x_num2] = inportb (0x2F8); /* Fill reception buffer */
Rx_buff_data2[Rx_num2] = inporthb(0x2F8);

m2++ ;

x_num2=0;
0x23); /* End of interrupt */
} /* Interruptions allowed */
{
———————————————————————————————————————— > COML */
> Line control register */
(inportb(0x3FB) & Ox7F)); /* DLAB=0

outporth (0x3FB,
/%

777777 > Authorization interruption register */

outportb(0x3F9, 0x01); /* Data received and ready
/* -----> Control register of modem signals */

outportb( 0x3FC, ((inportb(0x3FC) | 0x0C) & Ox0F)); /* OUT1=0UT2=1

/*——e- > Interruption register */

outportb(0x21,

(inportb(0x21)

& OXEF));

/* —--—- > Line control register */
outportb(0x2FB, (inportb(0x2FB) & O0x7F)); /* DLAB=0
/* ————- > Authorization interruption register */
outportb(0x2F9, 0x01); /* Data received and ready
/* -----> Control register of modem signals */
outportb( 0x2FC, ((inportb(0x2FC) | 0x0C) & O0xO0F)); /* OUT1=0UT2=1
/* - > Interruption register */
outportb(0x21, (inportb(0x21) & O0xF7));
enable () ; }
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void connect_it () {
disable();
outportb(0x21, (inporth(0x21) | 0x18)); /* Interruption allowed on COMl and COM2 */
enable();
SR e init */
Rx_numl = 0;
Rx_num2 = 0;
interl = 0;
inter2 = 0;
fRom s connect ITs vectors */
old_itl = getvect (0x0C); /* Keep old COM1 IT vector */
setvect (0x0C, Rx_itl); /* Set new COM1 IT vector */
old_it2 = getvect (0x0B); /* keep old COM2 IT vector */
setvect (0xOB, Rx_it2); /* Set new COM2 IT vector */

enable_it();

}
void disconnect_it () {
setvect (0x0C, old_itl);
setvect (0x0B, old_it2);

disable();
outportb(0x21,
outportb (0x3F9,
outportb (0x2F9,
enable();

0x00) ;
0x00) ;

void preamblel ()
int testaa, 1i;
gotoxy (35, 24);
printf("CD");
testaa 0;
Rx_numll=0;

> Recepti
{

start
do

clock () ;

elay (10);

*

d
/S > T
if( Rx_buff_datal[Rx
else testaa 0;

Rx_numll=Rx_numll++:

end clock () ;

*

f

(((end -
gotoxy (35,
printf(" ");
interl 0;
break;

}

while

> i
start) /
24);

/
i

(testaa )i

Rx_sizel Rx_buff_data
Rx_numll=Rx_numll++;

Tx_text_data = Rx_buff_datal [Rx_numll];

Rx_numll=Rx_numll++;

void exec_rx1()
int i, j, k,
long bitl;

{

1, Rx_gbfl,

(inportb(0x21)

/* Set old COM1 and COM2 IT vectors */
/* disable IT
0x18)) ;

/* disable IT for

for i8259A */
|

5

50 */

18250 */

on of the preamble on COM1l */

est if AA is received for synchronisation
_numll] != OXAA ) testaa 1;

f AA not received before 0.5s */
CLK_TCK) > 0.5) {

1{Rx_numll]; /* Size of the frame */

/* Text or data received

}

errl;
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P JE

-- > Reception of text */
if ( Tx_text_data

Print of the text received */

if (vl > 10)
clear_win_COMI (
x1=1;
yl=5; }

gotoxy (x1, y1);

for (i=Rx_numll; 1 < (Rx_sizel+Rx_numll); i++) {

gotoxy (x1, yl);

putchar (Rx_buff_textl(i]);

x1l=x1++;
if (x1 > 80) {
xl = 1;
vl = yl++; 1} }
}
Jr e > Reception of data in hexadecimal format */
if ( Tx_text_data == 0x01)
{

- > Print of the datas */

gotoxy (x1,y1l);

for (i=Rx_numll; i<(Rx_sizel+Rx_numll); i++) {
gotoxy (x1, yl);

cprintf ("$x", Rx_buff_datal(il);

x1 = x1 + 3;
J*-=--===--------> Management of screen */
if (x1 > 76) {

xl = 1;

yl = yl++; 1}

if (yl1 > 10) {
clear_win_COM1 () ;

x1l = 1;
vyl = 5; }
}
}
/* eption of QBFl test */
0x02) {

/*---m-----------» Clear screen at first reception */
if (cmp_gbflr == 0) {
clear_win_COM1 () ;
x1=1;
y1l=5; }

cmp_gbflr=cmp_gbflr++;

Rx_gbfl = Rx_buff_datal [Rx_numll]; /* Read number of frames sent */
Rx_numll= Rx_numll++;
Rx_nb_framel = Rx_buff_datal[Rx_numll]; /* Read frame number */

Rx_numll=Rx_numll++;

errl=0;
[ ¥ ----> Print frame */
for(i= Rx_numll; i < (Rx_sizel+Rx_numll); i++) {

gotoxy (x1, y1);
putchar (Rx_buff_textl(i]);
nbcharl=nbcharl++;

e R > Test if character error */

if (Rx_buff_textl[i] != QBF1_PATTERN[i-Rx_numll]) {
err = err++;
errl=1; Y

x1=x1++; }

e > Management of screen */
wherey () ;

if (x1 > 79) {

x1l = 1;

vyl = yl++; }

if (yl > 9) {

for (3=5; j<12; j++) {
gotoxy (1, 3);
clreol () ;

x1l = 1;

vl = 4; }

60/73

£ SGS-THOMSON
R Y/, CRoE ECTRONICS
14



ST7537 - POWER LINE MODEM APPLICATION

/* 1f at leasr one error in a frame, increment frame_err */
if (errl) trame_err = frame_err++;

errl=0;

/* calculation of received bits number */

bitl = nbcharl*((long) nbbitl);

gotoxy(1,4);

printf("errors : %d", err);

gotoxy (20,4);

printf("Frame n<F128-<144-<F255> : %d", cmp_gbflr);
gotoxy (40,4);

printf ("Bits : $1d", bitl);

/* Empty reception buffer */
for(1=0;1<80;1++) {
Rx_buff_text1[1l] = 0x00;
Rx_buff_datal[l] = 0x00;}

/ Test end of test */
if ((cmp_gbflr Rx_gbfl) |1 (Rx_nb_framel==Rx_gbfl)) {
clear_win_COMI1 () ;

/* frame error = not received frame + wrong received frame */
frame_err = frame_err + Rx_gbfl - cmp_gbflr;

gotoxy (5,5);

printf ("Frames received : %d",cmp_gbflr);
gotoxy (40,5);

printf ("Total frame ERRORS : %d",frame_err);
gotoxy (5,6);

printf("Characters received : %1d",nbcharl);
gotoxy (40,6) ;

printf ("Character ERRORS : %d", err);
gotoxy (5,7);

printf("Total bits received : %1d", bitl);

cer=( ((float) err)/( ((float) nbcharl)) ) *100;
gotoxy (5,10) ;
printf ("CHARACTER ERROR RATE ( CER ) : %$4.2f%",cer);

gotoxy (57,11);
printf{ it any
while (kbhit ()==0);
clear_win();

getch();
yl=4;
cmp_qgbflr=0;
nbcharl =0;
err = 0;
frame_err=0; }
}
if (Rx_sizel > 1) {
yl=yl++;
x1=1; }
for(i=0;i<100;1i++) {
Rx_buff_textl[i]=0x00;
Rx_buff_datal[i]=0x00; }
interl = 0; /* Set flag of interruption to 0 */

Rx_numl = 0;

Rx_sizel = 0;

Cl_C2=0;

gotoxy (35, 24);

printf(* ");} /* Clear CD */

void preamble2 () {
int testaa;
gotoxy (75, 24);
printf ("CD");
testaa = 0;
Rx_num22 = 0;
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‘* Test if AA is received for synchronisation */

start = clock();

do {
delay (10);
if( Rx_buff_data2[Rx_num22] != 0xXAA ) testaa = 1;
else testaa = 0;
RX_num22 = RX_num22++;
end = clock();

if (((end - start) / CLK_TCK) > 0.5) {
gotoxy (75, 24);
printf(" "),
inter2 = 0;
break; }
}
while (testaa == 1);
Rx_size2 = Rx_buff_data2 [Rx_num22]; /* Size of the frame */
Rx_num22 = Rx_num22++;
Tx_text_data = Rx_buff_data2[Rx_num22]; /* Text or data received */

Rx_num22 = RXx_num22++;}

void exec_rx2()
int i, j, k, 1, Rx_gbf2, errl;

long bit2;
A » Reception of text */
if ( Tx_text_data == 0x00) { /* Reception of text */
if (y2 > 19) {
clear_win_COM2 () ;
X2 =

y2 = 14; }

gotoxy (x2, y2);

for (i=Rx_num22; 1 < (Rx_size2+Rx_num22); i++) { /* Print text received */
gotoxy (x2, y2);

putchar (Rx_buff_text2(1i]);

X2=X2++;
if ( 20) {
X2 i
y2 = y2++; } }
}
[ Fmmmm - > Reception of data in hexadecimal format */
if ( Tx_text_data == 0x01)

/* Print of the datas */

for (i=Rx_num22; i< (Rx_size2+Rx_num22); i++) {
gotoxy (x2, y2);

cprintf("%x", Rx_buff_data2[i]);

X2 = X2 + 3;

/* Management of screen */
y2 = wherey();

if (y2 > 19) {
clear_win_COM2 () ;
x2 = 1;
y2 = 14; }

if (x2 > 76) {
x2 = 1;
Y2 = y2++; }

}

}

R Reception of Tests */
if(Tx_text_data 0x02) {
if (cmp_gbf2r 0) {
clear_win_COM2 () ;

x1=1;
y1l=14; )

cmp_gbf2r=cmp_gbf2r++;
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Rx_agbf2 = Rx_buff_data2[Rx_num22];
Rx_Nnum22= Rx_num22++;

Rx_nb_frame2 = Rx_buff_data2[Rx_num22];
RX_Num22=Rx_num22++;
errl=0;

for(i= Rx_num22; i i+4)
gotoxy(x2, y2);

(Rx_size2+Rx_num22) ;

putchar (Rx_buff_text2[i]);
nbchar2=nbchar2++;
if (Rx_buff_text2[i] !=
err = err++;
errl = 1; }
X2=X2++; }

QBF1_PATTERN[i-Rx_num22])

[¥emsceso-o------> Management of screen */

y2 = wherey();

if (x2 > 79) {
x2 = 1;
Y2 = y2++4; }
1f (y2 > 18) {
for (j=14; j<21; j++) |
gotoxy (1, j);
clreol(); }
X2 = 1;
y2 = 13; }
iflerrl) frame_err frame_err++;
errl=0;

bit2 nbchar2* ( (long) nbbit2);
gotoxy (1,13);
printf("errors
gotoxy (20,13);
printf ("Frame n<F128><144><F255>
gotoxy (40,13);

¥d", err);

%d", cmp_gbf2r);

printf ("Bits $ld", bit2);

for(1=0;1<80;1++) {
Rx_buff_text2(1l] = 0x00;
Py_buff _daral2{ll - Ox00; 1}

if ((cmp_gbf2r >= Rx_gbf2) ||
clear_win_COM2 () ;
frame_err = frame_err + Rx_gbf2 -
gotoxy (5,14);
printf("Frames received
gotoxy (40, 14) ;
printf("Total frame ERRORS
gotoxy (5,15);
printf("Characters received
gotoxy (40, 15);

(Rx_nb_frame2==Rx_qgbf2))
cmp_gbf2r;

%d", cmp_gbf2r) ;
%d", frame_err) ;

$1d",nbchar2);

printf("Character ERRORS %d", err)

gotoxy (5,16);

printf("Total bits received %1d", bit2);

cer=( ((float) err)/( ((float) nbchar2)) ) *100;

gotoxy (5,19);
printf (“CHARACTER ERROR RATE ( CER ) %4.2f%",cer);
gotoxy (57,20) ;

printf ("Hit any key to continue");
while (kbhit ()==0);

clear_win();

getch();

y2=13;

cmp_gbf2r=0;

err = 0;

nbchar2=0;

frame_err=0; }

}

if (Rx_size2 > 1) {
y2=y2+4+;
x2=1; }
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Y/, iCROEUECTRONICS

{

63/73

151



ST7537 - POWER LINE MODEM APPLICATION

for(i=0;1<100;1i++) {
Rx_buff_ text2[1]=0x00;
Rx_buff dara2(i]=0x0C

= 0; }
inter2 = 0;

Rx_num2 0;

Rx_size2 = 0;

Cl_c2=0;

gotoxy (75, 24);

printf (" ")

/* Set flag of interruption to 0 */

IAREEE R R RS s R E R EEEEE LIRSS ST
LAEEE SRS RIS 2 OBF1 and PATTERN tests Hihhhahbtttdanapanny
HAAHAH B REERE BB R R R R R R R R R B R R/

/* select an tranmit QBFl test or Pattren test */

void nb_QBFl_pattern() {
char gbfl_pattern_buff(10], *gbfl_pattern_test;
int £8;

do {
clear_line (31, 5);
printf ("Number of frames : ");
gets (gbfl_pattern_buff);

f8 = 0;
for { gbfl_pattern_test = gbfl _pattern_buff; *gbfl _pattern_test; gbfl_pattern_test++
AR R T > Test if character is an integer */
if (!isdigit (*gbfl_pattern_test)) {
f8 = 1;
break; }
}
while ((f8 == 1) || gbfl_pattern_buff[0]==0x00);
sscanf (gbhfl_pattern_buff, "%d", &nb_gbfl_pattern); /* conversion in an integer */

clear_win();

void sel QBF1_pattern() {
char gbfl_pattern_buff (5], gb_pt;
int f1,1i;
gbfl_pattern_buff (0] = 2;

[ ¥ +> Selection between QBFl test and pattern test */
clear_line (35, 6);
printf("l. QBF1");
clear_line (35, 7);
printf ("2. Pattern”);
do {
£1=0;
clear_line (35, 9);
printf("Select : ");
cgets (gbfl_pattern_buff);

if (qbfl_pattern_buff[2]==0x00) { /* Default : QBFl */
gbfl_pattern = 1;
break; }
else {
gb_pt=gbfl_pattern_buff(2];
switch(gb_pt) {
case 'l’ : gbfl_pattern = 1; break; /* QBFl */
case '2' : gbfl_pattern = 2; break; /* Pattern */
default : f1 = 1; }
}
}
while(fl == 1);

clear_win();

i > QBF1l test selected */

1f (gbfl_pattern==1
for(i=0;1i<54;1++) QBF1_PATTERN([i]=QBF1([i];
Tx_size_test=54; }

64/73
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I * -

/ e -----> Pattern test
if (gbfl_pattern==2 {
clear_line(l,4);

selected */

printf ("Enter the pattern ")
clear_line(1l, 5};
Jr e

PATTERN[0]=81;

cgets (PATTERN) ;
Tx_size_test=PATTERN[1];
for(i=0;i<Tx_size_test;i++)

clear_win(); }

void test_QBF1(){

int Tx_size ,1i ,j, k;
long bit;
if (RxTx1==0) 1=5;
else if (RxTx2==0) i=14;
A - ---» Test if all frames sent
if (cmp_gbfl < nb_gbfl_pattern) {
Rx_Tx (0);
bioscom( 1, CxFF, COM );
bioscom( 1, OxFF, COM );
bioscom( 1, UxAA, COM );
bioscom( 1, Tx_size_test, COM );
bioscom( 1, 0x02, COM );
bioscom( 1, nb_gbfl_pattern, COM);
bioscom( 1, (cmp_gbtl+l), COM);
for (j=0; j<Tx_size_test; Jj++) {
bioscom( 1, OBF1_PATTERN[j], COM ); }
delay (30);
Rx_Tx(1);
delay (500);

‘* Calculation of bit number sent */

0) bit

else if(RxTx2==0) bit = ((long) (cmp_gbfl+l)
gotoxy (5,1);
printf ("Number of frames transmitted

gotoxy (5,1+1);
printf ("Number
gotoxy (5,1+2);
printf ("Number

of characters transmitted

of bits transmitted

cmp_gbfl = cmp_gbfl++; }

else {
f(pc_select==1)

gotoxy (57,1+6);

printf("Hit any key to continue");

while(kbhit ()==0);

getch();

clear_win();}

{

;k<100;k++) QBF1_PATTERN(k]=0x00;

Tx_text_data = 0;
flag_test = 0;
menu () ;
cmp_gbfl = 0;
xl = x2 = 1;
yl = 5;
y2 = 14;
}

((long) (cmp_gbfl+l)*((long)

‘ SGS-THOMSON
Y/ NICROELECTRONICS

---->80 characters max */

OBF1_PATTERN[1]-PATTERN([i+2];

/* send AA *
/* send size of text *
/* send test *
/* send number of QBFl test *
* send frame number *
‘* send frame */

{

%d", cmp_gbfl+l);
$d", (cmp_gbfl+l)*Tx_size_test);
%1ld", bit);

> Empty QBF1_PATTERN buffer */
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IAE R 222222 EEEEEEEE ISR SRR IR AR Y SS
#HRapaRBd R R RN Menu bar [Eas s aaadiiiai s sss sl
HAHHHAAE R RE R AER R R B R R R AR R R RRHHAHR B R R R R B R Y/

void menu () {

gotoxy (1, 24); /* print menu bar */

clreol ();

if (select_com ==
gotoxy (4, 24);
printf("Cl");
gotoxy (44, 24);
printf ("c2"); }

else { /* selection of COM2 */
gotoxy (4, 24);
printf("cl");
gotoxy (44, 24);
printf("C2"); }

0){ /* selection of COM1 */

gotoxy (9, 24);

printf("%d %c%d%d",brl,prl,ndbl,sbl);/*baud rate,parity,data bit,stop bit*/
gotoxy (49, 24);

printf("%d %c%d%d", br2, pr2, ndb2, sb2);

if (select_com == 0) { /* Rx, Tx */
gotoxy (20, 24);
if (RXTx1l == 1) printf("Rx");

else printf ("Tx");
gotoxy (60, 24);

printf ("Rx"); }
else {
gotoxy (60, 24);
if (RxTx2 == 1) printf ("Rx");

else printf("Tx");
gotoxy (20, 24);
printf ("Rx"); }

if (select_com == 0) { /* Print QBF1 */
gotoxy (27, 24);
if (flag_test) printf ("CER");
else printf (" ") }
else {
gotoxy (67, 24);
if (flag_test) printf ("CER");
else printf (" ") }

gotoxy (80, 25);

AR s RIS R R RES SRR RE R RS TS
HH4HH4EH Calculation of number of bits in one character BHEHEHHHN
LEEEEEE SRR RES RS SRS RS EE S AT EETESIEEREEITEIIITT AN

void nb_bit () {
if(prl=='N’) nbbitl 1 + ndbl + sbl;

if (pr2=='N’) nbbit2 1 + ndb2 + sb2;
else if( (pr2=='0") | (pr2=='E’) ) nbbit2 = 1 + ndb2 + 1 + sb2;

}

else if( (prl=='0’) || (prl=='E’) ) nbbitl = 1 + ndbl + 1 + sbl;
|

JEREHEBEEHRAEAERAR AR AR R R R R R R R R
HEHHBHEREHERAH AR R AR IS A display IEAS SRR SRS RS RIS ST ]
BEHAHHERRHE AR B R B HRHHHARRRHHHHEERRHRR BHR HEE

void display () {
int lig = 0;
gotoxy (1,1);
printf (" SGS-THOMSON Microelectronics (copyright)\n");
printf (" ST 7537 Power Line Modem");

gotoxy (52,1);

printf ("June 1993");

gotoxy (74,1);

printf("Rev 1.3");

for (lig =1 ; lig < 76; lig++){ /* print of the bordure */

gotoxy (lig, 23);

printf("%c", OxCD);

gotoxy (lig, 12);
printf("%c", 0xCD); }

66/73
bz 568
154




ST7537 - POWER LINE MODEM APPLICATION

for (lig =1 ; lig « 80; lig++){
gotoxy (lig, 23);
printf("sc", 0xC4);
gotoxy (lig, 25);
printf("%c", 0xC4);
gotoxy(lig, 21);
printf("sc", 0xCD); }

gotoxy (77,3);

printf ("COM1");

gotoxy (77,12);

printf ("COM2");
}

SR R RN R R R R R AR AR R RE SRR RS AE AR

BEERBERRERARBER AR ER R

Keys HEHHABEEE AR RB BB BHRB BN

EEREE R SRR R RE RIS R RIS ESS S SEESEEISSS RS EASAS SRR EEE RN

void keys () {

clrser();
gotoxy (15, 7);
printf (" «-
gotoxy (15, 8);
printf (" ->
gotoxy (15, 9);
printf(" Fl
gotoxy (15, 10);
printf (" F2
gotoxy (15, 11);
printf (" F3
joroxy (15,
printf (" F4 :
gotoxy (15, 13);
orintf (" FS
oxy (15, 14);
printf(" F6
gotoxy (15, 15);
printf (" F7
gotoxy (15, 16);
printf(" F8 :
gotoxy (15, 17);
princtf (" F10
gotoxy (L, L1¥);

printf ("HOME
gotoxy (2, 24);
printf ("Hit any
while (kbhit () =
getch();

lrecr i)

Select COM 1");

Select COM 2");

Configuration of COM");
Toggle Request To Send");
in CENELEC");

Run the transmission of text, data or file

Run QBFl test or pattern test in CENELEC");
Clear Screen");

Clear COM1 Window");

Clear COM2 wWindow");

select 1 or 2 port COM(S) for communication");

Exit");
Display this screen");

key to continue");

0):

IR TR TSRS ER T RS SIS RS II LSS SRS AR R RS

BrEHSHARERERY S

THOMSON Microelectronics LEEEEES 2222 s

R T ST E St s EE AR s RS EER SRS SRS AT IR SSRSESASEE AR SRS N

voild sgs(
clrscr();
gotoxy (1,5);
printf("\n
printf("\n
printf("\n
printf("\n
printf ("\n
gotoxy (1,15);
printf("\n
printf("\n
printf("\n
printf("\n
printf("\n

)
(
(

KKK KK KA AA KKK Kxrkk * * KAKEK KK Ak KAKKK KA KKK K

* * * * * * * * ok x % % * * ok

Kkkkk K Kk KEEKKE KKK * KrrrE ok * * kEAEE K *
* x * * * * * * * x * * * * >

Kk Kk KAKKK RAAKK * * * kkkEE * Kk AkkkRE KA xKE K

Rk Kk K Kkx KAk KKK KKK K KAK KEE kkE KAK KkE K K K AAK

x x ox ok x * ok x x * * * * Xk ox ok ok kx ok x ok *

* * x xx ok x xx ok *x x P S T T S S

* * % % * ok ok ox % * * * P I T A A 3

* * ok kkk Kk ok KkA KKK KKK KKK kKK Kk K KRk Kk K kKK

")

"y
"y
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while (kbhit ()==0);

clrscr();

getch();

gotoxy {1,2);

printf("\n R R T * * x *

printf("\n * * % * ok ox ok * * * * xkx

printf("\n Kxxkk x ok x ok Kk P * * ok xox

printf("\n * * * ok ok ok % P * * ox ke

printf("\n * KAREE Kk KK AR KkA k * KAkEEE Kk * *
(

gotoxy (1,8);

printf("\n K KA KEXAX Axwx kkkAE KR Kk 0L

printf("\n * ok ox * - * x ok ow oy

printf("\n * * * * P * oy

printf("\n * * * P x * * oy,

printf("\n Kk Ak kAR RAkk Ak RAE & « oy,

gotoxy(1,14);

printf("\n KRk xR KA KARKE KKKAK AKKKE KA KA W

printf("\n * * * x * —

printf("\n * ok ok kK * X kkkkx *kok —

printf("\n * * * * * * "

printf("\n Kk kw * * KA A KKKk K * "

gotoxy (2,24);

printf("Rev 1.3");

gotoxy (70,24);

printf ("June 1993");

while (kbhit ()==0);
clrscr();

getch();

}

EHAHBEHAAA SRR AR R R BB R R R e
[EREE SRR RS Select COM (register definition) LAE 2 EE TR R ST
LEREEER R SR R SRR AR ERE TSR TR NREEI I TR T Y L)

void com() {

if (select_com == 0) { /* COM1 */
regFC = 0x3FC;
regFE = Ox3FE;
regF8 = Ox3F8;
COM = 0; }
else { /* COM2 */

regFC = 0x2FC;
regFE = Ox2FE;
regF8 = 0x2F8;
COM = 1; }

JXRAHAHBRABAERR AR BB RE AR R AR RS B R
HEHHHHAR R R R HAAHEEES Key execution LEEEE R R R RIS RES ST
HAAHARB AR BB R R R BB R BB R R/

S H e ---» RS232 programming */
void F1l_exec () {
clear_win();
prog_RS232();

RS232();
nb_bit ();
gotoxy (1, 22);
clreol();
gotoxy (1, 24);
clreol();
connect_it ();
menu () ;
X1l = x2 = 1;
yl = 5;

y2 = 14; }

M > Transmission of Text, Data or File */
void F3_exec() {

if (select_com==0) clear_win_COM1 () ;

else clear_win_COM2 () ;

sel_text_datal();

transmit_text ();

okk ok ke

ok

Ak ok kK

68/73
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flag_Tx=0;
display();
menu () ; }

void F4_exec() {

}

int i;

clear_win();

if ((RXTX1l==1) && (RXTx2==1))
for(i=0;1<100;1++) QBFL_PATTERN(i]=0x00;
sel _OBFl_pattern();}

else if ((RxTx1==0) || (RxTx2==0)) {
for (1=0;1<100;1++) QBF1_PATTERN[1i]=0x00;
flag_test=1;

menu () ;
xl = x2 = 1;
yl = 5;
y2 = 14;

sel _QBFl_pattern();
nb_QOBFl_pattern();
Tx_text_data=0x02; }
err = 0;
nbcharl = nbchar2 = 0;
frame_err = 0;
cmp_gbfl = 0;
cmp_qbflr = cmp_gbf2r 0;

veid char_exec() {

Rx_Tx(0);
bioscom(1l, OxFF, COM);
bioscom(l, OxFF, COM);
biocscom(l, OxAA, COM):
bioscom(l, 0x01, COM);
bioscom(l, 0x00, COM);
bioscom(l, test, COM);
delay (30);
Rx_Tx(1);
flag_char=0

flag_cha

id F10_exec () {

clrscr();

do  {
exitl
gotoxy f
printf ("EXIT :");
gotoxy (37, 12);
printf("- Yes");
gotoxy (37, 14);
printf("- No");
ex = toupper (getch());

switch(ex) {

case ‘'Y’ : | clrscr();
disconnect_it ();
exit (0); }
break;

case ‘N’ : { clrscr();
display () ;
menu () ;
exitl = 0; )
break;

default : exitl = 1; }

}

while(exitl == 1); }

77777777777 transmission of QBFl test or Pattern test */

£ SGS-THOMSON
Y/ iCROELECTRONIGS
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SREAREHREEER R BRI RRERRRERRHAHRER h Y

EAEEsEER s R E S EEEERE

Main Routine LAAS R T IR RS IS ST

HHB AR RBE R R R BRI R R RHARHRHHRHH B  HH A e

main () {
int k;
sgs();
keys ()
sel_pc();
-=>

0;
file_char=0;
flag_test = 0;
flag_file=0;
cmp_gbfl
cmp_gbflr
cmp_gbf2r
nbcharl =
nbchar2 =
err = 0;
frame_err = 0;

Initialisation of

COM1, COM2 screen display */

initialisation of QBF1-PATTERN test */

init_RS232(); /* Initialisation of port RS232 */
nb_bit (); /* nb of bits in one character */
RxTx1l = 1; /* Set ST7537 in Rx mode *
RxTx2 = 1;

Tx_text_data=0;

select_com = 0; /* Set-up COMI */
com();

display () ; /* Management of screen */
menu () ;

connect_it (); /* Init interrupt vectors *
while (1)

{

if (interl) { /* if interruption on COM1 */

preamblel () ;
if (Tx_text_data!=0x02) Rx_size=Rx_sizel+4;
else Rx_size=Rx_sizel+6;

if( (Rx_numl > Rx_size) || CLl_C2) exec_rx1();
}
else if (inter2) {

preamblel () ;
1f (Tx_text_data!=0x02) Rx_size-Rx_size2+4;
else Rx_size=Rx_sizel+6;

if( (Rx_num2 > Rx_size) || C1_C2) exec_rx2();
}
else {
/e c-------> Key hit */
if (kbhit()) {
test = getch();
if( test == 0 ) {
test = getch();
switch(test) {
/* F1 */ case 59 Fl_exec(); break;
* F2 */ case 60 : { clear_win();
RX_Tx(2);
xl = x2 = 1;
vyl = 5;
y2 = 14;
menu(); }
break;
* F3 */ case 61 : { if ((RxTx1 == 0) || (RxTx2 == 0))
flag_Tx=1;}}
break;
* F4 * case 62 F4_exec(); break

70/73
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F7 */

HOME */

LEFT */

RIGHT *

F10 */

}

}o/*

case 63 { xl = x2 = 1
yl = 5;
y2 = 14;
err = 0;

nbcharl = nbchar2 =
frame_err = 0;
cmp_gbfl = 0;
cmp_gbflr = cmp_gbf2
clrscr();

display();

menu(); }

break;

case 64 {
yl = 5;
err = 0;
nbcharl = 0;
frame_err = 0;
cmp_gbfl = cmp_gbfir
clear_win_COMI1 () ;

}

break;

xl = 1;

case 65 : { X2 = 1;
y2 = 14;

nbchar2 =
frame_err
cmp_gbfl = cmp_gbf2r
clear_win_COM2 () ;)

err = 0;
0;

0

break;
case 66 { sel_pc();
init_RS232();
xl = x2 = 1;
yl = 5;
y2 = 14;
display ();
menu () ;}
break;
case 71 : { keys () ;
display () ;
menu () ; }
case 75 : { select_com
RxTx2 = 1;
com();
menu () ; }
break;
/ case 77 : { select_com
RxTx1l = 1;
com() ;
menu () ; }
break;
case 68 : F10_exec();

default : menu();

/* switch */
if test = 0 */

0;

r = 0;

= 0;

= 0;

break;

£ SGS-THOMSON
Y/ IGRoELECTRONGS
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;* if one character hit *.

72/73

else
JHommmmm s » Transmission of one character *7s
if ((RxTx1 == 0) |l (RxTx2 == 0)) flag_char=1l;
}
}
}
JHmmm e > Transmission of tests */
if (flag_test) {
if(pc_select==2) {
connect_it ()
c1_c2=1; }
test_QBF1();
if (pc_select==1) connect_it ();

if (flag_Tx) {

if (pc_select==2) {
connect_it ()
c1_C2=1; }
F3_exec();
if (pc_select==1) connect_it (); }
JHmmm e m o= >~ Transmission of file */
if (flag_file) {
if (pc_select==2) {
connect_it ();
Ccl1_C2=1; }
Tx_FILE();
if (pc_select==1) connect_it(); }

if (flag_char) {
if (pc_select==2) {
connect_it ()

cl1_C2=1; }
char_exec () ;
if (pc_select==1) connect_it(); }
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7’ MICROELECTRONICS STARTER KIT

ST7537 POWER LINE MODEM

By Joél HULOUX

SUMMARY Page
| INTRODUCTION. . . .o e e e e e 1
I STARTERKIT FEATURES. . .. ... e e 1
] BOARD CONFIGURATION . ...t e e e 2
v SCHEMATICS. . . 3
I - INTRODUCTION

The ST7537 starter kit has been developped in All connections for ST7537 and ST9 are on board
order to help customer for designing a Home Auto- and the only wiring you have to do is your applica-
mation System. tion.

Everything needed for using the micro-controller The board has been designed for the ST90E40 so
ST9 is on board and the ST7537 starter kit is fully you are not limited on resources and you can

compatible with the ST9 starter kit. choose the microcontroller you want.
RS232C
D ,,7,7j
|
ST7537 < > ST9
STARTERKIT STARTER KIT
- >
Mains
Il - STARTER KIT FEATURES
On the starter kit 2 applications are selectable : - application note
- RS232C app"cation - starter kit board
- ST9 application - power transformer
PP - RS232C cable
With the starter kit you have : - demo software
January 1994 1/5
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1Il - BOARD CONFIGURATION

MAINS P.C. TRANSFORMER
) ) !
: RS232C POWER SUPPLIES ‘y—‘
+5V / +10V |
TEST1  agyne ;T; """ o ‘ S
AR R A L ul s
L RS2328 s = = mQON & m -I- | >
1234 5 6 7 P73_1T7 |2 9
| : T sy T2 |
| .
( | L S
| sT7537 . T
‘ STY0E40 A
R
,,,,,,,,,,,,,,,,,, ] T
E
WRAPPING R
AREA ‘ ‘ ST9 PORT INPUT/OUTPUT |
1 I VI N .
3 K
|
T
ST7537 STARTER KIT

- Application choice is made thanks to SW 1,2,3
and 4. You can select ST9 or RS232C application.

- During your developpment you could need to
transmit more than 1 sec (specified by
CENELEC), you can do so with SW5 (Pin TEST1
of 7537).

- The Carrier Detector can be connected either to

2/5
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INT2, INT5 or INT7 by using the JP1.
- The starter can be configured to work in asyn-
chronous or in synchronous mode with :

SW6 — Rxd connected to Sin (P70)  Async
Rxd connected to P74 Sync

SW7 — Txd connected to Sout (P71) Async
Txd connected to P75 Sync
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IV - SCHEMATICS

Figure 1
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Figure 2
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S44 S ,
[N PR R S R P}

=
3
3
3

Timer 0.1 Address

- T
o S TOINA LT 62 (fooun f
Reyrd |
: ) 1 | Clock |
nso 1 S5 , | ASYNCMODE v Lot X
50 1y rin SINSOUT wo ‘1*»4%\3’1!2}‘\\}{‘(}4 Fo—aleN7
= gen  kozi
Marianakato | SINC MODE o felEiEgr 3ip
RIOTAO SING | gyp ay . O | 1ONF 16V Lo ERE
o8 e &
- H—L AGND
ov|
5|GND
SW6

- SN e Voo

UD )—o/omn spc | ¥ :

uT ! a3 P70

< ano sine | Ic5
ST9I0E40

SEEEY FrY¥IIESE B
45}{4&}{&1{4@{6"? {5 t}—isoHEaHoarsHo HoEH Hot— 3 2

—  Pollint ON

Jumpers

SYNCHRONOUS MODE
ss1

WRAPPING SURFACE
WITH GROUND. +5V.

SGS-THOMSON STAMP.
410V SUPPLY ROUTES Number

LBV E——

SKST9 EXTENSION CONNECTOR

—~ 10V

4/5

168

Lyy SGS-THOMSON
7‘ MICROELBCTRONNCS

7537-82 EPS



ST7537 POWER LINE MODEM STARTER KIT
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INTRODUCTION

ST9 APPLICATION TAILORED MCU
The ST9family of 8/16 bit Microcontrollers (MCUs) was designed after the requirements of the most advanced
applications in computer, consumer, telecom, industrial and automotive Segments.

Processed with the same proprietary CMOS EPROM and EEPROM technologies that have established SGS-
THOMSON as a world leading supplier of non-volatile memories, the ST9 provides high speed computing with
reduced power consumption.

Builtaround a high performance, register based core, the ST9 family offers different program and data memory
sizes and a wide range of on-chip peripherals to meet the needs of most systems.

Time to marketis minimized with ST9's well defined, socket compatible, evolution path, from application evalu-
ation with EPROMS, to prototyping using OTPs, up to the high volume production using cost effective ROM |
versions.

All standard ST9 devices include a Serial Peripheral Interface, a Watchdog Timer to ensure system integrity
against externally generated malfunctions, bit configurable I/Os, prioritizable Interrupts for real-time data han-
dling, and DMA for fast data transfers with handshake (HSHK).

In addition ST9 family variants include up to three Multi-Function Timers, two Serial Communication Interfaces
(SCI), an Analog to Digital converter (A/D) and On-Screen Display and Data-Slicer for TV control.

REGISTER BASED ARCHITECTURE

The Register based architecture provides more efficient data handling and reduced code size compared to an
accumulator based MCU. It also provides the capability for fast context switching.

224 of the 256 8-bit Registers in the ST9 Register File are available as accumulators, index registers, or stack pointers
and can be cascaded to performall these functions as 16-bit registers. The remaining registers are dedicated to system
and peripheral control.

This architecture is common to all ST9 devices.
FLEXIBLE I/O

The flexibility of the ST9 I/O pins allow designers to match the MCU to the application, and not the application
to the MCU.

Most I/Os can be individually programmed as input (TTL or CMOS thresholds), output (open-drain or push-
puii), bidirectionali, or as the Alternate Function of a peripheral, such as a Timer or an A/D Converter.

COMPREHENSIVE SCI

Serial communication is easily implemented, using formats and facilities offered by the ST9 Serial Communi-
cation Interface.
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This peripheral provide full flexibility in character format (5,6,7,8 databits), odd, even or no parity, address bit,
1, 1.5, or 2 stop bits in asynchronous mode, and an integral baud rate generator allowing communication at up
to 370k baud in asynchronous mode or 1.5Mbyte/s in synchronous mode.

Industrial, telecom and communication systems users can furthermore benefit from the self-test and address
bit wake-up facility offered by the character search mode.

FAST A/D WITH ANALOG WATCHDOG

Upto 8analoginputvoltages can be sequentially converted by the Analog to Digital converter including on-chip
sample and hold.

The 11us conversion time, and the possibility to trigger conversions either by the on-chip timers, or by external
sources, allows real time processing of analog data.

CPU loading is also reduced by the analog watchdog on two channels, the peripheral interrupts the ST9 when
the analog input voltage moves out of a preset threshold window.

UNIVERSAL SPI

Auniversal Serial Peripheral Interface, providing basic 1°C-bus, Microwire-Bus and S-BUS functionality, allows
efficient communication with low-cost external peripherals or serial access memories such as EEPROMs.
MULTI-FUNCTION TIMERS

The 16 bit up/down counter operating in 13 modes gives the ST9 Multi-function Timer the possibility to cover
most application timing requirements.

Two input pins, programmable as external clock, gate or trigger, allow 16 modes of operation, including auto-
discrimination of the direction of externally generated signals.

Pulse Width Generation can easily be implemented, using the overflow/underflow signal and the two 16 bit
comparison registers, each of them able to independently set, reset, toggle or ignore two output bits.

The Multifunction Timer outputs may also generate interrupts for system scheduling, and trigger DMA trans-
actions of a data byte to or from a data table in memory through an I/O Port with handshake.

ON-SCREEN DISPLAY

Interactive information display for television control is easily implemented with the powerful ST9 On-Screen
Display. With up to 34 characters in 15 rows, and colour, italic, underline, flash, tranparent and fringe options,
the 128 character set can be adapted for all needs.
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