






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































ST7537- POWER LINE MODEM APPLICATION 

Figure 7 : Power Line Interface Inputs and Outputs 

+10V C- +10V PWR 

POWER LINE 
POWER LINE 

INTERFACE 
ovo-ov PWR 1------1!1 

---
RAI ATO PABC PABC 

l I l l [] 

RECEIVE TRANSMIT MODE 
OUTPUT INPUT SELECTION 

Figure 8 : Output Impedance Measurement Configuration 

ATO 

ST7537 POWER LINE IMPEDANCE 

RAI INTERFACE ANALYZER 

V1.2.4.2 - BER TEST 

Two boards are required: one for the transmission, 
the other one for the reception. 

White noise is added to the ATO transmit output of 
the ST7537 thanks to a mixer. The aim is to meas­
ure the BER under different Signal/Noise ratio con­
ditions. The mixed signal is transmitted to the RAI 
receive input of the modem. The digital signal 
injected in TxD is a 215-1 pseudo-random pattern 
long, generated by a bit error rate analyzer (with 
internal 1.2kHz asynC'hronous clock). 

In the reception board, a 1.2kHz clock (CRX) is built 
thanks to the ST7537 MCLK clock. The received 
digital signal RxD is amplified (RxDL) and synchro­
nized with the CRX clock. Both of them (CRX and 
RxDL) are analyzed by the BER analyzer. 

The measurements are made with different RAI 
input level. The Figures 10 and 11 gives respec-

lively the B.E.R with a RAI input level of 
10.023mVRMS and 1.14mVRMS. 

Conclusion 
Under the test conditions of the ST7537 specifica­
tion (RAI = 1 OmVRMS and S/N = 15dB) the BER is 
4.10-7. With an RAI input level of 1.14mVRMS the 
BER is around 1 0-4 with the same S/N ratio. There­
fore, the ST7537 is able to communicate with low 
input signal level of about 1 mVRMs. This test illus­
trates the high sensitivity of the power line modem. 

In Figure 10, the measured BER (with an RAI input 
level of 1 OmVRMs) is compared with the theorical 
BER of a conventional BFSK modulator/demodu­
lator. 

Test equipment : SI7703B BER analyzer 
Rhode and Schwartz noise 
generator 

Test condition : T = +25°C 
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ST7537- POWER LINE MODEM APPLICATION 

Figure 9 : BER Test Configuration 
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Figure 10: BER Test for an RAIInput Amplitude of 10.023mVRMS 
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ST7537- POWER LINE MODEM APPLICATION 

Figure 11 : BER Test for an RAI Input Level of 1.14mVRMS 
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Vl.2.4.3 - TRANSMIT SIGNAL SPECTRUM 
ANALYSIS 

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 87dB~J-V, so that 
communication difficulties occur. At the transmit 
frequency (132.45kHz), the inductance looks like 
an impedance of about 56Q, which introduces 
significant attenuations on the transmit signal com­
pared to those induced by the 2.2Q resistor. 

The transmit output signal of the power line inter­
face is measured with the power line simulated by 
resistors : R = 1, 5, 10, 50, 1 OOQ. 
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 2.2Q resistor was 
used instead of the inductance L 1. In this configu­
ration, whatever the power line impedance, the 
output level was at least 106dB~-tV up to 119dB~-tV 
(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 L 1 of 68~-tH, 1.6Q (see Figures 14 and 15). 

Figure 12: Spectrum Analysis Configuration 

..Jgill_ ATO 

ST7537 
~ PAFB 

Jo 
R: 1/5/10/50/100 ohm 
TXD: '0' I '1' (OV I t5V) 

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 11H (0.8Q) has been chosen which looks like an 
impedance of 8Q at 132.45kHz frequency (see 
Figures 16 and 17). 

POWER 
LINE 

POWER LINE 

QR 
SPECTRUM 

INTERFACE -ANALYZER 
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Figure 13: Output Transmit Level (dB!iV) with 
2.2Q Resistor 
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Figure 15: Second and Third Harmonics Level 
(dB!iV) with 6811H Inductance 
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ST7537- POWER LINE MODEM APPLICATION 

Figure 14: Output Transmit Level (dB!iV) with 
68!1H Inductance 
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Figure 16: Output Transmit Level (dB!iV) with 
1 011H Inductance 
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Figure 17 : Second and Third Harmonics Level 
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VOUT/H2 and VOUT/H3 variations with the 10~-tH 
inductance versus the power line impedance are 
given in Figure 18. 

Test results 
(with L 1 = 1 0~-tH) 
VOUT < 122 dB~-tV 
H2 < 39 dB~-tV 
H3 < 49 dB~-tV 

VOUT/H2 > 70 dB 
VOUT/H3 > 65 dB 
Conclusion 

CENELEC specifications 

VOUT < 122 dB~-tV. 
H2 <56 dB~-tV mean 
H3 <52 dB~-tV mean 

<' 
~ 

~ 

Figure 18: Demoboard Transmit Performances 

ST7537 APPLICATION BOARD 
WITH A 10 ~H INDUCTANCE 

dB 
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~VOUTIH2 (dB) ~VOUTIH3 (dB) ~ L_ ______________________________ ~~ 

FCC specifications 

H2 < 48 dB~-tV (extended to 60 dB~-tV) 
H3 < 48 dB~-tV (extended to 60 dB~-tV) 

With L 1 = 10 ~-tH, the required harmonics level is reached and the output voltage is smaller than 122 dB~-t V. 
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 : 3585A Spectrum Analyzer 20Hz-40MHz (Hewlett Packard) 
Test conditions : T = +25°C 
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ST7537- POWER LINE MODEM APPLICATION 

Vl.3 - Carrier Detect 
The carrier detect output (CD) is driven low when 
the input signal amplitude on RAI is greater than 
Vco typically 5mVRMS for at least Teo (typically 
4ms). When the input _§jgnal disappears or be­
comes lower than Vco, CD is held low for at least 
Teo before returning to a high level. Vco input is 
the carrier detection threshold voltage which is set 
internally. 
The graph, given in Figure 19, represents the mini­
mum amplitude of the received sjgn.al which can be 
detected (which corresponds to CD = 0) according 
to the frequency. 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 frequen­
cies received signals are detected. 

Figure 19: RAIInput Minimum Detection Level 

Minimum received slgnai{Vin) amplilude for CD:'O" ( Vcd = 5.098V) 
Vinattransformer1npul 

140 -,-----------'--------, 
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Vl.4 - Improving Sensitivity 
In all modem, the carrier detector clamps the out­
going digital data RxD when the incoming analog 
receive signal is below a defined level (carrier 
detector level 7537 typ = 5mVRMS). 
That means we al§.... loosing the data when the 
signal is less than CD level. 

Figure 20 

RAI~ 
CD l________jL____ 
RxD -J DATA H DATA 

In the ST7537, the clamping of CD on RxD is 
programmable thanks to TxD pin. 

Figure 21 

So we are able to receive data even if the incoming 
analog receive signal is less th1M!_5mV. When 
removing the clamping of RxD by CD we are able 
to get RxD data without error with a receive level 
of 400 micro Volt. 

Figure 22 

RAI 

CD 

TxD 

RxD (Rand j VALID DATA 

'"'1"' 
As you can see on previous Figure even when RAI 
is lower than the carrier detect level we get the 
datas because TxD = "0". 
When TxD = "0" and the receive signal is not one 
ofthe 7537 (e.g Noise), the RxD is random (in most 
configuration the RxD is at "0"). 

Example of Implementation 
We have seen that by programming the TxD to "0" 
in receive mode we increase the sensitivity of the 
ST7537 because there is no more clamping by CD. 
You will be able to have good communication with 
a receive signal of around 50dB!lV which means a 
dynamic of around 70dB. 
Because we want to get the benefit of the very good 
sensitivity of the ST7537, we will program TxD to 
"0" in receive mode ancU;reate by soft a frame 
detector. We will use the CD signal as mentionned 
by CENELEC only when we want to transmit a 
frame. 

Different software frame detector can be imple­
mented depending of the ressources of your mi­
crocontroller. 
You can program your microcontroller to go in 
receive frame when it received the expected byte. 

15/32 -------------J:.Y. ~~~©m~Ol~A~-------------
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Figure 23 

RxD PREAMBLE EXPECTED BYTE ~ 

L---R-AN_o_oM _____ o_AT_A_s _________ FR_m_e ______ ~~ 

So the preamble is for demodulator training (when 
you start a communication the 3 first bits are lost 
by the receiver) and when you will match with 
expected byte the microcontroller will go in receive 
frame routine. 
On the ST6 microcontroller we have implemented 
the following frame detector. 

Figure 24 

RANDOM DATAS "l" ~ 
~--------------------------~~ 
We put TxD = "1" on the transmitter for around 4ms 
(for demodulator training) and after we send in 
asynchronous mode FFh following by the complete 
frame. 
On the receiver, we check that we have RxD equal 
to "1" for at least 7ms (we are looking for FFh), then 
we go in receive and we will have frame synchro­
nization on the first start bit of the data. 
We did a trial in our lab with this system during 
2 hours without having the ST6 going in frame 
receive routine on bad datas dued to noise signal. 

Vl.5 - 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/+SV), 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 25. Not all the pins from the RS232 port are 
used. The RXD, TXD and Carrier Detect (CD) 
signals are directly converted. 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 communi­
cation working. A suggested clock generator is 
given Figure 26. It uses a NE555 timer working in 
astable mode. 

The output HIGH time of the clock is : 
tH = 0.693*(R1 + R2)*C1 

The output LOW time of the clock is : 
tL = 0.693*(R2)*C1 

Thus the total period T is : T = tH + tL 
The frequency of oscillation is: f = 1/T = 1/(tH + tL) 
Calculations provides the following results : 
R1 = 1kn, R2 = 100kn, C1 = 7nF. 

Figure 25 : Connections between ST7537 and RS232 Interface 

t5V 

TXD ST7537 
RXD 

CD 

R2m R2out 
RXITX 

MAX232 

1.DCD 6. DSR 
2. RXD 7. RTS 
3. TXD S.CTS 
4.DTR 9.RI 
5.GND 
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Figure 26 : Watchdog Clock 

5V 

c 

OV 

RS232C Communication Problem 
We have discovered that with some computer the 
communication program does not work correctly. In 
some new PC generation the UART is sensitive to 
the RxD jitter and then shows characters errors on 
PLM communication. 
The following hardware avoid the jitter on RxD for 
the UART of the PC. 

Figure 27 

Figure 28 

""'' toRS232C 

BCLKR 
fu 

~Rx=Ds~======~--~====~-----=====:J~ 
After power-up the 7537 demoboard, you have to 
reset the receive recovery block. 
Before doing this extra hardware we recommend 
you to test your PC with the new program and if 
there are time to time some errors the hardware 
has to be adapted as shown above (you can use 
BCLKR for the watchdog clock). 

1 KOhm 

R2 
100KOhm 

C1 
7nF 

Vl.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
sible to build a "smart" home network, 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. 

Vl.7 - Overview of the ST90E28 MCU 

The ST90E28 microcontroller chosen to equip the 
ST7537 demoboard is a 16Kbyte program memory 
EPROM version with 256 bytes of RAM and 
256 bytes of register file. Within this file, 224 gen­
eral purpose registers are available as RAM, accu­
mulators or index pointers, allowing code 
efficiency. This MCU has an internal clock gener­
ator, a 16-bit watchdog timer for system integrity, a 
powerful serial communications interface (SCI) 
with included baud rate generator and outstanding 
character search capability, and a 16-bit multifunc­
tion timer for complex user applications; it provides 
a reset input and up to 36 inpuVoutput pins, includ­
ing 7 external interrupts and a non-maskable inter­
rupt. 
Most of the instructions take 14 clock cycles: with 
a clock frequency of 11.0592MHz, one instruction 
lasts about 90ns. Connected to the ST7537, the 
microcontroller has to deliver a maximum bit rate 
of 1200 bauds: one bit is at least 833~ts long. 

------------ t;'=''L SGS·1HOMSON --------:-------1_71_32 
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Vl.8 - Implementation of the ST90E28 MCU 

Two configurations have been set up, one for the 
slave appliances, and one for the master system. 
Both versions will have their address initialized in 
the software in this first release. Besides, they use 
one data output to display information about the 
main program execution by means of a led: you 
know that the main program is running well, when 
this led is blinking as the appliance is powered on. 
The main differences between the two controllers 
are the input!ouput facilities. 
The slave configuration provides an ouput that 
switches a load. This load will be simulated by a 
LED (see Figure 29). 
The master configuration provides a 3-bit com­
mand input to control the slaves. This command will 
be simulated by a KEYBOARD : one key is avail­
able for each slave, and one specific key enables 
the user to supervise all the slaves inside a room 
at once. This configuration also uses a 3-bit data 
output to let you know whether a particular slave is 
on, or whether the room is lit up. This information 
will be displayed by one led attached to the key 
dedicated to a particular device (see Figure 30). All 
the slaves addresses will be stored in the master 
version of the software. 

Furthermore, both configurations need a 7 bit data 
exchange with the ST7537 : clock, _transmit da~a, 
receive data, reset, Rx!Tx control lines (see Fig­
ure 31 ). No external component is needed to inter­
face the microcontroller with the power line 
modem, allowing cost savings. 

- 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 

Figure 29 : Slave Configuration 

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 BOO).ls 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 1 s. 

- 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 SCI output. 

- SIN (Pin 31): 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 watc~­
dog input for more than 1.5s, the reset _ouput 1s 
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. 
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PLI 

LOAD 
7L // 

ST7537 / ST9 v 

PLM MCU 

~+ 
" - . PROGRAM ~ L_--------------------~~--------------~ 
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Figure 30 : Master Configuration 
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Figure 31: Interface between ST7537 and ST90E28 
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WD • 19 42 : P51 

Rx!Tx • 20 43 : PSO 

CD 21 26 : • INT1 

TxD 
22 • 

RxD 
23 

30 : 
SOUT 

31 : 
SIN 

< 

L-------------~-~-~--~-~--~-~--~-~--~-~--~-~--~-~---------------------------------------~~ 
RSTO 

24 18 : • NMI 

Vl.8.1 - Applicative Pin Configuration 
- Vss (Pin 1) : Digital Circuit Ground 
- Voo (Pin 21) : Main Power Supply Voltage +5V. A 

decoupling capacitor of 47~F is connected be­
tween Voo and Vss pins. The Voo of the micro­
controller should be connected also to the DVcc 
of the ST7537 in order to reference the digital 
level of the ST7537. 

- RESET (Pin 3) : This input is active low. To restart 
the microcontroller, the reset key has to be 
pressed (see Figure 32). A capacitor (2.2~F) will 
keep the input low for a minimum startup period, 
whereas a pull-up resistor (1 OOk.Q) will keep it 
high for normal operation. 

Figure 32 : Reset Command 

RESET 
KEY 

+5V 

ST9 
RESET 
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- 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 33: 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) 
Port 2 bit 5 (Pin 27) 
Port 2 bit 6 (Pin 28} 

blinking led 
load 1 status 
load 2 status 

Port 5 bit 5 (Pin 38) room status 

Figure 33 : Display Output 
;----------------------

ST9 
R 

r-J\1\l'v--··-:-~~ Pxx 

~~ 
I 
_l_ 

L---------------------------~ 

- Keyboard Input : Switch keys are used to enter 
commands. The keyboard pin is active high (see 
Figure 34 ). A pull-down resistor of 1 OkQ 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) load 1 command 
Port 5 bit 3 (Pin 40) : load 2 command 
Port 5 bit 4 (Pin 39) : room command 

Figure 34 : Keyboard Input 

+5V 

KEY 

__ :_11 Pxx 

10K 

j_ 
L---------------------------~ 

~ 

~ 

~ 

~ 

Vl.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 
supply voltage drops (about 1Q typically). 

A dual tracking power supply provides each board 
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 = 1.04Q , 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 35}. There­
fore, the current consumption is displ~d on 
channel 2 il"l.@.ceive mode on stand-by (CD = 1) 
and active (CD = 0) states. 
Current consumption (Rx mode} :+146mARMS 
Power consumption : 
(+10.006V- 1.04Q · 146mA) · 146mA = +1.44W 

Slave board current consumption test results 
(see Figure 36) 
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 channel1 (see 
Figure 37). The current consumption is displayed 
on channel 2 in both receive and transmit modes. 

Current consumption : 
Rx mode + 160mARMS 
Tx mode +230mARMS 

Power consumption : 
Rx mode ( + 1 0.006V- 1.04Q · 160mA) · 160mA 

= +1.57W 
Tx mode (+10.006V -1.04Q. 230mA) -230mA 

=+2.25W 

Master board current consumption test results 
(see Figure 38) 
Channel1: 
Channel2: 

Rx!Tx signal 
Supply current 

20/32 --------------~ ~~~.;R!~~~O!~!;~ --------------
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Figure 35 : Slave Board Current Consumption Test 
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Figure 36 : Slave Board Current Consumption Test Results 

Tek stopped 33 Acqursr!rons 

Ch2 RMS 
145 68 mv 

Ch2 Max 
172.4mv 

Ch2 Mean 
14544 mv 

Ch2Mm 
119.6mv 

" ~ 
Ch1500V Ch220.00mV M100ms Ch1\. 32V ~ 

~--------------------------------------------------------------------~~ 
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Figure 37 : Master Board Current Consumption Test 

MULTIMETER A LIM 

+V +10V 
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-
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l I I -+ AC POWER LINE 50/60Hz [ 

Figure 38 : Master Board Current Consumption Test Results 

Tek stopped 33 AcquiSitions 

V.9 - Power Supply 
V.9.1 - Power supply features 

The power supply features are : 
- one reference voltage of 10 Voc 
- output current of 400 mA 

The 5 Voc voltage needed for the numeric part of 
the application is provided by a voltage regulator 

Ch1\ 3.1 v 

Ch2 RMS 
183.78 mv 

Ch2 Max 
268 2 mv 

Ch2 Mean 
180.84 mv 

Ch2 M1n 
119.4mv 

LM 7805, which already exists on the board. 

The power supply schematic is given in Figure 39 : 
The LM317T regulator is ajustable between 1.2V 
and 37V thanks to the R1 & R2 resistors. It could 
be replaced by a + 1 OV regulator. 

22/32 -------------- A:fi ~~~©ID~~,~~~ --------------
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Figure 39 : Power Supply Schematics 

V.9.2 - Power supply sizing 

The rectified voltage between pins of the capacitor 
C1 is shown in Figure 40 : 
Uca = transformer secondary voltage (VRMS) 
Ucc = voltage between pins of the capacitor C1 
Urtt = ripple voltage 
U minimum voltage which has to exist 

between input and output of the voltage 
regulator 

Us output power supply voltage 
Ud rectifier diodes voltage drop 
I output power supply current 

Hypothesis : 
-I =400mA 
- Umin =3V 
- Ud = 1V 
The minimum voltage the transformer has to pro­
vide is: 

Uca = (Us + Umin + Urtt + 2Ud) I 2 

The ripple voltage is : 

I Urtt = 10 * I I C1 (with I in mA and C1 in JlF) 

Figure 40 : Rectified Voltage Parameters 

10V 

1 414'Ucarms • 2'Ud Uoutput 

~ 

2 L_ ________________________ ~ 

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

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

The maximum value of Urtt is : 

Urtt max= 2*Uca- Us- Umin- 2*Ud = 2V 

t10V 
_l_ 

Rl CJ 

220 '"' 
ov 

=> C1 min= 10*1 I Urtt max 
C1 min= 2000JlF 

We choose a C1 capacitor value of : 4700JlF 

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% : 

Vmax = (2 * Uca) * 1.25 = 21.2V 

The maximum power dissipated by the voltage 
regulator is : 

Pd = U *I 

U = 2*Uca - Us - Urtt - 2*Ud 
Urtt = (1 0 * 400) I 4700 = 0.85V 
:>Pd = 1.6W 

In short, the power supply sizing is : 
- secondary voltage of the transformer : 2x6V 
- 5 VA transformer 
- C1 = 4700JlF with a maximum voltage of 25V 

between its pins. 

VII - PC SOFTWARE 

With the application board, we provide you a com­
munication program written in Turbo C language 
which allows : 
- to drive the RS232 interface 
- to transmit data via power lines thanks to the 

ST7537 
- to receive data from power lines thanks to the 

ST7537 
- 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. 

23/32 
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VIII - TYPICAL APPLICATION 
Vlll.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. 

Vlll.1.1- Frame Format (see Figure 41) 

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: 
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 

Figure 40 : Frame Fields 

/ 
HOUSE LINK 

PREAMBULE HEADER 

ADDRESS CONTROL 

home network. 

Vlll.2 - Use of the ST90E28 resources 

- The Watchdogfrimer : 
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 SCI 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
er register 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 
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 42). 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. 

~ 
SOURCE DESTINATION FRAME 

DATA 

ADDRESS ADDRESS CHECK SUM 
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Figure 42 : Character Search Function 

/ / 7 / / 
DATA DATA MATCH DATA DATA 

/1 
v 

DATA DATA 
INTERRUPT INTERRUPT 

- The Register File (see Figure 43) : 
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 Q.Qil 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. 

Figure 43 : Register File Map 

FFh 
FOh PAGE I 
EFh 

SYSTEM EOh I 
DFh 

COh 
SYSTEM STACK v 

BFh 

BOh USER STACK v 
AFh 

APPLICATION 

SOh I/ 
4Fh 

PROTOCOL 

KERNEL 
20h v 
1Fh 

RECV BUFFER 10h v 
OFh XMITBUFFER v OOh 

CHAR DATA DATA 
MATCH INTERRUPT INTERRUPT 

INTERRUPT 

Vlll.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, TIL 
CD (Port 2 bit 4) ~ AF, OP, TIL 
RxD (Port 3 bit 6) ~ AF, OP, TIL 
TxD (Port 3 bit 7) ~Alternate function, 

Push pull, TIL 
Rx!Tx (Port 5 bit 0) ~ Output, Push pull, TIL 
WD (Port 5 bit 1) ~ OUT, PP, TIL 
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, TIL 
keyboard pin ~ Input, tristate, TIL 

- 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 555.56).ls (1.8kHz = 36*50Hz = 
30*60Hz). The timer counter is loaded with the 
value 767 to complete an end of count every 
555.56).lS. On each counter underflow an inter­
rupt request (INTO) is generated with a priority 
level set to 0 (high). 

- Serial Cornrnunication Interface : The asynchro­
nous mode is selected. The serial interface pro­
grammed characteristics are : 8-bit word length, 

25/32 
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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 16*1200 = 19200 bauds. The priority level of 
all SCI interrupts (RXA, RxD, TXHEM) is set to 1. 

Vlll.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 44: Main Program Flow Chart 

/ 8 Entecedoo N 
-.- System RESET 

I MCU INITIALIZATION I 

I ENABLE INTERRUPTS I 

t 
I TIME BASE I 

t 

I KEYBOARD I • 
I TX_APPLICATION I 

' I BACKGROUND I 
I 
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ANNEXE A~ DEMOBOARD OUTPUT IMPEDANCE · 
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Figure 48 : Layout 
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Bill Of Materials 

Item Qty. Reference Part 
1 2 C11,C10 2.2J.lF 
2 6 C7,C6,C8,C9,C12,C14 100nF 
3 4 LD4,LD1,LD2,LD3 LED 
4 1 IC1 ST7537 

5 8 SW8, SW1, SW2, SW3, 
SW4,SW5,SW6,SW7 

6 1 XT1 CRYSTAL 

7 2 R8,R2 1kQ 

8 2 R6,R9 47kQ 

9 3 02, 01,04 2N2222 

10 3 03, 05,06 2N2907 

11 1 C4 6.8nF 
12 1 C1 470nF 

13 1 R1 1MQ 

14 4 R4, R5, R10, R12 2.2n 
15 2 R11, R7 180!'2 

16 1 IC2 MAX232CPE 

17 1 IC3 LM7805 

CQU [::£] IT[] 
~+§+@ 

Item Qty. Reference 
18 1 R14 

19 4 R19,R16,R17,R18 

20 5 C16,C17,C18,C19,C20 
21 1 C21 

22 2 PIC01, PIC02 

23 2 C13, C15 

24 1 L1 

25 1 01 

26 5 TP2, TP1,TP3,TP4,TP5 

27 1 P3 

28 1 P2 
29 1 P1 

30 1 TR1 

31 1 R15 
32 1 R3 

33 2 C2, C3 

34 1 C5 

Part 
619(1%) 

1Dkn 

1DJ.IF 
15nF 

PI CO 

10nF/16V 

10J.IH (r=0.8) 
DIODE 

POINT 

SUBD9 
(FEMALE) 

ALIM 

A LIM+ 

TOKO 

9.09kQ (1%) 
10kQ(1%) 

22pF 

1!lF 
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Figure 49 : Master Configuration Board 
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Figure 50 : Slave Configuration Board 
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REMOTE CONTROL USING ST7537 AND ST6 

1- INTERFACE BETWEEN ST7537 AND ST626x 

SGS-THOMSON is now introducing with this inter­
face between the power line modem ST7537 and 
the low cost family ST6MCU a wide range of appli­
cations for home automation. This module allows 
communication between distant equipment by the 
mains and then remote control can be done in an 
easy way. This include applications like lighting 
dimmer, heater control, or phone remote system. 

Figure 1 : Hardware Connection Between 
ST7537 and ST6265 

ST7537 ST6265 

c WD pAt 
0 Rxifx PC4 m 
m CD pAO 

Mu 
a n Txd pC3 
I I 
n c Rxd pC2 

s a 
t 

D 
F = 11.0592MHz 

1.1 - Interface 

The choice of these ST6 pins is not the only one, 
but the software suggested is written for this inter­
face. 

1.2 - Pins Descriptions 
1.2.1 - RSTO and NMI 
The RSTO is the reset output of the ST7537. It set 
to high when the supply voltage is lower than a limit 
(typically 7.6V) or when no negative transition oc­
curs on the watchdog input for more than 1.5s. 
Then, the RSTO is going back to low level. This 
falling edge is used to make an NMI on the ST6 
chip. The NMI vector (number 0) must be the same 
as the reset vector in order to comply with Home 
System specifications. 

Figure 2 : RSTO Generate a NMI 

:_j .. -------~.1 RSTO pin 

'---- Non Masquable Interrupt 
(Falling Edge) 

1.2.2 - Carrier Detect 
The Carrier detect is driven low when the signal 
amplitude on the receive analog input is greater 
than a carrier detection level (typically 5mV). It has 
to be connected to an interrupt pin in order to start 

the receive program, even if the ST6 is doing 
something else. So the pin pAO has to be pro­
grammed as an interrupt (with pull-up) to allow 
receiving. 

1.2.3 - Rx!Tx 
The Rx!fx pin is used to switch between receive 
and transmit mode. It has to be connected to an 
output port of th~T6, to allow the ST6 to switch 
between Rx and Tx. pC4 has to be programmed as 
output port. 

1.:!.4 - Rxd and Txd 
Digital datas are going over these pins. They have 
to be connected to pC2 and pC3 for the data 
transfer. Then, the programmer can use the PSI 
(Programmable Serial Interface) or work on the 
data values by programming pC3 as output and 
pC2 as input (without interrupt and with pull-up). 

1.2.5 - Watchdog 
This pin is connected to pA 1, which must have a 
falling edge at least every 1.5s (MAX value). This 
feature has been included in ST7537 for security 
reason. So pA1 has to be set and reset at least 
every 1.5s (see RSTO pin description). 

1.2.6- Oscin 
The maximum operating frequency of ST6265 mi­
crocontroller is 8MHz with a 5V DC supply (and 
8.5MHz with 6V). In order to use the 11.0592MHz 
provided by the P.L.M., we must decrease this 
frequency. An easy way is to divide by 2 the master 
clock: 

Figure 3 : The Flip-flop D-type Divide the Clock 

L...:_L_K __ :_h"-
A flip-flop D-type is used to divide MCLK by 2. So, 
the microcontroller has an input frequency of 
5.5296MHz (quartz frequency divided by 2). 

1.2.7- Other ST6265 Pins 
1.2.7.1 -RESET Pin 

To provide a good initialisation, a 2.211F capacitor 
is connected to the ST6265 reset pin. An internal 
300kQ is loading the capacitor during the power on. 
This provides a delay that allows power supply 
stabilisation. The high value of the resistor requires 
a tantalum capacitor type. 

1.2.7.2- pA4 .. pA7 Pins 
These pins are used to enter an objet address 
(network configuration). pA4 .. pA7 are programmed 
in input with pull-up. Address number can be modi­
fied if necessary. 

------------ ~ SCS·lHOMSON ___________ 31_20 
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1.3 - Software Initialization 
At reset state, all the ports are in input with pull-up, and interrupt register (lOR) is cleared, so the reset 
routine must configure the ports to comply with hardware connections. 

Table 1 : Port Configuration 

Register Bits Values Byte Value (e.g.) 

lOR GEN (04) set 50 h 
LES (06) set 

DORA DO res 02 h 
01 set 

04 .. 07 res 

ORA DOse! 03 h 
01 set 

04 .. 07 res 

ORA DO res 02h 
01 set 

04 .. 07 res 

DDRB 00 . .07 set FFh 

ORB 00 .. 07 set FFh 

ORB DO .. D7set FF h 

DDRC 02 res OCh 
D3set 
C4set 

ORC 02 res oc h 
03 set 
D4set 

DRC 02 res OCh 
03 set 
04 set 

The hexadecimal values are given only for exam­
ple, these values will change due to the others pins 
programming (application software). In the pro­
gram, every write to port A and port C must be done 
by writing a copy register, because these ports are 
in input and output, and this includes single bit 
operation (see ST6265 datasheet for further de­
tails). 

1.4- Timer 1 for 1200Bps 

The MCU frequency is 5.5296MHz. With an internal 
clock divider set to 1, a prescaler set to 4 and a 
counter set to 96, the transmit and receive rate is 
1200.08Bps (Figure 4). 
The quartz is a 11.0592MHz with a accuracy of 
1 OOppm. That means a final variation of 0.12Bps 
around 1200.08Bps. 

When the timer 1 is not used for the baud rate this 

Figure 4 : Dividing MCU Clock to Obtain 1200Bps 

Description 

Enable all interrupts 
Level sensitive mode on interrupt #1 (port A) 

AO in input 
A1 in output 
A4 .. A7 in input 

AO interrupt with pull-up 
A 1 in output push-pull set to 1 
A4 .. A7 in input with pull-up 

80 .. 87 in output 

BO .. B7 in push-pull output 
set to 1 

C2 in input 
C3 in output 
C4 in output 

C2 interrupt with pull-up 
C3 in output push-pull set to 1 
C4 in output push-pull set to 1 

one is used for C.S.M.A. management (see 11.3). 
Table 2 : Baudrate Variation 

That means the following registers values : 

Table 3 : Timer 1 and Oscillator Configuration 

Register Bit Value 

Oscillator control register RSO 0 
OSCR RS1 0 

Timer status control register PSO 0 
TSCR1 PS1 1 

PS2 0 

Timer counter register DO- 07 96 
TCR1 (decimal 

value) 

ST6265 

MCLK OSCIN Fint Ftimer 

%2 %1 %12 %4 Count 96 

4/20 -------------- £.W. i~~©mW~lfill?~~ --------------
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1.5 - Interrupt Routines 
Interrupt vectors are mostly defined by the trans­
mission program. NMI (vector #0) and the port A 
interrupt (vector #1) are used by the communica­
tion program. The port C (vector #2) does not need 
interrupt. The Timer 1 and ADC interrupt is used for 
communication timing (see CSMA recommenda­
tion). 
AutoReload timer interrupt is also available. 

Table 4 : Interrupt Programming 

Vector #0 NMI JP RESET 

Vector #1 Port A and B JP RECEIVE 
(or cascaded interrupt) 

Vector #2 Port C and SPI NOP and RETI 

Vector #3 ARTimer Available interrupt 
for application 

Vector #4 ADC and Timer 1 Communication timing 

1.5.1- NMIInterrupt 
The RSTO pin of the ST7537 is connected to the 
NMI pin of the ST6265 pin. The NMI interrupt 
provides the reset of the system. 

1.5.2 - Receive Interrupt 
This interrupt manages frame reception, that 
means: 
- Power line modem pins control, 
- Bit reception (synchronisation), 
- Byte control, 
- Frame control. 

The interrupt program set bits in network/applica­
tion register (NA-CTRL) then the main program is 
able to know the communication status by reading 
this register. 

1.5.3 -Timer 1 Interrupt 
This interrupt is enabled at the end of a frame 
reception or transmission to allow a delay between 
communication events (see C.S.M.A. specifica­
tions). It also leave time for application program. 

Figure 5 : Flow Diagram of Digital Datas 

B1ts lost 

II - TRANSMISSION METHOD 

11.1 - Main Aspect of Communication 
- Asynchronous 1200Bps, 
- Transmit mode must be set for less than 1 s 

(Cenelec specifications), 
- Carrier detect is set between 4 and 6ms after the 

beginning of the Reception (the first 3 or 4 bits 
are lost) and is reseted in the same delay (an 
interference byte is received at the end of the 
frame). This delay corresponds to the demodula­
tor trainning. 

11.1.1- Asynchronous 1200Bps 

In order to transmit at 1200Bps, the transmit pro­
gram needs a timer (TIMER 1) to send a bit every 
1/1200s. In the receiving routine, the program is 
synchronised on every startbit, and use a timer 
(Timer 1) to read a bit every 1 /1200s. This allows 
synchronisation on each byte, and the reception is 
aborted if carrier disappears between byte recep­
tion. During byte reception Txd is set to "0" in order 
to be independent of CD level (noise independant). 

11.1.2 - Carrier Detect 

The Figure 5 shows the timing diagram of a com­
munication. 

In order to allow a good transmission, the frame 
must contain a header that is more than 3 bits long 
and that contains no 0 (start bit) : FF h for example. 
An easy way to avoid the last bad bit is to know the 
frame length (fixed length for instance). 

11.1.3 - Programs Specifications 

In transmit mode, the Rx!Tx pin must be low, and 
set to high after the transmission of the frame. 
Transmission time must be shorter than 1 s : that 
allows a maximum frame length of : 

1 ~~O = 109 bytes (1 byte= 1 start bit+ 8 data bits 

+ 1 parity bit+ 1 stopbit = 11 bits). 

I f I TRANSMITIED DATAS TXD·REMOTE 

IL.__ ___ __JI CD 

I RECEIVED DATAS I RXD 

Wrong b1ts 
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Figure 6 : Byte Format 

~--~~-S-T-r~--------D-A-T-AS---------r~-P-,I-s-P~~---

Figure 7 : Frames Format 

ST : Start Bit (low) 
P : Parity Bit 
SP : Stop Bit (high) 

Standard Frame 

PREAMBLE HEADER 

FFh 9Bh 58h 

Acknowledge Frame 

PARITY 
FFh E9h 58h CHECK 

1 byte 

11.2 - Packed message 

The power line medium and the modulation em­
ployed require a special two level encapsulation 
mechanism: 
- The byte level, 

- The packet level. 

The byte level control is a low level control, it only 
checks the start bit, the stop bit and the parity bit. 
The parity control can be done with byte shift and 
bit test (sla, jrr, jrs, ... ) (Figure 6). 

The packet level control is checking the received 
values. Preamble is used to synchronise and avoid 
loose of meaning datas. Header works out the 
frame type (Figure 7). For instance : 

- 9B58h : Standard frame 
- E958h : Acknowledge frame 
The parity check byte is composed by all the parity 
bits of the data block of the frame (see parity 
register). 

Table 5 : C.S.M.A. Specifications 

Stage 

Total duration of transmission 

Durat1on of transmission after starting 

Length to wait from the end of a remote transmission 
to initiate a transmission 

Acknowledge sent after 

Retry transmitting (after ack. time) 

Duration between two transmissions of the same device 

DATAS 
PARITY 
CHECK 

7 bytes 1 byte 

11.3 - C.S.M.A. Protocol Specifications 

The protocol used is Carrier Sense Multiple Access 
Protocol. The telegram acknowledge is used to 
detect non-delivery. Before transmitting, the device 
must verify that there is no carrier on the network 
thanks to /CD, then send its message (standard 
frame) and wait for an acknowledge of the remote 
device (acknowledge frame). The device is able to 
check the transmission integrity by comparing the 
transmitted and the received parity check byte. The 
remote device is sending an acknowledge only if 
the packet is good (byte and packet control). 

The C.S.M.A. protocol definition includes a timing 
for each stage of the communication. These values 
are given in the Table 5. 

This is the theoretical definition of CSMA specifica­
tions. The programs proposed are using a register 
that is decreased in the main loop, providing a 
pseudo-random value (1 to 5). For the timing, the 
timer 1 counts for a delay (depending on the ran­
dom register). 

Min. Time Max. Time Number of Values 

2s 

1s 

85ms 115ms 7 

Oms 30ms Defined by software 

Oms 42ms Uniformly distributed 

125ms 

6/20 ------------ ru SGS·THOMSON ------------
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11.4 - Real Time and Communication 

Time is one of the most important factor in this 
communication application : 
- Mains is acting as a network (see C.S.M.A. speci­

fication), 
- Home automation system requires a time delay 

below 0.5s. 

So, communication time as to be taken into ac­
count. The table below gives values for message 
delivery (message+ acknowledge) with the follow­
ing values: 
- Standard frame time : 1 OOms, 
- Acknowledge frame time : 40ms, 
- C.S.M.A. specifications. 

In order to approximate to the reality, we have 
considered 1 error communication and/or a time 
waited to dispose of communication channel. 

In Table 6, Tether is the time from the moment the 
object wants to transmit (but somebody is already 
transmitting) to the moment the communication 
channel is free. 

A message needs about 155ms to be transmitted 
with acknowledge. In the worth case, even if 7 
objects want to transmit in the same delay, all the 
messages will be delivered in less than 2s. 

11.5 - Frame Definition 

Here is the definition of frames implemented in 
ST6265 microcontroller. 

11.5.1 - Standard Frame 

Figure 8 : Standard Frame Format 

I PREAMBLE I HEADER I DATAS 

Table 6 · Message Delivery Time 

PARITY 
CHECK 

- Preamble : FFh 
- Header : 9B58h 
- Datas : Explained below 
- Parity check : Parity bits of the data block 

The Datas block is the real message. It contains the 
house address, to prevent from sending order to 
other houses objects. The source and destination 
addresses are used to define who's talking to who. 
The Control byte contains network facilities as pri­
ority, frame counter, ... 
- H.A: (Home address) address of the house 
- C.B: (Control byte) contain frame counter, 

priority, group command bit 
- S.A. : (Source Address) address from the 

transmitter 
- D.A. : (Destination Address) address of the 

receiver 
- Order : Object of the message 
- Data : Data byte eventually 

11.5.2 - Acknowledge Frame 

Figure 10: Acknowledge Frame Format 

PREAMBLE I HEADER I R~~~~¥~D 
- Header : E958h 

The standard frame is 11 bytes long, that means 
100ms at 1200Bps (with 11 bits by byte). 

The acknowledge frame is 4 bytes long, that means 
40ms at 1200Bps (with 11 bits by byte). 

Communication Time (ms) 
No Communication Errors One Communication Error 

Min. Mean Max. Min. Mean Max. 

Don't wait before transmit 140 155 170 310 326 342 
Wait before transmit 220 252 285 390 423.5 457 

+ Tother + Tother + Tother + Tother + Tother + Tother 

7/20 l::ii ~~~~ru~::~~©~ ---------------
631 



REMOTE CONTROL USING ST7537 AND ST6 

11.6 - Communication Registers Definition 

11.6.1- Communication Registers 
Several registers are used by communication programs. they are listed below : 

Table 7 : Communication Register Definition 

Register Name Register Description 

outstart Output buffer start address 

in start Input buffer start address 

out__par Parity byte to be send 

rand r Random register 

b count Byte counter 

reg delay Delay before allowing carrier detect 

portacopy Port A data copy 

portccopy Port C data copy 

start sav Begining of interrupt stack (down stack) 

na ctrl communication control register (see below) 

r pa reg Register for received parity calculation 

t pa reg Register for transmit parity calculation 

retry Register for transmission retry(before aborting) 

r mess r Received message register 

t mess r Transmit message register 

reg trans buffer for a single value 

r ad r Instantaneous address (read on switch) 

t dat r Transmitted data register 

r dat r Received data register 

t r adr Transmitted remote address 

t adr Transmitted address 

These 21 registers have a name, but more than 17 
bytes are needed for communication. In fact, com­
munication program needs 43 registers (that in­
clude software stack and buffer for 
communication). 

11.6.2- Network /Application Register 

Application program is not sequential because of 
the use of several interrupts. These interrupts are 
used for reception and communication timing. The 
main program is able to know what are the commu-

Table 8 : NA_CTRL Definition 

nication status by looking at the Network/Applica­
tion register. 

The network/application register is used in two 
ways: 
- To interface the application program with the com­

munication program. The application program is 
able to know if order has been received or if an 
acknowledge has been received, 

- To enable protocol control inside network pro­
gram. That means byte error, unexpected frame, 
time-out, bad frame parity, transmit-enable. 

_812_0 ___________ ~ SGS·lHOMSON -----------­
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11.6.3 - Parity Register 

Parity registers are used to compare received and 
transmitted parity frame value (last byte of frame). 
The parity registers have the same look, that is 
given below : 

Table 9 : Parity Registers Definition 

- Pdatas: 
- Porder: 
- Pda: 
- Psa: 
- Petri: 
- Pha1 : 
- Pha2: 

Parity of data byte 
Parity of order byte 
Parity of destination address byte 
Parity of Source address byte 
Parity of control byte 
Parity of first home address byte 
Parity of second home address byte 

Figure 11 : Main Program Organisation 

REMOTE CONTROL USING ST7537 AND ST6 

11.7- Mains Flow 
The ST6 must be able to receive a frame whenever 
it comes, but it is really important to leave CPU time 
for Application program. That's why the main is a 
loop, where the application program is running. 
When a frame arrives, an IT occurs, the MCU 
receives the frame, modifies the communication 
status in Na_ctrl register and then go back to the . 
main loop. If it is an order, the MCU send an 
acknowledge and does the order. 

11.7.1- Main Flow (see Figure 11) 

When the board send a frame, it is waiting for an 
acknowledge, and tries 3 times if nothing is coming 
for a delay. If an acknowledge arrives, it is checked 
(parity check) and if a problem occurs, the MCU 
tries again (3 times maximum).The slave system 
main flow is the same as the master system, but of 
course, the application program changes. 

9/20 -------------~ ~~tm=~tt -------------
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Figure 12: Receive Routine 

11.7.2- Reception Flow 

No Carner 
T1meOut 

The synchronisation is done on each startbit : it's a 
byte synchronisation. 

11.7.3- Acknowledge Control Flow 
The transmit part will not be detailed, it is just a pins 

Figure 13: Ack Control Routine 

Unespected 
Frame 

Next Char. 

Rece1ved 
Good Frame 

and a timer control. The parity byte is calculated as 
the frame is sent, and it is sent after. 

In order to leave MCU time for application, receive 
IT is disabled after each frame reception and for a 
delay of 30ms. This time is controlled by the Timer 
1 and the reg_delay register. 

_10_12_0 __________ &;; SGS-THOMSON ------------
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Ill - APPLICATION : DIMMER CONTROL 

111.1- General Description (see Figure 14) 

This section gives an example of an application that 
allows the dimming control of a remote light (or 
something else) by using the transmission with 
P.L.M. This application needs two boards : 
- A master system, with a push-button (Dim­

ming/off), 2 potentiometers and a 7 segments 
display, 

- A slave system, with a 7 segments display and a 
plug for dimming control. 

When the user presses the key (command), or 
turns a potentiometer, the master system sends a 
message, lights the decimal point on and waits an 
acknowledge. The remote board receives themes­
sage, sends an acknowledge and does the order. 
If no problem occurs, the master system receives 
the good acknowledge and switches the decimal 
point off. Otherwise, after trying sending the mes­
sage 3 times, the decimal point remains lighting : a 
communication error occurs. 

With the push-button, you can turn the light off or 
on. With the dimmer potentiometer, you can control 
the light intensity. With the display potentiometer, 

REMOTE CONTROL USING ST7537 AND ST6 

you change the number on the display. This feature 
has been added to prove that the ST6265 is able 
to receive and send order while it is dimming. 

If you plug the master system in first, it will try to 
connect with the slave system three times, then it 
will light the error led (digital point of the 7 segments 
display). So you will have to plug the slave system 
and send an order (push the button and turn the 
display potentiometer) in order to return in normal 
mode. 

The dimming control is done by the use of a triac 
(BTA08-600TW) so the load connected to the plug 
must not exceed 1 OOOW. 

111.2 - Schematics (see Figures 15 and 16) 

This section gives the schematics of the two 
boards. pB7, pCO and pA2 have different meaning 
on the master and on the slave board, that's why 
we give two schematics. But it is possible to make 
a single board with dual implantation. 

Warning : on this board the VDO is connected (via 
OQ resistor) to the neutral mains. 

That means all the board is on the Mains supply 
voltage! 

Figure 14 : Dimmer Control Application Description 

I Mains I 
T I T I 

Power Line Modem Power Line Modem 

ST7537 ST7537 

[8] Mains plug [8] 
• 

fj 
• 

Dimming/off 

(if(j' 1---._1 
Dimmer Display 

JV!aster System Slave System 
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Figure 15 : Slave Board Schematic 

J1 :jumper for 50/60Hz selection 

LL 

~I 

Figure 16 : Master Board Schematic 

P1, P2 : 1 OOkQ II nears 

12/20 -------------i:fi ~i~©IH~~~9©~ -------------
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111.3 - Pins Description & Software Initialisation 

111.3.1 -Slave Board 
On this board, there is a 7 segments display appli­
cation and a dimmer application. 

The display application is very simple. The pins 80 
to 86 have to be programmed in output with pull-up 
(push-pull). They are connected to the display by 
220Q resistors to limit the LED current. The display 
is a common anode so the pins have to be reseted 
to make the display lighting. 

The dimmer application is most sophisticated, be­
cause it requires a zero crossing detection, and the 
possibility to wait a delay before firing the triac. See 
dimmer control part for more information. 

The pin A2 is connected to the phase (via 1 MQ), in 
order to provide the zero crossing. This needs 
Neutral connected to Voo to have a reference level. 
A2 has to be programmed in input. 
The pin 87 has to be programmed in push-pull 
output to provide the pulse. 87 is the only pin that 
is connected to Auto Reload timer, so the fire signal 
needs to be amplified before driving the triac (the 
amplification stage is realised with a PNP transis­
tor). At reset state 87 is configured in input with 
pull-up, so 87 is held at Vss by a 2.2kQ resistor. 

This application is working with both 50Hz and 
60Hz mains. The jumper connected to CO is used 
to select between the two type of mains. Co has to 
be programmed in input with pull-up. 
The pin configuration is the following : 

Table 10 : Slave System Pins Configuration 

Bits Byte 
Register Values Value Description 

(e.g.) 

DDRA D2 res 00 h A2 in input 

ORA D2 res 00 h 
A2 in input 

DRA D2 set 04h 

DDRB DO . .D7 set FF h BO .. 87 in output 

ORB DO . .D7 set FF h BO .. B7 in push-pull 
ORB DO .. D7 set FF h output set to 1 

DDRC DO res 00 h CO in input 

ORC DO res 00 h 
CO with pull-up 

DRC DO res 00 h 

111.3.2 - Master Board 
On the master system, there are a display applica­
tion and a control application : 
- The display application the same as in slave 

system, but here, the decimal point is connected 
to 87. This decimal point is used as a warning light 
for communication acknowledgement. BO to 87 
have to be programmed in output push-pull, 

- CO is connected to a push-button, and has to be 
programmed in input with pull-up, 

- A2 and A3 are input for analogic values coming 
from the potentiometers, so they have to be pro­
grammed in input, and reading an analogic value 
is done by programming one of these two pins in 
analog input, but not both in the same time. 

Table 11 : Master System Pins Configuration 

Bits Byte 
Register Values Value Description 

(e.g.) 

DORA 02 res 00 h A2 in input 
03 res A3 in input 

ORA 02 res/set 04 h (A2 in input analog 
03 seVres /08 h A3 in input) I (A3 in 

DRA D2set OCh input analog A2 in 
03 set input) 

DDRB DO .. D7 set FFh BO .. B7 in output 

ORB DO . .D7 set FFh BO .. B7 in push-pull 
output set to 1 

ORB DO .. D7set FF h 

DDRC DO res 00 h CO in input 

ORC DO res 00 h 
CO with pull-up 

DRC DO res 00 h 

111.4 - Dimmer Control 

111.4.1 -General Description 
This section describes the main aspect of the 
power control system used on the slave system. 
For further details, refers to power control applica­
tions notes. 

The output power is controlled by the phase delay 
of the triac drive. This delay is referred to the zero 
crossing of the line voltage. That needs an addi­
tional connection to main voltage, but in a remote 
application, this is not a problem. 

Figure 17: Power Control Based on the 
Monitoring of the Zero Crossing of 
the Voltage 

0 b b 
~: 

10ms (50Hz) 

0 0 
-VuNE 

-VLOAD 
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111.4.2 - Triac Specification 
The triac used is a BTA08-600TW (SGS-Thomson) 
Logic Level triac. It has a maximum specified gate 
triggering current of 1 OmA (at 25°C). The current is 
provided by the amplifier stage (transistor), and the 
pulse width is programmed by software. 

111.4.3 - Timing Specification 
T d determines the power used by the load. Be­
tween two pulses, there is a delay of 1 Oms, except 
during T d variation. 

Figure 18: Load Power Consumption versus 
Time Delay 

Power 

10ms Td 

As shown in Figure 18, a small delay variation can 
affect the load power (that means light intensity in 
dimmer control), so this application is very sensitive 
to delay variations, and the timer has to be tuned 
very precisely. The timer is loaded with values 
stored in a table in ROM (one table for 50Hz, one 
for 60Hz). 

111.5 - Application Software 

111.5.1 -Display Application 
The display routine is only checking the range of 
the transmitted data and setting the corresponding 
port B pins in order to display a digit. The display 
data is stored in the led_status register. 

111.5.2 - Slave System 

111.5.2.1 - AR Timer Configuration 
The dimmer application is using the Auto Reload 
timer to provide the time delay (Td). When a zero 
crossing voltage is detected on the mains voltage, 
the AR timer is launched with a delay (correspond­
ing to Td), And immediately after, the reload value 
is changed to a value corresponding to 1 Oms delay 
(50Hz). So, when an interrupt occurs (Receive 
mode for instance) the MCU is running in IT mode 
while the AR timer is providing the power control. 
The dimming intensity is controlled by the time 
delay, which has to be between Arr_min, and 
Arr_max. 
The 1 Oms (or 8ms for 60Hz) delay is provided with 
the Arr_sd value. The Arcp value is loaded with Arrc 
+ puls_siz; this register defines the pulse width. All 
theses values are depending on the AR timer con­
figuration : 
- AR timer in autorelad mode with 

IT disabled : Armc = 20h 
- AR prescaler set to 128 and 

clock division set to 3 : Arsc1 = OE1 h 

Table 12: AR Timer Configuration 

Register 50Hz Values I 60Hz Values 

Armc 20h 

Arsc1 OE1h 

Arrc during MCU control Arr min < Arrc < Arr max 

Arrc during AR timer Arr_sd_10 I Arr_sd_8 
control 

Arcp Arrc + pulse siz 

The values of Arr_min, Arr_max, Arr_sd are de­
pending on the frequency of the MCU (Fint) and of 
the mains (50Hz or 60Hz). The delay waited be­
tween the zero crossing detection and the triac 
pulse is given by : 

Td =Tar· (FFh- Arrc). 

Where Tar is the time for 1 count : Tar = 6.98E-5s 
(at 5.5MHz). 

Figure 19: Timing Chart of Zero Cross Level Signal (pA2) and Triac Trigger Signal (pB7) 

pA2 

p87 

APPLI. MODE 
MCU control 

IT MODE 
AR Timer Control 

APPLI. MODE 
MCU control 
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111.5.2.2- Registers for Power Control 

The application register is used to store the dim­
ming status (on/off) and the zero crossing voltage. 

- lght_on: 
- zero_dt: 

Set when dimming 
Set when pAO is 0 

Other bits are unused. 

111.5.2.3- Dimmer Flow 

The dimmer procedure has to be launched very 
often because it provides dimmer synchronisation. 
If this procedure is not launched for more than 
0.2ms, a test has to be performed in order to see if 
a zero crossing has appened during this delay. In 
this case, it is to late to synchronise on this zero 
crossing so the zero_dt bit of appli_reg has to be 
modified and the software will synchronise on the 
following zero crossing (Figure 20). 

In the left flow : see Figure 20a 
- Dimm_ctrl check if a new value has arrived for 

dimmer, calculate the new delay and eventually 
switch off or on the dimmer control, 

- Aff_value checks if a new value has arrived for 
display, calculate the new digit and display it, 

- get_level is a macro that get the level of the main 
voltage (1 for positive voltage and 0 for negative) 
and that modify the zero_dt bit of application 
register. This macro avoids delayed zero crossing 
detection. 

In the right flow : see Figure 20b 
- Zero crossing detection is done by comparing the 

instantaneous level (on pA2 pin) with the bit 
zero_dt in application register, 

- AR timer control loads the arrc value correspond­
ing to time delay, launch the timer, reload arrc 
value for a 1 Oms delay and arcp for the pulse 
width. 

111.5.2.4 - Push-button 

The detection of an action on the button is made 
simply by reading the value on pin CO. If somebody 
push on it the MCU sends a frame and waits for an 
acknowledge. This action needs more than 130ms 
so it makes a kind of debounce. 

111.5.2.5- Potentiometers 
The main program reads the converted value on 
potentiometers, and compares it to the stored value 
(in dimm_val and in aff_val). If the difference be­
tween the read and stored value is higher than 8, 
the MCU send an order to remote system. 

Figure 20 : Application Recover and Dimmer 
Procedure Flows 

a) 

Yes 

Figure 21 : Application Recover and Button and 
Potentiometer Control Procedure 
Flows 
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IV-NETWORK 
IV.1 NETWORK SPECIFICATION 

Power Line communication uses mains distribution 
cables that constitute a network adapted to the 
control of devices already connected on it. The 
ST7537CFN power line modem complies with the 
regulation described in the CENELEC EN50.065-1 
document, (so frequency, bit coding and other use­
ful features are included in the chip). Nevertheless, 
the designer of an application has to take in account 
the power line communication specification when 
writing his protocol. For instance, access protocols 
are required for coexistence on the medium. The 
following paragraphs give a concrete case of com­
munication on power line network. In first, only 2 
devices are connected to the network. Then, others 
devices are connected, and we will be confronted 
to a real network specification. 

IV.1.1- Communication between 2 Units 
This is the simplest case of communication. Only 
two devices are able to send and receive packet on 
the network. One unit sends an order, the other one 
is replying with an acknowledge. 

Figure 22 

Mains 

Order Frame t» 

~-<"Ac~k--'F-'-'ra'"-m"<ce __ 

The unit T checks that the network is free for access 
thanks to the Carrier Detector, then it sends its 
frame and waits an acknowledge during a delay 
Twack. The unit R receive a frame and sends an 
acknowledge if R is the destination of the frame. R 
must send the ack. frame before the end of Twack. 

If it is not the case, or if T has not received the 
acknowledge, T tries again to send the order. Of 
course the frame format must allows error detection 
by the receiver (order checksum) an by the trans­
mitter (checksum in ack. frame). In most of the 
case, communication occurs without error, and the 
both units must keep silent for a delay Tsilent in 
order to leave time for application control. To allow 
the two units to transmit, the unit T has to wait more 
than R2, so R will be the first to take the channel if 
it needs to transmit. 
If the two units send a frame exactly at the same 
time, they will not receive ack. frame, so they will 
retry after a delay (Twack). A random value is added 
to make one of the two unit faster than the other 
one. The total delay is Tretrans. 

IV.1.2 - Communication with Several Units 

Figure 23 

Order Frame IIW 

4 Ack. Frame 

With several units, the timing is the same, but even 
if a unit is not concerned with a communication, it 
has to get the frames in account for timing control. 
For instance, it has to reload its time to keep silent. 
And if several units have reload there time to keep 
silent at the end of a communication, the values 
reloaded must be different to avoid conflicts on the 
next communication. Again, a random value is 
added to make timing different. 
Here is a data timing chart of the transmitted signal 
of the different units (see Figure 24). 
Anyway, all units must send there message in less 
than two seconds. 
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Figure 24 

~- Message i I Message to U2 11-------------------------------------------- U1 
Tretans : : Twack 

-----------------------1 Ack. 1------------------------------------------ U2 

U3wants :, Tsilent (Priority), 

I to transmit I I ---------------t· -----------+----------1 Message to U5 f-------------------- U3 

U4wants 

-~~~to~t~rn~n~sm~i~t ________________ ;··~==T=s='le=n=t=(P=n=or='ty~)==~·t------~--------~l I · · Message U4 

,Tsilent (Prionty), 

-------------------------------------------------1 Ack. 1----------------- US 

IV.1.3 -Timing Control 
All these timing are resumes in the following table. 

Symbol Description Time Comment 

Tmax Total duration of transmission 2s 

Maximum duration of transmission after starting 1s Feature included in ST7537CFN 

TsilentR Lenght to wait from the end of a remote transmission to 85 .. 125ms At least 7 values 
initiate a transmission 

Twack Acknowledge sent after 0 .. 30ms 

Tretransmit Retry transmitting 30 .. 72ms 

TsilentT Duration between two transmissions of the same device 125ms 

In order to implement these timing, an easy way is 
to use a single timer and several registers corre­
sponding to the different delays you want to count. 
The timer will decrease the registers at each over­
flow, and the counters are "launched" by loading a 
value in the corresponding register. An example of 
implementation on ST6265 is given in part Ill. 
This access protocol allows an additional network 
priority: if you allow unit 1 (U1) to transmit before 
unit 2 (U2), then U1 will always sends its messages 
before U2, and will have a highest network priority. 
By choosing the range of TsilentR of a unit, you will 
then choose its priority. 
Values for TsilentR. 

Range Priority 

85 .. 94ms Highest priority 

95 .. 104ms Standard priority 

105 .. 115ms Lowest priority 

IV.2 - Example of Implementation of Soft Car­
rier Detector 
We have seen that by programming the TxD to "0" 
in receive mode we increase the sensitivity of the 
ST7537 because there is no more clamping by CD. 

You will be able to have good communication with 
a receive signal of around 50dB).lV which means a 
dynamic of around 70dB. 
Because we want to get the benefit of the very good 
sensitivity of the ST7537, we will program Txd to 
"0" in receive mode and create by soft a frame 
detector . We will use the CD signal as mentioned 
by CENELEC only when we want to transmit a 
frame . Different software frame detector can be 
implemented depending of the resources of your 
microcontroller. You can program your microcon­
troller to go in receive frame when it received the 
expected byte. 

Figure 25 

RxD 

RANDOM OAT AS FRAME 

So the preamble is for demodulator training (when 
you start a communication the 3 first bits are lost by 
the receiver) and when you will match with ex­
pected byte the microcontroller will go in receive 
frame routine. 
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On the ST6 microcontroller we have implemented 
the following frame detector. 

Figure 26 

RxD 

RANDOM OAT AS "1" : 

We put Txd =" 1" on the transmitter for around 4ms 
(for demodulator training) and 
after we send in asynchronous mode FFh following 
by the complete frame. On the receiver , we check 
that we have RxD equal to "1" for at least 7ms (we 
are looking for FFh) , then we go in receive and we 
will have frame synchronisation on the first start bit 
of the data. 
We did a trial in our lab with this system during 
2 hours without having the ST6 going in frame 
receive routine on bad datas dued to noise signal. 

IV.3 -Implementation of C.S.M.A on ST6265 
The C.S.M.A. (Carrier Sense Multiple Access) 
needs a Timer for its implementation. But the 
ST6265 timer 1 is already used for bit time and 
software carrier detect. Furthermore, sometimes 
the timer has several functions at the same time, 
so the timer programming becomes very compli­
cated. 
In order to simplify this programming, we have 
implemented a single time delay corresponding to 
bit time (f =1200Hz). So for each mode there is a 
counter corresponding to a delay. The counters are 
incremented (or decremented) in the timer interrupt 
routine while they are cleared (or affected with 
values) in main program. 
For C.S.MA. specifications, we use two counters 
- Xmit_count 

This is the delay before retransmitting 
- Rmit_count 

This is the delay before transmitting after a recep­
tion 

These counters are decremented in Timer 1 inter­
rupt routine and flags are set when they become 
null. These flags are allowing the sending of a 
frame. Acknowledge frames are not concerned with 
these timing. 

With this way of programming , the places where 
counters are loaded are very significant : 
- Xmit_count is loaded at the end of the message 

sending procedure in order to wait an acknow­
ledge (30ms) and at the end of the reception of a 
good acknowledge (time between two transmis­
sions of the same device : 125ms). 

- Rmit_count is loaded at the end of a reception 
with a random value (time between two transmis­
sion of different devices: 85 to 115ms). 

The timer will allow the sending of a frame after 
C.S.M.A. delays. 

Figure 27 : Sending a frame after C.S.M.A 
Delays 

SEND_TRAM 
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V - CONCLUSION 

The ST7537 master and slave systems are demon­
strative applications with low cost components. 
These boards are realised with discrete compo­
nents but the size of these applications can be 
reduced by using a switching power supply and 
SMD (the ST7537 and the ST6265 are both avail­
able in small outline plastic). Several improvements 
should be done in order to make a more flexible 
product: 
- Network management : All the addresses are 

fixed except the slave system address (switches). 
The software should be able to change the Home 
address, and objects addresses. This job needs 
management frame reception, emission and con­
trol, 

- Byte transmission improvement : the software is 
reading the value on Rxd pin only one time (at the 
half of the bit), it would be better to do it several 
time to avoid spike perturbations, 

VI - ANNEXE A : ST6x PROGRAMS 

- Frame transmission : the transmission is asyn­
chronous with odd parity and there is a frame 
parity byte at the end of the frame, but if errors are 
detected, they are not corrected. A correcting 
code should be implemented in less than 
200 bytes on ST6x, 

- Power control : the 50Hz/60Hz detection should 
be done automatically instead of using a jumper. 
And the number of stages in dimming mode 
should be increased to obtain a pseudo-continu­
ous variation. 

All these modifications are realisable, because the 
program is less than 800 bytes long and the MCU 
is working at 5.5MHz, so there is place and CPU 
time left. The software is divided in module, so parts 
can be removed, and mains programs source 
(master.asm and slave.Asm) are less than 
300 lines long. 

The program is divided in several modules, so it is easy to take parts of it and it is more readable. The 
master system and the slave system have common parts, but the mains programs are not the same. 

Table 14 : Modules Used in Master and Slave Boards 

Name Function System 

6215 reg.asm Common 62xx core registers Master/Slave 

ST6 7537asm Byte communication with ST7537 Master/Slave 

Def_fram.asm Frame control Master/Slave 

Address.asm Address switches management Master/Slave 

Display.asm 7 segment display management Master/Slave 

Pot et b.asm Potentiometers and push-button management Master 

Powerctl.asm Power control Slave 

Master.asm Main master program Master 

Dimmer.asm Main slave program Slave 

The master and slave programs are compiled without linker, but when using the powerctl.asm module the 
option: 
block 64%864 
is included in order to provide a good window banking for the tables in rom (AR values for dimmer 
application). That makes the object code bigger than it is but it is the price to pay. 
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I - INTRODUCTION 
1.1 -General Purpose 

In the Application Note AN535, we described how 
to implement the basis of a power line network 
using the dedicated modem chip ST7537CFN. This 
network has been validated with ST7537 MASTER 
& SLAVE systems, and shows the feasibility of 
power line control. But Home automation systems 
allow more than switching a light, or changing the 
value of a digit. The possibilities of the network 
increase each time we connect a new device on it. 
For instance, adding a phone remote system will 
allow the remote (from anywhere on the planet) 
control of devices connected on the network only 
by calling your house. The phone remote system is 
now demonstrating this fact : a telephone interface 
that allows the householder to give instructions to 
appliances from outside. 

1.2 - Description 
The phone remote system is a device connected to 
both telephone line and power line network. It is 
able to detect the phone ring, to hang up the line, 
and "converse" with the householder. This dialogue 
is done by using the DTMF (digital tone multi­
frequency) generated by the remote phone. To 
answer back, the phone remote system is beeping. 
Of course, this is a low cost choice and the system 
can be improved by using a voice synthesiser with 
on line help and so on ... 

Figure 1 : Phone Remote System Connected 
to the Power Line Network 

Telephone 
Lme 

()-

In a classical electric installation, this device would 
have used one control cable for each controlled 
object. With power line control, you just have to plug 
it and the link is done with all devices controlled by 
mains network. 

1.3 - Improvements 

The part II describes several improvements done 
to the communication program explained in 
AN535.These modifications allow new features : 
- software carrier detect, 
- C.S.M.A. timings (Carrier Sense Multiple Access), 

and the use of communication modules in phone 
remote program. 

II- POWER LINE COMMUNICATION USING 
ST7537CFN 

The ST7537 CFN power line modem complies with 
the regulation described in the CENELEC 
EN50.065-.1 document, (so frequency, bit coding 
and other useful features are included in the chip). 
Nevertheless, the designer of an application has to 
take in account the power line communication 
speciftcation when writing his protocol. For in­
stance, access protocols are required for coexis­
tence on the medium. 

11.1 - C.S.M.A. Timings 
The following paragraphs give a concrete case of 
communication on power line network. In first, only 
2 devices are connected to the network. Then, 
others devices are connected, and we will be con­
fronted to a real network specification. 

Communication between 2 units 
This is the simplest case of communication. Only 
two devices are able to send and receive packet on 
the network. One unit sends an order, the other one 
is replying with an acknowledge (see Ftgure 2). 

Figure 2 : Two Units on the Mains 

Mains 

I I 
I I 

Order Frame 
I I 

I> ST7537 
Ack Frame 

ST7537 
PLM <.1 PLM 

COM. COM. 

Un1tT Unit R 

The unit T checks that the network is free for access 
thanks to the Carrier Detector, then it sends its 
frame and waits an acknowledge during a delay 
Twack. The unit R receive a frame and sends an 
acknowledge if R is the destination of the frame. R 
must send the ack. frame before the end of Twack. 
If it is not the case, or if T has not received the 
acknowledge, T tries again to send the order. Of 
course the frame format must allows error detection 
by the receiver (order checksum) an by the trans­
mitter (checksum in ack. frame). In most of the 
case, communication occurs without error, and the 
both units must keep silent for a delay Tsilent in 
order to leave time for application control. To allow 
the two units to transmit, the unit T has to wait more 
than R, so R will be the first to take the channel if it 
needs to transmit. 

If the two units send a frame exactly at the same 
time, they will not receive ack. frame, so they will 
retry after a delay (Twack). A random value is added 
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to make one of the two unit faster than the other 
one. The total delay is Tretrans. 

Communication with several units 

Figure 3 : Several Units on the Mains 

Order Frame .., 

~ Ack Frame "' fu 
~ 
~ 

L-----------------------------------~~ 
Figure 4 : Power Line Communication Data liming 

With several units, the timing is the same, but even 
if a unit is not concerned with a communication, it 
has to get the frames in account for timing control. 
For instance, it has to reload its time to keep silent. 
And if several units have reload there time to keep 
silent at the end of a communication, the values 
reloaded must be different to avoid conflicts on the 
next communication. Again, a random value is 
added to make timing different. Here is a data 
timing chart of the transmitted signal of the different 
units (see Figure 4). Anyway, all units must send 
there message in less than two seconds. 

Message! f--------1 
Tretans 

Message to U2 f-1------------------------------------------------- U1 

: Twack 

---------------------------1 Ack. U2 

U3 wants : • Ts1lent (Pnonty), I to transmit 
Message to U5 1-j--------------------- U3 

U4 wants · • Ts1lent (Pnonty), 

-~~to~tr~an~s~m~l~t----------------~~===T=si=le=n=t(~P=no=r='ty~)==~·~~------~----------J _ . ! Message I U4 

------------------------------------------------------1 Ack. 1------------------- US 

Timing control 
All these timing are resumed in the Table 1. 

Table 1 : C.S.M.A. liming 

Symbol Description 

Tmax Total duration of transmission 

Maximum duration of transmission after Starting 

TsJientR Length to wait from the end of a remote transmission to 
initiate a transmission 

Twack Acknowledge sent after 

Tretransmit Retry transmitting 

TsilentT Duration between two transmissions of the same device 

Time Comment 

2s 

1s Feature included in 
ST7537CFN 

85 .. 125ms AI least 7 values 

0 .. 30ms 

30 .. 72ms 

125ms 
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In order to implement these timing, an easy way is 
to use a single timer and several registers corre­
sponding to the different delays you want to count. 
The timer will decrease the registers at each over­
flow, and the counters are "launched" by loading a 
value in the corresponding register. 

This access protocol allows an additional network 
priority: if you allow unit 1 (U1) to transmit before 
unit 2 (U2), then U1 will always sends its messages 
before U2, and so will have a highest network 
priority. By choosing the range of TsilentR of a unit, 
you will then choose its priority. 
Table 2 : Priority According to TsilentR 

Range Priority 

85 .. 94ms Highest priority 

95 .. 104ms Standard priority 

105 .. 115ms Lowest priority 

11.2 - Soft Carrier Detector 

We have seen that by programming the TxD to "0" 
in receive mode we increase the sensitivity of the 
ST7537 because there is no more clamping by CD. 

You will be able to have good communication with 
a receive signal of around 50dBJ.!V which means a 
dynamic of around ?OdB. 
Because we want to get the benefit of the very good 
sensitivity of the ST7537 , we will program Txd to 
"0" in receive mode and create by soft a frame 
detector . We will use the CD signal as mentioned 
by CENELEC only when we want to transmit a 
frame . Different software frame detectors can be 
implemented depending of the resources of your 
microcontroller. You can program your microcon-

troller to go in receive frame when it received the 
expected byte. 

Figure 5 : Rxd Data Timing 

RxD 

RANDOM DATAS FRAME 

So the preamble is for demodulator training (when 
you start a communication the 3 first bits are lost by 
the receiver) and when you will match with ex­
pected byte the micro-controller will go in receive 
frame routine. 

On the ST6 microcontroller we have implemented 
the following frame detector. 

Figure 6 : Preamble Detector 

RxD 

We put Txd =" 1" on the transmitter for around 4ms 
(for demodulator training) and after ·we send in 
asynchronous mode FFh following by the complete 
frame. On the receiver, we check that we have RxD 
equal to "1" for at least 7ms (we are looking for 
FFh), then we go in receive and we will have frame 
synchronisation on the first start bit of the data. 

We did a trial in our lab with this system during 2 
hours without having the ST6 going in frame re­
ceive routine on bad datas due to noise signal. 
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11.3- Implementation on ST6265 
The C.S.M.A. (Carrier Sense Multiple Access) 
needs a Timer for its implementation. But the 
ST6265 timer 1 is already used for bit time and 
software carrier detect. Furthermore, sometimes 
the timer has several functions at the same time, 
so the timer programming becomes very compli­
cated. 

In order to simplify this programming, we have 
implemented a single time delay corresponding to 
bit time (f =1200Hz). So for each mode there is a 
counter corresponding to a delay. The counters are 
incremented (or decremented) in the timer interrupt 
routine while they are cleared (or affected with 
values) in main program. For C.S.M.A. specifica­
tions, we use two counters : 
- Xmit_count : This is the delay before retransmit­

ting, 
- Rmit_count : This is the delay before transmitting 

after a reception. 

Figure 7: Sending a Frame After C.S.M.A. Delays 

B 
'""t,-1 s;i3> I 

No 

I 

No 

These counters are decremented in Timer 1 inter­
rupt routine and flags are set when they become 
null. These flags are allowing the sending of a 
frame. Acknowledge frames are not concerned with 
these timing. 

The timer will allow the sending of a frame after 
C.S.M.A. delays (see Figure 7). 

With this way of programming, the places where 
counters are loaded are very significant (see Fig­
ure 8): 

- Xmit_count is loaded at the end of the message 
sending procedure in order to wait an acknow­
ledge (30ms) and at the end of the reception of a 
good acknowledge (time between two transmis­
sions of the same device : 125ms), 

- Rmit_count is loaded at the end of a reception 
with a random value (time between two transmis­
sion of different devices: 85 to 115ms). 

Figure 8 : Timer 1 Flow Chart 

~~~--~-No~ .. -~~..J 

cJiQ 
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Ill - PHONE REMOTE SYSTEM 
111.1 - General Description 

The phone remote system is using the ST7537CFN 
chip and its line interface for power line communi­
cation (see Figure 9). The control unit is ST6265 
microcontroller (SGS-THOMSON) that has several 
functions. 

The telephone interface is described in further de­
tail in next paragraph. The MCU mains functions 
are: 
- detect a ring, 
- take the line and hang up, 
-decode DTMF code, 
- make some "beep", 
- control the modem chip, 
- display its status (leds for instance). 

These functions are the minimum required to pro-

Figure 10 : ST6265 Application 

vide remote control. The Figure 1 0 propose these 
functions. 

Figure 9 : Block Diagram 
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ST7537 interface 
The ST6265 is directly connected to ST7537, ex­
cepted the clock that must be divided by a factor 2 
(ST6265 is validated at 8MHz max. and ST7537 
provides a 11 MHz clock signal). For further details, 
refer to AN535. 

Hook-off 
The hook-off system must be able to take the line. 
A relay connected to the two wires of the telephone 
line complies with all regulations. See telephone 
interface part for more information. 

Figure 11 : Hook-off Schematic 

Ring Detect 

An opto-transistor is used to detect the ring signal 
on the line. So the system is isolated from the line 
and the microcontroller receive a 0 to 5V signal. 

Figure 12 : Ring Detect Schematic 

RING I 
DETECT 

For example, this is what appears on ring detect pin 
with a French standard line (see Figure 13). 

The first line is the ring detect signal which is 
zoomed on the second line. On French lines, the 
ring is about 1.5 second and the silence is about 
3.5 second. That means a ring period of 5 seconds. 

Figure 13 : Ring Detect Signal & Ring Detect Signal Zoomed 

Main 
Menu 

Lit 5.00 s f 200.0 mHz 

Chanl>el 1 
OmV 

Ch 1 .5 V = 
T/div 1 s Ch2 .5 V = 
Trig-3.76dJ.v-CHAN 1= 
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Sound Generation 
Sound generation allows reply from the system. 
MCU just sends square signal that makes a beep. 

Figure 14: Sound Generation Schematic 

DTMF Decoder 
Users send orders with DTMF code. These codes 
are decoded with a DTMF receiver LC7385 
(SANYO). It is configured in single ended input. It 
has a dynamic range input of 29dBM. 

Figure 15: Single Ended Input Configuration 

Figure 16: DTMF Receiver Timing Diagram 

When receiving DTMF code, this IC chip is gener­
ating the following signal (see Figure 16). 

111.2 - Telephone Line Interface 

The line interface must verify regulation of system 
connected to telephone line, that's why it is de­
scribed in detail here. Line interface input imped­
ance and current consumption has been adjusted. 
In the following schematic, the transformer accept 
continuous current and current consumption is 
done by a resistor and a capacitor in parallel. 

Figure 17 : Telephone Line Interface 

111.2.1- Isolation 

As the phone remote system is connected to the 
telephone line, it must be isolated from high volt­
ages that may occurs on it. There are two connec­
tions to the line : 

- the ring detect interface is isolated with an opto­
transistor, 

- the DTMF & sound generation interface isolation 
is made by a transformer and a voltage limitation 
by zener diodes. 

Furthermore, a transil diode between the two line 
wires limits the input voltage. 

DTMF Input ------1[TO~f------------1 Tone #n+ 1 If------

Datas -----+-~><'----D_e_co_d_e_d _to_n_e _#n __ ~X Decoded tone #n+ 1 

StD 

T1 =40ms 
T2=4.5!!S 
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111.2.2 - Input Impedance 
The input impedance has been adjusted by chang­
ing Rl value (see Figure 17) with a Wheastone's 
bridge method explained in the Figure 18. 

Figure 18: Wheastone Bridge 

PHONE 

REMOTE 

R = 600Q 

e = 1000mV 

e is generated by a HP3325B generator and u is 
read on a Fluke 45 controller. We made e scanning 
frequency from 300 to 4000Hz. The maximum val­
ues for u are shown in the Table 3. 

Table 3 : Error Voltage versus Ri 

Ri(Q) u(mV) Ri(Q) u (mV) jj Ri (Q) u(mV) 

200 69 I 325 40 I 400 47 
275 44 I 350 41 500 63 
300 40 I 375 45 600 75 

Ri has been fixed at 300.Q. That mean an adapting 
coefficient (alpha) : 

1 
alpha= 20 log 2 _ 0_04 = 21dBm 

French standard specifies a value superior to 
14dBm. 

Figure 20 : Hook-off Between Two Rings 

Figure 19 : Error Voltage Versus Ri 
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111.2.3 - Current Regulation 

/ 
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/ 
/ 

R(Q) 

500 600 

Line current regulation is not needed in several 
countries. For these countries, a strap allows to 
disable current regulation which is done by a CTP 
resistor. 

111.2.4 - Hook-off Procedure 

When taking the line, the system must care of the 
ring train. If it takes the line when phone is ringing, 
the relay will switch a voltage superior to 70 Volts. 
To avoid this, the best way is to wait a silence (no 
ring). The phone remote system is waiting the end 
of a ring to take the line, as shown in the Figure 20. 
The first line is the relay command and the second 
line is the ring signal. 

Main 
Menu 

---- ---- ---- . --- ---- --.1- ---- ---- ----

---- 1---1---1---f--Uv ± -----
---- ···- ---- ---- ----:]:·--- ---- ---- ---- ---- Channel 1 

flt Ons 

.00 v 
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.00 v 

p co 
Ch1 .5 Vfo= 

T/div 1 s Ch2 .5 V~= 
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111.3 - Mains Flow 
The phone remote system has a very simple pro­
gress. It only has to wait after a ring, count for a 
pre-defined number of rings, take the line, ask for 
a password, and then send the user's orders on the 

Figure 21 : Phone Program Main Flow 

power line network (see Figure 21). 

For security reasons, the user has only three tries 
to enter his password. If this operation is success­
ful, he is allowed to send orders, otherwise the 
system hangs up (see Figures 22 and 23). 

Figure 22 : Password Dialogue 

Yes No 
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Figure 23 : Orders Dialogue 

0 
I 

0-----l 
I 

L_ 
L 

11/16 ---------------l:ii ~~~;~~~~&"~~~ ---------------
655 



PHONE REMOTE SYSTEM APPLICATION NOTE 

111.4 - Application Procedure 

This part describes installation and utilisation of the 
phone remote system. 

111.4.1 - Installation 
The phone remote system needs to be connected 
to the mains and to the telephone line. 

Connecting to mains : 
Before connecting the phone remote system to 
mains, verify that the selected voltage is the same 
as your mains installation. The default voltage is 
220 Volts/50Hz. 

Connecting to telephone line : 
The telephone line connector is a RJ11 type. This 
connector is wired according to French specifica­
tions. 

Figure 24: RJ11 Connector 

1 i I 
4 I 6 

I I 
1 . Unused 
2 ·Phone 
3:Lme 
4:Lme 
5: Phone 
6: Unused 

~ 
111.4.2 - Description 

The phone remote system owns several switches 
and LEOs that indicate status and allow the con­
figuration of parameters as number of rings, confi­
dential code, ... 

Table 4 : Parts Description 

Part Description 
Switch User for switch the device ON/OFF 
Mini switch User to select the delay before 

hook-off : 3 or 5 rings 
Push button User to reinitialize the status LEOs 

(single push) or to reinitialze the 
protection code (3 seconds push) 

Red LED (L1) Violation LED (wrong code) 
Green LED (L3) Hook-off LED 
Yellow LED (L4) Rmg LED 
Orange LED (L2) Bad power line network address : 

no acknowledge 

111.4.3- Use 
Enter Confidential Code 

When calling the phone remote system, you have 
to wait three or five rings. Then the system hooks 
off and beeps three times. You have twenty sec­
onds to enter the confidential code by using your 

phone keyboard. Only DTMF phones are sup­
ported. The initial value of the code is 0000, but of 
coun:e you can change it. If the code entered is the 
good one, you are allowed to give orders. Other­
wise, you have two other attempts. 

Enter Orders 
An order is an object address (two digits), an appli­
cation number (one digit) and a value (one digit). 
After you have entered the objet address, you hear 
three beeps (or you have to retry). Then you enter 
the application number, and you hear three more 
beeps. At last, you enter the application value. If you 
hear three beeps, that means the message has 
been sent and that an acknowledge has been 
received. Then you are allowed to send an other 
order. 

Figure 25 : Address Format 

J AddressJ I Appli. I 
Number I Appli. 

Value 

2 digits 3 beeps 1 digit 3 beeps 1 digit 3 beeps 

The slave sytems have address values from 
00 to15. For these systems the application number 
select the dimmer (number 1) or the digit (num­
ber 2). The value is the number diplayed on the 
digit, or the light intensity. For instance : 
- "15,2,0" will display 0 on the slave system wich 

address is 15, 
- "13, 1 ,9" will switch the light on slave system num­

ber 13 on. 

There are special orders for phone control : 
-if you enter "99,1 ",then the system will beep you 

the confidential code. If the code is 3456, you will 
hear 3 beeps then four, then five and then six 
beeps, 

- if you enter "99,2", and four digits, these four digits 
Will be the new confidential code to use for further 
call. 

Table 5 : Allowed Orders 

Enter Values Action 
XX,Y,Z OOSXXS15 y = 1 Light 

OSZS9 intensity = Z 
Y = 2 Display 
value- Z 

99,1 Bee~s the 
con 1dential code 

99,2,XXXX 0000 $ xxxx $ 9999 New value for 
confidential code 
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Local Configuration 

The yellow LED is lighting when "the phone is 
ringing". After 3 or 5 rings (depending on mini­
switch), the system takes the line, and the green 
LED remains on during all the phone dialogue. If 
three bad codes are sent, the red LED will switch 
on. If a power line communication error occurs, the 
Orange LED will light. The red and the orange LED 
will be left on, so a single push on the push-button 
will switch these LED off. 

If you push on the push-button for more than 3 sec­
onds, the confidential code will be changed to 0000. 
The confidential code is stocked in EEPROM and 
will remains even if you disconnect mains. 

IV - CONCLUSION 

The phone remote system increases the facilities 
offered by your automation network. With this sys-

tern you can send orders by using DTMF code. By 
using a memory phone or a pocket dialler, you 
would be able to send orders only by choosing the 
system you want to talk to. For instance, you push 
the button called "heating on" and the order is 
immediately sent to the heater. Furthermore, you 
could select an other temperature for the heating 
system, or ask for the temperature in any room of 
your house. These improvements are possible by 
adding a voice generator (SGS-THOMSON has 
dedicated voice chips) and if temperature sensor 
and heater are connected to the network. The 
phone remote system detailed in this note has not 
all these facilities, but it is a very low cost application 
with only few components and low cost choice for 
MCU and phone interface. The ST7537 is providing 
the power line communication and a hardware 
watchdog, while leaving resources for a low cost 
microcontroller. 

13/16 
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V- ANNEXE 1 : BILL OF MATERIALS 

Designation Value Package Designation Value Package 

BP1 BP BP LD3 LED JAUNE LED 

C1 1mF CAPC4 LD4 LED VERTE LED 

C2 22pF CAPD4 P1 ALIM220V ALIM220V 

C3 22pF CAPD4 P2 RJ11 RJ11 

C4 6.8nF CAPD4 01 2N2222 BT0922 

cs 1!1F CAPC4 02 2N2222 BT0922 

C6 100nF CAPD4 03 2N2907 BTOS 

C7 100nF CAPD4 04 2N2222 BT0922 

CB 100nF CAPD4 05 2N2907 BT05 

C9 100nF CAPD4 06 2N2907 BTOS 

C10 2.2f!F CAPC4 07 BC547 BT05 

C11 2.211F CAPC4 08 BC547 BT05 

C12 100nF CAPD4 R1 1mQ RES8 
C13 10f!F CAPC4 R2 1kQ RESB 

C14 100nF CAPD4 R3 2.2Q RESB 

C15 1011F CAPC4 R4 2.2Q RESB 

C16 1000f!F CAP12 R5 2.2Q RESB 

C17 100nF CAPD4 R6 47kQ RESS 

C18 100nF CAPD4 R7 180Q RESS 

C19 1mF CAPC4 RB 1kQ RES8 

C20 10f!F CAPC4 R9 47kQ RESB 

C22 100nF CAPD4 R10 2.2Q RESS 

C23 2.2mF CAPC4 R11 180Q RESS 

C24 100nF CAPD4 R12 2.2Q RESS 

C25 100nF CAPD4 R13 4.7kQ RESS 

C26 100nF CAPD4 R14 4.7kQ RES8 

C27 100nF CAPD4 R15 220Q RESS 

C28 470nF CAPD4 R16 220Q RESS 

D1 Diode DIODE R17 470Q3W RES14 
D2 Diode TRANSIL R18 1.5kQ1W RES12 

D3 1N4004 DIDBB R19 300Q RESS 

D4 1N4004 DIDBB R20 100kQ RESS 
DS 1N4004 DIDBB R21 100kQ RES8 

D6 1N4004 DIDB8 R22 560Q RES8 
D7 1N4148 DID AS R23 2.2kQ RESS 
DB ZEN.4.7V DID AS R24 4.7kQ RESS 
D9 ZEN.4.7V DIDAB R25 300kQ RESS 

D10 ZEN.15V DID AS R26 220Q RESS 
D11 ZEN.15V DIDAB R27 4.7kQ RESB 
G1 GEMOV GEMOV R28 10kQ RESS 
IC1 ST7537 ST7537 R29 100kQ RESS 
IC2 ST62E65 ST62E65 SW1 MINI DIP SMINI 
IC3 LM7805 BT0220 SW2 COMMUT COMMUT 
IC4 74LS74 DIL14 SW3 MINI DIP MINI 
ICS LM7810 BT0220 TR1 TOKO TOKO 
IC6 LC6385 DIL18 TR2 UI30X10.5 UI30X10.5 
ICB 4N36 DIL6 TR3 TR3 TRANSFO CECLA 
K1 RELAY DPDT RELAY W2 STRAP 3PTS STRAP 

LD1 LED LED XT1 CRYSTAL CRYSTAL 
LD2 LED LED XT2 3.57945MHz HC49U 
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4.5W FL YBACK CONVERTER FOR POWER LINE MODEM APPLICATIONS 

1- SWITCHING POWER SUPPLY DESCRIPTION 

The power supply described in this document has 
been realised in order to powering the Power Line 
Modem ST7537 applications. It provides 5V and 
1 OV to supply the ST7537 and a microcontroller. 
This power supply has the advantage of its small 
size, that is very important for Home System de­
vices. 

Table 1 : Flyback Converter Specifications 

1.1 - General Description 
The power supply is a 4.5W flyback converter 
which supply 1 OV DC with a switching supply proc­
ess. Its uses a UC3845 circuit that generate a 
32.5kHz square signal which drives a STK 2N50 
MOS or equivalent. The 5V DC is provided by a 
regulator L78M05 CS. In the version of the supply 
tested the supply board side is less than 4cm. 

Parameter Test Conditions Value Unit 

Output Voltage 20%ofload 
100% of load 

Output Maximum Power 

Dynamic of Input Voltage 

Precision of Regulation Between 20% and 100% of load 

Variation in Voltage At 75% of load 
Accordmg to Mains 

Y1eld 80% of max. power, 0.218A on 1 OV and 0.15A on 5V 
100% of max. power, 0.3A on 1 OV and 0.15A on 5V 
1 00% of max. power 0.45A on 1 OV 

Working Temperature Ambient temperature : 25°C 

Maximum Life Time Ambient tempE!'I"ature : 85°C 
Ambient temperature : 55°C 

Output Noise Level lo = 450mA before regulator 

Protective Measure Short cut protected 

1.2 - Schematic 

Figure 1 : Flyback Converter 

R6 
120kil 

1% 

RSO 39kf.l 

1% I 

C4 
221JF 

16V 

R7180kU 112W 

02 SMBYT01/400 
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9.75 and 5 
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0.4 % 

59 % 
61 
74 

55 oc 
8000 Hours 

64000 

80 peak-peak mV 
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Table 2 : Bill of Materials 

Item Quantity Reference Part 

1 1 C1 39pF 

2 1 C2 220pF 

3 1 C3 1nF 

4 1 C4 22~tF 16V 

5 1 C5 68~tF 20V OSCON SANYO 

6 1 C6 4.7~tF 400V 

7 1 C7 4.7nF 

8 1 C8 10~tF 10V 

9 1 C9 47nF 

10 2 01 BYT01/400 
02 BYT01/400 

11 1 03 1N4007 

12 3 04 1N4148 
05 1N4148 
06 1N4148 

13 1 07 BZW04P 376 C019 
14 1 L1 10RHB 470~tH TOKO or equivalent 
15 1 R1 22Q 

16 1 R2 1kQ 

17 1 R3 1.20 

18 1 R4 33kQ 

19 1 R5 39kn 1% 

20 1 R6 120kn 1% 

21 1 R7 180kn 1/2W 

22 1 RB 47Q 112W 

23 1 R9 680kn 

24 1 R10 100kn 
25 1 T1 STK 2N50 MOS (SOT-82) 600Q 500V 

26 1 U1 UC38450 (SGS-THOMSON) 

27 1 U2 L78M05X 
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II -SWITCHING POWER SUPPLY TESTS 

Several tests have been done on the flyback con­
verter and this section describes the way the tests 
have been done and shows the results. 

11.1 -Voltage versus Power 

The power supply has been loaded on its 1 OV 
output by resistors of different values . The 5V DC 
has not been connected. The power has been 
calculated and results are shown below. 

Table 3 : Voltage, Current and Power 
Consumption 

Load Voltage lnte~sity 
(Q) (V) (10- A) 

Nothing 10.87 
23.5 9.78 420 
47 9.97 210 
150 10.17 68 
500 10.42 20.8 

1,000 10.54 10.5 
Demo-board Tx 10.02 86.8 
Demo-board Rx 10.18 28.5 

Figure 2 : Voltage Versus Power 

Voltage (V) 
11.0 
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9.0 
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11.2 - Current Consumption 

- - - .Yf!iir-

Power(W) 

3 4 

The consumptions of the ST7537 demo-board 
have been tested during the B.E.R. test with the 
flyback converter powering the transmitter, and 
then the receiver. Values are given in the table 
below. In the Worst case, the load on the mains 
was only a few Ohms : all the laboratory devices 
were connected to the mains (with a personal 
computer which has a switching supply). The 5V 
does not depend on the impedance of the mains, 
it is only powering the microcontroller 
(ST90E28L6), the 3 LED's, and the RS232 driver 
(MAX232). 

Table 4 : Flyback Converter with Demo-board 
Consumption 

Voltage Transmitting Receiving 
220VAC 25.8mA 19mA 

220V AC (worst case) 31mA 19mA 
10VDC 86.8mA 28.5mA 

10V DC (worst case) 133mA 28.5mA 
5VDC 32mA 35.4mA 

11.3 - B.E.R. with Switching Power Supply 

The Bit Error Rate test needs two demo-boards, 
one for transmission, the other one for reception. 
The board with the switching supply has been set 
in receive mode and in transmit mode. Each time 
the B.E.R. results are the same as with regulated 
supply. On the transmitting demo board the pin 
TEST1 is set to 1 to allow continuous transmission. 

Figure 3 : Switching Power Supply Powering 

DEMO 
BOARD 
ST7537 

Sw1tchrng 
Power 
Supply 

Transmitter 

Mams 

BE R tester 
CersemTM1 

511 B1ts Pattern 
CCITT 

1200Bpsls 
B1t/car 1nf1mte 

DEMO 
BOARD 
ST7537 

Regulated 
Power 
Supply 

Transmitter Rece1ver 

Figure 4 : Switching Power Supply Powering 
Receiver 
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BOARD 
ST7537 

Sw1tchrng 
Power 
Supply 

Rece•ver 

Results 

Marns 

DEMO 
BOARD 
ST7537 

Regulated 
Power 
Supply 

Transmitter 

Measurements are made using the laboratory 
power network. On this network, several devices 
were producing noise : 
·Tektronix 2247A oscilloscope, 
- HP 32258 synthetiser, 
- Weller WECP-20 soldering iron, 
- Topward TPS 4000 power supply, 
·A light. 
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There has been no error for more than a 15 minutes 
test period (in the two conditions). In 15 minutes 
there is: 

15 · 60 · 1200 = 1080000 bits. 

That means a B.E.R. < 10·6. 

following table). The spectrum has been done with 
a HP 3585 spectrum analyser, configured accord­
ing to Cenelec ; that means a bandwidth of 1OOHz, 
and the use of the MAX HOLD function in order to 
keep the peak values. 

B.E.R. < 1 o·6 Table 5 : Cenelec Specifications 

11.4 - Spectrum Frequency and Cenelec 
Frequency Limits (dBiJV) Limits (dBiJV) 

The P.L.M. has been connected to a spectrum 
analyser in order to see the influences of the fly back 
converter. The Cenelec specification no EN 50065-
1 PEAK values limit has been drawn (see the 

Figure 5 : ST7537 Demo-board with Flyback Converter 

Lvl Peak Value (dB iJV) 
140 

Band (MHz) 

0.15 to 0.5 

0.5to 5 

5to30 

Peak Values Means 

66 to 46 56 to 46 

56 46 

60 50 

Bandwith 1OOHz I Spectrum Analysis ~ 
1 Test 1 : Flyback Converter Powering the Transmitter 120 
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I 

I 
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50 
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Figure 6 : ST7537 Demo-board with Regulated Supply 

Lvl Peak Value (dB iJV) 
140 

Bandwith 1OOHz 
120 

100 

80 

60 

40 

20 
50 

I}~ K..lll 

100 150 

'""' 

I Spectrum Analysis . ~ 
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I 
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Ill - MEASURE ON MAINS 

During these tests, the transmit signal has been 
measured by connecting a spectrum analyser as 
described in Figure 7. This operation needs to 
isolate the analyser from the earth and to connect 
its ground level to the neutral. A capacitor of 2.2nF 
is used to filter the 50Hz and a voltage divider 
(resistors) is used to measure the signal. The sup­
ply is shielded to avoid radiation. 

The values give theses results : 
RTOTAL = 4800 + 1450 = 6250Q 
Fe = (RTOTAL · C · 2 · n) = 1.1 kHz 

Fe= 1.1kHz 

RTOTAL 
VREAL = 10 · VMES · 1450 

VREALdB = VMESdB + 32.7dB 

The values read on the spectrum analyser are 
32.7dB under the real values. The values on all the 

Figure 8 : Mains without Device 

90 Lvl Peak Value (DB ~V) 

Spectrum 1 
Band with 1OOHz 

following spectrums has been corrected and take 
into account the 32.7dB gain. 

Figure 7 : Connecting the Spectrum Analyser 
to the Mains 

111.1 - Mains Alone 

In this case, the spectrum analyser has beer) con­
nected to a laboratory rt")ains without device on. 
This test gives an idea of the noise you can get on 
the mains. 

MAINS Spectrum Frequency 
Mains without Device 

sok---------4---------~----~~~~~~~~ 

200 

Figure 9 : The P.L.M. is Alone on the Mains 
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111.2 - Mains with P.L.M. Communication 
This spectrum has been realised while the B.E.R. 
test was in progress. The two ST7537 demo-board 
were the only devices connected to the mains. The 
peak values have been obtained by using the MAX 
HOLD function of the spectrum analyser. The car­
rier frequency is at 132.45kHz. 

111.3 - Mains with P.L.M. Communication and 
Several Generators 

These tests have been realised with several de-

Table 6: Conditions of the Tests 

Spectre Device 

vices such as drill, Hoover, ... So the noise appears 
on the spectrum, and it is possible to compare the 
noise level and the signal level. During all theses 
tests, the B.E.R. test was in progress. 

No errors has been detected. 
The table on the following page gives the conditions 
at the moment of the realisation of the spectrum. 
The values have been registered by the use of the 
spectrum analyser HPIB interface, and are peak 
values. Each graph is realised with 1 001 points. 

Conditions Frequency Range 

Figure 11 DRILL BOSCH 420W REF. 1123-7 Several Switch ON/OFF Accelerating 1OOkHz to 500kHz 

Figure 12 DRILL BOSCH 420W REF. 1123-7 Several Sw1tch ON/OFF Accelerating 1kHz to 5MHz 

Figure 13 Neon Lighting OSRAM15W REF. RZ2 Several Switch ON/OFF 50kHz to 500kHz 

Figure 14 Hoover NILFISK 700W MODEL GST Several Switch ON/OFF 50kHz to 500kHz 

Figure 15 All Laboratory Devices Normal Use 50kHz to 500kHz 

All the devices are operating under 220V 50Hz. The analyser bandwidth has been set to 1OkHz. The different 
spectrum are given below. 

Figure 10: Transmitting while Using a Drill 

Lvl Peak Value (DB ~V) 
140~----~~~y-----------~-----.~~~~~~~~~ 

Spectrum 3 
Bandwtth 1OkHz 

200 300 

2 3 
Thousands 

400 500 
Frequency (kHz) 

4 5 
Frequency (kHz) 
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Figure 12: Transmitting while Using a Neon Lighting 

120 ~Lv~I~P~e=ak~V~a=lu~e~~~--------~----~--~----~----~----~ 

100 

Spectrum 5 
Band with 1OkHz 

150 200 250 300 350 400 450 500 
Frequency (kHz) 

Figure 13: Transmitting while Using a Hoover 

-L~vi~P~e~a~k~Va=l=ue~~~--.-----.-----.-----.-----.----.,----. 160 ~ 

60L_ ____ L_ __ ~----~----_i ____ _L ____ _L ____ _L ____ _L __ ~ 

50 1 00 150 200 250 300 350 400 450 500 
Frequency (kHz) 

Figure 14: All the Laboratory Devices on Use 

110 Lvl Peak Value (dB 11V) 

Spectrum 7 MAINS Spectrum Frequency 
Bandwith 10kHz ST7537 +Switching Power Suppl 

100~-----[r-T-i-----------r-t~~~~~~~~~~ 

60L_ __________ J_ __________ _L __________ ~------------

50 500 
Frequency (kHz) 

In this last graph, the level of the ST7537 carrier has fallen to 1 04dB J.!V because of the load on the mains 
(we have connected a personal computer which has a switching power supply). Nevertheless, the 
communications occurs without any errors. 
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IV • CONCLUSION 

Even with a high level noise or important distur­
bance on mains, or even a load under 5Q, the 
ST7537 has a B.E.R. under 10"6 (we have not 
detected any error during all the test period). Power 
line system communication needs a ST7537, a 
power line interface, a control system, and a 1 OV 
DC supply. The power line interface is already 
existing, and SGS-Thomson provides a large range 
of microcontrollers (interface between ST9 micro­
controller and ST7537 has been realised). The 
flyback converter comes to provides 1 OV DC for 
P.L.M. (and a 5V DC for the microcontroller) and 
replace the classical regulated supply. The ST7537 
and power line interface consumption lets more 

than 2.5W for microcontroller and application, 
available in both 5 and 1 OV. The 1 OV fluctuations 
are under the ST7537 specifications (which needs 
10V±10%). 
In fact, the flyback converter is really suited to 
ST7537 applications : 
- Its voltages complies with ST7537 specifications, 
- It does not disturb the transmit spectrum, 
- The performances of the power line modem are 

the same as with regulated supply, 
- Its size allows its use in small systems, like home 

system applications, 
- The 4.5W power provides supply for both P.L.M 

and microcontroller. 
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SUMMARY 

STARTER KIT 

ST7537 POWER LINE MODEM 
By Joel HULOUX 

Document page 
I INTRODUCTION ...................................................... . 

II STARTER KIT FEATURES .............................................. . 

Ill 

IV 

BOARD CONFIGURATION ............................................. . 2 

3 SCHEMATICS ........................................................ . 

I - INTRODUCTION 

The ST7537 starter kit has been developped in 
order to help customer for designing a Home Auto­
mation System. 
Everything needed for using the micro-controller 
ST9 is on board and the ST7537 starter kit is fully 
compatible with the ST9 starter kit. 

~ 

All connections for ST7537 and ST9 are on board 
and the only wiring you have to do is your applica­
tion. 
The board has been designed for the ST90E40 so 
you are not limited on resources and you can 
choose the microcontroller you want. 

L::::::::frl 1------. RS232C 

I .\ 

~ 

~ . 
ST7537 - --.. 

ST9 

STARTER KIT 
~ ... STARTER KIT 

1 
Mains 

II - STARTER KIT FEATURES 

On the starter kit 2 applications are selectable : - application note 

- RS232C application · 

- ST9 application 

- starter kit board 
- power transformer 
- RS232C cable 

With the starter kit you have : - demo software 

January 1994 1/5 

671 



ST7537 POWER LINE MODEM STARTER KIT 

Ill - BOARD CONFIGURATION 

MAINS P.C. TRANSFORMER 

+ t t 
RS232C POWER SUPPLIES ~ 

+5V/+10V 
---- ---------- ---------- ... ------ ----- ---------- ------

TEST1 A SYNC -
p ;srg nn ! OFF n! CD s ... J f------ T L : RS232• • • • • ON ... ••• 

1 2 3 4 5 6 7 8 P73 IT7 2 9 
I SYNC IT2 

B L::J s 
: T 

L_ 

A 
--------

~ R 

T 

E 
WRAPPING 

I I 
R 

AREA ST9 PORT INPUT/OUTPUT 
J ~ ' 

: 3 K 

I 
: T 

ST7537 STARTER KIT :~ 

INT2, INT5 or INT7 by using the JP1. - Application choice is made thanks to SW 1 ,2,3 
and 4. You can select ST9 or RS232C application. - The starter can be configured to work in asyn­

- 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 

chronous or in synchronous mode with 
SW6 ---> Rxd connected to Sin (P70) 

Rxd connected to P74 
SW7 ---> Txd connected to Soul (P71) 

Txd connected to P75 

Async 
Sync 
Async 
Sync 

2/5 
---------------------------- ~~~~@~~~~g~~----------------------------
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ST7537 POWER LINE MODEM STARTER KIT 

Figure 2 
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ST7537 POWER LINE MODEM STARTER KIT 

Figure 3 
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~ SGS·THOMSON .. 'Y l [)(A]O©OO@[]:[L[]:©ulffi©[I(!]D©® APPLICATION NOTE 

SYNCHRONOUS POWER LINE MODEM COMMUNICATION 
WITH ST9 MULTIFUNCTION TIMER 
Required tools : ST9/ST7537 PLM Starter Kit, By 0. GARREAU 

INTRODUCTION 

This application note provides an example of an 
ST9 MFT application handling a Home Automation 
synchronous protocol. It presents a way to easily 
communicate on a synchronous Network. Each 
node of this network may consist of the Power Line 
Modem (PLM) Starter Kit or of the Home Service 
(HS) macro-component, provided that it includes 
the ST9 plus ST7537 modem chipset. 
This PLM Starter Kit helps also in developing the 
ST9 version of 'HOME SERVICE' European Home 
Automation Protocol. 

The ST7537 modem may work in both synchro­
nous and asynchronous modes at a Baud rate of 
1200. There is no problem in building an asynchro­
nous interface with the ST9 due to the capabilities 
of its SCI (Serial Communication Interface). The 
asynchronous protocol may be programmed di­
rectly and all work is done by the SCI. However the 
synchronous protocol has different requirements. 

In order to program a synchronous protocol, it is 
not possible to use the SCI lines that are reserved 
for asynchronous communications. The solution 
resides in using the Multifunction Timer of the ST9. 

The most simplified synchronous protocol may 
consist in a simple 3-wire link (The Receive Data 
line, RxD, the Transmit Data line, TxD and the 
signal Ground). 

Similar to the asynchronous mode, no clock signal 
is available in the PLM synchronous mode and the 
time reference is included in the RxD signal. It is 
clear that the clock frequency should be known and 
determined in advance by both emitter and re­
ceiver. For our application working as the LAYER 
0 of the 'HS' Protocol, this frequency is 1200Hz and 
generates thus a 1200 baud rate. Note that the 
signals concerned (RxD and TxD) are 'NRZ, Non 
Return to Zero' signals. 

The first task that the following procedure performs 
is 'Transmission BitCiock Recovery'. Here the Mul­
tifunction Timer TO of the ST9 is used in the back­
ground. This basic clock signal is also output on a 
timer pin (TOOUTA). 

The procedure that tests the link between distant 
modems, consists in sending from the master mo­
dem a standard frame, compatible with the 'HS' 
protocol or not, and in sending back from the slave 
modem the received frame in order to make a 
match test, for example, in the master system 
(which is, in our case, controlled by a Windows 
3.1 (TM) program). 

This method can even validate asynchronous 
modes. The test frame is stored in the internal 
memory of the ST9 (in the first 128 bytes of the 
Register File). 

In addition to the RxD and TxD lines, it is possible 
to improve protocol management with extra lines 
called RSTO, CDn, RXTXn and WDn. These lines 
mean respectively RESET modem controller, CAR­
RIER DETECT, RECEIVE OR TRANSMIT, and 
WATCHDOG signal. 'n' means that the signal is 
active LOW. 

These lines are specific to the ST7537 modem as 
it is working in its HALF-DUPLEX mode. The direc­
tion of data flow is chosen by RXTXn state. COn 
indicates that the modem is about to receive data. 
The WATCHDOG signal is used by the modem to 
check the presence and activity of the CPU (ST9) 
and if activity (meaning a minimum of one negative 
transition per second) is absent, the modem will try 
to reset the CPU. 

To prevent this shut down, WDn may be connected 
to the recovered BitCiock (1200 transitions per 
second) or to an 10 port (P76 in this case). 

Note : To fully understand thrs Note, rt rs recommended that the reader refers to the relevant chapters of the ST9 databook for the 
Multifunction Timers. 

AN430/0695 1/8 
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I · HARDWARE LINK BETWEEN ST9 AND 
ST7537 

Figure 1 shows the schematic of this link. As can 
be seen, no additional hardware or components 
are needed. This interface needs only 5 point-to­
point wires plus the signal ground. It is the lowest 
cost way to connect a ST7537 to an ST9. 

All wires are TTL compatible and mono-directional. 
Only one 8-bit port 7 of the ST9 is required, Port 
3.0 (TOlNA) is also reserved for this application, 
signal on TOO UTA (P3.1) is the recovered clock, 
event trigger and control the timer, P7.3 P7.4 P7.5 
P7.6 P7.7 are used as simple TTL 1/0 bits. 

The RxD line is managed by a technique which 
attaches a double function to this single signal. RxD 
triggers the timer and is acting as a synchroniser. 
Its level indicates also the input bit state. The kernel 
of this application is a sophisticated software PLL. 

P7.3 is programmed as an input and reads Carrier 
Detect signal (CDn). 
P7.4 is programmed as an input and reads the 
current input bit state (RxD). 
P7.5 is programmed as an output and sends the 
current output bit (TxD). 
P7.6 is programmed as an output and activates the 
WatchDog signal (WD). 
P7.7 is programmed as an output and chooses the 

direction of data flow (RXTXn). 

The corresponding timing chart of these signals is 
given in the next section. Note that it is not neces­
sary to connect ST7537 signals like DVCC (Digital 
Output Supply Voltage), RSTO (Reset Output) and 
MCLK (Master Clock) when this application is run­
ning on the ST9 STARTER KIT. The signal ground 
is of course essential and common to all these 
lines. When the ST7537 Starter Kit is in stand-alone 
mode, the ST9 uses RSTO and MCLK 

II • TIMING CHARTS OF CONTROL AND DATA 
SIGNALS 

Figure 2 shows the timing and event charts consid­
ering an example of 3 bits input or output or both. 
The first chart displays Carrier Detect signal, which 
enables the start of transfer. 

The second timing shows the input signal used as 
trigger and data signal. Each '0' or '1' pulse lasts 
833.3~s. The third line is a relative time axis for the 
internal counter TO. The next axis is the 'Event' axis. 
The next chart displays the output waveform for the 
recovered BitCiock; this preferably should have a 
50% cyclic ratio. 

The last chart is an example of the TxD output 
signal. 

Figure 1 : Direct Connection in the Stand-alone Mode 

ST9 ST7537 

OSCINh MCLK 

RESET ~ RSTO 

NC-{ DVcc 

P76 (I/O) h. -
WD 

P77(1/0)h 
-

Rx!Tx 

P73 (1/0)h 
-
CD 

P75(1/0) '- TxD 

P74(1/0) 

~ P30 (TOlNA) RxD 

GNDh 
~ 

S1gnal Ground 

2/8 -------------~ ~ii©lH~~~~qtt -------------
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Figure 2 : Timing Chart of Signal and Data Signals 

CD 
Carrier 
Detect l RECEPTION MODE I 

RxD 
sample 

_j 
g 

f Trig+IO '1' 
RXTX=1 

Relative T+DT T/2 T+DT T 
TIME 
for TO T DT 0 

HARD TRIG HARD TRIG 

EVENT 

CMP1 CMPO CMP1 

WD ___j !=toggle t l.}i2=4171JS; I 
TOOUTA 

Tlill. 
RXTX=O 

'0' 

All the powerful features of a ST9 timer are used in 
this application. These include Hardware Trigger 
(HT), Software Trigger (ST), Compare (CMPO, 
CMP1) and Over/UnderFlow (OUF) Events. Both 
HT and ST events reload TIMERO from the REGOR 
Load register. The HT event is automatically gen­
erated by every low to high or high to low transition 
on the RxD line. 
The CMP1 event is used to rebuild the initial clock 
frequency (of the emitter). The CMPO event sam­
ples the input signal on RxD or outputs the trans-

Figure 3 : Software Structure 

sample sample r '0' '0' 
0 8 

T/2 T T/2 T+DTT 

DT 0 DT 0 

OUF : SOFT TRIG HARD TRIG 

CMPO CMP1 CMPO CMP1 

tl tl tl tl 

'1' '1' 

mitted signal on TxD or both. 
The OUF event (over-under/flow) allows the 
counter to be reloaded by an ST action, this acts 
as a WatchDog, controlled under software and 
corrects (synchronises) for frequency shift, fre­
quency fluctuations and phase shift. 
During the time gap (called DT), these parameters 
may vary and can be taken into account, if t11eir 
variation is not too wide. A software parameter 
controls this correction : 'variation' represents a 
percentage of the whole bit pulse period, called T. 

CMPO INTERRUPT PROCEDURE 

OUF INTERRUPT PROCEDURE 

3/8 ---------------~ ~~~;IDW~'"?~~ ---------------
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Figure 4 : Procedure Algorithm 
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CMPO event ! IT procedure 
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REGOR <- T +DT 
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OUF event IT proc 
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SOFT TRIGGER 

I 

I 
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Ill - SUMMARY 

The aim of this application note is to demonstrate 
to Hardware designers just how simple it is to 
interface an ST7537 with a member of the ST9 
family. The schematic described in part one is an 
example of the electrical link, however it also de­
pends on a good quality and conformity of input 
signals. 

First, it is obvious that the RxD signal should be 
perfectly stable and defined during the acquisition 
phase. Then, its working frequency (1200Hz) 
should be reasonably stable and the stability 
should not be worse than 90%. With practical test­
ing, it is shown that the application works correctly 
between 1150Hz and 1250Hz. All these charac­
teristics are software programmable. 

This routine has been tested at various transmis­
sion rates, from 300Hz up to 9600Hz. The software 
defines constants called 'Rxxxxbds' that corre­
spond to these rates. That way, this application 
software will stay compatible with new generations 
of multi-speed ST7537 modem. 

Warning : the user must RECALCULATE these 
constants if the ST9 has an external clock (crystal) 
DIFFERENT to the frequency used in this example. 

The nominal working frequency should be 1200Hz 
or 2400Hz in the case of the 'HS' protocol. 

In this protocol, data packets are composed of a 
particular frame. Each frame starts with a specific 
header. Typically the beginning of such a header is 
4 bytes: generally FFh, FFh, AAh and AAh. Many 
bits of the first FFh may be lost but the synchroni­
sation is made actually on the AAh bytes. It is thus 
possible to improve the accuracy of the process. 
The byte AAh is a succession of bits at '1' and '0' 
and can allow frequency optimisation. Using first 
the timer 0 in its 'Capture' mode will define the 
precise distant frequency, a pre-calibration. 

This software improvement may be useful in case 
of a distant frequency very far from the expected 
working frequency (1200Hz in this case). 

The user is free to modify these routines. The bits 
of Port 7 (P73, P74, P75, P76 and P77) are used 
here as 1/0 bits. It is clear that another port may be 
defined as 1/0 port in order to free access to 
PORT?. 

Finally, the user can test a link between two distant 
nodes, or on a bigger network, and use equally 
synchronous or asynchronous protocol . 

As a conclusion, the ST9 microcontroller is a cost 
effective solution for home automation modem ap­
plications and a synchronous protocol like 'HS' or 
other customer protocol can be performed in the 
background, requiring little CPU time. 

5/8 ---------------------------- ~i~i@~~fc?~----------------------------
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Figure 6 : ST9 Connections 
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SYNCHRONOUS POWER LINE MODEM COMMUNICATION 

Figure 7 : Power Supply 
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Millimeters 
Dim. 

Min. Typ. Max. 

a1 0.63 

b 0.45 

b1 0.23 0.31 

b2 1.27 

D 32.2 

E 15.2 16.68 

e 2.54 

e3 27.94 

F 14.1 

j 4.445 

L 3.3 

e3 

Inches 

Min. Typ. 

0.025 

O.D18 

0.009 

0.050 

0.598 

0.100 

1.100 

0.175 

0.130 

Max. 

0.012 

1.268 

0.657 

0.555 

~ SGS·THOMSON 
A 'Y l U{A]O©ffil@llilblli©'ITffil@[li!]O©® 

LL 

OUTLINE AND 
MECHANICAL DATA 

DIP24 

E 
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Millimeters 
Dim. 

Min. Typ. Max. 

a1 0.63 

b 0.45 

b1 0.23 0.31 

b2 1.27 

D 37.4 

E 15.2 16.68 

e 2.54 

e3 33.02 

F 14.1 

i 4.445 

L 3.3 

688 

Inches 

Min. Typ. Max. 

0.025 

O.Q18 

0.009 0.012 

0.050 

1.470 

0.598 0.657 

0.100 

1.300 

0.555 

0.175 

0.130 

e3 

u.. 

14 

OUTLINE AND 
MECHANICAL DATA 

DIP28 

b1 

I· 
E 

·I 



Dim. 

A 

B 

0 

01 

02 

E 

e 

e3 

F 

F1 

G 

M 

M1 

Millimeters Inches 
t== SGS·THOMSON II.., l [I(A]0©00@~[L~©lJ'00@[!(!]0©@ Min. Typ. 

12.32 

11.43 

4.2 

2.29 

0.51 

9.91 

1.27 

7.62 

0.46 

0.71 

1.24 

1.143 

M1 

Max. Min. Typ. Max. 

12.57 0.485 0.495 

11.58 0.450 0.456 

4.57 0.165 0.180 

3.04 0.090 0.120 

0.020 

10.92 0.390 0.430 

0.050 

0.300 

O.Q18 

0.028 

0.101 0.004 

0.049 

0.045 

8 

0 
------------------1-------------------

12 

, u I ODD 

. 
DOD 

A 

OUTLINE AND 
MECHANICAL DATA 

PLCC28 

w 

01 

[QJ G (Seating Plane Coplanarity) 
D 

M 
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Dim. 

A 

B 

c 

D 

d1 

d2 

E 

e 

e3 

F 

F1 

G 

M 

M1 

690 

Millimeters Inches 

Min. 

17.4 

16.51 

3.65 

4.2 

2.59 

14.99 

Typ. Max. Min. Typ. Max. 

17.65 0.685 0.695 

16.65 0.650 0.656 

3.7 0.144 0.146 

4.57 0.165 0.180 

2.74 0.102 0.108 

0.68 0.027 

16 0.590 0.630 

1.27 0.050 

12.7 0.500 

0.46 O.D18 

0.71 0.028 

0.101 0.004 

1.16 0.046 

1.14 0.045 

8 

. -.----------------------- ~-------------------- ------

17 i 29 

Ill , , ~ Ill ooooo;oooo 

OUTLINE AND 
MECHANICAL DATA 

PLCC44 

d1 

[QJ G (Seating Plane Coplanarity) 1-..:::0--1 



Dim. 

A 

A1 

A2 

B 

c 

D 

D1 

D2 

e 

E 

E1 

E2 

F 

K 

L 

Millimeters Inches 

Min. Typ. Max. Min. Typ. 

1.60 

0.25 0.01 

1.35 1.40 1.45 0.053 0.055 

0.35 0.50 0.014 

0.17 

15.75 16.00 16.25 0.620 0.630 

13.90 14.00 14.10 0.547 0.551 

10.00 0.394 

1.00 0.039 

15.75 16.00 16.25 0.620 0.630 

13.90 14.00 14.10 0.547 0.551 

10.00 0.394 

1.60 0.063 

0° (min.), 7° (max.) 

0.45 1 0.60 1 0.75 1 0.018 0.024 

E2 

E1 

E 

Max. 

0.063 

0.057 

0.020 

0.007 

0.640 

0.555 

0.640 

0.555 

0.030 

... 

OUTLINE AND 
MECHANICAL DATA 

PQFP44 

A 
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Dim. 

A 

A1 

A2 

B 

c 

D 

01 

02 

e 

E 

E1 

E2 

F 

K 

L 

692 

Millimeters Inches 

Min. Typ. Max. Min. Typ. Max. 

3.40 0.134 

0.25 O.D1 

2.55 2.80 3.05 0.10 0.11 0.12 

0.30 0.45 0.012 0.018 

0.13 0.23 0.005 0.009 

16.95 17.20 17.45 0.667 0.677 0.687 

13.90 14.00 14.10 0.547 0.551 0.555 

12.00 0.472 

0.80 0.031 

16.95 17.20 17.45 0.667 0.677 0.687 

13.90 14.00 14.10 0.547 0.551 0.555 

12.00 0.472 

1.60 0.063 

0° (min.), 7° (max.) 

o.65 1 o.8o 1 o.s5 0.025 0.031 0.037 

......................... '/' .............................. s iS Q 

32 : 491=1-..L. 

u. 

E 

OUTLINE AND 
MECHANICAL DATA 

PQFP64 

A 



Dim. 

A 

A1 

A2 

B 

c 

D 

D1 

D2 

e 

E 

E1 

E2 

F 

K 

L 

Millimeters Inches 

Min. Typ. Max. Min. Typ. Max. 

1.60 0.063 

0.25 0.01 

1.35 1.40 1.45 0.053 0.055 0.057 

0.35 0.50 0.014 0.020 

0.17 0.007 

15.75 16.00 16.25 0.620 0.630 0.640 

13.90 14.00 14.10 0.547 0.551 0.555 

10.00 0.394 

1.00 0.039 

15.75 16.00 16.25 0.620 0.630 0.640 

13.90 14.00 14.10 0.547 0.551 0.555 

10.00 0.394 

1.60 0.063 

0° (min.), 7° (max.) 

0.45 0.60 0.75 0.0181 0.0241 0.030 

23 33 

E2 

E1 

E 

OUTLINE AND 
MECHANICAL DATA 

~----------------------~ 

TQFP44 

A 

u. 

693 

~ 



Millimeters Inches 
Dim. 

Min Typ Max Min Typ 

A 1.60 

A1 0.05 0.15 0.002 

A2 1.35 1.40 1.45 0.053 0.055 

B 0.22 0.32 0.38 0.010 0.012 

c 0.09 0.20 0.004 

D 16.00 0.630 

D1 14.00 0.551 

D3 12.35 0.486 

e 0.65 0.0314 

E 16.00 0.630 

E1 14.00 0.551 

E3 12.35 0.486 

L 0.45 0.60 0.75 0.020 0.024 

L1 1.00 0.039 

K 0° (min.), 7° (max.) 

PIN1 
IDENTIFICATION 

E1 

E 

694 

Max 

0.063 

0.006 

0.057 

0.014 

0.008 

0.030 

OUTLINE AND 
MECHANICAL DATA 

it 

~----------------------------~~ 
TQFP80 









SALES OFFICES 

EUROPE 
DENMARK 

2730 HERLEV 
Herlev Torv, 4 
Tel (45-44) 94 85 33 
Telefax (45-44) 948694 

FINLAND 

LOHJA SF·08150 
Ratakatu, 26 
Tel (358-12)315511 
Telefax (358-12) 3155 66 

FRANCE 
94253 GENTILLY Cedex 
7- avenue Gall1en1- BP 93 
Tel · (33-1) 47 40 75.75 
Telefax (33-1)47 407910 

67000 STRASBOURG 
20, Place des Hailes 
Tel (33-88) 75 50 66 
Telefax. (33-88) 22 29.32 

GERMANY 
85630 GRASBRUNN 
Bretonischer Rtng 4 
Postfach 1122 
Tel. (49-89) 460060 
Telefax (49-89) 4605454 

30695 HANNOVER 51 
Roten burger Strasse 28A 
Tel (49-511) 615960-3 
Telefax (49-511) 6151243 

90491 NURNBERG 20 
Erlenstegenstrasse, 72 
Tel (49-911) 59893-0 
Telefax (49-911) 5980701 

70499 STUTTGART 31 
Mtttlerer Pfad 2-4 
Tel (49-711) 13968-0 
Telefax (49-711) 8661427 

ITALY 

20090 ASS AGO (MI) 
V.le Mtlanofton- Strada 4- Palazzo N4/A 
Tel (39-2) 57546.1 (10 ltnee) 
Telefax (39-2) 8250449 

40033 CASALECCHIO Dl RENO (BO) 
Vta R. Fucint, 12 
Tel. (39-51) 591914 
Telefax (39-51) 591305 

00161 ROMA 
Vta A. 'forlonta, 15 
Tel. (39-6) 44251142 
Telefax (?9-6) 85354438 

NETHERLANDS 
5652 AR EINDHOVEN 
Meerenakkerweg 1 
Tel· (31-40) 550015 
Telefax (31-40) 528835 

SPAIN 
08004 BARCELONA 
Calle Gran Vta Carts Catalanes, 322 
6" Floor, 2" Door 
Tel. (34-3) 4251800 
Telefax: (34-3) 425367 4 

28027 MADRID 
Calle Albacete, 5 
Tel. (34-1) 4051615 
Telefax· (34-1) 4031134 

SWEDEN 
S-16421 KISTA 
BorgarfJordsgatan, 13 - Box 1094 
Tel . (46-8) 7936920 
Telefax (46-8) 7504950 

SWITZERLAND 
1218 GRAND·SACONNEX (GENEVA) 
Chemtn Francots-Lehmann, 18/A 
Tel. (41-22) 9292929 
Telefax: (41-22) 9292900 

UNITED KINGDOM and EIRE 

MARLOW, BUCKS 
Planar House, Parkway 
Globe Park 
Tel. (44-1628) 890800 
Telefax· (44-1628) 890391 



AMERICAS 
BRAZIL 

05413 SAO PAULO 
R. Hennque Schaumann 286-CJ33 
Tel · (55-11) 883-5455 
Telex· (391 )11-37988 "UMBR BR" 
Telefax (55-11) 282-2367 

CANADA 

NEPEAN ONTARIO K2H 9C4 
301 Moodie Dnve Su1te 307 
Tel · (613) 829-9944 
Telefax (613) 829-8996 

U.S.A. 

NORTH & SOUTH AMERICAN 
MARKETING HEADQUARTERS 
55 Old Bedford Road 
L1ncoln, MA 01773 
Tel (617) 259-0300 
Telefax (617) 259-4421 

ALABAMA 
Huntsville- Tel (205) 533-5995 

Fax (205) 533-9320 

ARIZONA 
Phoemx - Tel (602) 867-6217 

Fax (602) 867-6200 

CALIFORNIA 
Santa Ana- Tel. (714) 957-6018 

Fax (714) 957-3281 
San Jose- Tel (408) 452-8585 

Fax (408) 452-1549 
Scotts Valley- Tel (408) 439-2950 

Fax (408) 439-2969 

COLORADO 
Boulder- Tel (303) 449-9000 

Fax (303) 449-9505 

FLORIDA 
Boca Raton- Tel (407) 997-7233 

Fax (407) 997-7554 

GEORGIA 
Norcross- Tel (404) 242-7444 

Fax ( 404) 368-9439 

ILLINOIS 
Schaumburg- Tel (708) 517-1890 

Fax (708) 517-1899 

INDIANA 
Kokomo- Tel. (317) 455-3500 

Fax (317)455-3400 
lnd1anapolts- Tel (317) 575-5520 

Fax (317) 575-8211 

MICHIGAN 
Livonia- Tel· (313) 953-1700 

Fax (313) 462-4071 

MINNESOTA 
Bloomington- Tel (612) 944-0098 

Fax (612) 944-0133 

NORTH CAROLINA 
Cary- Tel (919) 469-1311 

Fax (919) 469-4515 

NEW JERSEY 
Voorhees- Tel (609) 772-6222 

Fax (609) 772-6037 

NEW YORK 
Poughkeepsie- Tel.: (914) 454-8813 

Fax· (914) 454-1320 

OREGON 
Lake Oswego- Tel (503) 635-7650 

TENNESSEE 
Knoxville- Tel (615) 524-6239 

TEXAS 
Aust1n- Tel.: (512) 346-0880 

Fax (512) 346-6260 
Carrollton- Tel (214) 466-8844 

Fax (214) 466-8130 
Houston- Tel . (713) 376-9936 

Fax (713) 376-9948 

FOR RF AND MICROWAVE 
POWER TRANSISTORS CONTACT 
THE FOLLOWING REGIONAL 
OFFICE IN THE U.S A. 

PENNSYLVANIA 
Montgomeryville- Tel (215) 361-6400 

Fax (215) 361-1293 

ASIA I PACIF~C 
AUSTRALIA 

DINGLEY VIC 3172 
SUite 6, Bus1ness Centre 
14 Garden Boulevard 
Tel (61-3) 9558 3399 
Telefax (61-3) 9558 3377 

N.S.W. 2220 HURTSVILLE 
Su1te 3, Level 7, Ot1s House 
43 Bndge Street 
Tel (61-2) 580 3811 
Telefax (61-2) 580 6440 

CHINA 

BEIJING 
c/o Technical I.Jaison Off1ce 
BeiJing No 5 Semiconductor 
Dev1ce Factory 
14 Wu Lu Tong Road 
De Sileng Men Wa1 
Tel (86-1 0) 202 4378 
Telefax (86-10) 202 4378 

SHANGHAI 200233 
108-10 Astronart1cs Bu1ld1ng 
222 Cao X1 Road 
Tel (86-21) 472-5415 
Telefax (86-21) 472-6814 

SHENZHEN 518001 
Flat J, 22/F 
38 Dung Meng Nanlu 
Tel (86-755) 228-0035 
Telefax· (86-755) 217-8500 

HONG KONG 

WANCHAI 
22nd Floor - Hopewell centre 
183 Queen's Road East 
Tel. (852) 2861 5788 
Telefax (852) 2865 6589 

INDIA 

BANGALORE 560052 
Dmers Bus1ness Serv1ce 
26 Cunn1ngham Road 
Tel (91-80) 267 272 
Telefax (91-80) 261 133 

SALES OFFICES 

NOIDA 201301 
L1a1son Off1ce 
Plot N 2 & 3, Sector 16A 
Institutional Area 
D1stt Ghaz1abad UP 
Tel. (91-11) 853 0965/8 
Telefax (91-11)8556957 

MALAYSIA 

SELANGOR, PETALING JAYA 46200 
Un1t BM-10 PJ, lndustnal Park 
Jalan Kema1uan 12/18 
Tel · (03) 758 1189 
Telefax (03) 758 1179 

PENANG 
Un1t 9-A, Lower Love! 1 
Hotel Equatonal 
1 Jalan Buk1t Jambul 

KOREA 

SEOUL 
8th floor Sh1nwon Building 
823-14, Yuksam-Dong 
Kang-Nam-Ku 
Tel (82-2) 553-0399 
Telefax (82-2) 552-1051 

TAEGU 701-023 
18th Floor Youngnam Tower 
111 Shinchun-3 Dong, Dong-Ku 
Tel. (82-53) 756-9583 
Telefax (82-53) 756-4463 

SINGAPORE 

SINGAPORE 2056 
28 Ang Mo K10- lndustnal Park 2 
Tel (65) 4821411 
Telefax (65) 482 0240 

TAIWAN 

TAIPEI 
11th Floor,# 105 
Tun Hua South Road, Sect1on 2 
Tel (886-2)755-4111 
Telefax (886-2) 755-4008 

THAILAND 

BANGKOK 10110 
Un1t # 1315 
54 Asoke Road 
Sukhumv1t 21 
Tel (66-2) 260 7870 
Telefax (66-2) 260 7871 

JAPAN 
TOKYO 108 
N1sseki - Takanawa Big 
2-18-10Takanawa 
Minato-Ku 
Tel (81-3) 3280-4120 
Telefax (81-3) 3280-4131 

OSAKA532 
Shin-Osaka Second Mon Bldg 
3-5-36 Miyahara Yodogawa-Ku 
Tel (81-0) 6397-4130 
Telefax (81-0) 6397-4131 
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