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DECODER FOR COMPACT DISC DIGITAL AUDIO SYSTEM

GENERAL DESCRIPTIGN

The SAAT210 incorporates the functions of demadulator, subcoding processar, error corrector and
concealment in one chip. The device accepts data from the disc and outputs serial data directly 1o a
dual 16-bit digitai-to-analague converter TDA1641 (DAC) via the inter IC signal bus {178). The i*8
output can also be fed via the stereo interpolating digital filter SAA7220 which provides additional
conceatment plus over-sampling digital filtering. For descriptive purposes, the SAAT210 is referred to
as the A<hip and the SAA7220 as the B-chip.

Faatures

Adsptive slicer with high-frequency level detector for input data

Built-in drop-out detectoer ta prevent error propagatian in adaptive slicer
Fully protected timing synchronization to incoming data
Eight-to-Fourtean Modulation {EFM] decoding

Cross-Interleaved Reed-Solomon Code (CIRC) used for error correction system
Subcoding microprocessor handshaking protocol

Motar speed control logic which stabilizes the input data rate

Error flag processing to identify unreliable duta

Concealment to replace uncorrectable data

125 bus for data exchange between A-chip, 8-chip and DAC
Bidirectional data bus to external RAM [18 K x 4 bits)

OQUICK REFERENCE DATA

Supply voltage {pin 40} Vop typ. 5V
Supply current ipin 40} ipn typ. 200 mA
Data slicer input voitage range Vip-pl 0,26t0 25 V
Oscillator operating frequency

XTAL fxTaL e 11,2896 MHz

VCO fyco  typ.  B.B436 MHz
Maximum output current (each output] Ta) max. 10 mA
Operating ambient temperature range Tamb —20ta +70 °C

PACKAGE OUTLINE
404ead OIL; plastic (30T-129}.
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Fig. 2 Pinning diagram; for pin functions see next page.
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Pin functions

pin no. mnemenic
1-8 AD-AT
] RAS

10 R/W

1 MUTE

12-14 D1-D3

15 CAS

16 D4

17 MSC

18 XTALZ2

19 XTAL1

20 Vgg

21 VBB

22 PDOC

23 Iref

24 FB

25 HF{

26 HFD

soumarss | PHILIPS

description
Address: address outputs to external RAM.

Row Address Select: output ta external RAM {4418} which uses multiplexad
address inputs.

Read/Writs: output signal to external RAM.

Muta: input from the microprocessor, When miite is LOW the data output
CAAS (pin 37) is attenuated to zero in 15 successive divide-by-2 steps. On
the rising edge of mute the data output is incremeantad to the first "goad”
value in 2 steps. This input has an internal pull-up of 50 k&3 [typ.).

Data: data inputs/outputs o external RAM,
Colurmn Addrass Selact: outputl signal 1o external RAM,
Data: data input/output 1o sxternal RAM.

Motor Speed Control; open drain output which provides a pulse width
modutated signal with a pulse rate of 88 kHz 10 control the rate of data
entry. Tha duty factor varies from 1,6% 1o D8,4% in 62 steps.

When a motor-start signa! is detected via pin 33 {SWAB/SSMY the duty
factor i forced to 98,4% for 0,2 seconds foliowed by a normal calculated
signal. After a motor-stop signal is detected the duty factor is forced to
1,6% for 0,2 seconds, followed by a contincus 50% duty factor.

Crystal ascillator output: drive output to clock crystal (11,2866 MHz typ.}.
Crystal oscillator input: input from crystat cscillator-or slave clock.
Ground: circuit earth potential.

Back Bias supply voltage: back bias output voltage —26 Vv £20%}. The
internal back bias generator can be decoupled at this pln.

Phase Detector output/Oscillator Control input: cutputs of the frequency
detectar and phase detector are summed internally, then filtered at this
pin to provide the frequency eantral signal for the VCO,

Current referenca: external reference input ta the phase detector, This
input is required 1o minimize the spread in the charge pump output of
the phase detector, An internal clamp prevents the vo!tage on this pin
rising above 3,6 V.

Feadback: output from the input data slicer. This cutput is a gurrent
source of 100 p& {typ.) which changes polarity when the lavel detector
input at pin 25 {HF 1] rises above the threshold voltage of 2 V {typ.}.

When a data run length viclation is detected {e.g. during drop-out), or when
HFC (pin 26) is LOW, this output goes 10 high impedance state.

High-Frequency Input: level detector input to the data slicer. A differential
signal of between D,25and 25 V (peak-to-peak value) is required to drive
the data slicer correctly, When a Tnax violation is detectad or when HFD
is LOW, this input is biased dirgctly to its threshold voltage.

High-Frequency Detector: when HIGH this input signal enables the freguen-
cy and phase detector inputs, also the feedback output {FB) from the data
slicer.

An internal voltage clamp of 3 V {typ.} requires the HFD input to be fed
via a high impedance, This input has an internal puit-up of 50 k§ (typ.).
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pin no. mnemoniec description

27 CEFM Ciock Eight-to-Fourtasn Modulation: demodulator clock output 4,3218 MHz
{typ.}.

28 Ri Counter Reset lnhibit: when LOW this Input signal ailows the divide-by-588

master counter in the DEMOD timing te run-free. This input has an internal
puli-up of 50 k& {typ.).

20 QDATA Q-channel Data: thls subcoding cutput is parity checked and changes in
response to the Q-channel cleck input {see subcoding microprocessor
handshaking protocol).

30 QRA Q-channel Requast input/Acknowledga output: the output has an internal
puli-up of neminally 10 kLl. (s2e subcoding microprocesser handshaking
pratocoll.

KN acL Q-channek Cloek: clock input generated by the micro-processor when it
detects 2 QRA LOW signal.

32 DEEM De-emphasis:signal derived from one bit of the parity-checked Q-channel
and fed out via the debounce circuit.

33 SWAB/SSM  Subcoding Word clock output & Start/Stop Motor input: open drain cutput

which is sensed during each HIGH perlod and if externally forced LOW a
motor-stop condition will be decoded and fed to the motor cantrol logic
cirouit,

34 SDAB Subcoding Data: a 10-bit burst of data, including flags and sync hizs, is
output serially to the B-chip once per frame clocked by burst elock output
SCAB [see Fig. 4}. _

a5 SCAB Subcoding Clack: a 10-bit burst clock 2,8224 MHz (typ.) output which i3
used 1o synchronize the subcoding data,

36 EFAS Errar Flag: output fram interpolation and mute circuit to Bchip indicating
unreliable data.
37 DAAB Data: this cutput which is fed to the Bchip or DAC, together with 18

clock {CLAB) and word select {(WSAB) outputs, conforms 1o the 1?5 bus
format (see Fig. bl

38 CLAB Clock: output to Bchlp or DACG.
35 WSAB Waord Select: cutput to B-chip or DAC.
40 VoD Powar Supply: positive supply voltage{+ 5 V1.

Mote to the pin functions

The pin sequence of the address cutputs (AD-AT7} and the data outputs {D1-04} has been selected to
be compatible with varieus dynamic 18 K x 4-bit AAMs Including the 4416,

A PHILIPS ][ e
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FUNCTIONAL DESCRIPTION

Damodulation

Data read fram the disc is amplified and filtered externally and then converted into a clean digita
signal by the data slicer. The data slicer is an adaptive leve! detector which relies on the nature of the
eight-to-fourteen madulation system (EFM) to determine the optimum slicing level, When a signai
drop-out is detected (via the HFD input, or internally when a data run length violation is detected) the
feedback [FB} to the data slicer is disabled 1o stop drift of the slizing level.

Two freguency detectars, & phase detector and a voltage-controlled osciltator {VCO) form an internal
phase-lock loop {PLL) system, The voltage-controlled oscillator {VCO) runs at twice the input data
rate (typicaliy at 8,6436 MHz}, its frequency being dependant on the voltage at pin 22 (PR/OC). One
of the frequency detectors compares the VCO frequency with that of the crysta! clock to provide
coarse frequency-control signals which puli tha VCO to within the capture range of fine frequency
control. Signa's for fine frequency control are provided by the second frequency detector which uses
data run length violations to pul) the VCO within the capture range of the PLL. When the system is
phase-locked the frequency detector cutput stage is disabled via a lock indication signal. The VCO
output is divided by two to. provide the main demodulator clock signal which is compared with the
incoming data in the phase detector. The cutput of the phase detector, which is combined internaily
with the frequency detector outputs at pin 27 [PR/OCY, is a positive and negative current pulse with
a net charge that Is dependent on the phase errer. The current amplituce is determined by the current
source connected to pin 23 {{ref).

The demodulatar uses a double 1iming system to protect the EFM decoder from erroneous sync
patterns in the data. The protected divide-by-B88 master counter 15 reset anly it a sync paltern occurs
gxactly one frams after a previous sync paitern {sync coingidence] or if the new sync pattern QOCUTS
within a safe window determined by the divide-by-588 master counter. if track Jumping occurg the
divide-by-588 master counter is allowed to free-run to minimize interfarence to the motor speed
cantrobler : this is achieved by taking the CRI input Ipin 28] LOW 10 inhibit the reset signal,

The syne coincidence pulss is also used 1o reset the lock indication counter and disabte the cutput
fram the fine frequency detecter, If the system goes out of lock, the sync pulses cease and the lock
indication counter counts frame periods, After 63 frame periods with na sync coincidence puise, the
lock indication counter enables the freguency detector output.

Tha EFM decader converts each symbol (14 bits of disc data + 3 merging bits} into one of 256 B-bit
digital words which are then passed across the clock interface to the subcoding section, An additional
output from the decader senses one of two extra symbo! patterns which indicate a suhcoding frame
syne. This signal together with a data strobe and two error flags are also passed across the clock
interface. The error flags are derived from the HFD input and from detected run length vialations.

i- 1 Frame = 588 channsl blis -1

SYHE 1c§[‘,‘&ﬁl5*1"-‘°‘l 2 l 3 | L I} ﬂ 7 l 28 l 29 E 30 1 3 l 32 £ SYKE ““""S‘:"i 1
leemot of wubcoding of dato

formal of sync pailern - 23 channdl hita
symbol = 17 chonnel bits

11 chgnpel bits 1 channel bita I | | i 11{2{3lﬁ‘5‘E1T|319llﬂlﬁli2113\1ﬁl l. 1 j
p may be inetricg - -l ITJ"-J L-———N. it EF#4 Wurd———-l-—!ﬂ"’ll

4] = merging ond low trequency fuppiession bits. TLMHOE

Fig. 3 Data input signal.
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FUNCTIONAL DESCRIPTION {continued}

Subcoding
The subcoding section has four maln functions

# QO-channel processor
» De-emgphasis output
» Pause {P-bit) output
e Serial subcoding output to B-chip

The (1-channel processor accumulates a subceding word of 98 pits from the Q-bit of successive sub-
goding symbols, performs a eyclic redundancy check {CRC) using 16 bits and then outputs 1he
reraining 80 bits to a microprecessor on an external clock. The da-emphasis signal {DEE MY} is derived
from one bit of the CRCchecked O-channel. The DEEM output {pin 32} is additionally protected by 2
debounce circuit.

The P-bit from the subcoding symbal, also protected by a debounce circuit, is output via the serial
subcoding signal {SDAB} at pin 34. The protected timing used for the EFM decoder makes this output
unreliable during track jumping.

The serial output to the B-chip consists of a burst of 10 bits af data clocked by a burst clock {SCAB).

The 10 bits are made up from subcoding signai bits O to W, the Q-channel parity check flag, a demo-
dulator error flag and the subcoding sync signal. At the end of the clock burst this output dalivers the

f_[ debounced P-bit signal which can be read extarnally on the rising edge of SWAR at pin 33 [see Fig. 4).
o

a
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Fig. 4 Typical subceding waveform outputs.

Fre-FIFO

The 10 bits {8 bits of symbol data + 2 errar flag bits) which are passed from the dernodulator across
the clack intarface to the subcoding section are also fed to the pre-FIFO with the addition af two
timing signals. These two timing signals indicate:

(1) That & new data symbol is valid
{2} Whether the new data symbol is the first symbol of a frame

The pre-FLFO stores up 10 4 symbols {including flags) and acts as a time huffer betwean data input
and data output. Data passes into tha pre-FIFO at the rate of 32 symbols per demodulator frame and
the symbals are calied from the pre-FIFQ into AAM storage at the rate of 32 symbols par error-
correction frame. The timing, organized hy the master controller, 2llows up to 40 attempts 10 write
32 symbols inte the RAM per error-correction frama. The B extra attempts allow for transient changes

In clock frequency {e.g. pitch cantroll.
pH l LI ps w (Sepwmber 1085 7
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pata control

This section controls the flow of data between the external RAM and the error corrector. Each symbol
' of data passes through the grror corrector two times (correction processes C1 and C2] before entering

the concealment section.

The RAM interface uses the full erystal frequency of 11,2 MHz to determine the AAM access wave-
forms (the main clock for the system is 5,6 MHz}. One RAM access IREAD or WRITE) uses 12 crystal
clack cycles which is approximately 1 us. The timing {see Fig. 6) is based upen the spacification for
the dynamic 16 K x 4-bit RAM (4418). This RAM requires multiplexed address signals and therefore,
in each access cycle, a row address (RAS pin8) s st up first and then three 4-bit nibbles are accessed
using sequentizl column addresses (CAS pin 15}, As only 10 bits are used for ¢ach symbal {including
flags), the fourth nibble is not accessible,

There are 4 different modes of RAM access:

= WHRITE1
+« READ1
s WRITE 2
@ READ?

During WRITE 1, data is taken from pre-FIFD at reqular intervals and written into one half of the
fRAM. This half of the RAM acts as the main FIFO and has a capacity of up 1o 84 frames. Curing
READ 1, the 32 symbecls of the next frame due out are read from the FIFQ. The numerical difference
betwesn the WRITE 1 and READ 1 addresses is used to controi the-speed of tha disc drive motor.

When a frame of data has been read from the FIFO it is stored in a buffer RAM until 't can be accepted
by the CIRC error correction system. At this time the error correcting strategy of the CIRC decoder
for the frame is determined by tha flag processer. The frame for correction is then joaded into the
deceder one symbel st a time and the 32 symbats fram the previous correction are returned to the
buffer RAM. :

After the first correction (C1), only 28 of the symbols are required per frame, The symbaols are stored
in the buffer RAM together with new flags generated after the correction cycie by the flag updating
lagic. This partially-carrected frame is then passed 1o the external RAM by a WRITE 2 instruction.
The de-interleaving process is carried out during this second passage through the externat RAM, The
WRITE 2 and READ 2 addresses for each symbal provide the correct delay of 108 frames for the
tirst symbol and zero delay for the fast symbol.

After execution of the READ 2 instruction, the frame of 28 symbols is again stored in the buffer RAM
pending readiness of the CIRC decader and calculation of decoding strategy, Following the second
correction (C2), 24 symbols including unreliable data flags (URD) are stored in the buffer RAM apd
then output 10 the concealment section at regular intervals.

Flag procassing
Fliag processing is carried out in two parts as follows:

» Fiag strategy logic

® Fiag updating logic.

While a frame of data from the external memory |s being written into the buffer RAM, the error fiags
associated with that frame are countad. Twoe bits are used for the flags, thus 'good ' data {flags = 00)
and three levels of error can be indicated.

The optimum strategy to be used by the CIRC error corrector is determined by the 2-bit flag infarma-
tion used by the flag strategy logic ROM in conjunction with its associated arithmetic unit {ALU}. The
flags for the C1 carrection are generated in the demodulator and are based on detected signal drop-outs
and data run length violations. Updating of the flags after C1 is dependent on the CiRC decoder correc-
tion of that frame. The updated ftags are used 10 determine the C2 strategy, After C2 correcticn a single
flag {URDY} is generated to accompany the data [nto the concealment section.

- sos | PHILIPS =
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FUNCTIOMNAL DESCRIPTION (continued)

C1RC Decnding

Data on 1he compact disc (s encoded according to a cross-interleaved Reed-Solomon cade (CIRC) and
this decoder explaits fully the error-correction capabilities of the code.

Decading is performed in two cycles and in each cycle the CIRC decoder carrects data in accordance
with the following fermuia:

2t+e=4
Where:

e = the humber of erasures {erroneous symbols whose position is known),
t = altowed number of additionsl failures which the decoder program bas to find.

The flag processor points to the erasure symbals and tells the CIRC decoder how many additional
tailures are allowed. |f the error corrector is presented with mere than the maximum it will stop and
flag ali symbals as unreliabla.

The CIRC decader is comprised of two sections:

Syndrome formation

Four carrection syndromes are calculated while the frame of data is being written into a symbol
memory. From thase syndrares errors can be detected and corrected.

Microcoded corraction processing

The processor uses an Arithmetic Logic Unit {ALU) which inclides a multiplier based on legarithms,
The carrection algorithm follows the microcode program stored in a ROM.

Congcealment

This section cambines 8-bit data symbols into left and right sterec channels. Each channel has a 16-bit
capacity and helds 1wo symbols {a stereo sample). Tha channels operate independently. A concealment
operation is performed when a URD flag accompanies either symbol in a stereo samgle. If asingle
erroneous sample is flagged between two "good * samples then finear interpolation is used to replace
the erroneaus value. |f two or more successive samples are flagged, a sample and hold is applied and

the last of 1he erroneous samples is interpolated to a valug between that of the hold and that of the
following ‘good ' sample.

If MUTE is requested, the data in each channel is attgnuated to zero in 15 successive dlvide-by-two
steps. At the end of a mute perfod the output Is incremented to the first ‘goad 'value in two steps
using the interpolator.

All erroneous data supplied 1o the concealment section continues to be flagged when it is output to
the B-chip where it receives additional and more efficient concealmant.

Mator speed control {see Fig. 7)

The motor speed control (MSC) output from pin 17 is a pulse-width modulated signal. The duty factor
of the pulse width modulation is calculated from the difference in numerlcal value between the
WRITE 1 and READ 1 acdresses, the difference being nominally half of the FIFQ space. The calcula-
tion is performed ai a rate of 88,2 kHz.

The duty factor of MSC varies in 62 steps from 1,6% (FIFO full) 10 98,4% (FIFO empty }. When a
motor-start signal is detected {via SWAR/SSM) the duty factor is forced to 98,4% for 0,2 secands fol-
lowed by a normal, calculated signal. After a motor-stop signal is detected the duty factar is forced to
1,6% for 0,2 seconds followed by a continuous 50% duty factor, A change in mater startfstop status

oceurring within the 0,2 second pericds overrides the previous condition and resets the data control
umer.

o someen |( PHILIPS £
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Fig. 7 Motor speed control,

Limiting values in accardance with the Absolute Maxirnum System (IEC 134)

Supply voltage range {pin 40) VoD —0b6t0+7,0V
Maximum input voltage range vy —05teVpp +056 V
Input current (pin 23) I max, B mA
Maximum output voltage range (pin 17, 33} Vo ~051t0+7,0 ¥V
Output current [each output} lg max. 10 mA
Starage termperature range Tstg ~B5 1o +125 0
QOperating ambient temperature range Tamh —20to +30 ©C
Electrostatic handling * Vag ~1000 to +1000 V

* Equivalent to discharging a 100 pF capacitor through a 1,5 k& series resistar with a rise time of

18 ns.
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CHARACTERISTICS

vpp=451055V,; Vg =0V Tamb ™ —72 to +70 0 unless otherwise specified

pararr;l.;.g symbol min. Ve, max. unit
Supply
Supply voltage (pin 40} VoD 4,5 5,0 5,5 Vv
Supply current (pin A0} oD — 200 thf mda,
Inputs
21-04, QCL
input voltage LOW ViIL 0,3 - +0.8 v
Input voltage HIGH Vi 20 - |Vop +05 v
Input leakage current AN — - 10 A
Input capacitance Cy - —_ 7 pF
MUTE, CRI
Input voltage LOW VL —,3 - +0,8 W
Input voltage HIGH ViH 2,0 - |vop+05 W
\nternal puli-up impedance

atVy=0V 1211 tht 80 1bf k2
Input capacitance C - s 7 pF
QRA, SWAB
input voltage LOW ViL -0.3 - +0,8 v
Input voltage HIGH ViH 2,0 — |vpp+0b v
Input capacitance Cl - — 7 pF
internal putl-up impedance

atvy =0V 1Z1 5 10 - ket
HFD
Input voltage LOW ViL 0,3 - +0,8 )
Input voltage HIGH ViH 2,0 - clamped v
input clamping voltage

gt tp =100 uA VoL - 3 - V
Input source current tig - - 100 pA
Input capacitance Ci - — 7 pF
Internal pull-up impedance

atVy=0V 1Zy1 - 50 - kn_J

12 September 1985\ (
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DEVELOPMENT DATA

parameter symbol min. typ. max. unit

Qutputs

A1-A8, R/W, D1-D4, TAS, RAS, CEFM,
QDATA, DEEM, SDAB, SCAB, EFAB,
DAAB, CLAB, WSAB

Qutput voltage LOW

at —lgL = 1.8 mA VoL 0 - 0.4 v
Qutput voltage HIGH '

at lgy = 0,2 mA VoH 24 - VoD v
Load capacitance CL - - 5O pF

MSC (open drain)

Qutput voltage LOW
at =lpL=1ma VoL 0 - 0,2 v

Load capacitance L - - 50 pF
SWAR, QRA (open drain)

Output voitags LOW .
at —lpL =16 mA VoL 0 - 0.4 v

Load capacitance €L - — 50 pF
Interna! load resistance Ry 5 - - k&2
ANALOGUE CIRCUITS
Data slicer
Input HFI -
4.0, input voltage range
{peak-to-peak value) . Vi{p-pl 0,25 - 25 v
Input impedance :
normal [HFD HIGH) 121 1bf - 1bi kL2
disabled {(HFO LOW) iz thf — tif ki
input capacitance Gy - - 7 ef
Cutput FB
Output current
atVpp =2V Te) tbt 100 b A

Phase detector
Qutput PB/OC

Qutput impedance 12} - thf - kil
Contro! range {note 1) o +2,1 - - rad
Gain factor G - thf - mA/frad
Input lref

Input reference current Iref - 00 tbf pA

PHILIPS W( e
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CHARACTERISTICS

parameter symbel min. p max.| unit

Fine fraquency detector
Output PD/OC
Output impedance Zol - 2 - kE2

Cosrss fraquengy detecror
Qutput PU/OC {note 2} _
Output impedance 1Zol - 1 — kil

Voltage controlied oseillator
Input PD/OC
Osciliator constant Kansc — bt — | MHzV

Crystal osciltator

Input XTALIL
Output ATALZ
Mutual conductance at 100 kHz Gm 15 — ~ | m5
small signal valtage gain

{Gy=Gm x Ro! Gy 35 - — | VWV
input capacitance C) — — 10 |uF
Feedback capacitance Crg - - & | pF
Qutput capacitante Co - — 10 | pF
{nput {eakage current x| - - 10 | pA

Slave ciock mode

Input voltage (peak-1o-peak valug) Vi{p-p) 1.6 — Wpp+085 |V
Input voltage LOW ViL 0,3 — 08 |V
Input voltage HIGH VY 24 —Vop+ 06 |V
Input rise time {note 3) ir - — 20 | hns
Input fall time {note 3) 3 - - 20 | ns
taput HIGH time at 1,2 V
(relative to clock period} THIGH 35 - 65 [ % J
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CHARACTERISTICS {continued}

paramater symbol min. typ. max.| unit
TIMING
Operating frequency {XTAL) fXTAL 10,16 |11,2896 12,42 | MHz
Qperating frequency Vo)
coarse fraquency detector Inactive fy o fuTAL/Z 86435 | fxTAL | MHz
no input pin 25 (HF1} fvcoz 4 - 15 | MHz

Outputs (see Figs. 8 and 8)
CEFM inote 4}

Qutput rise time ty - - 20 | ns
Qutput fall timea t§ - — 20 |ns
Dutput HIGH time THIGH 50 - — | ns

DAAB, CLAR, WSAB, EFAB (note 4]
{data to B-chip; 1} S format}

Dutput rise time tr - - 20 | ns
E Quiput fall time 1f - - 20 | ns
(a’ DAAB, WSAB, EFAB 1o CLAB
E Data set-up time 151 DAT 100 - _ |ns
= CLAR to DAAR, WSAB, EFAB
g Data hold time tHD; DAT 100 — — | ns
& SDAB, SCAB, DEEM {note 1)
o] {subcoding outputs}
Qutput rise tlme I — — 20 | ns
Quiput fali time Yy = - 20 | ms
SDAB to SCAB
Subcoding data set-up time 15U SDAT 100 — — | ns
SCAB to SDAB
Subceding data hold time tHD; SDAT 100 - — [ ns
SWAB (note 4)
Qutput riss time tr - - 1 {ps
- Cutpot fatl fime tf — — 100 | ns
Output duty factor - 50 - |%
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CHARACTERISTICS {continued)

pararmeter symbol min. typ. max.} unit
Q-channal 1/O {sae Figs. 12 and 13)
QR&, QCL, GDATA
Access time {nate 5)

normal mode tACC: N 0 ~ i 131'3,; ms

refresh mode tacc: F 13,3 = | nx133 | ms
QCL 1o QRA acknowledge delay tDACK — - BOC | ns
QCL to QRA requast hold time tHD: R 500 - - | ns
QCL clogk input LOW time 1CK: LOW 500 — — ing
QcL clock input HIGH time 1CK: HIGH 500 - — |ns
QCL to QDATA delay time oD — - 500 | ns
Deta hold time before

new frame is accessed tHD: ACC 2.3 g - | ms
Acknowledge time tACK - — 10,8 | ms

MNotes to the characteristics

XTAL

f
2. Coarse frequency detector output PD/OC active for VCO frequencies > fTA and <

3. Aeference levels =1V and 2,4 V.
4. Qutput rise and fall timas measured with load capacitance {C| ) = 50 pF.
5. O-channel aceess times depandent on cyclic redundancy check (CRC).
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DEVELLOPMENT DATA

CLAR

DAAE
WgaB
EFAB

T2a0807

SCAB

SDAB F
=1 L

Swag

1y tr 7200604

Fig. 9 Typical subcoding data output waveforms: reference tavels for SCAB and SDAB = 0,8 V and 20V,
refarsnce tevels for SWAB = 0,8 V and 40 V.-
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APPLICATION INFORMATION

EFM Encoding system

The Eight-to-Fourteen Modulation (EFM] code used in the Compact Disc Digital Audio system is
designed to restrict the bandwidth of the data on the disc and 10 presenta d.c. free signal 16 the demodu-
lator. In this modutation system the data run ength between transitions is 3 3 clock periods and

< 11 clock periods. The number of bits par symba! is 17, Including three merging and low frequency
suppression bits which also assist in the removal of the d.c. content.

The conversion from 8-bit, non-return-10-2ero (NRZ} symbols to equivalent 14-bit code words i
shown in Table 2. C1 is the first bit of a 14-bit code word read from the disc and D1 is the Most
Significant Bit {MS8) of the data sent to the error corrector. The 14-bit code words are given in NRZ-
representation in which a logic 1 means a transition at tha beginping of that bit from HIGH-to-LOW
or LOW-to-HIGH (see Fig. 101,

CORED NRZ-1 01&010001000001{]000

DECODED EQUIVALENT

— —_——
e . et

-y

CR

170500

Fig. 10 Non Rewrn to Zero (N RZ) represaniation.

The cades shown in Table 2 cover the normal 256 possibilities for an B-bit data symbal. There are other
combinations of 14-bit codes which, although they obey the EFM rules for maximum and minimum
run iength {Tmax, Tminl. produce unspecified data cutput symbols. Two of these extra codes are used
1n the subcoding data to defing a subcoding frame sync and are as shown in Tabie 1.

Table 1 Codes used to define subcoding frame sync

B-bit NRZ dat

a symbal 14-pit aquivaient code word

[ |
| I
T U T !

| i l i i q 1 .|— ‘ ...[-........_.i..__.uLL.....—.-.1_......].__““.L..._.-.-. mrmmr—- -t .{L
! mlnzqm'mI o5 |081 D708 |Gt ich 3 1C4 1CB lCﬁIC’!‘ ca| €8 €10 |C11 c121c13jci4
...._.___.+...--.1.......1_____1........ . I - . .,_“-i.. - .....1.__,...};-... ¥ I-"' b : ...._..__-_.....-+- ————a _._-1
! x{uiuﬁih SERE 01011'o!n{uioio‘loiulu.ninhm 5
} xtalolatadajoln 0|0i01°L0'ﬂ|01010t150101110 !
| Jfl‘. R S . P R T 0 W B A T NN R A
ll plalrls | T UV W

Where: X = don't care state.

Whan 3 subcoding frame sync is detected the P-bit (Pause-hit) of the data is ignored by the debounce
circuitry. The remaining bits {Q to W) are not specified in the system but always appear at the serial
output as shown in Table 1.
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APPLICATION INFORMATION icontinued)

Subcoding microprocessor handshaking protocol (see Figs. 11, 12 and 13)
The QRA line is normally held LOW by the microprocessor.

When the microprocassor needs data {flaquest) it releases the QAA line and allows it to be pulled HIGH
hy the pull-up resistor in the SAAY210. '

The SAAT210 is continuously celiecting Q<hannel data and when it detects that QRA is HIGH it holds
the first frame of O-channel data for which the Cyclic Redundancy Check (CRCY is 'good’. Then the
SAA7210 pulls ORA LOW to tell the microprocessor that the data is ready {Acknowledge} and enables
the QDATA output.

When the micropracessor detects 8 QRA LOW signal it generates a cleck signal {QCL) to shift the data
aut from tha SAA7210 to the micraoprocessor vig the QDATA output. The first negative edge of QGL
alsa resets the acknowledge signal and thus releases the QRA line.

As 5000 as the microprocessor has recelved sufficient data inot necessarily BO bits} it pulls the QRA
line LOW again. The SAA7210 now disablas the ODATA autput and resumes collecting new Q-channel
data. :

if the microprocessor does not generate a QCL signal within 10,8 ms from the start of the acknowledge
{QRA LOW}, the SAAT7210 resats the acknowledge signal and aliows the QRA line to go HIGH again.
Tha micraprocessor still has 2,3 ms to accept the data, which allows far a long propagation delay in
the microprecessor. After a further 13,33 ms the SAAT210 will have received a new frame of Q-chan-
nel data and, provided the CRC is 'good’, will give a fresh acknowlsdge signal. This refreshing process
is repeated until the micraprocessor aceepts the data or stops the request.

When the microprocessor has a requirement te hotd the data for a long period before acceptance, it
prevents the refreshing process by setting OCL LOW after any acknow!edge signal.

MICROPAOGESSOR 1 saa7210
_<} aaa 30 _ %
DATA HEQUEST ———ii IEF__H ACKNOWLEDGE
e QDATA - 2g \[ﬂ_—:mm
ENABLE

.
D o LI D——-F—cmcu:

T2E0&10

Fig. 11 Microproceszor handshaking protocal.
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DEVELOPMENT DATA

A ———

DATA REQUEST
{FilCcroprocessor

internai slgnal) — L— 4o R

ACKNOWLEDGE
(SAATING
Intarnel ssgnnu

S o wa |

ok Low  1CK; HIGH

-

-+! I--'l::c;-
! ¥ ]
BDATA hlgh impedance \,‘ a aa'..a high impedanca
T2a0811

Fig. 12 Q-channel timing wavefarms {normal modal.

1
I

1

]

1

1

QcL !
|

'.

1

]

]

A —— —

DATA REQUEST
{microprocassar
Internal signal)

ACKNOWLEQGE
[(SAATZ1D

internal signat ’ AGCESS FRAME REFRESH FRAME

"'I Pelanc N — tacc:f

o [T T

o tacx —_ ~—iuD; acC

o i
apn ————{ o (o Yarfool Ao

Ihis will repasl
unlil GCL goas LOW 1780813

Fig. 13 Q-channel timing waveforms {refresh mode},
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