Rolf €igenheer rolf_eigenheer@bluewin.ch

Sony S-Link gateway

Hardware layer, waveforms

S-Link uses atwo wire connection. 3.5mm mono jack connectors connect to Sony S-Link
compatible components.

In idle state (99% of the time) the lineis hold at 5V by internal pull up. In ashort circuit
condition current is limit to approx. 44mA. Any participant in communication must tie the
line low for multiples of 600uS. Thisistheinternal timebase for all S-Link communication.
We differentiate four states:

- Synchronisation
holding the line low for 2400uS indicates the beginning of new transmission

- Zero hit
holding the line low for 600uS indicates a0

-+ One bit
holding the line low for 1200uS indicates a 1
- Delimiter
between Sync, Ones and Zeros, the line must be released (return to high level) for 600uS
Synchronisation indicates the beginning of a new transmission. It does not precede every

byte. Databits are organized as bytes (8 bit). The most significant bit (MSB) is transmitted
first. A transmission consists of 2 ore more bytes, depending on the type of command.

The following waveforms show the message sent by a CDP-CX250 after pressing the play
button.
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Protocol layer

Most of thiswork has been done by others. A list of the commands discovered by BigDave
you'll find at

http://www.cc.gatech.edu/peopl e/ home/bigdave/cdplayer/control-al.txt

Foll owi ng a part of BigDaves list ‘control-al.txt’
St at us nessages sent by the player
Now t he codes thenselves (witten in hex unless otherw se noted):

The first byte tells the controller which CD player is talking:

98 = CDP-1
99 = CDP-2
9A = CDP-3

Bytes 2 onward tell you what information or conmand is being given.
When they are commands:

00 = Pl ay

01 = Stop

02 = Pause

06 = Moving the CD Carosel

08 = Ready

0C = 29 seconds left on current track (D splayed during play)
When they are "Status" or information bytes:

18 = Door Open

2E = Power On

2F = Power O f

50 <Di sc#> <Track#> <Length nmin> <Length sec> = Pl ayi ng Track
- <Disc#> 1 byte Discs 1-99 are Binary Coded Deci nal (BCD)
Di scs 100-200 are HEX-54d
- <Track#>. 1 byte Tracks are BCD
- <Length mnutes> 1 byte Mnutes are BCD
- <Length seconds>: 1 byte Seconds are BCD

52 <Di sc#> = Displaying on front panel the track/tinme/menmo info for <Di sc#>
- <Disc#>. 1 byte Discs 1-99 are BCD
Di scs 100-200 are HEX-54d

54 <Di sc#> = Retrieving <D sc#>, or Loadi ng <Di sc#>
- <Disc#>. 1 byte Discs 1-99 are BCD
Di scs 100-200 are HEX-54d

58 <Di sc#> = Retrieved <Di sc#>, or Loaded <D sc#>
- <Disc#>. 1 byte Discs 1-99 are BCD
Di scs 100-200 are HEX-54d

61 <Di sc Capacity> <sonething else> = Tells the controller sonething
about the CDpl ayer itself.
| call it the "CD Mdel
Identifiers."
- <Disc Capacity>: 1 byte 100 Disc Player is 00 hex
200 Disc Player is FE hex
50+1 Disc Player (I am specul ating
it will be 50 or 51 hex)
- <Sonething else> 1 byte wusually 0B hex
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70 <00hex> <CD Pl ayi ng status> <00hex> <Di sc#> <00hex>
- <00hex>: 1 byte Could nmean something...but for me it never
changes.
- <CD Playing status>: 1 byte (divided into 2 half bytes)
- Half byte 1: (4 Mst Significant bits) blb2b3b4
- bit 1: 0 = Scanning Di scs (happens when you
open, then close the CD door)
1 = Discs known (knows which discs
are | oaded and which are not)
- bit 2. 0 = Play node: 1 Disc
1 = Play node: Al Discs
- bits 3,4: 00 = Play node: Repeat Of
01 = Play node: Repeat Al
10 = Play node: Repeat 1
- Half byte 2: (4 Least Significant bits) blb2b3b4
- bits 1-4: 0000 = Nornmm
0001 = Shuffle
0010 = Programm

Format for conmands to send to the CD Player (in hex unless otherw se
not ed) .

The first byte tells which of the 3 possible CD players to execute
the command. The format is as follows:

90 = Sends command to CD-1
91 = Sends command to CD-2
92 = Sends command to CD-3

Bytes 2 onward give the specific command to the CD pl ayer

00 = Pl ay

01 = Stop

02 = Pause

03 = Toggl e Pause

50 <Di sc#> <Track#> = Play the song on Di sc#, Track#
- <Disc#>. 1 byte Discs 1-99 are BCD
Di scs 100-200 are HEX-54d
- <Track#>. 1 byte Tracks are BCD

<Di sc#>: 1 byte can have 256 uni que numbers. Sony ignores disc 00
on the 200 Disc Players. Disc 100 on the 100 Disc Pl ayers
is represented as 00 hex. Also, their "hacked" format for
200 discs (their format for the 100 disc players is sinple,
just BCD) allows a total of 201 possible discs. This
expl ai ns Di scs 100-200 being equal to the
hex value - 54(base 10) while Discs 1-99 are in BCD. The
algorithmto take the byte given for disc# and printing it
on a conputer screen in base 10 is as foll ows:

/1 Conment: (hbl = 4MSB and hb2 = 4LSB of the byte)
if (hbl > 9)

print("Disc #' + (16*hbl + hb2 - 54))
el se

print("Disc #' + (10*hbl + hb2))

<Track#>, <Length m n>, <Length sec>: Sinple BCD. Algorithmto print
in base 10 is as foll ows:

print( 10*hbl + hb2 )

Let's say that CD-1 is playing Disc 148, Track 3, which is 3m 48s
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long. The output fromthe player is (hex): 98 50 CA 03 03 48
Now for Disc 62, Track 14, which is 2m 14s long: 98 50 62 14 02 14

VWhen the unit is first given power, the following information is
gi ven:

- Power O f
-CD Model ldentifiers: <Disc Capacity> 0B

VWhen the On button is first pressed, the following information is
gi ven:

- Power On

-Retrieved (or Loaded) Disc Nunber <D sc#>

-Retrieved (or Loaded) Disc Nunber <D sc#>

-CD Model ldentifiers: <Disc Capacity> 0B

-Di spl aying on Front Panel the tine/track/menmo info for: <Disc#>
- Ready

The following commands are discovered by myself, using a gateway described later in this
document.

Commands (Byte 2)

08 = next track
09 = next track

20 = Display off
21 = Display on

25 = continous status output
26 = stop outputing status

2e = Power on
2f = Power off

Status (Byte 2)
OE = Power is Off
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The gateway

The gateway should fit the following requirements:

- Trandation from S-Link coding to standard 8bit characters (with start and stop bit) and
vice versa.

- Standalone operation without a PC. Status information from player are buffered, so the
host can request them at any time.

- Flexible host interface, RS232 and/or RS485

- S-Link isolated by opto couplers. This prevents noise from grounding loops between
audio equipment and PC.

- Supply from externel AC/DC adaptor.

My target system isa DS80520 uC from DALLAS Semiconductor. The DS87520 isa
powerful 8bit controller based on Intels 8051 core.

Features:
- 2 Full duplex seria ports
- 3 Timers 16bit
- 5 external interrupts
- Watchdog / Power on reset
+ 1kB SRAM on chip
- 16kB (E)PROM on chip

Concepts

Since the delimiter between any line low stateis
B merby teigratonry it NOTERE | constant, it is not necessary to detect falling and

e U, ML ¢ | rising edges. The delay between two rising edges
...................................... can be interpreted as Sync, Ones and Zeros,

£ |z o A delay of more than 2700uS (4.5 * 600uS) is

L i sl i | dways asynchronisation. Ones are longer than
g s oo fi ] | 1500uS and Zeros must have at least 900uS.

s it L. .. b e, | THE COUNt OF databits is always a multiple of 8. A
A - - T vioalation of thisrule indicates an error.

Cursor readings on waveform AE

ot ek e Lo S-Link has no bus arbitration logic. Messages can
600 .- remoTe] | be sent at any time by any participant. Bus
METER © ¥ EXTmy |collison may occur. Because thereis not much
traffic, this happens extremly rare. Checking the
receiver state immediately before starting a new
transmission prevents from collisionsin nearly all cases. Verification is the Job of the
application programm or the operator.
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Hardware

Datatransmission uses5V TTL levels.
An open collector output with an

optional pull up resistor isal you need to
send data over the S-Link. The |O stage
of the 87C520 fits this requirements Input |
directly. The same 10 could be used for
monitoring the line for receiving.

S-Link

Output

But why using 2 10 pins for input and output ? Opto couplers for isolating the S-Link from
supply and other links are working unidirectional. If your PC is grounded and the CD is
connected to an Amp which itself iswired to atuner with connection to an antenna
somewhere in town - then isolation might be a good idea.

Software

Sending and receiving from/to S-Link and RS232 is handled in interrupt service routines. The
S-Link receivers saves all incoming charactersin buffer. After atimeout (50mS) from the last
databit, aflag tells the main program that a message has arrived and is available in the input
buffer. The main program copies the buffer to the RS232 output queue und activates the
sender. Every data byte is sent as two nibblesin ASCII-HEX notation. Vaue 255 would be
sent as string ‘ FF'. Transmission string is terminated by a CR.

Communication in the other direction worksin asimilar manner. The RS232 receiver
(interrupt handler) reads a CR terminated ASCII-HEX string from the serial port, converts to
binary data, stores them in a buffer and informs the main program. The main program copies
the buffer to the S-Link output queue und activates the sender. 50mS after the last incoming
data bit from S-Link the sender starts transmission.
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/1 Aut hor
/1 Conpi l
/] Target

#pragma CODE DEBUG | NTVECTOR OBJECTEXTEND SYMBOLS CODE SMALL PL(10000) PW 120) ROM LARGE)

Rol f Ei genheer
Keil C51
DS87C520 @4, 7456MHz

er

#pragma NO NTPROMOTE

rol f _ei genheer @l uewi n. ch

#i ncl ude <ABSACC. H>

#i ncl ude <REG520. H>

#i ncl ude <CTYPE. >

#i ncl ude <I NTRI NS. H>

code char *Logol = "4-------------- PR
" SLINK "\
" Gat eway [ "\
"| RS232-Rs485 |" \
e +" 0\
" V0.10 | "\
"| Er /21.02.98 |" \
e "o

code char *L0go2 = "+4-------------- PR
| (c)1998|" \
"| Rol f Ei genheer|" \

\

"| CHB462 Rhei nau "
wy L oe T e Lo

/*****************************************************************************

PI N Definitionen

*****************************************************************************/

shit _LED1 = P170;

sbit _LED2 = P171;

shit RXD1 = P172;

shit TXD1 = P173;

shit | NT2 = P174,

shit _INT3 = P175;

shit | NT4 = P176;

shit _INT5 = P177,

shit RXDO = P370; /1 RS232 RxD use MAX233 to convert levels to +/ -12V
shit TXDO = P371; /1 RS233 Txd use MAX233 to convert levels to +/-12V
shit _INTO = P372;

shit _INT1 = P373;

shit SDA = P376;

shit SCL = P377,

#defi ne SW TCHES ~P2

#define _TXEN O TO

#defi ne SLI NKO_QUT | NT4 /1 Qutput to S-Link (use opto coupl ers)
#define SLINKO_IN [INTO // Inverted Input fromS-Link (use opto couplers)

/1 Inversion is necessary because IntO triggers on

/1 the falling edge. We are interested on S-Link
/1

ri sing edges.

| * fHHHHHHHHHHHHHH
T M G A G I G L A M G G R G L R g i |

code unsigned char Hex[0x10] = {0x30, 0x31, 0x32, 0x33, 0x34, 0x35, 0x36, 0x37,

0x38, 0x39, 0x41, 0x42, 0x43, 0x44, 0x45, 0x46} ;

/1 RS232 conmuni cation vari abl es
unsi gned char RxCount = O;
unsi gned char TxCount = O;
xdat a unsi gned char RxBuf[0x100];
xdat a unsi gned char TxBuf[0x100];

/1 S-Link communication vari abl es
unsi gned char InCount = O;
unsi gned char Qut Count = 0;
xdat a unsi gned char | nBuf[0x100];
xdat a unsi gned char CQut Buf[0x100];
bi t Start Sending = 0;
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/*****************************************************************************

I nt errupt handl er der Serieschnittstelle LoPrio
*****************************************************************************/

#pragma rb(1)

voi d Handl eLinkO () interrupt 4 using 1 { /* Handles Rx and Tx Interrupts */

u
static unsigned char RC = 0;
static unsigned char TC = 0;
static bit Rx2ndNi b = 0;
static bit Tx2ndNi b = 0;
if(_testhit (TI)) {
if(TC < TxCount) {
i f (Tx2ndNi b)
SBUF = Hex[ TxBuf [ TC++] & 0xOf]; /1 Send | ower Nibble
el se
SBUF = Hex[ TxBuf [TC] / 0x10]; /1 Send hi gher Nibble
Tx2ndNi b = ! Tx2ndNi b;
el se {
i f (TxCount)
SBUF = 0x0d;
Tx2ndN b = 0;
TC = 0;
TxCount = 0;
}
}
if(_testhit_(RI)) {
i f (SBUF == 0x0d) {
RxCount = RC,
Rx2ndNi b = 0;
RC = 0;
el se {
if(isxdigit(SBUF)) {
i f (Rx2ndNi b)
RxBuf [ RC++] | = toi nt (SBUF); /1 lower Nibble
el se
RxBuf [ RC] = toint(SBUF) * 0x10; /1 higher Nibble (first)
Rx2ndNi b = ! Rx2ndNi b;
}
}
}

}
voi d Handl eLinkl () interrupt 7 using 1 { /* Handles Rx and Tx Interrupts */
if(_testhit_(TI_1)) {
if(_testhit_ (R _1)) {
}
}
#pragma rb(0)

AR EEA R EER R EREEEEREREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEREE

LinkO IntrO Tiner0O Interupt H Prio
*****************************************************************************/
#define TSync 2950

#define TOne 1845

#define TZero 1110

#pragma rb(2)

unsi gned char Bit Mask = 0x80;
unsi gned char ByteCount = 0x00;
bi t Ti medCut = 0;
bi t Recei vi ng = 0;
bi t Sendi ng = 0;

ProcessMsg() {
i f(ByteCount && (BitMisk == 0x80)) {
I nCount = Byt eCount;

}
Byt eCount
Bi t Mask
}

0x00;
0x80;
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voi d Handl eSLi nkTi neQut ()

i f(!Sending) {
Ti medQut = 1;
ProcessMsg() ;
Recei vi ng
EXO

1;

|f('SLI NKO_OUT) {
SLINKO_QUT =
THO = OXFD;
TLO = Ox1D;

interrupt 1 using 2 { /1 tinerO

enabl e Recei ver

if was a data bit
GAP

600uS until overflow

}
el se if(StartSending) {

i f(SLINKO_I'N)
i f (SLINKO_IN)
i f (SLI NKO_I N)
i f(SLINKO_I'N)
i f(SLINKO_I'N)
SLI NKO_OuUT
THO

TLO

Byt eCount
Bi t Mask
Sendi ng

St ar t Sendi
EX0

r
r
r
r
r

>
«Q

}
el se if(Sending)
i f(ByteCount <
SLI NKO_QUT =
i f (Qut Buf [ Byt
THO OxXFA;
0x3C,

TLO

}
Bi t Mask >>= 1;

i f (Bit Mask

Bit Mask = 0

OxF4;
0x79;
0x00;
0x80;

eturn; Il if
eturn;
eturn;
eturn;
eturn;

0;

link is busy return

/1 Synchit

/1 2400uS until overflow

/1 disabl e Receiver

{QJt Count) {

0; /1 mark
eCount] & BitMask) {
/1 1200uS until

/Il if was Gap

overfl ow

/1 600uS until overflow

0x00) {
x80;

Byt eCount ++;

el se {
Byt eCount
Bi t Mask
Qut Count
Sendi ng
EXO0
}

}
}

voi d Handl eSLi nkl nt

unsigned int Tine
if(!Sending) {

TRO 0;
i f(1NTO)
i f (I NTO)
i f(1NTO)
i f (I NTO)
i f(1NTO)
if(Ti ITEdQJt
THO = TLO

Ti nEdOJt

Pr ocessMsg()
Receiving = 1;

0
0;

el se if(TinmerVa
THO = TLO
I nBuf [ Byt eCou

Bi t Mask >>= 1;

i f(BitMsk ==

Ti mer Val
return;
return;
return;
return;
return;

/1 enabl e Receiver

r ()
rval ;

interrupt 0 using 2 { /1 int0

= 0x100*THO + TLO; TRO = 1,

/1 return if only a spike

(Ti mer Val
x00; TFO

> TSync)) {
0;

/1 is Synchronisation

| > Tone) { /1 is bit One

= 0x00; TFO = O;

nt] | = BitMask;

0x00) {

Bi t Mask = 0x80;
Byt eCount ++;
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else if(TimerVal > TZero) { /1 is bit Zero
THO = TLO = 0x00; TFO = O;
I nBuf [ Byt eCount] &= ~Bit Mask;
Bi t Mask >>= 1;
if(BitMask == 0x00) {
Bi t Mask = 0x80;
Byt eCount ++;

#pragma rb(0)

AR EEA AR R R EREEEEREREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREE

Timer2 | nterupt LoPrio 0. 25n8

LEER AR R R EEEEEEEEEREEEREREEEEEEEEEEEEEREEEEEEEEEEEEREEEEEEREEEEEEEEEEY)

#pragma rb(1)

void Tiner2() interrupt 5 using 1 {
static unsigned int TCount = 0xO00;

TF2 = 0;

i f(++TCount >= 400) { /*100nS */
TCount = O;
_LED1 = ! _LEDI;
}

}

#pragma rb(0)

/*****************************************************************************

Initialisierung der Schnittstelle und der Tiner
*****************************************************************************/

voi d I nstall RS485(unsi gned char Reload, bit Bit9) {

TCON &= 0xOf; /* Stop TinmerO Tinmerl */
ES = 0; /* Disable Serial Interupt */
PCON &= Ox7f; /* Reset SMOD */
SCON = 0x40; /* Serial port Operating Mde */
SM = Bit9; /* 9bit */
sw = 0;
B8 = O;
REN = 1; /* Enabl e RS232 Receiver */
PS = 0; /* RS232 low Priority */
ES = 1; /* Enabl e RS232 Interupt */
ES 1 = 0; /* Disable Serial Interupt */
WDCON &= Ox7f; /* Reset SMOD 1 */
SCON1 = 0x40; /* Serial port Operating Mde */
SMD_1 = Bit9; /* 9bit */
SM_1 = O0;
TB8_1 = O;
REN 1 = 1; /* Enabl e RS232 Receiver */
PS 1 =0 /* RS232 low Priority */
ES 1 =1, /* Enabl e RS232 Interupt */
ETO = 0; /* Disable TinmerO Interupt */
ET1 = 0; /* Disable Tinerl Interupt */
TMOD = 0x21; /* TimerO 16Bit - Tinmerl Auto-Rel oad */
TH1 = TL1 = Rel oad; /* Rel oad-Value Tinmerl */
THO = TLO = 0xO00; /* Reset TimerO */
PTO = O; /* TimerO low Priority */
PT1 = 0; /* Timerl low Priority */
TRO = 1; /* Start TimerO (free running 16bit) */
TR1 = 1; /* Start Timerl (Baud Rate Generator) */
}
void Install SLink() {
PX0 = 1; /* ExtO High Priority */
1TO = 1; /* ExtO Edge Triggered */
EX0 = 1; /* aktiviere ExtIntO */
PTO = O; /* TimerO low Priority */
ETO = 1; /* Enable TinmerO Interupt */
TRO = 1; /* Start TimerO (free running 16bit) */
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unsigned int Install Tinmer(float fosz, float interval) { /* Installs a periodic Interrupt
*/

unsi gned int rel oad;

reload = (Oxffff - (interval * (fosz /12)));

RCAP2L = rel oad;
RCAP2H = rel oad >> 0x08;
T2CON = 0x04;
PT2 = 0;
ET2 = 1;
return(rel oad);
}
#def i ne ENABLERTCLK ET2 = 1;
#define DI SABLERTCLK ET2 = 0;

AR R R R EREEEEREREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREE

Al | genei ne Funktionen

LR R R R EEEEEEEEEREEEREEEEEEEEEEEEEEEREEEEEEEEEEEEEREEEEEEREEEEEEEEEEY)

voi d Swit chOnChi pRAM bit On)

PVMR &= ~DME]D, /* 0400H FFFF EXTERN */
if(On)

PMR | = DMEO; /* 0000H O3FF | NTERN */
el se

PVR &= ~DMEO; /* 0000H O3FF EXTERN */
}

void SwitchALE(bit On) {

if(On)

PMR &= ~ALECFF;
el se

PMR | = ALECFF;

#pragma Dl SABLE
voi d I nitWat chdog() { /* ca. 500nS Timeout */

CKCON | = WD1;
CKCON &= ~WDO;
TA = Oxaa;
TA = 0x55;
RWI = 1;

TA = Oxaa;
TA = 0x55;
EWr = 1;

}

#pragma Dl SABLE
voi d WDTri gger() {

TA = Oxaa;

TA = 0x55;

RWI = 1;

}
2

voi d Del aylOuS (unsigned int DTine) { /* 10uS Delay bei 14.xxMiz */
whi | e(DTime--) {

_nop_(); _nop_(); _nop_();
_nop_(); _nop_(); _nop_();
_nop_(); _nop_(); _nop_();
_nop_(); _nop_(); _nop_();
_nop_(); _nop_(); _nop_();
_nop_(); _nop_(); _nop_();
_nop_(); _nop_(); _nop_();
_nop_(); _nop_(); _nop_();

}

voi d Del aylnS (unsigned int DTine) {
whi | e(DTi me--) {
WDTr i gger () ;
Del ay10uS(100);
}
}
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| M G A G I A G L A B M B g
HHHHHHHHHHHHHHHHHHHHHHHH A |

Reset () {
Swi t chALE(0) ;
Swi t chOnChi pRAM 1) ;
I ni t Wat chdog() ;
I nstal | RS485(0xff, 0);

I nstal | Ti mer(14. 7456e6, 0. 25e- 3) ; /* 0.25n6 */
I nstal I SLi nk();
EA = 1;
}
mai n() {
Reset () ;
while(1l) {
WDTr i gger () ;
i f(RxCount) {
Qut Count = 0;
whi | e(RxCount --) {
Qut Buf [ Qut Count] = RxBuf[ Qut Count];
Qut Count ++;
}
RxCount = 0;
Start Sendi ng = 1;
}
if(InCount) {
TxCount = O;
whi | e(I nCount--) {
TxBuf [ TxCount] = I nBuf[ TxCount];
TxCount ++;
}
I nCount = 0
TI =1,
}
}

}



