
TENTATIVE DEVICE SPECIFICATION
TYPE: - Commercial. No. SAA 7010

Development No. M4293

FUNCTION: DEMODulatorfor Compact Dise D i g i t a l Audio System

( s e e Appendix I f o r System Description)

PROCESS: N-MOS
_ sf

SUPPLY VOLTAGE: 5V * 10% 1av * 10% -2.5v + o.5v

P i n Con fi g u r a t i o n :

Pin . S igna l Type Pin Signal Type
1 VBB Supply 15 vpp2 So e r e
2 SDATA Output 16 OA l I n p u t
3 - SBCL Output 17 OA2 ~ I n p u t
4 SWCL Ou tpu t 18 0A3 Outpu t

5: Poe Ou t p u t 19 VSS ANALOGUE - Supply
6 HFD/TEST I n p u t 20 vco1 I n p u t

T HFI1 I n p u t an vco2 Outpu t
8 FB Ou tpu t 22 CEFM Ou t p u t

9 “ Not Connected 23 FD Ou t pu t

10 HFI2 I n p u t 24 FSDE Outpu t

1 : CRI I n p u t 2 5 SSDE Ou t pu t

1 2 PD2 Ou t p u t 2 6 CLDE Outpu t

13 PDL Ou tpu t 27° DADE/DEEM Ou t pu t

wy VSS DIGITAL Sup p l y 28 vDDL Supp l y



GENERAL. ESCRIPTION: (See B l o c k Diagram - F i g u r e 1)

The M4293 Demodula tor I . C . fo rms t h e front-end of t h e Compact D i s e D i g i t a l Audio
d e c o d i n g sys tem, s u p p l y i n g demodulated d a t a and t i m i n g s i g n a l s to t h e E r r o r C o r r e c t o
M4280 and t h e subcod ing m ic rop rocesso r.

The d e t e c t e d s i g n a l f r o m t h e d i s c i s a m p l i fi e d and fi l t e r e d e x t e r n a l l y a n d t h e n
c o n v e r t e d t o a d i g i t a l s i g n a l v i a t h e l e v e l d e t e c t o r . T h i s i s a n a d a p t i v e d a t a
S l i c e r wh ich r e l i e s on t h e na tu re o f t h e modu la t i on sys tem to d e t e r m i n e t h e opt imum
s l i c i n g l e v e l . :

A f r e q u e n c y d e t e c t o r a n d a phase d e t e c t o r p r o v i d e t h e coarse and fi n e c o n t r o l . s i g n a l s
f o r t h e phase l o c k e d l o o p (PLL) system. The g a i n i s s u p p l i e d b y a n i n t e r n a l
o p e r a t i o n a l a m p l i fi e r which d r i v e s a v o l t a g e c o n t r o l l e d o s c i l l a t o r (VCO) r u n n i n g a t
t w i c e t h e i n p u t da ta r a t e wh ich is nominally 4.3218MHz. The o s c i l l a t o r o u t p u t is
d i v i d e d by 2 w i t h i n t h e ma in c l o c k genera to r wh ich t h e n c l o c k s t h e i n p u t s h i f t
r e g i s t e r and t h e t i m i n g cha in . Th is c l o c k s i g n a l completes t h e PLL l o o p when i t is
compared w i t h t h e incoming d a t a i n t h e phase d e t e c t o r .

A f t e r t h e phase de tec to r t h e da ta i s c l ocked i n t o t h e 23 b i t i n p u t s h i f t r e g i s t e r
t o enable t h e f rame syne p a t t e r n t o b e d e t e c t e d . A l so , a minimum and maximum
d a t a l e n g t h d e t e c t o r p r o v i d e s frequency l i m i t s i g n a l s (Tmin and Tmax) f o r t h e
frequency d e t e c t o r .

The f r a m e s y n c . s i g n a l i s used t o reset t h e +588 s l a v e coun te r which, t o g e t h e r w i t h
a +17 s y m b o l r a t e counte r, s u p p l i e s t i m i n g s i g n a l s f o r c l o c k i n g t h e E i g h t to Four teen
M o d u l a t i o n (EFM) decoder*and the subcod ing o u t p u t s . The da ta is r e a d f rom t h e i n p u t
s h i f t r e g i s t e r i n symbo l s o f 1 4 b i t s wh i ch a r e l a t c h e d and t h e n decoded i n t o 8 b i t
d a t a words. The subcod ing p a r t c o n s i s t s o f o n l y one word p e r frame (see F i g u r e . 2 ) ,
t h e r e f o r e t h e o u t p u t (SDATA) is a b u r s t of 8 b i t s of d a t a accompanied by a 2.1609MHz
b u r s t c l o c k s i g n a l (SBCL) - see F i g u r e 4 . One b i t o f t h i s subcod ing o u t p u t da ta is
r e p l a c e d by a subcoding f rame syne b i t (SF ) wh i ch is decoded f r o m e i t h e r of two
s p e c i a l EFM codes . The d i s p l a c e d b i t i s known a s t h e Pause o r P b i t and i s l a t c h e d
to i t s own o u t p u t v i a a debounce c i r c u i t to remove erroneous changes.

The +588 s l a v e c o u n t e r a l s o p r o v i d e s a syne. c o i n c i d e n c e p u l s e w h i c h o c c u r s when
two detec ted syne p u l s e s a r e p r e c i s e l y one f rame l e n g t h a p a r t (588 c l o c k c y c l e s ) .
T h i s i s used b y t h e l o c k i n d i c a t i o n counter a s a n ' i n - l o c k ' s i g n a l t o r e s e t t h e
counter a n d d i s a b l e t h e frequency de tec to r o u t p u t (FD) . I f t h e system goes o u t of
l o c k f o r any reason and t h e s y n c . p u l s e s cease t h e n t h e l o c k i n d i c a t i o n counter w i l l
count frame p e r i o d s and a f t e r 63 frames w i l l enab le t h e f requency d e t e c t o r o u t p u t .

The s y n e . co inc idence p u l s e is a l s o used v i a a d e l a y l i n e to r e s e t t h e p r o t e c t e d
+588 master coun te r. The counter i s p reven ted f rom acc iden ta l rese t by er roneous
s y n c . p a t t e r n s by a c c e p t i n g o n l y co i nc i den t s y n e . p u l s e s o r sync . pu l ses wh ich
o c c u r d u r i n g a - p r e d e t e r m i n e d 'w indow' a t t h e b e g i n n i n g o f each f rame. T h i s window
is w i d e enough to a l l o w f o r PLL b i t s l i p s , b u t na r row enough to a v o i d f a l s e s y n c .
s i gna l s g e n e r a t e d b y c o r r u p t d a t a . T h i s counter may b e a l l o w e d t o f r e e - r u n b y t a k i n g
CRI i n p u t l ow, wh i ch i n h i b i t s t h e r e s e t s i g n a l .

es The +588 master counter, t oge the r w i t h a second +17 symbol r a t e counter, is used
g 2 = " | t o t i m e t h e d a t a and c l o c k s i g n a l s t o ERCO ( s e e F i g u r e 3 ) . I n t h i s way, even i f
2 5 8 3 t h e d a t a h a s been c o r r u p t é d , t h e t i m i n g s i g n a l s a r e c o r r e c t and o n l y r e - s y n c h r o n i s e d
=-Sz a f t e r a comp le te f rame has been s e n t t o t h e E r r o r C o r r e c t o r.s z = arE ©
a f = The d a t a t o ERCO (DADE) c o n s i s t s o f 3 2 8 - b i t symbols per frame w i t h h a l f b i t gaps
3~23) between each symbol and a much l o n g e r gap du r ing t h e frame s y n c . p e r i o d . It is
£ 3 a = t h i s l o n g e r gap t h a t w i l l change i n l e n g t h when c o r r u p t d a t a u p s e t s t h e t i m i n g system
i s é * *see A p p e n d i x I I
725gz On: FUNCTION: COMM: SAA 7010 DATE 5.1.83
=a =a! Compact Disc Demodulator
pens: xP? M293
r z o o . D .  B r a i t h w a i t e
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PIN DESCRIPTION

P i n N o . Name D e s c r i p t i o n

i VBB -2 .5V. Back B i a s Supply.

2 SDATA P u s h - p u l l o u t p u t f o r subcoding d a t a . A n 8 b i t
b u r s t o f d a t a ( i n c l u d i n g a 1 b i t s u b c o d i n g frame
sync) i s o u t p u t s e r i a l l y once p e r frame c o i n c i d e n t
w i t h SBCL ( s e e F i g u r e 4 )

B S SBCL P u s h - p u l l output . f o r subcoding b i t c l o c k . A n .8 b i t . . . ~
b u r s t c l o c k a t n o m i n a l l y 2.1609MHz which i s u s e d ‘ t o ‑
s y n c h r o n i s e t h e subcod ing data ( s e e F i g u r e 4 )

4 SWCL P u s h - p u l l ou tpu t f o r subcoding w o r d c l o c k . A
square wave s i g n a l at d a t a f rame r a t e (7.35KHz)
used t o s y n c h r o n i s e t h e subeoding words and t h e
pause (P ) b i t . ( s e e F i g u r e 4 )

5 . 1 3 P u s h - p u l l o u t p u t f o r t h e subcoding Pause b i t .
T h i s s i g n a l is d e r i v e d from the encoded subcoding
w o r d and i s u s e d t o i n d i c a t e a music pause. A
debounce c i r c u i t i s i n c o r p o r a t e d t o e l i m i n a t e
erroneous d a t a . ( s e e F i g u r e 4)

6 HFD/TEST Three l e v e l i n p u t p i n combining t h e f u n c t i o n s of
H i g h Frequency D e t e c t o r i n p u t and Te s t i n p u t .
When t h i s s i g n a l i s g r e a t e r than 2.4V b u t l e s s
t h a n 6.5V t h e n t h e f requency d e t e c t o r o u t p u t (FD)
and t h e phase de tec to r are enab led. However, i f
t h i s s i g n a l is connected to VDD2, FD is c o n v e r t e d
to an i n p u t f o r synchron is ing t h e c l o c k generator
and t h e feédback f rom t h e l e v e l d e t e c t o r (FB & FB)
i s enabled c o n t i n u o u s l y.

“5 HFI1 Inpu t . to t h e Leve l Detec to r. A s i g n a l o f between
0.25V and 2.5V peak -peak i s r e q u i r e d to d r i v e t h e
L e v e l D e t e c t o r c o r r e c t l y .

8 F B C u r r e n t feedback f r o m t h e L e v e l D e t e c t o r . T h i s
o u t p u t i s a c u r r e n t source o f n o m i n a l l y 150uA w h i c h
changes p o l a r i t y a s t h e i n p u t l e v e l crosses t h e i n p u t
t h r e s h o l d v o l t a g e o f n o m i n a l l y 2 V

9 T h i s p i n i s n o t used and has n o i n t e r n a l c o n n e c t i o n .

1 0 HFI2 A l t e r n a t i v e i n p u t t o t h e l e v e l d e t e c t o r . T h i s i n p u t
has been inc luded to make t h e M4293 p l u g - i n

az compa t i b l e w i t h t h e M4290.oe
P

~ 32 ag CRI: I n p u t p i n f o r Coun te r Reset I n h i b i t s i g n a l wh i ch
o S when l o w, a l l o w s t h e +588 master coun te r t o f r e e - r u n .
= 3° A t t h e same t i m e p i n 27 w i l l be conver ted to DEFM
> a o u t p u t . To ensure c o r r e c t f u n c t i o n i n g o f t h i s counter;<23 d u r i n g s t a r t - u p - t h i s i n p u t shou ld b e t a k e n h i g h f o r

e g - 5 about 10mS.o n ‑j a s e
se S*i f sgz OS) FUNCTION=
= Compact D i s c Demodulator
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= Pin No. Name Descr ip t ion

1 2 PD2 : Phase d e t e c t o r r e f e r e n c e s i g n a l . ;
( see PD2)

aS PD1 Phase Detec tor o u t p u t s i g n a l .
These o u t p u t s (PD1 and PD2) have a nomina l impedance

s k so f lOKf and t h e d i f f e r e n t i a l d e content o f t h e
s i g n a l s i s a measure o f t h e phase d i f f e r e n c e be tween
t h e d a t a a n d t h e i n t e r n a l 4.3218MHz c l o c k .

1 4 VSSD D i g i t a l Ground. Main ground t e r m i n a l .

15: * vDD2 + 1 2 V S u p p l y.

3 1 6 OAL N o n - i n v e r t i n g i n p u t t o t h e O p e r a t i o n a l A m p l i fi e r .

2 7 OA2 I n v e r t i n g i n p u t t o t h e O p e r a t i o n a l A m p l i fi e r .

18 OA3 : Source f o l l o w e r ou tpu t of Seacattonal A m p l i fi e r .

= 1 9 VSSA Analogue Ground. Ground t e r m i n a l f o r O p e r a t i o n a l
A m p l i fi e r o n l y . Connected i n t e r n a l l y t o VSSD v i a
a nominal 2 5 r e s i s t o r . :

2 0 v c o l I n p u t t o Vo l t a g e C o n t r o l l e d O s c i l l a t o r a m p l i fi e r .
The a m p l i fi e r i s a s i m p l e i n v e r t e r designed f o r
u p t o 10MHz o p e r a t i o n . The f requency c o n t r o l i s
achieved v i a a n e x t e r n a l ' Va r i c a p ' tuned c i r c u i t .

rad vco2 O u t p u t f rom Vo l t a g e C o n t r o l l e d O s c i l l a t o r a m p l i fi e r .
The load f o r t h e i n v e r t i n g t r a n s i s t o r may b e t u r n e d
o f f f o r t e s t purposes by r e d u c i n g VDD2 to OV.

22 CEFM A push-pull ou tpu t . f r o m t h e i n t e r n a l 4.3218MHz
c l o c k g e n e r a t o r.

2 3 F D Three s t a t e p u s h - p u l l o u t p u t f rom the Frequency
D e t e c t o r . T h i s ou tpu t has a nominal 1 K a impedance

- when a c t i v e b u t assumes a h i g h impedance s t a t e once
t h e system is in l o c k . T h i s p i n is a l s o u s e d as an

W S i n p u t t o s y n c h r o n i s e t h e c l o c k genera to r f o r t e s t
p u r p o s e s when TEST i s h i g h .

2 4 FSDE P u s h - p u l l o u t p u t f o r Frame Syne s i g n a l t o ERCO. A
p o s i t i v e g o i n g p u l s e o c c u r r i n g a t t h e end o f e a c h
d a t a f rame ( n o m i n a l f r e q u e n c y 7 .35KHz) . ( S e e fi g u r e
3)

= e P G 25. SSDE P u s h - p u l l o u t p u t f o r Symbol Sync . s i g n a l t o ERCO. |
R i e A n e g a t i v e g o i n g p u l s e o c c u r r i n g d u r i n g t h e l a s t |
3 8 b i t o f each d a t a symbol ( n o m i n a l f r e q u e n c y 254KHz) |
f s (See fi g u r e 3 ) |
z5e)
>=
433)
Ss 3|m o eaoe
3:
a k :
is zz
[ S a m
\ 2 o o ISSUED BYD. Braithwaite
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é P i n No. Name Desc r i p t i on =

2 6 CLDE Pu s h - p u l l o u t p u t f o r Data b i t c l o c k t o ERCO.
An 8 b i t b u r s t c l o c k a t n om i na l l y 2.1609MHz which
is u sed to synchronise the d a t a to ERCO ( s e e fi g u r e
3 ) .

2t DADE/DEFM Pu s h - p u l l o u t p u t f o r Data to ERCO. S e r i a l d a t a
cons i s t i ng o f 32 X 8 b i t symbols p e r f rame wh i ch
i s s y n c h r o n i s e d t o CLDE. (See figure 3 ) T h i s
o u t p u t i s conve r t ed t o DEFM when CRI i s low... DEFM
i s the. d i g i t a l . s i g n a l a ppea r i n g a t t h e ou t p u t . o f .
t h e Data S l i c e r and can b e used - i n c o n j u n c t i o n w i t h
CEFM f o r e x t e r n a l demodulation systems.

OMM: SAA 7010

MULLARD LIMITED SOUTHAMPTON



E l e c t r i c a l Cha r a c t e r i s t i c s v a l u e

Abso l u t e R a t i n g s (VSSA = VSSD = 8V ) Symbo l m i n ; t y p | max [ u n i t

Ope ra t i n g ambient tempera tu re * Tamb - 2 0 +70 %
S t o r a g e tempe ra tu re Ts t g -55 125 “e
Back B i a s Supp l y Vo l t a g e VBB - 4 . 0 0 .3 Vv

Supp l y Vo l t a g e 1 : Yop -0 .3 7.5. V v

Supp l y Vo l t a g e 2 Yyp2 0 6 5 Misa ¥

I n p u t Vo l t age Vmax -0.3 7.5 Vv
Ou t p u t Vo l t a g e (except FD, 0A3) Vmax -0.3 1 . 5 V v

Ou t p u t Vo l t a g e (FD, OA3 o n l y ) VQ(FD,0A3)max -0 .3 +15 V v

Ou t pu t c u r r e n t (each output) I o max 10 mA
E l e c t r o s t a t i c hand l i n g Vos -1000 1000 | V
(equ i va len t t o d i scha rg ing a 250pF
c a p a c i t o r t h r o u g h a l K a series
r e s i s t o r )

|
|

i

OMM: saa 7010 8
i XP: M4293



E l e c t r i c a l C h a r a c t e r i s t i c s
O p e r a t i n g |u n i t  |

The f o l l o w i n g a p p l i e s f o r

Tamb= -20°C t o +70°C and Vgcq -Vgsp = . 0 } Vo l t

Back B i a s Supp ly Vo l t age
S u p p l y  Vo l t a g e  1
Supp ly Vo l t a g e 2
Supp ly Current. 1
Supp ly Cu r ren t 2
Back B i a s Supp ly Cur ren t
To t a l Power D i s s i p a t i o n

The f o l l o w i n g a p p l i e s f o r ”
Tamb = -200C to + 700°C
VDD1 = 4.5V to 5.5V
VDD2 = 10.8V to 13.2V
VSSA = VSSD = @V
VBB = - 2 . 0 V t o - 3.0V
u n l e s s o therw ise s t a t e d
INPUT:- HFD/TEST, CRI
I n p u t v o l t a g e l o w
I n p u t v o l t a g e h i g h
I n p u t v o l t a g e low (TEST only)
I n p u t v o l t a g e high o s ‑
I n p u t c u r r e n t ‑
I n p u t anpecttagee,
OUTPUTS: DADE/DEFM, CLDE, FSDE, SSDE,

SBCL, SDATA, P, SWCL, CEFM
O u t p u t v o l t a g e l o w a t I p , = -1.6mA
O u t p u t v o l t a g e h i g h a t Tog=+ 0.2mA

Load c a p a c i t a n c e

OUTPUT: FD

O u t p u t v o l t a g e l o w a t I p , = -100uA
O u t p u t v o l t a g e h i g h a t I p q = 100 u A

O u t p u t l e a k a g e c u r r e n t f o r Vo = 0 -6V
O u t p u t impedance

1
1

pS. ON| Compact D i s c Demodulator
SSUED BY: D.  B ra i t hwa i te

Yona

pF

COMM: SAA 7010 [DATE

M4293 B a e eeIEXPs



= = E l e c t r i c a l C h a r a c t e r i s t i c s Va l ue

O p e r a t i n g e s e e e e r eyo. max u n i ta = ‐‐ =4
QUTPUTS: PD1, PD2 ( s e e fi g u r e 8)

Ou t p u t Impedance : 0 2 5 lo |K

Ou t p u t Impedance matching 301-02 Pe 4

: ‘014702
Phase De t e c t o r c o n t r o l r a nge Be 2.24 + 2 . 1 | r a d

Phase De t e c t o r g a i n f a c t o r . ( 1 5 ) K d 0.16 V/ rad

Common mode ou t pu t v o l t a g e ( 15 ) Vdem 4 V v

ANALOGUE CIRCUIT CHARACTERISTICS

Inpu t L e v e l De t e c t o r

INPUTS: HF I 1 or HFI2

I n p u t v o l t a g e r ange (AC) VIAC 0.25 2.5 | Vp -p

I n p u t impedance - normal ( 16 ) ZIN t b f t b f | Ka

I n p u t impedance - d isab led ( 1 6 ) z ID t b f t b r | Ka

I n p u t capac i tance = CIN ee pF

OUTPUT: FB ‑

Ou tpu t cu r r en t (VFB = 2V) : *IFB 4o 150 | 330 [uA

OUTPUT: DEFM ‑

‐ Du t y eyele of ou tpu t waveform w i t h ( 1 7 ) 47.5 | 50 52.51%
a #128 gine weve i n p u t

PLL FILTER OP_AMP ( 5 )

INPUTS: OA1, OA2

Common-mode v o l t a g e range View 1.5 6 Vv

3 I n p u t o f f s e t v o l t a g e i o r | -230 +30 mV

2 I n p u t cu r r en t C 1 ) Tin TE +1 uA

3 I n p u t o f f s e t cu r r en t ( 4 ) Thor = O . 1 + 0 . 1 | uA

zPy ::aaa;
23 OMM? SAA7010 DATE [25 -1783

reed de oe
MULLARD LIMITED SOUTHAMPTON



E l e c t r i c a l  C h a r a c t e r i s t i c s

Operating me u n i

I n p u t c a p a c i t a n c e Cin p F

CMR r a t i o ‘ : é a B
Open l o o p g a i n (DC) aB

G a i n Bandwidth p r o d u c t (20dB/decade MHz
r o l l o f f )

OUTPUT: QAZ

Output v o l t a g e low a t I o , = -lmA VoL V v
Output v o l t a g e h i g h a t I o q = 1mA Vou

VCO AMPLIFIER VCO1, VCO2 :

Mutual conductance at 100KHz ) See gm mA/V
Bandwidth (-34B c u t o f f frequency) } F i g Bgm MHz
I n p u t capac i tance Cry pr
Output capacitance Cour pF
Feedback capac i tance Crp. pF
I n p u t l eakage (2) I i y pA
Output c u r r e n t ( a t 10MHz) I o u t m A

S m a l l s igna l . v o l t a g e g a i n at 100KHz See A v/v
TIMING F i g 9

Operating f requency (except VCO) Feefm MHz
Operating f requency (VCO only) Fvco MHz

OUTPUTS: CLDE, DADE , SSDE, FSDR, CEFM| ( 6 , 1 2 )
(see F i g u r e 5 )

Output r i s e t i m e

Output f a l l t i m e

CLDEperiod
CLDE h i g h t ime
CLDE low t i m e
DADE /SSDE /FSDE to CLDE s e t up

CLDE to DADE/SSDE/FSDE h o l d

SSDE l o w t i m e (7)

CLDE low t i m e d u r i n g FSDE (8)
CLDE to CEFM s e t up

CEFM to CLDE h o l d
FUNCTION: c e e

Compact D isc Demodulator
SSUED BY: D. Bra i thwai te

M I T T A R D TLIMTTET SOMTHAMPTON



E l e c t r i c a l C h a r e c t e r i s t i c s ’

Operat ing - t i m i n g no t e s

OUTPUTS: SBCL, SDATA,P, SWCL (225359;
(see F igu re 6 ) 1 4 )

Output r i s e t i m e (SBCL, SDATA) (6 ) ns
Output f a l l t i m e (SBCL, SDATA) (6 ) ns

Outpu t r i s e t i m e (P, SWCL) (9) ns
Output f a l l t i m e ( P, SWCL) (9 ) ns

SBCL h i g h t i m e us

SBCL low t i m e ns

SDATA to SBCL set up ns
P to SWCL s e t up BS
SBCL to SDATA h o l d ns
SBCL to SWCL h o l d ms
SWCL Du t y c y c l e ( t ,wal a r 2 ) 4

OUTPUT: FD ( 1 2 )

Output r i s e t i m e (6) r)
Output f a l l t i m e (6 ) ps

OUTPUTS: DEFM, CEFM (see F i g u r e 7) { (6 ,12)

Outpu t r i s e t ime ns
Output f a l l t i m e ns
DEFM to CEFM set up ‘ = (18) ns
CEFM to DEFM hold (18) ns

CEFM h i g h t ime ns

CEFM low t i m e =

FUNCTION:

MULLARD LIMITED SOUTHAMPTON



NOTES

Vin -0.3 to 6.5V, 25°C, measured w i t h VDD1 = 6.5V

s h o r t c i r c u i t p r o t e c t e d t o VDDl and VSS. The maximum l o a d c a p a c i t a n c e t h a t
can b e a p p l i e d b e f o r e s h o r t c i r c u i t p r o t e c t i o n becomes ope r a t i v e i s 150pF.

Ou t p u t in h i g h impedance s t a t e 25°C.
25°C
a l l t e s t s done w i t h i n common mode vo l t age range

ou t p u t l o a d i n g 5 0 p F‑

‘SDE rema ins l ow f o r o n l y one n e g a t i v e edge o f CLDE

excessive b i t - s l i p may cause me to d i sappea r

ou t p u t l o ad i n g 150pF

t h e SYNC b i t is i o w when a subcoding syne word is detected.

CLDE remains l o w when FSDE is h i g h

reference l e v e l s a r e 0.8V and 2.4V

o u t p u t l o a d i n g 50pF f o r SBCL and SDATA, and 150pF f o r SWCL and P

SWCL h a s a 50% d u t y c y c l e g

average da ta r u n l e n g t h==5x CEFM pe r i o d s

To measure normal’ i n p u t impedance connect p i n . 6 (HED/TEST) to 12V,
f o r. ' d i s a b l e d ' e e connect p i n 6 t o ground - :

Connese p i n 6 ‘ t o -12V nd p i n . 1 1 to ground

Free r u n n i n g VCO frequency tunned to nominal & PLL in l o c k w i t h a
t y p i c a l a p p l i c a t i o n c i r c u i t i s shown i n F i gu r e 1 .

MULLARD LIMITED SOUTHAMPTON
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FIGURE 2 - HF I npu t Waveform
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FUNCTION:
Compact D i s c Demodulator
SSUED BY: D. Brai thwai te
MULLARD LIMITED SOUTHAMPTON
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»
' APPENDIX. I

S i m p l i fi e d B lock Diagram f o r t h e Comp:c t D i se D i g i t s ] Aud io System

Pre-emphasis ON/OPP

Outpu t ON/OFP

f o c u s

‘TO axD FROM SExvO SISTEM

SYSTEM DESCRIPTION

The informationcon ta ined in t h e p i t s t ruc tures on t he d i s c is conver ted to a
coded i n pu t s i g n a l v i a t h e Op t i c a l P i c k - up U n i t . Th is s i g n a l is amplified and
fi l t e r e d t o remove t h e low f requency t r a c k i n g i n f o r m a t i o n and t o e qua l i s e t h e
frequency r e s p o n s e .

The M4290 DEMOD re - gene r a t e s t h e d a t a r a t e b i t c l o c k and t i m i n g s i gna l s f r om t h e
H . F. i n p u t s i g n a l . Th is EFM modulated s i g n a l is decoded i n t o a N.R.Z. f o rm and
the subcod ing d a t a e x t r a c t e d and f e d to t h e ex te rna l Subcod i ng Microprocessor.
The decoded 8 b i t d a t a symbols a r e f e d s e r i a l l y i n t o t h e E r r o r C o r r e c t o r I . C .
t o ge t h e r w i t h t i m i n g s i g n a l s .

FUNCTION: COME: SAA 7010. [DATE Sm
Compact Disc Sys tem

M4293
qj oF eS = +



The #4289 ERCO c o r r e c t s up to two e r roneous symbo ls p e r f r a s e in t h e da ta r e c e i v e
f r om DEKOD. The neeessa r y d e - i n t e r l e a : i n g t o o b t e i n the r equ i r e d d a t a f o r m : t i s
a ch i e v ed by w r i t i n g ou t t h e d a t a i n 8 b i t p a r a l l e l symbols t o an e x t e r n a l RAM

and then r e a d i n g i t back i n a d e fi n e d sequence. A f t e r a l l p oss i b l e c o r r e c t i o n s
ha ve been made t h e d a t a i s f e d o u t o f ERCO i n a 1 6 b i t s e r i a l f o r m t . A f u r t h e r
f u n c t i o n o f ERCO i s t o r e - s y n c h r o n i s e the d a t a t o a s teady 2.1168MHz c l o c k r a t e
der ived f r om a 4.2336MHz c r y s t a l o s c i l l a t o r o n t h e CIM I . C . Th i s removes a n y
j i t t e r f r o m t h e d a t a w h i l e f u r t h e r o p e r a t i o n s e l i m i n a t e wow and fl u t t e r p l u s
any F.M . c on t e n t i n t h e data s i g n a l . I f t h e ERCO i s unable t o c o r r e c t e r r o r
b i t s t hen the u n c o r r e c t e d da t a i s passed t o CIM t oge t h e r w i t h a n Un r e l i a b l e
Data wa r n i ng s i g n a l .

The M4300 CIM accep t s t h e 16 b i t s e r i a l da t a and a c t s i n such a way t h a t , i f t h e
Unre l i ab le Data s i g n a l i s r e c e i v e d , t h e e f f e c t o f t h e e r r o r s i s m in im ised . I f
t h e e r r o r r e s u l t s i n a s i n g l e u n r e l i a b l e sample t h e n t h i s i s i n t e r p o l a t e d b y
r e p l a c i n g i t by a new sample whose va lue is ca lcu la ted f r o m t h e va lues of t h e
good sample immed ia te l y p receed ing i t and t h a t Succeeding i t . . I f a s t r i n g
o f u n r e l i a b l e samples i s r e ce i v ed then t h e output i s muted b y rep l ac i ng un r e l i a b l e
samples w i t h z e r o v a l u e samples and r e d u c i n g t h e v a l u e o f t h e t h i r t y samples
p receed i ng and succeeding them t o smooth out t h e e f f e c t s o f t h e t r a n s i t i o n . The
outpu t o f CIM i s s p l i t i n t o f o u r t e e n o r s i x t e e n b i t stereo l e f t o r r i g h t d a t a i n
O f f s e t B ina ry or Twos Compliment f o r m a t .

The M4550 F I L i s a d i g i t a l i n t e r p o l a t i n g fi l t e r which improves t h e s i g n a l t o
n o i s e r a t i o . I t a l s o enab les a s i m p l e r ana logue fi l t e r to be used a f t e r t h e
D i g i t a l t o Analogue Converter (Dac). The M4550 i s a low pass d i g i t a l t r a n s v e r s a l
fi l t e r w i t h 96 t a p s . The s t e r e o ou tpu t i s o rgan i sed in s e r i a l f o u r t e e n b i t
samples w i t h t h e M.S.B. fi r s t . It is switchable between O f f s e t B i n a r y and Twos
Compliment code . The ou tpu t sample f requency is 176.4KHz which is four ames t h e
i n p u t sampl ing f r e quency.

FUNCTION: COMM: SAA 7010 DATE 5.1.83
Compact Disc System

EXP: 2 9 3
T S S t e p BY: D . Noble :

HELLARD L i ; TED SOUTHAND?



APPENDIX II

The E i g h t to Fourteen Modu la t ion (EFM) code used in t h e Compect D i s c D i g i t a l
Audio sys tem is designed to r e s t r i c t t h e bandwidth of t h e da t a ‘on the disc. and
p r e sen t a d . c . f r e e s i g n a l s i g n a l t o t h e demodu la t o r. The a c t u a l number o f
b i t s p e r s ymbo l i s 1 7 wh i ch i n c l u d e s 3 merging b i t s which a l s o h e l p t o remove
t h e d . c . c on t en t .

Ta b l e 1 shows t h e convers ion f r om 8 b i t NRZ symbols to t h e equ i va l en t 14 b i t
s ymbo l s . The 1 4 b i t symbols a r e g i v e n i n NRZ-I r e p r e s e n t a t i o n i n wh ich a - l
means a t r a n s i s t i o n a t t he beg inn i ng o f t h a t b i t f r om h igh - l ow o r low t o h i g h
i . e .

NRZ-I eye oT ee oe ee ie je
1 be oh a al

C l i s t h e fi r s t b i t o f t h e 14 b i t symbo l r ead f r om t h e d i s c and Dl i s t h e
Most S i g n i fi c a n t B i t (MSB) o f da ta which appears fi r s t a t t h e DADE output f r om
DEMOD. 2

The codes shown i n Table 1 cover - the normal 256 po s s i b i l i t i e s f o r a n 8 b i t d a t a
word . However, t h e r e a r e seve ra l o the r combinations of 14 b i t codes wh i ch ,
a l t hough they obey t he EFM r u l e s f o r maximum and minimum r u n l e n g t h , w i l l
p roduce unspecified output data symbols. Two of these ex t r a codes a r e used
in t h e subcoding data to define a subcoding frame sync . :

These a r e : ‑

Du D8 cl c14
110-410-0.0 0 0 1 0 0 0 0 0 0 0 0 0 0 1
O l t 1 a1 0 00000000010010

- W V U T S R Q S N

When a subcoding f r ame sync is de tec ted the P b i t of t h e data is i g n o r e d by
t h e debounce c i r c u i t r y . The rema in i ng b i t s Q - W a r e no t s p e c i fi e d i n t h e
system b u t w i l l a lways be as shown f rom t h i s dev i ce .

FUNCTION: COMM: SAA 7010 [DATE 5.1.83
Compac t Disc Demodulator= XP: M4293‑

BY? D . B r a i t hwa i t e 1 SH[SH “2 ee
MULLARD LIMITED SOUTHAMPTON


