TYPE: - Commercial No. SAA 7010
Development No. M4293
FUNCTION: DEMODulator for Compact Disc Digital Audio System
(see Appendix I for System Descripﬁion)
PROCESS: N-MOS :
SUPPLY VOLTAGE: 5V ¥ 103 12v ¥ 108 -2.5v * 0.5v
PACKAGE: 28 pin Plastic SOT 117A
Cerdil SOT 87B
& 28 15
5
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Pin Configuration:
Pin - Signal Type Pin Signal
a g VBB Supply 15 VDD2
2 SDATA Output 16 0Al
= 3 - 'SBCL Output 17 0a2
L SWCL Output 18 0A3
5 P Output 19 VSS. ANALOGUE
6 HFD/TEST Input 20 vcol
E HFI1 Input 2T vcoz
8 FB Output 22 CEFM
9 Not Connected 23 FD
10 HFI2 Input 24 FSDE
it CRI Input 25 SSDE
F PD2 Output 26 CLDE
13 PD1 Output 27 DADé/DEFM
e VSS DIGITAL Supply 28 vDDL
|
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(See Block Diagram - Figure 1)

The MB293 Demodulator I.C. forms the front-end of the Compact Disc Digital Audio
decoding system, supplying demodulated data and timing signals to the Error Correcto
M4280 and the subcoding microprocessor.

The detected signal from the disc is amplified and filtered externally and then
converted to a digital signal via the level detector. This is an adaptive data
slicer which relies on the nature of the modulation system to determine the optimum
slicing level. :

A frequency detector and a phase detector provide the coarse and fine control.signals
for the phase locked loop (PLL) system. The gain is supplied by an internal
operational amplifier which drives a voltage controlled oscillator (VCO) running at
twice the input data rate which is nominally 4.3218VMHz. The oscillator output is
divided by 2 within the main clock generator which then clocks the input shift
register and the timing chain. This clock signal completes the PLL loop when it is
compared with the incoming data in the phase detector.

After the phase detector the data is clocked into the 23 bit input shift register
to enable the frame sync pattern to be detected. Also, a minimum and maximum
data length detector provides frequency limit signals (Tmin and Tmax) for the
frequency detector.

The frame sync. signal is used to reset the #588 slave counter which,together with

a #17 symbol rate counter, supplies timing signals for clocking the Eight to Fourteen
Modulation (EFM) decoder*and the subcoding outputs. The data is read from the input
shift register in symbols of 14 bits which are latched and then decoded into 8 bit
data words. The subcoding part consists of only one word per frame (see Figure 2),
therefore the output (SDATA) is a burst of 8 bits of data accompanied by a 2.1609MHz
burst clock signal (SBCL) - see Figure 4. One bit of this subcoding output data is
replaced by a subcoding frame sync bit (SF) which is decoded from either of two
special EFM codes. The displaced bit is known as the Pause or P bit and is latched
to its own output via a debounce circuit to remove erroneous changes.

The #588 slave counter also provides a sync. coincidence pulse which occurs when
two detected synec pulses are precisely one frame length apart (588 clock cycles).
This is used by the lock indication counter as an 'in-lock' signal to reset the
counter and disable the frequency detector output (FD). If the system goes out of
lock for any reason and the sync. pulses cease then the lock indication counter will
( count frame periods and after 63 frames will enable the frequency detector output.

The sync. coincidence pulse is also used via a delay line to reset the protected
+588 master counter. The counter is prevented from accidental reset by erroneous
sync. patterns by accepting only coincident sync. pulses or sync. pulses which
occur duringa.predetermined 'window' at the beginning of each frame. This window

is wide enough to allow for PLL bit slips, but narrow enough to avoid false sync.
signals generated by corrupt data. This counter may be allowed to free-run by taking
CRI input low, which inhibits the reset signal.

The +588 master counter, together with a second #17 symbol rate counter, is used

to time the data and clock signals to ERCO (see Figure 3). In this way, even if
the data has been corrupted, the timing signals are correct and only re-synchronised
after a complete frame has been sent to the Error Corrector.
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The data to ERCO (DADE) consists of 32 8-bit symbols per frame with half bit gaps

between each symbol and a much longer gap during the frame sync. period. It is

this longer gap that will change in length when corrupt data upsets the timing system
|
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*see Appendix II
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PIN DESCRIPTION

Pin No.

1

2

10

£

Name
VBB

SDATA

SBCL

SWCL

HFD/TEST

HFI1

FB

HFI2

CRI:

-2.5V. Back Bias Supply.

Push-pull output for subcoding data. An 8 bit
burst of data (including a 1 bit subcoding frame
sync) is output serially once per frame coincident
with SBCL (see Figure 4)

Push-pull output. for subcoding bit clock. An ‘8. bit-
burst clock at nominally 2.1609MHz which is used to =
synchronise the subcoding data (see Figure 4)

Push-pull output for subcoding word clock. A
square wave signal at data frame rate (7.35KHz)
used to synchronise the subcoding words and the
pause (P) bit. (see Figure i)

Push-pull output for the subcoding Pause bit.
This signal is derived from the encoded subcoding
word and is used to indicate a music pause. A
debounce circuit is incorporated to eliminate
erroneous data. (see Figure 4)

Three level input pin combining the functions of
High Frequency Detector input and Test input.

When this signal is greater than 2.4V but less
than 6.5V then the frequency detector output (FD)
and the phase detector are enabled. However, if
this signal is connected to VDD2, FD is converted
to an input for synchronising the clock generator
and the feedback from the level detector (FB & FB)
is enabled continuously.

Input to the Level Detector. A signal of between
0.25V and 2.5V peak-peak is required to drive the
Level Detector correctly.

Current feedback from the Level Detector. This
output is a current source of nominally 150ul which
changes polarity as the input level crosses the input
threshold voltage of nominally 2V

This pin is not used and has no internal connection.

Alternative input to the level detector. This input
has been included to make the M4293 plug-in
compatible with the M4290.

Input pin for Counter Reset Inhibit signal which

when low, allows the #588 master counter to free-run.
At the same time pin 27 will be converted to DEFM
output. To ensure correct functioning of this counter;
during start-up-this input should be taken high for
about 10mS.
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PD2

PD1

VSSD
0Al
0A2
0A3

VSSA

vco1

vco2

CEFM

FD

FSDE

SSDE

Description

Phase detecctor reference signal.;
(see PD2)

Phase Detector output signal.
These outputs (PD1 and PD2) have a nominal impedance

sk of 10K« and the differential de content of the

signals is a measure of the phase difference between
the data and the internal 4.3218MHz clock.

Digital Ground. Main ground terminal.

+ 12 V Supply.

Non-inverting input to the Operational Amplifier.
Inverting input to the Operational Amplifier.
Source follower output of Operationai Amplifier.

Analogue Ground. Ground terminal for Operational
Amplifier only. Connected internally to VSSD via
a nominal 25a resistor. *

Input to Voltage Controlled Oscillator amplifier.
The amplifier is a simple inverter designed for

up to 10MHz operation. The frequency control is
achieved via an external 'Varicap' tuned circuit.

Output from Voltage Controlled Oscillator amplifier.
The load for the inverting transistor may be turned
off for test purposes by reducing VDD2 to OV.

A push-pull output.from the internal 4.3218MHz
clock generator.

Three state push-pull output from the Frequency
Detector. This output has a nominal 1Ka impedance
when active but a high i d state once
the system is in lock. This pin is also used as an
input to synchronise the clock generator for test
purposes when TEST is high.

Push-pull output for Frame Sync signal to ERCO. A
positive going pulse occurring at the end of each
data frame (nominal frequency 7.35KHz). (See figure
3)

Push-pull output for Symbol Sync. signal to ERCO.
A negative going pulse occurringduring the last
bit of each data symbol (nominal frequency 254KHz)
(See figure 3)
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Pin No. Name

26 CLDE

27 DADE/DEFM

28 VDD1
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Description 5

Push-pull output for Data bit elock to ERCO.

An 8 bit burst clock at nominally 2.1609MHz which
is used to synchronise the data to ERCO (see figure
3).

Push-pull output for Data to ERCO. Serial data
consisting of 32 X 8 bit symbols per frame which
is synchronised to CLDE. (See figure 3) This
output is converted to DEFM when CRI is low... DEFM
is the digital. signal appearing at the output.of.
the Data Slicer and can be used -in conjunction with
CEFM for external demodulation systems.

+ 5V supply. :
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Electrical Characteristics value %
Absolute Ratings (VSSA = VSSD = @V) Symbol min | typ |max [unit
Operating ambient temperature Tamb -20 +70 °c
Storage temperature Tstg -55 k125 gc
Back Bias Supply Voltage VBB -4.0 #0.3 v
Supply Voltage 1 vDDl -0.3 7.5 v
Supply Voltage 2 Vb2 8.3 sl v
Input Voltage VImax -0.3 7.5 v
Output Voltage (except FD, O0A3) Vomax -0.3 k7.5 v
Output Voltage (FD, OA3 only) VO(FD,0A3)max -0.3 +15 v
Output current (each output) Io max 10 mA
Electrostatic handling vDS -1000 1000 | V
(equivalent to discharging a 250pF
capacitor through a 1Ka series
resistor)
|
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i Electrical Characteristics e
Operating notes symbol min typ max unit
The following applies for
Tamb= -20°C to +70°C and Vgg, _Vgsp - O|Volt
Back Bias Supply Voltage VBB -3.0 |-2.5 |-2.0 v
Supply Voltage 1 ¢ .- NDDl 4.5 | 5.0 | 5.5 v
Supply Voltage 2 VDD2 10.8 [12.0 J13.2 v
Supply Current 1 IDD1 L30~ tbn. |150 mA
Supply Current 2 1DD2 e tbn | 21 mA
Back Bias Supply Current IBB ~-500 uiA
Total Power Dissipation : PD 500 mW
The following applies for '
Tamb = -200C to + 700C
VDD1 = 4.5V to 5.5V
VDD2 = 10.8V to 13.2V

( VSSA = VSSD = @V
VBB = -2.0V to - 3.0V
unless otherwise stated
INPUT:- HFD/TEST, CRL
Input voltage low VIL -0.3 0.8 v
Input voltage high Vin 2.4 6.5 v
Input voltage low (TEST only) VIL(TEST)|-0.3 6.5 v
Input voltage high (TEST only) VIH(TEST | Svre me_-i VDD2 v
Inputcurrent- .o = ¢ (1) IIN -1 b1 uA
Input capacitance Cin 7 pF
OUTPUTS: DADE/DEFM, CLDE, FSDE, SSDE, (2)

SBCL, SDATA, P, SWCL, CEFM %
Output voltage low at Igp = -1.6mA VoL 0o 0.4 v
Output voltage high at IO'H=+ 0.2mA Vor 3.0 VDDl | V
: : 0.5

Load capacitance "~ CL =] 150 pF

( .

~ | ourput: FD
Output voltage low at Igp = -100uA . VoL 0 0.5 | v
Output voltage high at Igy = 100 ud Vo 8 vbD2 | V

k0.5

Output leakage current for Vy = 0 -6V “(3) Iig -3 b1 uA
Output impedance 20 L KQ

g=
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( Electrical Characteristics : Value

Operating notes Sl min typ max unit
OUTPUTS: PD1l, PD2 (see figure 8)
Output Impedance : %9 2 5 10 K
Output Impedance matching 301-302 o 2

301+Z°2
Phase Detector control range Be -2.1 +2.1 rad
Phase Detector gain factor 9 (15) Kd 0.16 V/rad
Common mode output voltage (15) Vdem y v
ANALOGUE CIRCUIT CHARACTERISTICS
Input Level Detector
INBUTS: HFI1 or HFI2
Input voltage range (AC) VIAC 0.25 2.5 | Vp-p
Input impedance - normal (16) ZIN tbf tbf | Ka
Input impedance - disabled (16) 2ID tbf tbf | Ka.
Input capacitance CIN i pF
OUTPUT: FB =
Output current (VFB = 2V) *1rB 30 150 | 330 juA
OUTPUT: DEFM -
Duty cyclé of output waveform with 17) 47.5 | 50 52.5] %
a ?OKHz ,s{"? Yw_av? input
PLL FILTER OP AMP (5)
INPUTS: OAl, OA2
Common-mode voltage range Vrom 1.5 6 v
Input offset voltage VIOF L -28730 +30 mV
Input current € 1) IIN -1 +1 ul
Input offset current () IIOF e e +0.1 | uA
FUNCTION: ﬁom: SAA7010 DATE 25.1:83
Compact Disc Demodulator loxp. MUy293
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Elecirical Characteristics value
Operating notes Symbol min typ | max un
Input capacitance Cin T pF
CMR ratio i : 49= dB
Open loop gain (DC) 40 4B
Gain Bandwidth product (20aB/decade 1 5 MHz
roll off)
OUTPUT: OA3
Output voltage low at Igp, = -1lmA VoL 1 v
Output voltage high at Igg = 1mA Vor = D2} -V
+0.5
VCO AMPLIFIER VCO1, V(’!OZ :
Mutual conductance at 100KHz ) See gm 1.5 mA/V
Bandwidth (-3dB cut off frequency) ; Fig Bgm 20 MHz
Input capacitance Cry = T pF
Output capacitance Cour =Z oF
Feedback capacitance CrB. 9 oF
Input leakage (1) Iy -1 +1 pA
Output current (at 10MHz) Iout =1 +1 mA
Small signal voltage gain at 100KHz See AV 4 v/v
TIMING Fig 9
Operating frequency (except vco) Fc:efm 0.1 5 MHz
Operating frequency (VCO only)\ Fveco 0.2 10 MHz
OUTPUTS: CLDE, DADE , SSDE, FSDE CEFM| (6,12)
( see Figure 5) : 2
Outp;xt rise time tog 50 ns
Output fall time toF 40 ns
CIDE period tocp 400 ns
CLDE high time tocE 150 ns
CIDE 1ow time tocr 150 ns
2|| DADE/SSDE /FSDE to CLDE set up e 100 ns
z8z CLDE to DADE /SSDE /FSDE hold Un 100 ns
zC3|| SSDE low time (7) G 3 - | cEm
E g : peric
5%9%!| CIDE low time during FSDE (8) e . L‘, CERM
§§ §§ CLDE to CEFM set up *opsE 100 Paioe
é: £|| TERM to CIDE nola YobrE 100 wiec
£z CH FUNCTION: 2 COMT: saa 7010 DATE 5.1.83
éé 2 Compact Disc Demodulator !EXP . M“2_9,3._ _' i =
=
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[ Electrical Charzcteristics ! Value
Operating - timing ncles rin typ | ma2x uni
OUTPUPS:  SBCL, SDATA,P, SWCL (12,13,
see Figure 6 14) =
Output rise time (SBCL, SDATA) (6) toR 50 ns
Output fall time (SBCL, SDATA) (6) top 40 ns
Output rise time (P, SWCL) (9) " tosr 200 ns
Output fall time (P, SWCL) (9) toSF 200 ns
SBCL high time toce 150 ns
SBCL low time tocL 150 ns
SDATA to SBCL set up tops 100 ns
P to SWCL set up topsp ; pS
SBCL to SDATA hold topH 100 : ns
SBCL to SWCL hold tsWE 0 500 ns
0
SWCL Duty cycle (t,; gh/tperi i) 40 50 | 6 %
OUTPUT: FD (12)
Output rise time (6) tFDR’ 1 »s
Output fall time (6) tFpR 2 us
OUTPUTS: DEFM, CEFM (see Figure 7) |(6,12)
Output rise time tor 50 ns
Output fall time toF 40 ns
DEFM to CEFM set up (18) tops 50 ns
CEFM to DEFM hold (18) tCDE 70 ns
CEFM high time tocy 50 ns
CEFM low time tocL 50 ns
2t
I3F
=5
Z%» .
e
-2z
z5 -4 b
»2 3
'z -
2=
321
1
3 5 i
o FUNCTION: COMN: SAA 7010  [DATE 5.1.83
z Compact Disc Demodulator [EXP:  MU293... e
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2. short circuit protected to VDDl and VSS.
can be applied before short circuit protection becomes operative is 150pF.

3. Output in high impedance state 25°C.

5. all tests done within common mode voltage range

6. output loading 50pF -

8. excessive bit-slip may cause gap to disappear

9. output loading 150pF

11. CLDE remains low when FSDE is high

12. reference levels are 0.8V and 2.4V

14. SWCL has a 50% duty cycle

average data run length = 5x CEFM periods

Connect pin 6 to.12V and pin 11 to ground

(1. Vin -0.3 to 6.5V, 25°C, measured with VDDl = 6.5V

7. SSDE remains low for only one negative edge of CLDE

10. the SYNC bit is iow when a subcoding sync word is detected.

output loading 50pF for SBCL and SDATA, and 150pF for SWCL and P

16. To measure 'normal’ input ‘impedance connect pin.6 (HFD/TEST) to 12V,
for. 'disabled' impedance connect pin 6 to ground

18. Free running VCO frequency tunned to nominal & PLL in lock with a
typical application eircuit is shown in Figure 1. o

The maximum load capacitance that

1 o1 nssi

[FUNCTION:

Compact Disc Demodulator

OMM: spp 7010

M4293

(DATE

5..1.83.

SSUED BY: p. praithwaite [ 11

S 5T

Bram Jacobse MULLARD LIMITED SOUTHAMPTON




FULLARD LIMITED SOUTHAMPTON

VAL 05l 2
SSA (% NEES
ELIH 3957 I¥2 TIMg g[8 (D
b w432 5
»Ec,@l' i @ ® S ﬁ -
[
Ty (e A2
¥3551939
P (el
T W39 Ar0v) 1= i
W 8ITE Y EN
L+ A
I bl
7]
YIi5i93y 14 dtﬂ I
<nm@||| 4giNS I8Ny e
UMY 198 Y2403 | |
\4 noTmm M R =
»mm@ _ xm.q 5
2€023C % A i
Yspn92 x
VIisyw
° 845 + %y VIGHYX3 & m /-w
Iﬁ + A A
K14 [ Jm
) o
[ kL Sqa ™
. Jaena < N
9 4
} ) yITor3a Vil 3%
vasmes[ wi3 Javs SEk
Nmea/da as 885+ m\w 3 R
Q@ o I
siepn 1 G4 m 2]
2Ip0eg3T K14 u.“\ M m &
s =] 2
24
wy
3Ger3C NS 7
345193y  LAKG Y042343C V0423430 T e
A egnl 3SVHY 13437 7 7 _llg\
il Nz
- AlL RIGHTS  STRICTLY  R{s€RViD
O ,l,n REPRODUCTION OR  153UT TO THIRD
b PARTIES IN ANY FORM WHATEVS

1S MOT PERMITYID WITHOUT WRITTIN



51583

DATE

SAA 7010
. H 19

FIGURE 2 - HF Input Waveform
.M4293

'
C OMM
P

15

s31g uotssexddng Aouenbexg Mo pus Jutdrey = ¥

|
|
i

E?AT ﬁ\:_oa‘ m‘ m_h_ m; m_v T _ NT 7 : _ 817q Teuusyd TT . ‘ 83Tq TeuuwYd TT _I

T
{
L

1 | N :
o ok Baop Mg 114 1 IIL TL. |+|I! PojIeAutT oq Aem IIL
|

)

$31g Teuuey) LT - Toquig
ujEQ 10 SuTpooqug Jo jBWIOY

‘ 83Tg TeuuBY) Lz - UIe33eg Oukg Jo jEmIog

Compact Disc Demodulator
ISSUED BY: D. Braithwaite |

[FONCTION

MULLARD LIMITED SOUTHAKPTON

'

4L
B | 5 T
1 W_(z%o%ﬂ oS | 2 _ %€ _Om _ 62 _ 82 _ Le ‘ w w _ i4 _ ¢ _ e Togm cﬁn%n ONS (44 _
7 4

T 891 TeUURY) 88§ = emwsIg T Jx.__

IGHTS  STRICTLY  RESERVED

O C : DUCTION OR 1SSUE TO THIRD
IN ANY FORM WHATEVER




5:1.83

DATE

i

TOM

19

S

(0T ®3on 83s) DNIS
T

i
1

ol

)
l}

Q) xmx_ 3

chﬂgonsmv smrogasep gnding = ¥ FUAHIL

afa ) ¥
=

VIVAg

SAA 7010
M4293

1048

OMM

[

D. Braithwaite| 14

[ 5S4

L R R

il

ompact Disc Demodulator

SSUED BY
MULLARD LIMITED SOUT

[l E

[FUNCTION

ioud wmm*

=g Toquig —+

B - 1 0
CENECRR DR

— 2¢ toquag —+—  1¢ ToquAsg

Uy

VU U U U see

HAMPTON

(00w o) suzogerey jnding - ¢ FUNSIL

STRICTLY  RESERVED

§ A8 ) . ALL RIGHTS
: 92 DUCTION OR 153U TO THIRD
P, 1S IN ANY

PORM WHATEVIR




(00ud 0%) Suiwrl wIogervy qndynQ G 2IndTg
(21) ‘(9) s@30N @3S o)
2
gasz |
;
=}
o
i ~
0SS (o o |y
DGRy m o m
3 2 [
s =P
£ g
oo =
&
Ak
L8
B
aava = |o
»u |Pln
0 o Rl
R
Em A8
Q3 e
o 312
o |alg
E |8
(e U = ST
o -
5.2 B
© 82
E- QB
= ==
WATD
@
2
8
s
2
4
@

( . ALL RIGHTS  STRICTLY Re
e o) RIPRODUCTION OR 1SSUT TO THIR
PARTIES IN ANY FORM WHATE



SBCL

SDATA

le— tswH

-
»
-
-

siHOoI® NV

W0 NOILINGO

ANY NI

ATldius

FIGURE 6 - Output Waveform Timing (Sub Coding)

LVHM W04

Ml o1 anssi

FUNCTION:

ICOMM: SAA 7010

Compact Disc Demodulator [pxp.
ISSUED BY: D. Brai thwai te } 16

MULLARD LIMITED SOUTHAMPTON

SWCL

tosF

see Notes 12, 13 and 14

topsp

tosp
tosr




™)
€O
®
=
nMJ .
2
A
o
o B
=] |
| Eaia
21 ‘9 sejou ees = Q
& !
. -
i . ~
(s3nd3no jg) Futwyy wrozeAsy ndang - L GUADIL ¢ g & 2
2 g =
e
ol
no| el
g 7|8
5 2 2B
HAEa & 8
g 5
ala
| Fa{thE
3] A H
o« A B3
5 » Pla
= © A |k
= e
EEBE
pitkt)
RESERVED
x




™|
©
s
W
01981J1090BIBY) J030840q oseyg TBoTdLy § 2andtg
[£3]
€4
M&&[
: “lul ST O L (R D (g B
(=} 22
— 2]
] g & E]
N ;m
_ -8
; . .
m . w
s &
ol . I=
4
o |8
=2
ik
<13
: - A+ L S (8
9 - 19 = 99 t _ miu h m
E a (=1
O e
o7 A=
Aou . u
EEF
=GB
©
, E A
32010 zj 8I2¢ 'y Jo sswyd = og . By = edors = .
vyep gndur go aseyd = 19
mnmblann; -
PA

RIGHTS  STRICTLY  RESERVE
UCTION OR 133Ul TO THIR
ANY

@
@
2
]
o
s
=
£
-
o




SN
100kQ
5, TR
100nF
1009
Vi Vo
Rg=50%
= 5, 9Q
- S1 closed to measure gm
gn = Io = 10xVo mA/vV
Vi Vi
Figure 9 Measurement circuit for VCO voltage gain and gm
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Simplificd Block Diagram for the Conmp:ct Disc Digitzl Audio System
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SYSTEM DESCRIPTION

The information contained in the pit structures on the disc is converted to a
coded input signal via the Optical Pick-up Unit. This signal is amplified and
filtered to remove the low frequency tracking information and to equalise the
frequency response.

The M4290 DEMOD re-generates the data rate bit clock and timing signals from the
H.F. input signal. This EFM modulated signal is decoded into a N.R.Z. form and
the subcoding data extracted and fed to the external Subcoding Microprocessor.
The decoded 8 bit data symbols are fed serially into the Error Corrector I.C.
together with timing signals.
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The 14280 ERCO corrects up to two erroncous symbels per fraze in the data receive
from DEEOD. The neeessary de-interlez:ing io obtzin the required data formst is
achieved by writing out the data in 8 bit parallel symbols to zn external KAM
and then reading it back in a defined sequence. After all possible corrections
have been made the data is fed out of ERCO in a 16 bit serial format. A further
function of ERCO is to re-synchronise the data to a steady 2.1168MHz clock rate
derived from a 4.2336MHz crystal oscillator on the CIM I.C. This removes any
Jitter from the data while further operations eliminate wow and flutter plus

any F.M. content in the data signal. If the ERCO is unable to correct error

bits then the uncorrected data is passed to CIM together with an Unreliable
Data warning signal.

The M4300 CIM accepts the 16 bit serial data and acts in such a way that, if the
Unreliable Data signal is received, the effect of the errors ic minimised. If
the error results in a single unreliable sample then this is interpolated by
replacing it by a new sample whose value is calculated from the values of the
good sample immediately preceeding it and that succeeding it.. If a string

of unreliable samples is received then the output is muted by replacing unreliable
samples with zero value samples and reducing the value of the thirty samples
preceeding and succeeding them to smooth out the effects of the transition. The
output of CIM is split into fourteen or sixteen bit stereo left or right data in
Offset Binary or Twos Compliment format.

The M4550 FIL is a digital interpolating filter which improves the signal to
noise ratio. It also enables a simpler analogue filtéer to be used after the
Digital to Analogue Converter (DAC). The M4550 is a low pass digital transversal
filter with 96 taps. The stereo output is organised in serial fourteen bit
samples with the M.S.B. first. It is switchable between Offset Binary and Twos

Compliment code. The output sample frequency is 176.4KHz which is four t:unes the
input sampling frequency.

'awini o1
jaravasiu

FUNCTICN: COMM: SAA 7010 [DATE 5:2.83
Compact Disc System -
CRReE IEXP: M4293
IESUED BY: D. Noble 2 S::];,.: 2
Bram Jacobse




APPENDIX II 2
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9 _Encoding

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
present a d.c. free signal signal to the demodulator. The actual number of

bits per symbol is 17 which includes 3 merging bits which also help to remove
the d.c. content.

Table 1 shows the conversion from 8 bit NRZ symbols to the equivalent 14 bit
symbols. The 14 bit symbols are given in NRZ-I representation in which a 1
means a transistion at the beginning of that bit from high-low or low to high

i.e. i
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Cl is the first bit of the 14 bit symbol read from the disc and D1 is the
Most Significant Bit (HSB) of data which appears first at the DADE output from
DEMOD. -

The codes shown in Table 1 cover the normal 256 possibilities for an 8 bit data
word. However, there are several other combinations of 14 bit codes which,
although they obey the EFM rules for maximum and minimum run length, will
produce unspecified output data symbols. Two of these extra codes are used
in the subcoding data to define a subcoding frame sync. 3

These are:—

n D8 c1 c14
11133000 00100000000001

To111110 00000000010010
. WVUTSRQSK ;

When a subcoding -frame sync is detected the P bit of the data is ignored by
the debounce circuitry. The remaining bits Q — W are not specified in the
system but will always be as shown from this device.
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