
Sanyo LC8950 Real-Time Error Correction & Host 1nterfacc Processor 

1. INTRODUCTION 

The LC8950 and LC895 l Real-Time Error CorrectJon and Host 1nterface Proces
sors (RCHIP) are dedicated single-chip LSls for use in CD-ROM (Mode 1)-and 
CD·I (Mode 2. Forms I and 2) disc formats. The LC89S I Is hardware and 
software compatibJe with th~ LC8950. The differences in funcliorfality 
between the two chips is described in appendix E. 

.. 

The LC8950 RCHIP p~rforms real-time data decoding (error detection and 
correction) and implements the host Interface, which lncorpQrate$ ... a n'Ni~ln 
first·out (FfFO) command buffer suitable for Small Computer S~tem (nterface 
(SCSI) appllcatfons. ...... .· .. · · ......... .. 

· ..... . 

The following figure shows a typical system impJemen~atlo~::.for a CD-ROM 
disc drive using the LC8950. ·, .:.-,,.: '· · 
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Figure 1. Typical System'~lementation 
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As ttf~·:, "' .. ~HIP eliminates many of the discrete !Cs or gate arrays and 
additiona .. o.. ·::. control pro.visions previously required by implementing 
the ha , .. ware .... The net result is faster product design and developm~nt 
C:· les~ . . ost-efficiency and smaller equipment size, as well as improved 
ft.I"" · nalft · d reliability. 

950 RCHIP processor is d'signed to be used with an external con
external data buffer. This distributed architecture allows both con· 

ration and control parameters to be defined during product development. 
e ·:·-r. ·ng that th~ device can be easily incorporated into existing and future 
appf f ations. 

The LC8950 RCHlP Is fabricated using a low-pov,er Cr--105 process. operates 
on a standard single +5 V po\ver suppJy, and is available from stock in 80·pin 
plastic flatpacks. 
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1.1 Features 

• Suitable for both CD·R0~1 (Mode 1) and CD-1 (~1ode 2. Forms l and 2) disc 
formats -

• All dedicated CD·ROM/CD-1 functions provid~d on·chip 

• ~eal·time. ~rror_ det~cti~n and co~ection ~n hardware without ~rolle.r 
intervention using p1pchne processing architecture ~-~ %:::: 

• Transparent design separates command functions from harc1War7,~~~;;: 
• Host system sees decoded data only in final error· free for~~~ 
• Burst data transfers of up to 23 MB/s to host computer ~l , 

,#. -
• Multi-block catching (transfer data buffering) accotpmo~tt.:~ law read· 

speed hosts. 4 ·• L .. ,,~·-·~.ffl z~. ~· ,.;;.· 

• Support for real-time erasure correction, detect-an~CI. ·:~(fgorithms and 
CRC error detection, without Interruption of hos ~a . ~fers. 

. . :.~ .'. 

• Host interface incorporates FIFO command b '·· er su ·ta.b.~e for SCSI applica-
tions.. :.~.:. ~~, 

;-:- ~... . ~... «' . 

• Single·chip LSI 

• Low-power CMOS process .,(:: ......... .,. ~4: 

• Single +5 V power supply 
• . .<:::: . 

• Available in SO:pin plastic flatpacks -·::· ..... ,/·'· 
.. . •':-'. :..,. :::···_ ::'.· ::: 

-·~ "'':"·.1~'=0 
. ·-.. ~: .. 

·•.:::·· :-.· 

. -:=·-: 
··::· .• 
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CD-DSP 
Serial Data 

Erasure 

8-bit Data Bus 

COITTROLl..ER 

CD-DSP Select -
Decoder 

CD-IF DSCR 

Sync Detection .. :.:· ·:·: · .... ·.-: 

··. :,:; 

::_ .. ;';~:-:·~· 
. :. :.::::: ·.· 

:. :·. ·;.;. 

.. -;-.·.· 

: ..... =s~· . 
.·:·· ~=~--

Clock.& Timing Generator 

·:::::· :r;'-7::::·. 
~ .. -

.. ,,,. : ~.···=~: ; 
)~ 
· ...... Header/Su bhcadcr Registers. · .. , 

~. . ' 

··:· . 

•'. . -:-

.; ... 

Error Co11caion Block·,::>·'·· .. 
; -~"='i~ 
. ·'.·.: ::::!.,_._ 

·,· ·' .. ;. ~: : ~ 
•; :\: 'i' 

.. :.: }~~· : .. -~:.;. . . :·. :~ 

::=:: ~ .. ~"}.. ;. 
. : .•• . :-:= : =:~:: 

EC~EDC~ddress Gc~r .... ' :- . 

Command 
Register 

Data Bus 

: .. ··· 

troll er 

: . :% ~,; . ,".jf 

B¥rl>itcr 

Control Lines 

HOST C0?'4PUTER 

·:.y .:·=· 

Buffer 
RAJ-4 

9 -bii Dau Bus 

16-bit Addtcu 
......,,..Bus 

810 64KB 

.=:-
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3. SYSTEM CONFIGURATION 
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Figure 3. LC89SO System Configuration 
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. 
4. FUNCTIONAL OVERVIEW 

Data input. decoding and data transfer in the LC89SO RCHIP take place simulta
neously and in parallel using a pipeline architecture. These operations p.co
ceed in real time under synchronous clocking. without the intervention of the 
external controller. 

The LC8950 is divided into three functional blocks. 

• Data-input block 

• Error-correction block, and 

• Host-interface block 

The operation of each of these blocks is described i~ detaio-,,~.'" .. 
4.1 Data-Input Block •· ·· @!' 

..{.'. 
T.f··. 
'f':. 
K 
-:=:.: 

This section of the LC8950 interfaces with the ser·... ut of the digital 
signal processing (DSP) unit in the CD ~quipment .. ;~{ 

... 

The LC8950 data input interface can be easil~'{~~~PJ (I ·~,'::o a variety of CD 
equipment. Simply by setting the CSEL and LMSEL plns':· ·the''' equipment devel· 
aper can select on~ of three serial data input fo'rmats. -<~rt· 

The LC89SO synchronizes on-chip ope1iitans ~ith the incoming data stream · 
by detf!Cting the sync pat[etns at the h~~d_c)f every data block. Programmable 
functions for patte.rn recognition a11<;J sYlt·p_r9tection can be turned on and off 
as required. ~_,.,f<':.t:.:~. =,····:.·: , .•. , .. ,, ... ~.,,, .... ., .. ,., .... ,,.,;,: 

·~ / .. •······-=:..~.::: 

Once detected. Input data ~-~··throilgh a decoc;J.cr at)it1.+.e written to a 
64 Kbytes (max.) data buffe!r, tqge~~~::with the C2 potq~~'{eri'dr flag) received 
from the CD equipment. The enJjre 2352 bytes of data ih ~ach block. including 
the sync pattern. header. ~.~9.-~.etqer and parity data. are wntt.~n continuously 
into the data bu.ff e~"A<&Lr.. q._t~~t~::' , < .. 

When the C2 p~inter,{:jST:@r..,bled .... ~he RAM. data buffer can be configured for 
9-bit words: when .... di$ibled. an 8-bi't RAM architecture :'can be selected. How· 

~-:_:·::.: ::· -. . ~:·i· 

ever, inhibiting the" C2 pointer disables .. the player's double error-correction 
fu net ion. . .. :::->;-%' .=. 

The LC89"5Q also has a master clock output (MCK) which can be connected to 
th~ clo.c.k . .input~ of the digital signal processor on the CD equipment. As the 
clock slg_pal--t.Q.,MC.~ passes through a binary prescaler, the clock frequency for 
the_LC89.5Q shodld''normally be set at twice that required for the CD·DSP clock 
s i gnat'.':.:, .. ,~, ·· <:.,: .... ~r .. . 

4:.~'·:,.:. ·::,..;;:-;:::t~~--: .· 

4.2"°-~ror-Correction Block 
·-,<~:.:.: 

e€!'~+~·tti!§So carries out error detection and correction in real time, immedi· 
-~~~\'.~Jely after a 2352 .. byte block has been written to the data buffer. Incoming data 

iS"i'CQ.rrected and sent to the host computer with no drop in data transfer rate .. A 
simple detect-and·corr~ct algorithm. which does not use error flags, can cor
rect one symbol error per cod~word. 

The LC89SO error-correction block can also examine the C2 pointer and 
erase error bytes flagged by the CD equipment. When erasur~ correction is 
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enabled. two symbol errors per codeword can be corrected. Erasure error cor· 
rection is aiso performed in real hme wJthout degradtng data throughput. 

This correction algorithm is programmable. and can be instructed to per· 
form repeated or QP/PQ correction strategies to achieve higher data rellatrllity. 

The LC8950 decodes the error-correcting code. Error-detection- code is 
used with a 32-bit cyclic redundancy code (CRC) to check errors still rerpaining 
in the current block. During these operations. the header and subheader data 
are stored in separate registers for use by the controller. 

A decoding-complete interrupt is sent to the controller when .the :<;RC ch~ck 
is completed and the current data block is ready for transfet'':~,(1). the hos.~- The 
remaining in the current block. controller can then read out''"'ihe_= peader and 
subheader dat~ the address of the block head in the data buffer. and the status 
information about the decoded data. · ·· .. ·:.:.: .. ·.··· 

:~:- .. · .. _:: .. '. .... 

4 .. 3 Host-Interface Block .. ::·.· 

The host interface allows data transfers in bursts at up to,.2.3:·MB/s. In addition, 
a data buff er of up to 64 Kbytes can be allocated, ~Jlowing·~q.e LC8950 to cache 
up to 27 decoded data blocks- This buffer can.ats9 __ be implemented as a disc 
cache memory for CD-ROM drive applications~,,· ' · , , ' 

Th~ host interface also has a built-in 8-byte FIFO comma:nd buffer to receive 
instructions from the host computer. When'.'the host signals the LC8950 using 
the HWR pin. command bursts of up to· ~ight'bytes in length can be written to 
the buff er. When the host writes to the:,~~mmand buffer. the LC8950 sends a 
command interrupt to the controllc;r .. ;:~ .... Ncit~·:·=h·oweyer, t~at the LC8950 itself 
does not interpret commands written to:tb~ command buffet, 

.: . . )~,:-,, .. ·~:· ~- . : :,- :~:: :_:_ ·:: ;: 

The LC8950 can send aaca to thehost either under softwafe'\'-ith WAIT con
trol. or with DMA transfers using data. request coptroi's:~··· .The SELDRQ pin is 
used to control the type of data tra~sf er. .. ··· ·=· :=': r=-:: , _,., ·· · 

When SELDRQ isJ:llOH.'1~..,ff.so uses sdf~wart.., transf~r mode. In this 
mode, the controlle.f" pJac .. , ·-· ·. e num~r of by~t;s to be tt.e:nsferred and the data 
buffer address of ijle .. :_:. ~11'-ad intb the:iJit>'lft.opriate·,,=.bntrol registers. and 
then writes to the t~.: M· er-stait register. Tllis action sets the pin DTEN to LOW. 
~nformin~ the host that 9~~l~tra.nsfer w~ll start. y.1he,?.-lhe host sees that DT_EN 
is LOW, it sets CMD to RICH. instructing the l2C89SO to transfer successive 

.:% ... ..-~,.:.:;:· 

bytes. ::::~.. · ''"::\P . ':';\*- .. 

· If the::t =.~ ..,,, . sf~als from the host exceed the LC89SO·s maximum data rate 
(about 2~~ · ··. · ··. ,., ·.,· .:.- .. LC8950 sets the WAIT pin to LOW. The host must then 
hol.s\..t!RD ··. W ta· · elay the read until the WAIT pin go~s HIGH. Note that the 
c,on~ directly invo.lved in transfer operations and simply waits to 
re . Ye the . •- fer-complete interrupt. 

. . ...... 

Wne ··-:~+.he SELDRQ pin is LOW, the LC8950 performs DMA transfers using 
.. : :·:'.;·,~ and operates in a manner similar to a OMA contra lier. 

hen the LC89SO sends a data request signal. the host applies signals at 
HR··· .... · control the data transfer. When the last byte is transferred. the number 
in the byte counter reaches the number specified by the controller. This condi
tion sets the EOP pin to LO\V during the request signal output. At the same 
time. DTEN goes HIGH and a transfer-complete interru_pt is sent to the control· 
ler. 
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The controller can also use the LC8950 as an intermediary for communicat
ing the CD-ROM drive status or the results of a block decoding operation to the 
host. The controller writes data to a one-byle status register. and the LC8950 
then transmits these data to the host, without modifying their content. The 
controller and host perform handshaking using signals at the STEN pin. -

Since the LC8950 neither interprets nor acts on the command or stat9_s reg
isters, equipment developers can freely define their own conventi : . This 
facilitates both the development of new CD-ROM applications apd th ·; .. ncorp9~ 
ration of lhe LC8950 into exisling designs. . ¢~ ... , ""~~ 
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5. PACKAGE DIMENSIONS 

Scale: 5: 1 

Unit: mm 
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6. PIN CONFIGURATION 

-
64 41 rt •4·: 

65 
*' :;:.: . 40 .:· 1\... J 

~&:·~." ,;. 

80 
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·~~: . 
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!li;.-.~;:-Ji:: ~: ' 

~.'':' ,.~ :·: 

T Atl~ti_,,. ·PriT~tfesignators .-
~::_; .. -~~:;.:·~ ' •' ! ·;: :~:: :: ~::. ·.: 
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TABLE 2. Pin Numbers. Names and Designations 

Pin II Niime Oes~gn:ator Pin II j Name Designator 

l GNO p 80 I RAS 0 -
2 I RA6 0 79 RA4 0 
3 I RA7 0 78 RA3 0 ;:-'. .... 

' RAS 0 77 RA2 0 
s RA9 a 76 RA1 0 

1-----...-------~~--......... ------..--------....~-------i1= ·. 

6 RA10 0 75 RAO ·o ;. 

7 RA11 0 74 SELDRQ == .,< J 
8 RA12 0 73 
9 RA13 0 72 MOO .. B · ·=:=. 

1----;-----r-----~--~-----+-~~--.-i4·· 
10 RA14 0 71 H01 ·=······· 8 

1 1 RA15 0 70 H02 .... ·S·'" =' 

12 RWE 0 69 HD3 
.. ··:-

13 GND p 68 ·'9 
14 ROE 0 67 -=~ps -.~· B 

;:• .. 

15 ERA B 66 ··=· H06 .. , =·.= B 

16 108 
17 107 
18 106 

19 105 

20 104 

21 103 8 '':~'«. ~.·~:;;= 60 t- STEN 0 

22 102 

23 101 

24 GNO 
2S XTALCK 

31 y ~~> P =~ so::;1 C! 1 

·::::. 

I ··:· 33 SOATA ..... 

32 LA °){ I 49 -il ·=~ .. ~·WR I 
t-----+-----------,-----++---4-8_=~~--:,~~···-R~O~--+------, --....-..( 

.. -~~~4 BCK . ·.i> I 47 RS l 
:· 

C4LR I 1 46 07 8 
· .. 

, C2PO I 45 06 B 

:~ 
.. 37 MCK I 0 ~4 OS B 

~ 38 00 B 43 04 B 
39 01 I 8 42 03 B 

'k 40 02 I 8 41 GND p 

-
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7. PINOUTS 

TABLE 3. Pin Numbers. Names and Functions 

Pin II Pin Name 1/0 Function 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 , , 
12 

13 

14 

15 

16 

17 

18 

19 

20 

21 
... 

.. •.' 

22 ·:-:;,. : 

_::,;;,. 

GNO -
RAS 0 

RA7 0 

RAS 0 

RA9 0 

RA10 0 

RA11 0 

RA12 0 

RA13 0 

AA14 0 

RA1S 0 

AWE 0 

GNO ·-
ROE ·o 
ERA 1/0 

108 

107 

Ground 

\t:t;· ... ''· ~·:·. ·:· ·' ,,·. ·. ·. . . .;;t 
' ~~ . ~-

.. ;;,\ t{ 
.·.·.:-· -·:;: 

J"''•.,L. 

~4::;2:· ~ 
i-~r:· : 

Data buffer RAM and er~ure fl ~::: .......... ·:~~--~ ·:? 
:'.."·;· ·-··: 

address outputs 

.~ 
... ~ .... ··=· 

·::·: .... 
:: , 

~ . ~ t 
.•· 

f>:: 

-.
I:..::• \ ..... 
~- ""f: .. .• 

~· 

'·~: 

;_ ,A: : \ : 

Grou-"" ·~. "'::·' .r'.. . ""' .,· :. }·:· .(_;. . . ' 

.;c-.,·· 

;.. ··=i< 

Erasure flag<;,.RAM data input/outPUt:·¥·· -:«.:..... . . ·. ' 

+ .. •>: ,,~?. 
.· . 

..... :::· 

\ .. : 
. . 

~. 

\ ... 
.£• 

"~·. I O~ .... f:i"&:~=~: ' ... -~· ,, ...... \ ··,. -··· 1/0 . ;.; .. ·· ...... ;.·:.· 
····:; 

k .;:>~ 

105 .f:ti~\ .. Data t)Uffer R~M: .. input/output. 
104· .. ·=.u+· 1/0 ·':'(LC8951 has·20 kO pull-up resistors on-chip.) 

103 ·' ·==·110 

102 1/0 
.. 

·: 

• .. 23, :· ·: \101 1/0 
······~··· ··:· ~. 

30 
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Sanyo LC8950 Real-Time Error Correction & Host Interface Processor 

Pin Name l 1/0 
I 

voo -
LACK I 

SDATA I 

BCK t 

C4LR I 

C2PO I 

MCK 0 

I Function 

J Positive power supply connection 

44. 1 KHz left & right cnannei separator strobe 

Serial data input 

Buffer input clock 

C2 error nag pointer strobe 

C2 flag pointer 

Master clock output 
·_:··· ;:·. ::·::: .·· . ••' 

-

•,· .... 
::::~ 

1 

.·.·· :.;:f :-. . . ' 
~----+-----~---~--....... --~~--------------------~• .... ~ .. ----------~---."4 

•·. 

.. 

DO 1/0 

01 110 

02 t/O 

GND -
03 t/O 

04 uo 
05 110 

06 1/0 

07 1/0 

RS l 

- - l RO 
. - I WR 

cs 

: :·: 

.=··-=:·:·-·:·-·: 

Controller data input/output.. ·=-·-····=· 
-:·.· 

(LC8951 nas 20 kn puU·up resistors on~chip.) 

Ground 

: 
·:-: 

:'.·:·:\. 

.. ::-

:;· ·:·:·· :_:=;·.= ·.-=· 

.~: 

.·.::::: .• 
. '•?:· . 

·. '·t 

: :/~~"-; 
... :' ~: ·::: .. 

Controller data id.pu.t/outpµ_t.:· ·· 
(LC8951 has 20.)91 puU·~·P,.~esi£{ors on-chip.) 

.: ·:\:': ·;·· 

.::·· :·-. 

v~·~:~· 

,, 

Register SeJect , . 

::~~?(.t<::t. .. 
~-· ':'-..'~· ··:·.·~ 

:·:- ~-

~~:: ~'t-:t\·· :.~::: . ·:· 

I~ ~~~roller interrq{t 
. :.: 

·} 
·.,· .. 

~ Gro~ ,,·' 

1-----+--~-----, I_ ;i '!~i LC8950 cttlp res~ 

55t~ HWR Host data write inp~··· 

.::· ... RO I Host data read input 

D Host command/data select 
··=:=·: :· 

WA1T . · .. . ·.-. 
.:: 0 Data transfer WAIT signal/ORO signal 

59 DTEN 0 Data enable output 

.. 
STEN 0 Status enable output 
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Sanyo LC8950 Real-Time Error Correction & Host Interface Processor 

Pin II Pin Name 110 1 

s1 I 
62 

EOP 

OOUT 
(RCS) 

0 

0 

Function 

End-of-process flag cutout 

Host computer data outfer control output 

(LC89 51 RAM chip selecO 

63 HOE 0 
~--·-:· 

Host data erasure flag tristate output JC· 

64 GNO -
65 H07 110 

66 I HOS 110 

67 HOS 110 

68 H04 1/0 

69 H03 110 

70 HD2 1/0 

71 H01 1/0 

72 HOO 1/0 

73 VOD -
74 SELDRO I 

75 RAO . 0 . 

.{._;· ·=.:~ 

Positive power su~!Y connec~ 

Data transf";im~ s~·fect (VVAlT 

control/DAO coritro~ 

76 RA1 0 ~;-·-·· 
·:I 

.· .... ·.;:; .. 

··;;. .. 
·.,;..:.,:. -

.,__1_1_.....,__R_A_2_ ......... _o___,. p~1a.~11tter RAM and erasure. ti:ig·~AP.A; 
·t··· 

7 a RA3 o S<;ldres~·,outputs ,..:: · · 

79 RA4 G'·.:: ,: 
,__ __ .,..._ __ __,,_,, ~=· •· ..... :" ...... -~·'<:;:;;;;t,/:~'j:tit,;,._ 

80 RAS Q :,:;:: 

-:;. ' 

··:: 

. . ·-.:. 
·. ·.~. -:~=· ::. . . • . 

. .. :.::;,;;-;tf.r:J. ·,.;~. : 
· ... :. ~.:~.· .. :. 

·::·:·: . 
' "'% :,: 

·..:·~ .. :: .. :· -•.. ;:·~. . .· 
~:: .. 

.. 
·.c;, 

.. ·· 

t;~S.t+t'~:'.;a: 
''""·\.::;:: .: 

··~=4-.·~ . 
··-tt:· :: 

Design Manual 
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Sanyo LC8950 Real-Time Error Correction & Host Interface Processor 

8. PIN DESCRIPTIONS 

GND - Ground pjns 

RAO to RA 15 - Data buffer RAM and erasure flag RAM address outputs 

The LC8950 uses these 16 outputs to specify addresses in the data .... ~uffer or 
erasure data memory, _allowing the use of an 8 Kbyte to 64 Kbyte external 
buffer. 

RWE - RAM write ~nable output :." ·::: ::·· ... ; . 
.. ·:·:i:::. 

The LC8950 sets this output to LOW when writing data to lH'e .~xterhaJ data 
buffer or erasure flag RAM. i ·<>· · ·~ 

:: ~: 

··::: :: .;:;: :;;., -~~· ::_. 

ROE - RAM output enable output :· ·.·· :_:: ·.'.;; .. · 

'" 

The LC8950 sets this output to LOW when reading dat&."..f.rom the external data 
bu ff er or erasure flag RAM. .. ".,.. . .. :·: .. "·· 

. ;-.: 

ERA - Erasure flag RAM data 1/0 pin ·:'. 

This pin is the data bus for the erasure flag RAM. As .t~is pin is a tristate type. a 
pull·up resistor should be used. . .. ·/ ,,, 

·: :-::··· 

IO 1 to 108 - Data buffer RAM 1/0 pins . ,~;.,5'.~:: ,.:,·,:,~.-
··:·· .· .• 

: .i 

These pins are the data bus to the extt;rnal data buff er. As these pins are tri· 
».: ·;.;:;.:· 

state types. pull-up resistors shoulg,be us~~'! .... ; . 
. ;;$1~,~~"i· ·: ·:·::- :;~ y· ,;·):: ~::. \ 

XT ALCK. XT AL - External clock_.Ugnals :·1~J.<,. · · .~.· r _. .... ,,, 
. :::\J}:\t. . :· 

As the LC8950's clock circuit -~in'-=ludes an on·chip·· .. ·binary prescaler, a 
16.9344 MHz crystal should bc·\1sed to generate the requi{ed 8+4672 MHz mas· 

·:!:':; .:: ·. ":··4 ... ,..:· :.·. 
ter clock (MCK) signal. :,·,,-«, <~·- .. ~:~/ ;, '·:: ,:.~ ·· 

XTALCK ca~ b~en ~~!tf~o % duty{xter~~\signal: This gene.rates a 
master clo~k s1g~l on:=·. ·' :... he_ fr9uen~1'~he ext~~al signal. In this case. 
the XT AL pin sho . _. eft ~:,·~= at1ng. ., ~ ·: .. :.f · 

The clock f~equcnc:v, ne.~,J; ~o be exad'w rn~34'!).1Hz only when_ the master 
clock o.ut~>" t· .. as used .. · •erw1se. s~lect a frequ .... :e.~cy that results tn both the 
LO\V· and .~." H-level signals at LRCK having?f1dths longer than 192 clock 
Pu ls es. · \ .'~.~ . . . ..... 

·;;.:;: :r'" 
··~·'.-. .!' ~ ·. . . · · · . . ·~:·: 1-.:x 

TE ST l . . ~. T .. · . . t inputs 

MSEL ~Clock phase select and serial data byte order inputs 

a!s select the read timing at the SDATA and C2PO inputs as follows: 

. When both CSEL and LMSEL are LOW: 

i. SDATA is read at the falling edge of BCK. 

11. The data at SDATA are processed beginning from the most· 
significant bit. 

iii. The edge of LRCK ends the reading of 2-byte \vords at SDATA, and 
starts the reading of the next \VO rd. 
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Sanyo LCS950 Real-Time Error Correction & Hast Interface Processor 

1v. \Vhen more than 16 clock nulses are detected at BCK \vi thin one-half 
cycle of LRCK. oniy the data read in during che 16 clock pulses imme
diately before the LRCK edge are significant. 

v. A ... llGH·level signal at LRCK identifies the data at SDATA as b~ong· 
ing to the left audio channel. 

vi. Data al C2PO is read in at the rising edge of C4LR. . .. 

vii. Slgnals applied to C2PO nag the n1ost .. significant by~e the ,"'the le-.st-
sign i fi can l byte of the 2 ·by t c words at S DAT A.. '4!: · =· J:=f; 

/_:. 

viii. In this mode. the LC89SO can be Interfaced dir any 
CXD 1125 digital slgnaJ processor. 

B. \Vhen CSEL Is LOW and LMSEL is f·IJG~I: ~1-Y · 

I. SDATA Is read at the falling edge of BCK.-t. . ~~ti 
Ii. The data at SDATA are processed be~.ning-dfb-n, the least-

iii. ~i:;i::::t:;t~RCK marks the start a/;~,~~c 2-byte word at 
SD_ ATA. When r~ading is co1nple·.·.~.t~ll~, ·.·.the rft~.::. operation is ter· 
n11nated. ~ · . -... ··· 

.; .. :. ::. •. 

· ... :, ... ~:: . 

Iv. When more than 16 clock pulses arc' detecled :a't BCK within one-half 
cycle of LRCK. onJy the data r~ad:io du.ring the 16 clock pulsf!s imme· ,. ,·_: . 
dlately.aft~r the LRCK edge ~c stg.niijcant. 

-::· ' . ::: 
. '-:..:: . ~· ·~ -

v. A HIGH·Jcvel signal at LR.CK l(l~ntJfies the data at SDATA as b~long-
1 ng to the left audio charint!l; ::: ::; ·:: , ... 

. "'·=.-:~..:· .. . J •• 

·-.:,.·· 

vi. Data at C2PO Is read ·.:tn ·at l11e'·-·:flfth and thlrteeq\f:a.:~(lCK pulses after 
~·::·: ._ .. , ........ _.,. ... 

the LRCK edge. C4~ Is ·nq.l used to supply tbt; ,lfmin~·. 

vii. Signals applied to C2~0 flag the lcast .. ~lgnificant, P.Y,te then the most
slgnl ficantb,yt~ ··o.f..~~he:,2:byte wo rds .. at SDA. TA . 

.. . . : .. :.::~. ::/: : . ~-:,:/,f~'i.t:. " ~: . ' . 

viii. In this mode. Uie LC89S·o can b~ Interfaced directly with th~ Sanyo 
LC7860. Matsu'slaita MN66 l 7 or Yan;1aha TM38 ls digllal signal pro· 
ccssors. '"·: ,;; · 

C. When CSEL Is rUGH,and LMSEL is LOW: 

·-:. 

·. '• 

··:· 

I. SDATA Js read at the rising edge of BCK. 
·· .•. 

i.i~:=.;,,Jhe "data at SDATA ar~ process~d beginning from the most
·~·· .. ,; slgnifiqnl bl t. 

·~ -.--:~ . .::::'.'" : . 

. lii. ==T~e edg' of LRCK marks the end of reading on~ 2·byt~ word at 
'·~ '. <,;:,SO.f..TA. and starts the reading of the nexl word. 

. . =·:t. ~·: -~. : 

-. ·~iv. When more than 16 clock pulses appear at BCK within one-haJf cycle 
<~.~~:~m~·~;,t:,:,) ,_,,.''.:~!,.:::=:~;, 6 .. of LRCK, only the data read in during the 16 cloek puls~s immcdi-

<.i(: ··- :~=#~:~,· attly before the LRCK edge are significant. 
··:--:. 

v. A HIGH-level signal at LRCK identifies the data at SDATA as belong· 
ing to the left audio channel. 

vi. Data at C2PO is read in at the rising edg' of C4LR. 

vH. Signals applied to C2PO n~g the least-significant byt~ then the most· 
significant byte of the 2-byt~ \vords at SDA-rA. 
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Sanyo LC8950 Rec~d-Time Error Correction & Host lnterf ace Processor 

vi i I. 1 n t h ls mod e. l h e LC 8 9 5 0 c cHl be i n t er faced di rec t 1 y w i th l he To s hi b a 
TC9200F digital signal processor. 

D. No operational nlode is defined when CSEL and LMSEL are both l·llGrL As 
this niode is reserv~d for future use, it should not be used. 

VDD - Positive power supply connections 

VDD should be in the range of 5.0± 1 O % V 

LRCK - Left and right channel separator clock input 

Supplies the signal which separates CD audio data into thos~:=ro·r the leit and 
right channels. . .:.:·'· . · , .. == ··= 

ln a half cycle of LRCK. 16 bits of data are read ln al SDATJ.\ .. ,The rising and 
falling edges of LRCK are used to distinguish between the firs't''and last bits . 

. ·: :r. ·. 

SDATA - Serial data input 

This serial input receives the data after CIRC (Cross lnterlei!ved Recd-Solomon 
Code) decoding. The BCK pin controls the now of data to:the LC8950. The 
received data are stored In the external data buffer. 

BCK - Bu ff er input clock _ c:::-=i:.~.·· 

Th' clock signal for reading in serial data' at SDATA is applied to this input. Al 
least 16 BCK clock pulses should be generated within one-half cycle of LRCK .. 

:-~1· "::C-.·;:· •. ·. ..;' 

.;;;.·;14 .. '.· ·.f. :::: 
C4LR - C2 error flag pointer strobe='fnpul::·~~.. ·=·· · =· 

':~.·~.\ . !'• .:·· : ... -:~- :.;. ::.~·:·· 
Used to supply the strobe signal..for:'re __ ading in the C2 c·rr~rflag ... Whcn unused, 
It should be lied co either VCC or.CNo.·· ,= . .,. · .. 

:_, -.::· 
. ::· 

C2PO - C2 et-ror Hag~9tef'tA~\ / \ ' , 
This input is used f~ the s, ···!{'"Or fla~!'inpu~ .. ~~.~ing Cllt·<::~.~ccoding. The flag Is 
non-Inverting: a Hl .. H l lfi~ut lnf!icat~~~rror coftdltlon. The data at 

:.. •.I ... :·· •• 

~2PO are. re~d in_ at' . risJn~· .. :Jdge of the ·~ignaJ·~~at C4lR. If present. or on ~n 
internal u_mmg signal ge-V\.(d at BCK and1>lRCf. a~,d are stored temporarily 
In a one·b1 t bU.'~ er. "'·w~ : 

• ... ':). ·::·.··.· 

MCK - M _ _ter d~k output --
. ~.·.···· ·~ ; 

Th Is o u t p .· =-~fu a master c 1 q ck s i g n a I of exact I y one .. ha If th~ fr~ q u ency of 
the ... star·.· nnccli!.d at XTALCK. This outpul is used to provide a common 
clocl< rf ., .. for the clock input of digital signal processor In the CD equip-

on troll er data pins 

se pins arc the data bus to the ext~rnal controller. As these pins are high
:. ance typ~s. pull-up resistors should be used. 

RS. RD and WR - Controller interface control inputs 

These are the register select. r~ad and write inputs used to control the opera
tion or the controller interface. Th~y are active only \vhen CS ls LOW. 
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Sanyo LC6950 Real-Ti1ne Error Correction & Host Interface Processor 

RS selects either the address register (AR) or one of the LC89So·s 32 regis
ters. AR is a special register used to select one of the 32 read or write registers 
on-chip. 

RS .. LOW selects direct addressing (AR). whereas RS - HIGH selects Indirect 
addressing (th~ register pointed to by AR). 

CS - Controller chip select input 1•· , . 
The controll~r sets this In put to LOW to enable lhe LC8950.Skeont <' .. Jler Jnler-
f ace. · ·. ~·.: .:: ..... . r · .. +. 

:~ ····:.. . 
. ; .. : . ': .. 

::. '~·. '~- . : 

INT- Interrupt output ':__ .> 

This output transfers interrllpt requests from the LC8-~~lo 
f· ::· 

when LO\V. /:: 

RESET - Reset input 

Forcing this input LOW r~sets the LC89SO .. 
1 

' 

.... 

ENA OLE - Host Interface enable fnpu t t, .,.,_::., _,:_~·<- ,·;·; 

. ·'' ontroller 

':' ¥if: -~.·~~~..., ! .:" 

This Input selects the LC8950. The host cQJ,riputeF9Stts .~Ills input to LOW to 
·:-;:.: ·: .. «· ~::::-- :·:~=- ,·,· 

enable the host interface. .,;, ::_ ., ... 
,./: : .. '.;~~<-: '\ + 

HWR. HRO and CMD - Host interface c4ntrp1:'in_puts 
:: ·:·~ 

These inputs control the operation,.:_of th.~h.9:$·t'lnterface. 1-tWR Is the host data 
,A··,·-.· I•.-:'.• •._•"':>:"" ,:::.::••,..}:• • 

write Input. 1-IRD. the host data r_~att·'·iP:put~-::and CMD.,,,~:h~s,,host cornmand/data 
select Input. They are active on~~hen "'Et\IABLE is LOr'. ''!.tf'"' > 

i. Setting HWR LOW, HRD Hl.GH~d CMD LOW lnslhtcd' th'<l.t:a9SO to enter 
command write mode. The data at I-ID 1 .-to li07 ... are w·rltten Into the 

• ' ; . ·. '· . ·. •. "'t" -=-~. 

LC89so·s command register· .. -~ . , ·-·: t ··:· ·· 
. • .,. "'<:. ,.,...... . . ".• .• .. 

11. Setting HWR ttit?~t a.IJd H'a~nd CMD L0w lnslfUcts the LC89SO to enter 
status-read mode. ,lrft~<data p.r~viousty·, ~rllten"'by the controller to th~ 
LC89So·s stat~.:~f.l!gister ar~ output at HOO. to HD7.· 

Ill. Setting HRW HIGH.!).gO LOW and CMO HIGH Instructs the LC8950 to enter 
data trl!lsfer mode. ··oata in the buffer are read by the LC8950 and output 
to the ho~::·t at 1100 to ~107. The ~rasure nag''.status ls output at 1-IDE. 

All oth*::-ct!'lb,thJtions of J-IWR LOW ttnd CMD ~UGI-I, and both 1-IWR and HRD 
Low arc"Xnd~flt1if.and should r~ot be set, as the result of their use cannot be 
guar~nt~ea:_~:,,. · 

..• ~~"IJ}"ii:;j~ \~' 
~ - Wa'it-6\itpu t 

. ~i~~~~l:;~~t~~ oi~tp~:',~~l.~p(::::ts ~~~ L~•:.~~a:es:rr::::eE~~:~ ;:;t~~-od e), the 
·. ·:\_::.:~. LC8950 sets the WAIT output to LOW to signal the host to suspend the 

~\ _ _,ja la trans re r. 
WAIT Is held I llCl-f \tthile DTEN is lllGl·I. and whllt! the LC8950 Is not 
trans( erring data to the host. 

Ii. When SELDRQ is LOW (that is. during OMA transfer rnode). WAIT runctions 
as a DRQ (data request) output to the host computer. 
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Sanyo LC8950 Real-Time Error Correction & Host Interface Processor 

WAIT retnalns LOW while DTEN Is f llGH. and while the LC8950 Is not 
l rans fer ri 11 g d at a to l h e hos L 

DTEN - Data enable output -
This output is set to LOW lo signal the host computer that data Is ready to be 
transferred~ 

STEN - Status enable output 

This output ls set to LOW to signal the host cornpu ter that the sta,tus byt·e ts 
ready lo be read out. ·:. :.:. 

EOP - End-of-process flag output 

The LC8950 sets this nag to LOW on sending the last byte· ~.O the··hast computer 
using either software or OMA data transfers. :-: ==·:·=· · 

:·:. 
.· ::.: ... 

DOUT - l-lost computer data buff er control output~.·'.:·;, 

This output Js set to LOW to requ~st data from:t~1e host .cpmputer data buffer 
when ENABLE and 1-IRD are both LOW. _ ):· :.: 

. . ···: :·, 

HOE - l-lost data error Oag output 
.. :.;. ··~~· -.. , . ··::·:: . : 

This output Is used to output error nag,,s:t~;hals to the host computer. The error 
flag ls output during data transfers ~)1e1l:·the:. corresponding data bytes are 
being output at HOO to HD7. When the.·~~CS950 is In status-read mode~ HOE Is 
L 0 W. ~,~,~3:~~;$:::\,~;,,_ :.=· ·:r S3~: + -

·.:.:-. . . '). .·: ... :.< .. ~··'. _;'.;· 
• ·~;"~o'o' r 

. -~: ·= ;::·:~:~.~:· .... 

~JOO to HD7 - Host data 1/0 pinf\~ · , .. ,~ .. ·- .. m, 
:-... . "·' ~·, 

These pins are! the data bus t'·a . .,Jhe 'Host co1nputer. As'these pins are tristate 
types, pull-up rf!sistors shOJJld b~·,used. ·'i.?:·' -.. ·:r~·:;,;.,<=·" 

.,: p:ffe=.~ ·: ~®~lt,, :M ? 
SELDRQ- Data trtnsfer nl.. e sele~.Jnput ... /; .. 

When HIGH, this f ~ ~~i- . oft ~re tr:A.,mode 'ftJr data transfers lo the 

':··' 

•' :·=· .· ... 

host (WAIT contro.11',- , OMA tran\$,f er n-i·qde {DRQ control) is selected. 
' :::'':) / :~~ .. 

. ~ ' .. 
-~.:.{ ... ::;: . 
: ·1 .. :~::· 

·Lt;..w 
.: ··:~ . 

• See appendix E for rhc LC89S I. 
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S'1nyo LC8950 Real-Time Error Correction & Host Interface Processor 

9. ELECTRICAL SPECIFICATIONS 

TABLE 4. Absolute f\-1aximum Ratings 

Parameter Symbol Rating 

Supply voltage V00 max -0.3 to 7.0 v 
Input/output voltages V1. Vo -0.3 to V00+0.3 
Power dissipation Pd max 350 
Operating temperature TOPQ 

-30 to 70 <~;,; .. 

Storage temperature Tstg -55 to 125 
Soldering temperature 260 

'-t: <:'::;. ~f-':f : 
•.: ..... ·'. 

--~-%:~-~"~ c,.~·:·c .. .-··. 
TABLES. Recommen~~fei'&q11g Conditions 

(Over operating free-air terrlp~r,tur',e range) 
- ~~~:, II"-! ~,. 

.f~~'. '. ·4.~.:-~:: : 

Parameter 
-

Supply voltage f' .. 
Input voltage range. 

.·'• 

"'\,:·:~: 
.. », .··. 

' ' . . . ~~:~: 

'''., '~k't.;t4 Ol,ftl:~ ' 

Design Manual 
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,., .. ~~ ts m ;;. ·1 y :-..,_, 
': 

~.t,V ..... ,<_.DO 
VIN 

Min 

4.5 
0 

i. 

~' 

, ... -' ~ - :· 
: ·;~ :(~ ?'i; . ~-

'-': 

T~1f·t~ 
I 

i:~·Max 

&<-~:·--:·:· 

5.1>.=:-;.~'.· ,...,~'.5 5 ·~ .... . 
~ - Vao 

·.·. •·'•' •. ' 
•.·. .. 

·-:..,.. 

For 10 s 

Unit 

v 
v 
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Sanyo LC8950 Real-Time Error Correction & Hast Interface Processor 

TABLE 6 .. Electrical Charac:teristics 

(i)LC8950 

(Input/output level V00-4.5 to S.SV. over operating free-air temperature range) 

Parameter Symbol Min Typ Max Unit 
Test 

Pins 
Conditions .... 

- -HIGH-levet input voltage V1H 2.2 v 
HIGH All Input and bus pins. 

LOW-level input voltage ~IL - - 0.8 

HIGH-level output volt- VoH 2.4 - -
age 
LOW-level output 'VOit- Vol - - 0.4 
age 
Input leak current IL -25 - 25 
Output leak current loz -100 - 100 

(ii) LC8951 

v 

v 

v 

1.A 

µA 

::· ... 

.· :{ :~, 

·:::· .. -:-. 
: 

::·:_: .. 
:-:-.· }::: ;:-:-: 

loH- -0.4 mA 
.. 

10L-2.o mA ·. ;.·:· . 

';_ ·~ - ·:· 
:: : .· 

v,N-vss.,.Voo ... •• 

. ·-::.;,.-··· 

At hi.~h-impedance 

· .. ·:·: .. 
·.· :::-

·;: ·, 
: : ' ::~ 

··. ·_:·.· 

ex.cept XTALCK 

·::·. 

-

Altoutput and bus 
pins. except XT AL 

All inputs 

HOE and bus pins 

{Input/output level V00-4.5 to S.SV, over op,.rating.f~t!e-afr temperature range) 
: .. ;~:r:;,,:,:.:m, .. 

Parameter 

HIGH-,evel input voltage 

LOW-lever input voltage. 

HIGH·level input voltage 
LOW·level input voltage 

HIGH-level output vo, .. ,. 
age 

LOW-level output vcf. 
age 
LOW·level output volt
age .i, 
~~:~: r" ur;~~, 

.. .. . . 

Design Manual 

. ··:/ ....... • 
~ .. • . 

. :·~ 

Symbol Min Typ ·"lax u.,it 
- :~· ¥. 

Test 
Conditions 

Pins 

V1H2 

v,~···~----~~ 

IL -25 
1oz -.1 oa 

-

... '.$ ... ',t ;:· ·~·~·::·· 

0.6 

v 
v 

v 
.·= .•....... 

. . ::. 

·.·. ··.i 
V> 10 .__,,r-2.0 mA 

~· • ::. ':>. 

AU input pins except 
XTALCK. BUS pins 
and RESET 

All output and bus 
pins, except XT AL 

TNT (Open drain out
put) 

25 ,,A vfN-v55.v00 All inputs 

100 ,LA At high impedance HOE and bus pins 
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10. REGISTERS 

TABLE 7. LC8950 Registers During Reads -
•.•:;,: 

RS AR Number Name Bit7 Bit6 Bit.5 Bit4 Bi13 Bit2 j ,.~. Bit 1 1 ~'. BitO 

0 AR 0 0 0 ~ .£~~· A ·'·· .. A ~ A
0 t---+----+-----+----+-----~---+----~----t--....i~ ... ··•!«p,' ~--·"' Jiiiliii+-'''-----1 

- -
-0000 RO COMIN msb - .t•·"i .J> "' -'<lil 

··~ ._ lsb 
·=-~ 

OTEI 0001 R1 DECI ··~. 1 OTBSY > 
..a .. : 

IFSTAT CMOS OTEN t STEN 

0010 R2 DBCL 87 86 a.. I 8ii~· ~·.· e, 
0011 R3 OBCH OTEI OTEI OTEI 

0100 R4 HEAOO msb . - - lsb 

0101 RS HEA01 msb - - lsb 

0110 R6 HEA02 msb - - tsb 

-0 0111 R7 
t::. 

HEAD3 msb - lsb 

1000 RS PTL A7 AG A, I Ao 

A,, 1001 A9 
7 .. 
r,:.:.a ~.{. . = A 
~:"13 f': \ 12 PTH A15 

~ 

Ag Aa 

1010 R10 A ·..,~ .. <.:J .. -·:·A 
6 ...... , . ;'i*=.:·'-="'' .1: ' 
~· ~ ...... ~ . 

WAL A7 A1 Ao 

1011 R11 WAH A15 Ag A& 

1100 R12 IL~C NOSYNC LBLK :·. ~u, 
WSHOftr ·X-f5BLK ERABLK UCEBLK 

:· ... 
·e;; ,; . 1N 

STA TO CRCOK 

1101 R13 STAT1 MINERA SECERA SLKERA MOQERA SHO~RA SH1ERA~ SH2ERA SH3ERA 

1110 R14• 

1111 R1s· STAT3 VAi;sf WLO~G 

.... 

1 ·.·,.: :.,,,,~:t1aYs,read as one 

a·l.ANK ··:·';·~.:-~ .. :.,·.: . 

Not used. don't care 
·:·· ;-.:. 

6~1~.1.'.!<<s~;:t~/,:ef.+ :::=~ '\:.iz·,,'= 
·.::; 

·;·. 

• See append1x E for the LC89S l. 
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TABLE 8. LC8950 Registers During Writes 

RS AR IN umber I Name Bit7 Bi16 Bi\5 Bit4 Bit3 Bit2 

0 

- I - AR A2 

0000 RO SBOUT msb - -
0001 R1 IFCTRL CMDtEN DTE1EN DEClEN CMOBK I OTWAI STWA.1 

0010 R2 DBCL 

0011 R3 OBCH I 
0100 R4 DACL 

0101 RS DACH 

0110 R6 IOTIRG 

0111 R7 

1000 RS WAL 

1001 R9 WAH 

-
A· 

. ' 
.· : ':12 

... <·B .. 
. :.,. 2 

" ... 

a,, B .. 
10 : 

,• ··.: 

~,11 ,,.,, A1C 

~- \: ... -
·.:··:.: 

-
8it1 BitO 

~, Ao 

- 1st> 

OOUTEN SOUTEN 

·:. ··· .. ~, 

-

1010 R10· CTRLO EO~~O..::=.: ;·AUTORQ ERAMRQ WRRO ORO PRO 
.... ·:: 

1011 R1 i· CTRL 1 SYIEN SYOEN OSCREN. ·COWREN MOORQ FORMRQ SHOREN 

1100 

1101 

1110 

1 .. 1 1 , 

Key 

Rt2 PTL 

R13 PTH 

R14 

R15 AES ET 

Ndt:: ed. don't care. 

-. ~ 

: ·. : 

.. ' 

. X;:. 

.__ .. _·':':: 

,f' 
;.·.~ ... 

... :/~ . #-~-~~r+ ... 
~··=: • I 

v·. ) 
;: •.· 
.·:: :· 

.·.'?· . -;-~ .. 

·~·1~ 

BLANK~~ ·,-· owe'f.r. writing O is recommended to 
·~, en . . · · ure compati9ility. 

• Se~ appendix£ for the LC89S 1. 
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11. REGISTER DESCRIPTION 

This section describes each of the registers on the LC89SO RCHIP. A range of 
register options including levels of error correction. can be selected. Titese 
allow fully customized interfaces for both the CD equipment and the host com· 
puter. 

Noy~ that se~era_I regi~ters operate differently deper:iding ~E whe .· .er~ r~d 
or wr1 te operation 1s taking place. See the r~ad and write regis·t f ta .. zn)he 

. ~ .. 
previous section for details. ·"'" 

I· 

•.·.: ., ;. 
·-:· . 

.·:· 
.~:-. :: 

'w 

.·.· 
l,r-:': :-:~:.=.:-~.; ... ·.~-

• -: . ~: 
:·· 
~: 

(<= 

· ..... ··: 

.::': ~: ~:. :: . . . 
.:; .: 

:: ,• ... 

~.:::.. 

'· "..:.· 

.·· .-:· ·: 
.... . , :. 

.:- ·:-. 

. · \~.:... :::·;. 

. . .... ,· 
. ' \. . 

·~¥!,.' ·.• 
···:· .... :::::-. ·=·. __ ;;.. . ~ 

'.· .... :~ ~ ·=·~. :; .. ;: . 

·' ··': :· 

·-~-
··. ·. . . . . {: 

· .. ·---~ ::·:·~- t:::. •.• 
··:· 

- :;:_.: 
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11.1 AR - Address Register 

I 
,.. 

BIT7 91T6 BITS BJT4 BIT3 8JT2 BIT1 SITO 

' 
R/W 

Register Address RIW 

This 4-bit register holds the addresses used to specify the LC8950's 16 internal 
data registers (RO to R 1 S). 

A register aridress must be loaded into AR before reading from or writing to 
that r~gister. ·· ::=:. 

AR increments each time a read or write operation is perfor_m-ed at registers 
R 1 to R l S. When the register address reaches R 1 S. the next J/O r~$ets it to 0. 
Register l/O does not increment AR when the register address'i,~-RO. 

AR is selected when RS and CS are LOW. . . ··· ·· ··· 

.. :·: 
.... ·: 

. ;.: :.: 

·.·' -t.: ·:-:- ·.• . . -:; 

. . :··: .··. 
: - .. :: . ...;..·· ., 

.. :: .;:8. 
.• ::··:'.. ;-::-' · . 

::. 
•. ·.· .... <·· 

:~. .::. :· . 

. :: 
. ··:=· 

t 

I'; : ·::~· ..... r· i... : 

. -·¥"' 

.. 
:· . 

I:' . :!'.'!. 
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11.2 COMIN/SBOUT - Command Input Register/Status ... Byte Output Register 
(Register RO) 

During reads, this register is C0~1IN, the command input register: during writes 
it is SBOUT, the status-byte output register. A read/write operation to this.,.eg· 
ister does not increment AR. 

~:·.· 
~,. 

·-:· 11.2.1 COM IN - Command Input Register 

BIT7 8116 SITS BIT4 SlT3 81T2 BIT1 

msb A 

l.·; ·.~ 

This regis~er is a B·byte circular buff er between th:h ~ c~(~r and the con-
troller. It is configured as a FIFO memory. ·~. ·:·'·' .. ,.. . ·· 

When commands from the host computer fill.'h~~or>bytes of the FIFO 
buffer. the CMDI bit In the IFSTA:1" regist~r is sM ,0 •. fa. r~/he. lNT pin ~OW. 

When the command buff"r is emptied. C DI s .. ~§.C"t to_ ... l. and reading the 
COMIN register in this state returns a value df·fFH. :;-:-!':::::-~- · 

/f: '~; ."fi.. if.· . 
:,..; 

:-~· 

1 ~ 

.'. / . 

11.2 .. 2 SBOUT - Status-Byte Output Register 'i 
:. .. ; ;: . ~ . ...-:· 

··: 
·: . :· ~· : ; . : ":" .· . ~ ... 

-._.,;. ·:· 

BJT7 81T6 BITS 8lT3 BIT2 .f -8tJ1 Bl TO RIW 

msb fl':~:::-·~ 
.... ~.:~~ . 

'i -·· ... 
:·:· :·· 

, 
.· .· ; 

·. :: ;::=;: 

This one-byte register bu.ff~~s _status bytes toJhe host computer. Multiple sta-
tus bytes are pass~d'~':!ti the ho~~t-6yte-by·byte.,:: \_:' 

- -..-- - When the souiEN Qirfifthe lFCIRLregiSterhas been set to 1. writing to the 
SBOUT regist~r set$::·:~-the STBSY bit to 0. If the:SlWAI bit is O. the STEN pin is 
immediately set to' LOW t9>inform the host comp~ter that the status byte is 
ready to b~, read out. .. ''. c.,;r· · 

If the STWAI bit is set to l and the DTEN bit in the IFSTAT register is also 1. 
both t~'~,;~,TEN<Rin and the STBSY go LOW when wri[ing to SBOUT is completed. 
Howevet~~-.. tf'-tl\gi.!f.WA[ b~t is set to O and the DTEN bit is O. the STEN pin is held 
Hlc;H unttl the~ b1t goes -HIGH; thereafter it goes LOW. See figure 13 
Scarus;~yle·'f:roce.ssing during Normal Operarion and figure 14 Srarus-Byte Pro· 
ecssing whCJi.:;,,WAITis Enabled. 

. ·: '··::!i:·,':' 

Th~,tSTEN pin (and the STEN bit in the IFSTAT register) goes HIGH under the 
d',~·:rr~~l_qW,iOl\(onditions. 
~"\~):' . ... ·'• ;........ . .. 

~~:~.! The host computer reads the status byte while the STEN pin is LOW. 
'·'.!::;. ... 

• The SOUTEN bit in the IFCTRL register is 0. 

• The host writes a command while th' CMDBK bit in the IFCTRL register is 0. 

• The chip is reset. 

Design Manual 26 
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11.3 IFSTAT /IFCTRL - Interface Status Register/Interface Control Register 
(Register R 1) 

During reads this register is IFSTAT. the interface status register: during writes 
it is lFCTRL the interface control register. A read/write operation to this regis
ter automatically increments AR. 

:::· ... , 

11.3.1 1FSTAT - Interface Status Register 

81T7 BIT6 BITS BIT4 BIT3 81T2 B1T1 ,,SITO '· R/W 
:-··. 

CMOI OTEI DECI 1 OTBSY STBSY OTEN STEN. .. tr 
.. 

. . :;: :· 

· .. " 

·: .:::. :·:· .. : .. 

This register indicates the status of the controller and host lnte.rfaces. 

The operation of the DTEN and STEN bits resemblc's''''·that of··:lhe DTEN and 
-ST~EN- pins. They differ in that the rising edges of signal~_ at' the DTEN and STEN 
pins are generated at th~ falling edge of the signal at pin=::ii~D. while the states 
of the DTEN and STEN bits change at rising edge of Ji RD. See'.:figure 18 Transfer 
Srarr Delays and figure 21 Data-Transfer Completion.,,_::::.::::-::=:.· 

.. •. ·.· 

Bit 4 is unused and always returns a value of1·~ 

.·.·.:·· 

1. CMDl - Command Interrupt 

Status 

0 

:-#. 
µ~ 

J 
;'.:· .,. 

::·. 

• · X?:· .. Opera ti on · i ~<·. ':' ._,, -
r:-: .. 

... .- •'i:-. :." '•:• ,·:·' ;·.·.I 

lnterrJ·tit~.~t · + ===·-~ . , ··· .. · 

lndieates tttat there are c9mman·d bytes 
present in the COMIN ~,gi$ter. x .. ·~~-:r :: , · 

... ,~l¢'~, ... : ti •. . :. _,;.·,. 

".h1·di~ate~:;~~ere ie no ~mand bytes 
·.· ': •. eC~INre~ '~ .. 

·.·· .:::·· ·~ ::··: 

The in~errupt_ cle~~,,.t~n the co~ltoll~i em,pties the FIFO command 
buffer·'~ re. ad1ng successive command byt~s ... ·.y See figure 11 Inrerrupc Con-
crol Flag" =~ff 

2. D •.. . . ~ti'l,Transf er End Interrupt 
.... -. .~·:"~' .. . · -.. · .. :-

Status Operation 

0 Set interrupt set 
1 Set interrupt cleared 

Writing to the DTACK register clears the interrupt .. See figure 11 Interrupt 
Conrro/ Flags. 
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Sanyo LCS950 Real-Time Error Correction & Host lnterf ace Processor 

3. DECI - Decoder Interrupt 

0 , 

Status 

0 
1 

Operation 

Interrupt set 
Interrupt cleared 

Sets DTBSY to 0. See figures 16 and 
(2). 

.·.,·Transfer (1) and 

5. STBSY - Status Busy 
.. . •:· 
:...~_· 

.. 

Status ~pe~~~n 
·r· ;-:, 

.~+""~.; .. : ~:· 

0 Status-by1' reap:>:1t, hardware ~usy , Status-byie reado . hardware idle 
"..:;.·.. . .. _i : 

~ '•'· 
:!!'< ........ 

·*i~ .. ~:~~~-~~~:.: 
, .. +.''·~:~. ,:( ''*~"-= •. 6.. DTEN - Data Enable 

··~ :::;· .• 

•'. '. '\,:): . 
~t~~~?~ ·~ :"·. -~::·~ -~:- .; 

----~--------------... ......... ..,· ..... t~ 
Status\ ··-~<.,-.,_:: Operation -~: · ,,~,·' ., 

,. ...... 

o ·:{)ata transfer in,prb'oress .. 
1 '-" :~··:. , ./No data trans . · r in progress 

<·:t~ : . . '. ' .. ,., . 
·.,-:: 

!' 

7.. STEN - Status Enab1e· = -~;.. · 

.:::~- ·. ·: . :·· 

--~:. . . ·:· . 

Status Operation .. :·: 
.. 

0 Status·byte transterJn progress 
.. '. : 

·;,.-..: .. , No status-byte transfer in progress 

·.-.. .::-~: .::=: 
. ···: .:.~ .•. . . '· .. ·.:· 

~ -~ .: ::: . . .. , , ·< .. :.:,;,_ Y.;lf.: ,:_ .. : ~-~.-. 
·-.~: .. (!·~ H 

·.1;:,;· 
. : .. ·: ·.•. 

··:-:_; ·.·. 
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Sanyo LC8950 Real-Time Error Correction & Host lnterf ace Processor 

11.3.2 JFCTRL- Interface Control Register 

SlT7 B1T6 I BITS 8&T4 BITJ 81T2 Bl Ti SITO f R/W 

-
CM OSEN DTEJEN DEC!EN CMOBK OTWAI STWAI POUT EN ~OUTEN w 

This register provides control functions for the host interface. 

Resetting the chip clears all bits in this register. 

1. CMDll:.N. DTEIEN. DEClEN - Enable bits for CMDl. DTEI an<l::DECl 

These are all int~rrupt mask bits. Note that even when a 'mask bit. is set 
to I. the corresponding interrupt bit in the lFSTAT register is unmasked. 
Setting an interrupt forces the INT pin to LOW. Se~. figgre '11 Interrupt 
Con troJ Flags. ,.,, > =,,,,. 

. . 

CM DIEN, DTIEN and DECIEN do not clear interri.aP.-t. re·q'uests. The INT 
pin will immediately go LOW if an interrupt is ende.q (by setting a bit to 1) 
during an interrupt request. ·· .:::.=. 

2. CMDBK - Command Break ~-

This bit enables/disables the command b'.i·e~k fun~tion. 
. : .. 

. . . •:.·· 
<··:..;-._=;:;····.':h;. ·=· 

Status :·.~ Oper~tion 

0 Command b.reak enabled 
.-.. . t-:_.,·~t:~. ;;-·· -· , GOinmaritlb~reak disabled 

. . :~ .. · 

•':!'-·· 
,-·, .N .:.. • 

"'*;. .· t=··!t.. . _,.,= . .:..; .. ·= .. · .• 

A command break is the s~sp~~ion of data or sta~,~~ 7byfef ·transfer to the 
host computer caused whetl the.·h9,st comput~.r writt!S a command byte to 
the command buffer. The data-transfer en<;l>'fnterrup:t.#,<DTEI is not gen· 
crated by a com~d bi'~' /' .\ '"" 

3. OTWAI - Oa~~fransf , ait · . . .r ?\. 
This bit enabt leS' he dci. a-traifs}~ait funC:tion. 

-~- .... ;'_:..;, - -~ .;. 
:=~1 ;~:' 

:: ~:,;. 

·mr,· · ... us Oper~ion·~~··· 
.. , . 

0 Data-wait functffn enabled , Data-wait function disabled 

Disabling the data·transf er wait function allo\vs data transfers to take 
lace independently of status-byte transfers. AJso note that thes~ ~nable 
·ts do not clear interrupt requests. 

The INT pin will immediately go LOW if an interrupt is enabled {by set
ting a bit to l) during an interrupl request. 
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4. STWAI - Status-Transfer Wait 

This bit enables/disables the status-transfer wait function. 

Status Operation 

0 Status-wait function enabled , Status-wait function disabled 

The status-transfer wait function allows the LC8950 to delay th ~. ardw re 
execution of a status transfer un[il a data transfer (a DTEN p·· .. ,L , ,. ·· . di-
tion) is :!eared. In other words, if the SJOUT registefiW .. ritl. ''·· .. ~t.o while 
DTEN bit in the JFSTAT register is o. the STEN bit is n~~t-r~cd til the 
DTEN bit is set to I. :/$.. '~r 

Di~abiing the data wait function allows s,tatus-Gy~~~sfers to take 
place independently of data transfers. ·· ':. .,. · ,~,~ 

~::.:.: •. 
S. DOUTEN. SOUTEN - Data Output Enable and tu ~, , .~put Enable 

. . 

DOUTEN enables/disables data transf e . !. S · :· ·· E · enables/disables 
··-; 

status-byte transfers. f '~ov••"" / Y 

Status Opflration . .:·: .. .·:···: ....... 

0 . ~t df~abled 
1 {·:Output· enabled 

~ . ~~ : 

When DOUTEN is set to o. aq~. fi;m$f ers in pr~~ress are aborted. Sim· 

~~~l~.e~~en SOUTEN is ~,e,~. a"h~status-byt~ tr~~f~~,, in progress are 

'""·· .. 

·.• :·; 

~-

¢·•·.-•. 
.t<:: .. 

. . . ·.-;·· 

.... =·:·.: <T. ~-.·. ·. 
".;..".-;_ ~ ;~ . ~::: ... · . ·~ 

··;t;o(-:~ . 
....... .. 

~;z,f!t~;#tiff: ' 
·:<t(% .. :( . 

... \- . 
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11.4 DBCL .. DBCH - Data Byte Counters (Registers R2 & R3) 

91T7 BIT6 1 BlTS 81T4 BIT3 I 81T2 81T1 SITO l R/W 

l 
08CL I 

l lsb -n1w 

81T7 BIT6 SITS 81T4 BIT3 81T2 BIT1 SITO R/W 
DBCH 

OTEI during reads msb R/W 

DBCL and DBCH constitute a 12-bit counter used to set or monitor the .... number 
of bytes sent to the host computer during data transfers. DBCL"(R.2) and"DBCH 
(R3) are the lower- and upper-byte counters. resp~ctively. · · ·:- .... 

:·;;· ·:-:.··. 

To iniciate a data transfer to the host computer. the_ .. controller wriccs the 
number of bytes to be transferred minus one to this counter: Then. while the 
DTEN pin remains LOW, the counter transfers bytes to' tb_e hos~.~-decrementing 
the count~r by one each time a byte is passed. When the-count.-reaches ·l. that 
is, when a borrow occurs. the transfer halts and a data~tra~sfer end interrupt is 
gen era te d. .. -~ -~'. 

During a read, Bits 4 to 7 of the DBCH regis.ter hav.~ the same value as the 
four bits in DTEI (Bit 6 in JFSTAn and indicate the end of a transfer when all are 
set to 1. ·· · · 

:- ::;·.-(:. ·:.1 
... x.:;.~= ·:·.·.·~r·· ... 

During a write. these bits are not sig~ificant. 

: :~ .. 
. · ~·:- .. :1;_~-: <:· .t' 

. : ...• ·="'· 

• ":'=. 
: ... :··~;:' 
.. •' 

: ":.7:-
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i 1.5 DACLt DACH - Data Address Counter (Registers A4 & RS during writes) 

BIT7 BITS BITS l 91T4 SITJ BIT2 8tT1 81TO 

' 
R/W 

OACL 
lsb -W 

BIT7 SJT6 BITS 81T4 SITJ BIT2 BIT1 , .. R/W 

Sb 
.·:.: .-=:· 

head byte of the data blocks to be transferred to the hosL ··='E,f· __ .·.· 

Once the address has been set. it is incremented auto~t~.:N'uccessive 
bytes are transf~rred into the 2-b.yt~ FIFO transfet(..:;puffe~'l~owever. that 
the number of limes the counter 1s increm~nted may· _pti'n'a~.c~he numb~r of 
read operations pcrf ormed by the host .. As loading .. ~n · · · .. n.sRr are performed 
asynchronously, byte counts may.not match.. ~--. :<. -:, . 

. ~ •'. . : - ··. :~ .. 

. ·:· .-: . • '-=c· 

-:.· · . 
. . · ~=- ·:::· 

t' •• ' :-. 

"v..-.·~}:_: ·:-\~:~~- ·:; 

t.~-~-_;;_· •. ~.=_._.?_._;~.rz. :i . .L =, , . , ·:.~· -(. :, .. ·: 
..... .· --~-. ·::-· . .': 
~: :· 

.... .. ) :· 
·-~ 

..... · .. · .... 
···: . 
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··. 
~ 

It~,'.'..:.: 
,::.::·:i~. 

·~· ""-··:· 
. \ •. ·;. 

fi ~=· 
' ~.:.=._L·. 
I ~-

~~<. "--~ '( ' .·· ;-;· 
·--~ ·. . .. : ··:·(· -·-:1;· 

·•··· :'.; . 
. · . 

. ~;;< . 

··-:.<.-·.,,. . - ,/ 
..: .... :~ :·: ·:: 

·-...;_.·' , . 
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11 .. 6 DTTRG- Data Transfer Trigger (Register R6 during writes) 

B1T7 81T6 l BITS BIT4 BITJ 8(T2 I BIT1 SITO Rr:J 

f i w -

The controller writes to this register to activate the hardware for data transfer 
to the host. The cont~nt of the data written is not significant. · 

For the write to tak~ place. the DOUTEN bit in the IFCTRL <.~t-WR) register 
must be set to I. When the data transfer hardware is operating);.tl.le DTBSY bit 
of the IFSTAT (Rl-RD) register is set to O. and the D1TRG reg~.S,:ter mu.st not be 
written to. .:: " 

... 
:·'~~;,, . 

. ·: -··+·· 
,· ·» .· ,:·~& 

: . ~;:ii::ll? 
~-· .. 

,:~f.~. ::·:.. .· ·::-;:\\ .. 
·::x· . -. ·.", .. ··.:::. :t.~Z·· ··~... ··.··:····::~~ 

. .:. . .· .. 

. 

·: .. : ... .,.. 

-~· . : ••.· '. -=.,·:-::::.--:: 

.. 
. .. ~ 

Design Manual 

·.;._::=·· :··. 

··.· ·; 

. :-; ... ::.; . -*~· :·~=· 

:-· ;:·:: ·.:· .... ::· .· 

••. . -·~·. A- :ii: : . ·• ,· • 
:' ,.. . . :: .. =· 

,:. ,ii\ 
.. · ... ~· ... 

··-:· ... 
< 

.. 
~-

4 
.,)i 

:'·:)\ .. 
I• 

.::::c 

~ .{ ~ . . "•,·~· 
iC 

.. =:! 

:;. ·:···: ·::= .. : .•. 
·=··· 

.·:: ... 
:.:· . 

·::· .. · 
·::·:c ,:~: .·: .. :,-. 

.,:· /: :.:.: :_:: .. 
. . ·:·· 

··-~:= 

33 



Sanyo LC89SO ReaJ-Time Error Correction & Host lnterf ace Processor 

11.7 DTACK - Data Transfer End Acknowledge (Register R7 during writes) 

81T7 81T6 BtTS BJT4 9,TJ ~ 81T2 I 

The content of the data written is not significant. 

......... 
··~-~ .. r;· 

·.; 

., : .: .. :: 

··~ ... 

!.;;;:\. 
".(~.; ;'. 

•.-x. 

~tf~i!<ts·A:f , 
~4l~~-. 

-~~~·t::;_ 
. -;:. ~ . 

:~ 
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·,. 

.:. 

,· 
:·::·;. .· 

··-1:.-.:·. 
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11.8 HEADO to HEAD4 - Header/Subheader Data (Registers R4 to R7 during 
reaos} 

81T7 81T6 t 8tT5 81T4 8JT3 8JT2 BITi SITO F+IW 
HEAOO 

rnsb MINUTES/FILE NUMBER lsb R 

8JT7 BITS BITS BIT4 BIT3 BIT2 BIT1 SITO :. ;:-,:: R/W 
HEA01 

msb SECONDS/CHANNEL NUMBER l$b R ==·=. 

.. : ... · 
.. 

81T7 B!T6 BITS SIT4 BlT3 BIT2 BIT1.:::A:. SITO~:- R/W 
HEA02 

.. 

.. 

'1lSb BLOCKS/SUB MOOE •, .. lsb R 

81T7 BITS BITS BIT4 BIT3 SIT2 . ~ITt .:~. .. ,:: BITO R/W 
HEAD3 .. 

Im Sb MOOEJCOOING INFORMATION'. ... ... lsb R 
: 

These registers are used to hold the header and subheadcr.data of the current 
block. ~, ., .. ,. ' 

.··· ;., 

To read the header data set. the SHDREN bifin the CTRLl register is set to O: 
to read the subheader data. set SHDREN to l. The following byte numbers cor
respond to the block (sector) byte numb~.~·':1n!''Mod'e:s 1 and 2 in which the head 
of sync black is Byte 0. ·· 

: ::'.:. . .: 

.. · ·-::,.; 

• When SHDREN is 0: :=,.J:·\.,.-:: .. ··<-.:,>>-· 
: .. :;:· 

.. : ' ·::~;,.; 
I ' ' '•r A 

HEADO: Heade.r MINUTES {~e 12) .. ·,;~·-~ 
HEAD 1: Header SECONDS (bYl¢~13) 
HEAD2: Header BLOCKS (byte 14)-:·7 .· -~· 

.· ..... 
HEAD3: Head~r MODE.(byte-15) .,~/ ,. 

• When SHDREN is j;~ '·'~~ "l . ·,, 
:i' ... ::· . ::_:\ ··.< ""~~-

HEAD O: Subhea: er Fl. · · · BER (9Yte l~) .. '..::~+ 
HEAD l: Subhea'. . •' ANN$.. NUMBER (S'yte fr or 21) '; 

. ?.t~~7: ·:: ::' :: 
.-;~: 

HEAD2: Subheade·r SUB~q~E NUMBER(l:?)'te 1;~ or Z2) 
HEAD3: ~~headerC~G lNfORMATICN (b}'te,]9 or 23) 

These re is~!~ormally hold subheader data fr~trBytes 16 to 19. If the error 
flags f o, :'··. . . f iR·'=~e bytes are set1 the data for that byte. are read from the cor
respond,.· · d :. .·: .... ·n Bytes 20 to 23. 

•' 

rs·,,,, ·' cur both in the original data and in the designated correspond-
i '·:· by.t • ; . ..... 20 to 23 are read for the sub header data. See figure 7 Sub· 
he· Data. e error flags for the header and subheader bytes can be read 
f ram TAT l register. After error correction. these registers dis play the 

ader and subhead~r data of the current block. 
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'T1 .... 
OQ 
c: .., ,, 
""'J 
• 

t-

16 

17 

18 

19 

20 

21 

22 

23 

(Sl1DREN=I) 

HEADO: holds byte 16. (Byte 20, if by1e 16 is nagged as an.error.) 
.. 
>---_,.__ __ ...... ~.... 17or2! HEAD!: 

~ x,i -~. 
. ,. . . . . ~' 

Yif"or 22 Ji: H_.EAD2: .. 
/:.L"! -... ..// .,, 

19 or 2{' 1-IE~rfi:. 14, 

17 21 

- 18 22 
.. 

23 19 

. 

.·:.:·: ) . . 

J" .• 

... f-~:,:. 

.::-;: 
~-: 

.\,. 

.\:,_ ,,/("'" '··· .• :··:T~ 

-~·· 
-~~··· 

Second copy of.·*ubhcader 
........ ·: 

.,,,.; .... . ..-:-~:. .. .. 

-
.. ·:. 

"':"~""':-~ ,• .... 

> 

. :' .!-::=~-=· 

17 

18 

19 

C/J 
6J 
::> 
< 
0 
r 
n 
en 
U) 
OI 
0 

JJ 
(1) 

~ 

• 
-i -· 3 
'1> 
m .., 
.... 
0 ..., 
(') 
0 
~ .., 
It) 

n ,..... -· 0 
:J 

~ 
:c 
0 
CA ,.... 
-:::> 
r9' 

ID .., .... 
~ 
n 
(t) 

"tJ ., 
0 
n 
f1) 
Cl) 

"' 0 .., 
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Example 1 

Data Header Subheader 
into RCHIP byte • T T I I i T T T T 

12 
t 

13 
l 

14 15 
i 

16 17 .J. 18 _l_ 19 20 21 22 23 
I .l _l_ J I _l_ 

Error flags 0 0 1 0 0 1 0 0 0 0. 0 l ( l :crrorJU:no error) 

HE.A.DO l 2 3 (when SHDREN::O) 
Header ( biic: Register ·=--

···· : 

. : ::.:::· :·· "· 

HEADO l 2 3 (when SHDREN=l) 
.... : 

Subheadcr I b:: Register 
21 18 

· ... ./ 

bit 7 6 5 4 ·'• . 

STAT 1 

[ 0 : error flags 

WNERA 

SE CERA MOD ERA SHlERA. SHJERA 
t~-:2"-:tr:· .;::, ·:· 

Example 2 

Data 
into RCHIP 

Error flags 

Header 
Register 

Subheadcr 
Regis~ 

STATl 

byte T 

12 . 13 

0 

HEADO 
byte 

12 

. 
0 

I 

13 

:.·· 
.:. : 

.· :.: 

.•·' .'.' .. 
T T -i I ·: · .... J T ~~- ~ T 

~;: . ·~ ·":'\.:- .. • .. •.• -:· . 
. :-::":·:~~~- :·.: ;/ .. ; ./= ,.: ·. 

_J_ 14 r 15 _i 16 '··_1_ I?~= :.1. 18 _(_ 19 i 20 _t :21 .i 22 _J_ 23 

0 1 ( l :crrorJO:no error) 

19 

4 3 2 1 0 
Ship substitutes bytes 21 and 22 

0 l 0 0 l 0 

BLK.ERA SHOERA SH2ERA 
ERA MODERA SHIERA SH3ERA 

for bytes 17 and 18. but bit 1 of STAT! 
register is set to 1 because bath bytes 
18 and 22 contain errors. 

Header. Subhead er and Error Flags for HEADO to 3 and STAT 1 Resisters 
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When the LC89SO is set to monitor-only mode. these registers display the 
header and subheader of the block currently being written to the buffer RAM. 
In other modes, these registers display the block currently being decoded. 

After a reset. the register stale is undefined. 

. F. kit:_ 

' -""' 

=-.:.:· :./: .::~. : 

. ;.:· :.=~: f .. 
..... ·-··:==;;...,·;:... ·--=. 

:.. • ..: - II, •. ~ ,i:->~1':;:·~ 
·-:: . ..$(:;;-'.·::-=·- . 

">-I 
'• ·= 

·-:~;- . 

4~,f :± L '1+2/ l'. ;_i_J:Y 
'< • 

. ~: .. 
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-~-=: " ··. 
·=· .:x -,· ·:,: . 

..... . 

""'~:~~t .. :. 
,t;: •• 

. ::·:. 

•·. {' 

~ .-.•.··. ·"' 

~;~i.j,· .. :.....:·' .... =·.::·<:~.·.· ~::: ....... ..x=::·~~· .. ::.: ... ,. 
... :.·~·~··.:· . .. , __ .... 

i,.;,'d: 

"\::,:. 
··=. :;;. .. 

{ 
·: 

~ . 

.... -~ . .~: . 

. :; 
··-: ,,.:-:: 

-~:. :-:-.:': 

-: . -~ ' -'-:- . 
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11.9 PTL, PTH - Block Pointers (Register RB & R9 during reads; Registers R12 & 
R 13 during writes) 

81T7 BJT6 BITS BJT4 81T3 81T2 BtT1 SITO -Rl'N 
PTL 

lsbJ . RfW 

BIT7 BIT6 SITS 81T4 BIT3 81T2 BlT1 SITO R/W 
PTH 

msb R/W 

. ·:; ·:·. ·. 

PTL and PTH are the lower and upper bytes, respectively. of this pair of reg is· 
ters. They hold a 16-bit pointer to the RAM address of thf he~.d. .of the current 
data block after correction .. Writing to this register direc\.~,,, \;he tiC8950 to per· 
form error correction on any block in the buffer RAM. .. ·· ·· 

. . ~ . 

The LC8950 defines the MINUTES byte in ~_he header.(By.te 1°'2) at the head of 
the block and the 12 sync bytes {Bytes O to 11) are at th-e tail of the block. Each 
block contained in the buffer is taken to be the .2352 byt~ from th~ MINUTES 
byte of the header through the 12 sync bytes q_f tl1e next block. 

·.·· 

The controller can transfer the decoding :bt~ock back t~, th~ host by copying 
the address in this register and writing it to the ·DACUDACH register immedi-
ately after decoder interrupts. ·:.'?~w;;·.*"~; ...... 

. ... 

When the WRRQ bit in the CTRLO registtr is ~et to l., this pointer is updated 
at the sync signal of every 2352·by~~.bloc~~<\~ ==.= ;. 

.. i~i:-.u:;··- .~:'.":::~. : :;;.;: ... ::» 

After a reset, the register state is un·de.fined. 
: ·::::, '1' 

';: . 
. :. 

;,j' 
·J· 
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11.10 WAL. WAH -Write Address Register (Registers R10 & R11 during reads; 
Registers RS & R9 during writes) 

BIT7 BlT6 BITS 81T4 81T3 81T2 81T1 Bl TO 8/W 
WAL 

lsb R/W 

BIT7 81T6 BITS BIT4 SIT3 BIT2 81T1 
WAH 

Sb 

These registers contain a pointer into write the address to th~e bu ·er for 
the raw data input from the CD device. WAL and WAH are _t..Kllowc . ~d upper 
bytes. respectively. :;:!·,;_ .~:;; 

This pointer is automatically incremented durin~p:t'f :lra_p4icr-that is, 
while the DECEN and WRRQ bits in the CTRLO rcgiste~. ar~et ~.a read op~ra
tion on the write address register will not return a ;al&Q~ng~value. To ensure 
that the returned value is accurate. the r~gister ~ontent~~~oul_d be read only 
after DECEN or WRRQ has been set to 0. For t~e ~~~ rcif&{l. either DEC EN or 
WRRQ should be set to O b~fore writing an address,<t.t.hi.S register. 

0 r , . 

After a reset. the register contents are unde'ftned. 
..... : 

.·. :-:.: . 

·,. 

...- .. 

".;· ./ 

. ~ .. :: ··:::-,. i;r~< 

' . 

. ·. . ··-~· .J··: 

. •.: .( .~:-.. : 
. ::· .:: : ... : . 

.. 
·-:·.·.· ·i: .. -·~::···t:··t 

.. .::: 

·:;-· 
·-~~ .. :· 

<"t:~'* " t s. ':;;,it< 
"~:.· .. 

... ~-.: :·: 
'•r.-.•• 

·:;: 
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11.11 CTRLO-Control 0 {Register R10 during writes) 

1 
J BIT4 81T7 BITS I BITS BITJ BtT2 

OECEN EOCRO E01RQ ~UTORQ ~RAMRQ WRRQ 

Resetting the chip sets all the bits in this register to 0. 

l. DECEN - Decoder Enable 

This bit enables/disables decoding functions. 

Status Operation 

0 Disable decode .. 
1 Enable decode. 

81T1 I Bl TO 

QRQ PRO 

:·· -'.•:O .• • 

··: 

·:· .-:·: ::·· 

.: ... 

. · . 
. · . ....... 

I R/W 

-
Y.' 

.. 

:_ . 

Setting this bit to l enables the decoding functions, including write to 
buffer. decoding EDC {error detection code). and decoding ECC (error cor· 
rection codes such P-cod~s and Q-codes). This also e'nables the WRRQ. 
EDCR~ QRQand PRQ bits in tht! CI RLO register. 

2. EOCRQ- EDC Decoding Request 

This bit is set to 1 while DECEN is l t6'~~3ble ;he error detection (decod-
ing EDC) after and decoding ECC. · :'.:. 

The EDC decoding. which is tilRed'tus.ing the LC8950's internal block· 
sync signal. is perfor_med after ~all' otP,,~r error corr~c.tt&:p processes have 
been completed. - >.~f.~"i · ~·~=·. • , :::.w ,::;.~\;~ 

• . .. ::·::· • . 1' .·.· ~ i. , : 

The completion of the ED<: d~·cbcjing generat~s a·d~coder interrupt. 
. , ·.. .:f.·: \ 

3. EO 1 RQ - Error Oetect·anq·Correct Request ,Y \\!·:~~: · 

This bit allows ... sf~m 'd~f~~ to select" the ~ost appropriate error 
handling. ..:f -;;J!,F-.~ · ~~ · -:;; -~ :'.~,:~ 

.. ':·:5 ... / :;;j~f!Hfr1' \·'·'* 

:.:.:r 

1 

t ·1 

Disable error c&rreetion 
of bytes for whicfi~n error 
has been detected, but not 
yet corrected. 
Enable error correction 
of bytes for which an error 
has been detected. but not 
yet corrected. 

e bit to 0 can suppress miscorrections resulting from too many 
errors when an efficient error detection algorithm is implemented in the 

! .. C (Cross-Interleaved Reed-Solomon Code) decoder. and when errors 
are localized. Error correction improves significantly at higher error rates 
when an efficient CIRC decoding scheme is implemented. 

Erasure is disabled \\'hen the ERAMRQ bit in the CTRLO register is 0. 
Setting EO l RQ to 0 suppresses error correction. 
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4. AUTORQ- Automatic Correction Mode Selection Request 

Setting this bit to 1/0 during MOOE 2 enables/disables automatic error 
correction mode when the FORM bit in the subheader is read. 

This bit is significant only during MODE 2 error correction-that is, 
when the MODRQbit in the CTRLl register is set to 1. 

Status Operation 

O Disabte automatic error 
correction. 

1 Enable automatic error 
correction .. 

"'.:':::. . ,... .. , .. 

The CRC check performed by the EDC also differs in~~ce with the 
FORM flag setting. . (., .. ;:;-. - -'x:;-

.. ~··. :· 

5. ERAMRQ- Erasure RAM Request 
.;· .. ·.:;:. 

This bit enables/disables reading of the e ·A or fla · ·r 
RAM, that is the one-bit buff~r RAM for C220. ·':;_ . , .. 

"'"°··· :x.·;( ':: .:. 
Status 9pera\j_on 

;r ... .;.:.~~~, .,'" 
0 .Dis::ile esto~ flag reads. 
1 En~ _le error flag reads. 

~ 

· -,,. :-r .. " . ·~·.·:·A:: s·r~l · 

the erasure 

Setting ERAMQto O disables tff~"'"~t45ure·flag. caus•naread operations per-
formed on the erasure RAf4=r·~o r~[urn a 0 (indi~,ating-'4rt:P"'~'~rrars), so that 
only error detection and,~0)1.~uon are allowe~ Jh~ O"'ljf!tting is used 
when error, interpolation'~:: _or previous-valu.~·hota· flags in the CIRC C2 
decoding phase are nqt outp\ltted by the CIRC decode·r,~yn·chronized with 
the output dat~,_J~Js.ck~f:frOtn4i~ CD equipp!ent. ~ .. · 

/ .. . 

6. WRRQ - Writ.e Requ~ft;:; . .. :. •· : • ... 
: :: ·:· ···;:: . ........ . ·. 

.. ·· 

This bit cnable~/dlsables·writ~s from the! CD equipment to th~ buffer. It 
also enables/disables u..Pdating of the block pointer (Frl/PTH) each tim~ a 
data block is receivear::·, ., 

Status Operation 

: 0 Disable data writes to the buffer and 
PTUPTH updates . 

1 Enable data writes to the buffer and 
. ··=-:· ·:·~:;: __ • -•.• 

v.:. ::·; .... 

PTUPTH updates . 
. . ~: 

.::· 

~~AM~";.PJ~J'TH updates are timed using the LC89SO's internal block-sync signal. 

··~~\... If error correction is enabled and WRRQ is O. the same data block will 
"-·--: .. ,.be proc~ssed repeatedly. This allo.ws correction of errors that could not 

be handlt!d in the single pass performed during real-time processing. See 
section 12.5.3 Repeaced-correccion mode. 
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7. QRQ PRQ - Q·code/P-code Correction Requests 

These bits enable/disable error correction using the Q· and P·codes. res· 
pe\.tively. 

Status Operation 

0 Disable 0-code (or P·code) 
:. : 

error correction 
1 Enable Q .. code (or P-code) 

error correction 
:== -

::. :;:r- :'.;' 

; . ?. )~ .···. 

The QRQ and PRQ setting operations are timed to the ~q.~ernal.bl.Qck·sync 
signal. :=~ .. ·· . . .. 

. . ·:;: ,{. ~:·: ··: 

The block being correct~d can be determined by· reading the header 
regist,rs while the decoder interrupt is set. The ',·bl.pck11s Jocation in the 
buffer can be determined by checking the read, poi'i1\~r (PTUPTH) con-
tents. ··· =. ·:: .. , ':':' "' ~. 

The specified error correction process is;'perforni'ed in the order QD, 
PDt QE and PE within each block. where Q. and p .. :::j:n:dicate the Q· and P
codes and 0 and E. error correction and erasure. o=··'·'ror\Single-error correc
tion with detect-and-correct algorithm%~nd·:E,:lor single- or doubleAerror 
correction. also with erasure flags. ,. J·''~ ~-· .. ,·.~ · 

The detect-and-correct algorithhtJ::orre.cits one symbol error per code 
word: erasure correction corre~~~up·:·t:o:·two·'symbol errors per code word. 

:{•)J. 4.> 'f; :'(~;· . ,• ,w :·· ;~~ ·.:,:: • 

Note that the detect-and.~~J:>rrecfal&orithm can:,arso'.\~.e.~ect and correct 
CIRC decoder miscorrectiorl'~rrors wh.ich are unf1~gged1''iy:;C2PO. Erasute ·· 
correccion. on the other hand.· dei~ not perform any:~t:ror d~tection .. 

. =:=~.\. ::·~ ·.· ~,·. ~t··. ;>:: ',. 

When the detect-an'1~ .. corr.flct algorithm ~eleC:.ts a sl~>-error in a code 
word. it also e~e!t't , .. '· ure flag to,f;cert'a!n !f the location for the 
corrected errQT 1s co~.. t. The·,,: .. ror by~e {symbdij is taken to be correct 
and the erasute fla .. , · · . d if tile ~r~ag and···tts location are identi· 
cal to that of·. . orrected error .. Wlien tl\ey are not. this indicates that 
further errors are p-p{ at other lo~ionf, wh!ph cannot be determined. 
Moreo~f r. the LC8 · leaves the errors ~n9.w-rhe erasure flag. as these 
er~ors ~e corrected during the next errOJftorrection process. 

. . ~""'--· ·~·:;,.. 
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11.12 CTRL 1 - Control 1 (Register R 11 during writes)· 

81T7 BITS BITS BIT4 BIT3 ' 81T2 

SYIEN SVOEN MOORQ ORMR 

The reset function clears all the flags in this register. 

1. SYIEN - !nternal Block-Sync Insertion Enable 

81T1 SITO R/W 

HOREN w 

f!J*:· 

'I::: .. 
~~' .. 5 /:~·'··: 

This bit enables/disables the internal block-sync inserti~ -,, ·' 

Status 

0 

..... 
Operation ~~: .. ·-~_=:' ··~-ir·· 

1 

Disable internal block-sync irj~erti~. 
Enab[e internal block-s;n ,inWtin .. / 

. : ' ~ 

As each word consists of two bytes. ev'ry 
block boundary. Enabling SYIEN prevents · ss o 
an error occurs in a sync pattern during d"ta ~.ad. '". 

~;.: · .. ·. fi . 

Note that the LC89SO is fully synchro .. n.ized ··Wf{fi~both the inserted sync 
and the detected sync when both are enibted. See:;::.·fi'gure 9 Inserced and 
Detected Sync Synchronization bel9~~~i-'.· "'~·,::, 

(:: /;~ :;: ~~: . 
. ·.·· ./ r 

-ti:.:,.:'".:~ .-f=4!· 

,,,,:r:.4 .. :. ~-~·..:::;:f!;t''~: · 
:_: ~~ 

. . .. 

. ~: .. :·:,· . 

.,.,(itL: .. , ¥ -.:..·~t~L.L:i~:· ,. 

:.··:: , 

--:{: :· 

·.~ ... ?:.· :,:;;::, ._·::· · .. ~·; . 

N" 

i /* 
; . ~f·: ~· Z~·.:-) 

.. · 

\< ''"•• \&,.:,*-~~ 
{'. . 

··. ·: ·:;:: ; 

:..{:. 
A("•• 

···:.:.,·,:::· 

=-~ .. · 
'I• ·' 

.. · ;:" :: ::.: . ~ :: : . ~: 

I . 

.:.: :. 
:·· .· · ......... . 

' . 

\ .. : 

··~ . 

·t::~:f':CAXi¥·~·~···· 
. 't;.~,~ 

• See app~ndix E for lhe LC89S 1. 
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SYDEN=l 
SYIEN=l 

(SYN CD) 

(SYNC I) 

(SYNCP) 

NOSYNC 

ILSYNC 

LBLK,SBLK 

SYDEN=l 
SYTEN=l 

(SYN CD) 

(SYN CI) 

(S"YNCP) 

NOSYNC 

SBLIC 

ILSYNC,LBLK 

SYDEN=l 
SYIEN:O 

(SYN CD) 

(SYN CD 

(SYNCP) 

LBLK . 

• 

Sanyo LCB950 Real-Time Error Correction & Host Interface Processor 

l block (:sector) 

2352 bytes 2352 2352 
" I 
• I I 

n~ _________ n _ __.n~~--n~---
n ___ n'--__ n n__:__ 

___ n~--~n~ ____ n ___ n~--------A---

0 

0 

1 block:scctor 

• 2352 bytCS ,. 
I 
I n 
n 

• 
• 
I 

n 

_,,_,,.,n 

' ·~· . 
·':;:, :-;:. _;·· 

·.····:~ 

. ''·'·' ,, 
·, ··t 

,, .. 
. ;'.: ;..'··:· 

.. -·~ .. 

(a) NOSYNC and ILSYNC 

• 
I 

I 

• n 
2352 I ··-
n~ 

I 

n ___ n 

:::.. .•• 

2352 >.1 :~• 2352 I 
I • •t . . . . :.. I 

n·,~ n __ . __ 
.·~ : 

· ·:::~ h __ __..n __ 
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(c) LBLK and ILSYNC 

Figure 9. Inserted and Detected Sync Synchronization 
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2. SYDEN - Sync· Detected Enable 

This bit enables/disables sync deteclion from the input data. 

Status Operation 

0 Disabte sync detection. 
1 Enable sync detection. 

Enabling this bit synchronizes decoder operations with 1.he sy ' , att \n 
detected in the input data. " .. "'-··.., · . ·" 

Note that the LC8950 is fully synchronized with both ~,· jns~d sync 
and the detected sync ~he~ both are enabled. See flare --- ced and 
Detected Sync Synchron1zat1on. .t.=· ~~· 

3. DSC REN - Descrambling Enable .-:. • · ) 

This bit enables/disables the descrambling func~'.cr' 

Status Qpera ion '>!' 

o Disable desc~bJ.ing~ :~_ 
.. 1 Enable d._crambllng.: -· · 

Setting DSCREN to 1 allows the LC~,ll(o ;~'ad the raw data on disc. even 
if they are CD digital audio signalst _ .,{:f:· ~ .'._ 

4. COWREN - Correction Write ~l~~,,."ff'i . 
·-===· ~:s. .. .:~·>;·{ -.:-:. • 

This bit enables/disables r~writi'fil;,of erro; byie:S, in the buffer during 
(:•:; .·: .. : ...... ·.··- .. 

error correction. '"";· :=- - - ./· r :.;,,< 
~, ~:;·¥:· :::· ·.. . ....... {·.::. '+ 

'.-=::. 

Status "'·! Operation 
: 

-~~ l::Qisa ble errof:byte r~writing . . , 
<-

··<·-:::.::~.::· :1 <. Enable erra,~-byte rewriting. 
,. ,_ -

Setting COWREN to O ~nd EDCRQ to I. allows CRC checks without error 
correction. Disc block error rat~s can be che~ked using raw disc data and 
by moni.toring the CRCOK flag in the STATOr,gister. 

S. M.OORQ .:..:·Mode Request 
·. <" _-'. <:t..~zy~~\-- --.· _:__ -•:: ' -

This __ bit ~ta:--.the decoding mode. 
"·:~ ·-· . 

-- -

,• . .;..;.:.·./~.... ':.: ' 

-- .. -==~~~ .. 
'i·:::.:·· . 

·1- , Y.· 
'-"0:::~: .. • _:· . """<· . 

. :· ·-4_. <t:-:1:~~:-
··· · .:.i.: · . 

.. ;_~··.· 
'~··:.ii:---:: 

....... · 

Status 

0 , 
Operation 

Mode 1 
Mode2 /i:!~~~'hk'f; ¥ f d:l'F 

··-;·t.-4. This bit should be set manually to match the CD equipment source mode. 
'·-:::=·, .•. Note that the correct decoder mode setting is not det,rmined automati

cally. 

The Mode byte in the header does not change as pre· and post-gap sec· 
tors and track number identifiers separate the s·ectors of different modes. 
Also. f!rrors resulting from mode detection before correction must be 

Design Manual 46 



Sanyo LC8950 Real-Time Error Correction & Host tnterface Processor 

avoided. In the case of Mode 2. in particular. the f\.1ode byte cannot be cor
rected because of its error correcting code definition. 

6. FORMRQ - Form Request -
This flag sets the decoding form. It is significant only when the AUTORQ 
bit in the CTRLO register is 0 and the MODRQ in the CTRLl register is l. 

-:;:· ·.::. · ... 

Status Operation 

0 Mode 2, Form 1 
1 Mode 2. Form 2 : . ~:·. .:,: . 

. : . :.··: .. . .. 
·, :·. 

Decoding form settings are used in MODE 2 only and sqo·µJd be set manu .. 
ally. 

7. SHDREN - Subheader Read Enable 
::-: .. ·.·:;. ' ~-. ·. 
..... f. :: . 

This bit toggles header and subheader data between''·rcgisters HEADO to 
HEAD3. ·•< .. t• i· ·· . ·;: 

·:; ., 
::. ,;~;_,.,.. 

. •.·: ·::·· 

Status Operation\ .. ,, ..... 
: 

.. 

a Headerl1a.ta 
1 Subheader data . ,;.J.: :.: : ,... •.• ... 

Note that the LC8950 has sf!parate ::4.:~b-ytc·,=_registers for the h~ader and 
subheader data. Both th~ heade~,,._~nd,,:~;$y;P.peader of the current block can 
be read by toggling the SHDREN b'ft-fr_orri~O to 1. ···~t, 
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11.13 STATO- Status O (Register A12 during reads) 

8lT7 B!TS Bf TS BIT4 BITJ BIT2 BlTl Bl TO I R/W 

CRCOK ILSYNC NOSY NC LBLK WSHORl1 SSLK ERABLK UCEBLK R ~ 

Resetting the chip clears all bi ts in this register. , \ :., 
¢ - ·1i 

1. CRCOK - Cyclic R~dundancy Check OK · .. : . .. :. .. .. j.> 

Set by EDC in accordance with the results of the CRC ch~~,~ ·• 

'L~ . 17 ~: Status Operation 
A~~ .... 

O Incorrect CRC1"esu1t>l :.~·=~~). = 

1 Correct CRC res t. , · · ~::· 

2. ILSYNC - Illegal Sync .. . ' · ,,~~ 
_.: ..-.ff/· 

This bit is set to l when the sync pattern is =_,_etectelf\J an incorrect loca-
tion (that is, at word counts between 0 and\lJZA.); anC! the decoder has 
been retl. med. ·' ·=· - .. , ___ ,:- ... 

·~~ - v 
,. .:;:.,.:: ·.:'.~ :· 
... -: .. :;, 

3. NOSYNC - No Sync .At:~;:: ·····"=, ... 

This bit is set to I if the word cot.6-iter'iea,thes 1175 and no sync pattern 
has been detected in the input data~,$.~ .. t in~,icates that the decoder timing is 
being..cantrolled by the LC89S(YA.jntemar:·b1ock-sy9s; signal when SYlEN in 
the CTRLl register is set to 1.:: "'~':i _ · .. :·.·,!.,-.},, .:: 

:: :- '"'=< 
~ .- .. .-· 

~:·· 

4. LBLK - Long Block "'\;~ 
l =·: 

' .. ;::· •':" ··. 
. ~· . . :.·. ·: ·)' :· 

.... t, . ···:..... • 

. . .. : .'!"': 

This bit is set to I if no sync signal has been detected w_hile the SYIEN bit 
of the CTRL l register is 0. ·This condition causes the block length to be 
extended. / (~'.L.i·· · · · · : .. ~;·.~~x~~ / - \. 

5. WSHORT - Word Sboft·-< 
.. 

This bit is set tcf l if word lengths shorter than 192 pulses of the XTALCK 
external clock sign._l, .. (that is a half cycle at pin LRCK) are detected during 
decoding of the current block. 

Setting. this bit suspends decoding of the current block, and is a fatal 
syste,m erro,r .. 

:,_ . :::: ._:;· ; ~·~ .;. I :'\~ ' 

6. SBLK~,_ Stil,o.rt~Block 

Thi$ ,bit.ls set to 1 if the decoder is not retimed when a sync pattern js 
<f<:: =· detect~·d· tn an incorrect word counter location and is ignored while the 

··sy.[)EN bit of the CTRL l register is 0. 
t--·~:'._:._ '·-:._.::·. ,,._ - . .;;,,, :=. + 

'-V;.:::~-;J;.:07;J.t ER.Af$;LK - Eras u res 1 n Block 
"'~\, :: 

'.],·+· .. :~~;;:=: This bit is set to l when one or more error flags remain after th~ error· 
··~··:.correction process and are present between the first header byte and last 

EDC parity byte in the current block. 

Design Manual 48 



Sanyo LC8950 Real-Time Error Correction & Host Interface Processor 

8. UCEBLK - Uncorrectable Errors in Block 

This bit is set to 1 when errors remain in one or more code words within 
th~ current block. which includes the ECC parity area. after the final ECC 
decoding process has been completed. -

.. ,; ·.· ,. 

:· :. 

', .·-; 

· .. :. 
•.• "i 
::.~--f~·~ 

:i·. :;·· ··.· 

,• .. 
'.::: -! ;. :'· -~- . 

.. · ·:::-
.• . -~. 

.1· 
:-. 

I ~. 

~ ., 
:. '· .. ., 

:·.;.~ 

':;·~ 
.. "·.;L .. .,. 

·.·· 
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11 .14 ST A T1 - Status 1 (Register R13 during reads) 

81T7 BITS errs 8lT4 BITJ BIT2 81T1 SITO R/W 

MIN ERA SECERA BLKERA MODER~ SHOE RA SH1ERA SH2ERA SHJERA R + 

. 
The bi ts in this register indicate the reliability of the data in the ._.._.c-..00 J.C? 
HEAD3 registers.. ·... ~~=; \ 

.~' •:. 

Resetting the chip clears all bits in this register. '-~ .... :····· 

MIN ERA, SECERA, BLKERA and MOD ERA indicate errors in th " •. llN~ SEC
ONDS, BLOCKS and MODE bytes In the header of the curren~ck. · · 

SHOERA. SHlERA, SH2ERA and SH3ERA indicate error=_,ll t .. ,,. -LE NUMBER. 
CHANNEL NUMBER. SUBrvtODE and CODING lNFORMATl .. tesf=of the sub-, . ,. 
header. These flags arc set only if errors appear in b,.\,lf!!<Jf the doubly 
:~~~;; subheader data: they remain 0 if none ;r~4, ·· ,S,ingle-byte error 

.... 
A.1:''.:;· :.i:.::.:.:· 

... .;''. 

...... 
' . 

···: ... 

.. :'· :: : ·~ 

~: ;.i.:..:).;t_k~~::·:':t·i : 

.. .l' ... :-:.t .. · 

" - ;~· \ :;_:·_,,~:. :'~/'.; ' 

-~-

~~ ""'" :~ ':' ;1!1 "' 
--~·-· .. : . ... 

Design Manual 

.;·' .- :··: ·. 
-: - -·::· ~-· ... 

"-i.: 

. \\; 
la:··· ·~··'.·:,:·-.., .. , 
'. r~ ·. ~ .; /. . 
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11.15 STAT2 - Status 2 (Register R14 during reads)• 

BIT2 l 81T1 
• 

81T7 81T6 8JTS 8JT4 81T3 BtTO F../W 1 
I -RMOOJ RM002 AM001 RMOOO MOOE NOCOR _E_FORM 1 F'FORMO R 

x.~ . 

The bits in this register indicate the mode and form settings of the··=ct.trrent 
block .. 

: :·.: '. ::· 

Bits Setting .::. 

' . ·• 
'• . 

OX Mode 1 
10 Mode 2, Form i 
11 Mode 2, Form 2 ...... 

X Don't care 

Settings are determined by the status of the AUTORQ bit in the CTRLO register, 
the MOORQ and FORMRQ bits in th~ CTRLl register and the Form bit readout 
from the CD equipment. ··· · ... ,,. ,.: , : 

Resetting the chip clears an the bits in this.''-reg.iste:r. 

When AUTORQ is set ta l. the mode ,,:atfttrfor;ri; '''oata actually decoded from 
the current block can be checked. If the For-m bit in this register differs from 
the Form bit in the subheader, it indi'Cfu.~'s th~t the subheader Form bit has 
been corrected. .:).¥4:7:r:.~,: ·· ,,~'\\.?L~ :· · 

· .. '°,'' :.'·::·:.:' 

·.:·"; 
·:;:.:::;cs. 

·~~ 

. ·\~. 

• Set appenduc E for the LC89S 1. 
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11.16 STAT3 - Status 3 {Register R15 during reads)· 

81T7 81T6 BITS 81T4 BIT3 I 81T2 I Bl Ti SITO 1 R./W i 
I 

[ VALST WLONG CBLK R --

Reading_ this regis~er sets the INT pin to HIGH and the DECI flag to 1 i~·tfS· 
TAT register. clearing a decoder interrupt. !.;, fr.::' 

The unused bits in this register are not significant. .i- '-·:.V 
l. VALST - Valid Status . ( ' , 

<· . ,, 

This bit is an valid/invalid Oag for registers related t~~ d · .,o&i;:r inter· 
rupt. v{ 

------------'"'·~- . / 
Status 

0 
1 

Operation .. -~r,·· 
Valid registe · ·.· .. :.: ~-

Invalid re ers ,., ... ,_ 
t': 

The VAL.ST flag goes to 0 at the same time"~s 'thc:.~d1det interrupt is gen· 
crated. and doesn't go to I when the STA4T'1;egister tvead. 

The controller should read all d~dftr. intvrupt·related registers until 
VALST sets to 0. The VALST flag g~s t~l· $.hortly before the internal sync 
is generated. -See section 12.6 Deccidcr~·canirol. · . · · 

'¢">·~· /. 
t ~ : ·.-.;,_·· • .,.:_~· 

2.. WLONG - Word Long .,,fij:<l:.:.. ·-·c~<:_-w~·· , ., ;;-: 
; . ~ :' ~- .. ·J. .. ;·,··· 

This flag is set to l if word~pgt~s'longer than 192 Py~CC of the master 
clock are detected when LR.C~il either H[GH or LOW .. 1.1( · y'· 

-;· .... :· :, ~· .:· . 
·~ 
~; . 

This flag has no effect ori',decodtng operations. 

3. CBLK - Corrected:iBlo~ft~\ ,t 
/. ~ ~," 

l:t-·~1· ·t 
..... "":::·· ..• ..,..<-

·: ., ... ' 
·· .. 

. -·:··· 
.: ::.:;.·: .. 

·· ... 
:: ··.· 

·.; : 

.;··-

• See ~ppendix E for the LCaqs 1. 
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12. FUNCTIONAL DESCRIPTION AND OPERATION 

12.1 Command Processing -
To send a command. the host computer sets the ENABLE and CMD pins to LOW, 
and loads one or more command byt~s into the COMlN register. . .. :i.=::t 

The COMIN register is an 8-byte FIFO buffer used by command write cotn· 
mands of the host and the read commands of the controller. This 'r.~gister 
aJlows these operations to be performed using completely Jq_dependent tim· 
ing. See figure 12 Command Processing ( 1 ). . ',~: ,, .. ·.,, · ... , .. 

If the host attempts to send a command byte when the command, buffer is 
full {that is. the buffer is fuJI at the falling edge of the HWR siznal). that com
mand is ignored. See figure 12 Command Processing (2).· =As :the LC8950 does 
not support an external buffer-full signal, the controller should.be designed to 
process commands promptly to prevent buffer overflow. ' :::. ·: 

If the controller tries to read the command buffer ... when. there are no com
mands {that ist the buffer ls empty at th~ falling edge of ::the. RD signal). the 
buffer returns a value of FFH. Sec figure 12 Commdnd.f'.rocessing (2). 

: . ·' 

Whenev~r commands are present in the.:buffer. th.e LC8950 sets the com
mand interrupt bit (CMDI) to 0. If the co~~d int~rrupt mask bit (CMDlEN) is 
set to 1. the INT pin will go LOW, signali~g th~ 1ntcrru pt to the controller. 

Resetting the chip clears the commaKc;l._.J)hffer~ 
• " ... ·~ ~*'Y:.-.'h. ±~-_,.; 

:, ,t.tr)J.·~: ·.... < .... 

:- . -/;-~~1' ~ 

·:·=~t·:-~;:, 
.· •.· . 

·~ ·::. ~ . :-~ :··::. · .. ,, 

~:·· ·,:; .. _.k;·, ... 
::~ ····.~:t'I-

.. ;~~-

·.··· . 

: .. '·. 
·; 

. .-P .;:-"i:Jli!' 
' ~'f' 

·:· 

f:j' 
;(.· 
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12.2 Status Byte Processing 

If the status-byte output enable bit {SOUTEN) is set to l, the controller can 
transfer status bytes to the host. When the controller has written a status byte 
to the SBOUT register. the LC8950 completes the transfer to the host~ The host 
reads this byte using the HRD pin when the ENABLE and CMO pins are LO.W. 

The controller should write to SBOUT only while the_STBSY bit of theJ.tii;rAT 
register ~s l. Writing a byte to SBOlIT while STBSY is set to 0 will di~pl tht 
transfer m progress and the new status byte will be lost. . .(, t., .V; 
:;~~~ ;:;:~::~te~;:i(:~AI) is l. thereby inhibiting the statu~~·ion, a 
write to SBOUT sets the STBSY and STEN bits in the IFSTAT4tt.giste~ 0. The 
Sc~N pin g~es LOW, it signals the host that a status: bit i~:' re~o.r trans~er. 
While STEN 1s LOW, the host can read the contents of<th,F s!etJT ~r.1ster using 
the HRD pin when the ENABLE and CMD pins are LOW. ,.,,, . """r 

When the host starts reading the status byte, th ... · 19S~ts the STBSY bit 
to 1 to signal the controller that the SBOUT r:egiste ::··ts bei ··.··read. The STEN pin 
goes HIGH .. The STEN bit rt!sets to 1 when thfA,.~. s ~~s-b-y~ ·=_rans fer has been 
completed. signaling the controH~r that the S&QUT r~li$ter h~ been read. 

~:·.::: 

The host should read the status byte onl..Y wffi!~ the STEN pin is LOW. If the 
host tries to read SBOUT while STEN Is 1-JlOff?~f~d lf'·lhe controller completes a 

r write to SBOlIT wh_ile the read operation~s i~--pr~gress. the STBSY bit will set to 
0. but the STEN pin and Sl=EN flag bit wttl{go ~OW just after reading is com
plet'd - indicating that a statu.s byte.j~ reld\T(o send. Note. however. that the 
integrity of this status byt' cannot be~:9µaranteed. See :_:::figure 13 Sca[us Byre 
Processing during Normal Operatid,n. ~'.' " :·::,,·:::_'._ .·= .. 

.. ·'It·;.~:....... -..... 
... . ·.• 

··~ 

12.2.2 When status byte wait is enabled 
. . 

When t~e STWAl bit,_J~.J.he'··ti:.sr~I~,.fegister is ~et to ~· the LC89S_O checks the 
DTEN bit before scrtd1ng ti}~~ statuJ·<vbyte. If the contra.lier has written a status 
byte to SB OUT while DTEW:.ls··4 ·{that is. there·are no data ready for transfer), the 
status byte is transferred as dt;:scribed in section,, 12.2.1 above. 

When SBOUT is writl~D:::while DTEN is O. the STBSY bit is set to 0. However 
the STEN bit~~~_mains l ancf the STEN pin is held f:ll~H until the data r~ad opera
tion by the hoS.t is complet~. When DTEN resets to l, the STEN bit sets to 0 and 
the STE~·:P.~n go~~ LOW .. Th~ transfer described in section 12 .. 2 .. 1 can now take 
place. Se~·~·,ftaui:, ... J4 Scacus Byte Processing when WAIT is Enabled. 

'·'· ...... ,.': ·.•. 
<:::· . ... ""f( . : 

~ . 

12.2.·3.:~~ortigg status byte transfer 
., : : . ... '. 4.'--~(:::,.. '":~{ . 

Tft~tr _meth&tfs·:·'are available to block transfer of the status byte: 
·•· ·~·~ ..• :,. 

4'~~~:~_lL.:. J::fr;t.;!~t:'Jt~:=~-~~~5:t_ 
~.!-'"'". ·. . "N~ ~~--<~~-w-·*-3:-:G~;,;-: , ... = 

~:~<·=:_ .. ·· Fo.rclhg the RESET pin to LOW or writing to the RESET register resets the 
'-.< ..... 

~-=~~·~~·;= LC8950. thus terminating status-byte transfers .. s~e figure 15 Srarus Byre 
~:;;.,Transfer A bore ( 1 & 2). 

2. Setting the SOUTEN bit to 0. 

Setting the SOUTEN bit in the IFCTRL register to. 0 \Viii abort status-byte 
transfers. See figure 1 S Scacus Byce Transfer Abort (3). 
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3. Setting a command break. 

Setting the C~1DBK bit of the IFCTRL register to 0 enables the host to send 
commands. inhibiting status byte transfers. Sec figure l 5 Status Byte 
Transfer Abare (4). -
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12.3 Data Transfer 

12.3.1 Summary 

The LC8950 uses a special built·in 9-bit x 2-word alternating FIFO buffer regis-
ter for data transfers. -

\Vhen the controller instructs th~ LC8950 to carry out a data tra · ·.r. the 
transfer hardware writes the data and 'rasure flag at the specified dres \in 
the external data buffer RAM to the FIFO transfer buff er, then s.ets th ~:OTEN , n 
to LOW, signaling th~ host that the LC8950 has data ready to .. b .. ~J.e ·· .: · · 
data are output from the transfer buff er to th~ data bus . ·ng · ...... H 

"" .. . 
when the host sets the ENABLE pin to LOW and the CMD pin to; ... ~H. 

·"".. .... 

Th~ SELDRQ pin controls the data transfer mode. Wb.ei··SEL . 
software transfer with WAIT control is used. When S~[Dl\Q,11$. LOW. direct 
memory access (OMA) transfer with data request (ORQ) c~l ispsed. 

The data-transfer hardware reads data from the ~~,~~ffir""~M and writes 
them to the FIFO bufft!r until the transfer buffer.till~~ ~n the LC8950 has 
trans! erred the number of bytes specified by th~Onlr6~. the DTEN pin goes 
HIGH. and a data·transfer end interrupt is generaled (the, J pin goes LOW and 
the DTEI flag in the IFSTAT register goes to 0). 1 . °'·~ , : ·.:,., · .. 

,( ·.~. 

<,::. 
12.3 .. 2 Initiating data transfer ~n;. = .. 

-~-~=· . .,..,.... 4- . . "· 

Data transfer is initiated using the follq\Ying·)>rocedure: 
·._::-. .; . 

l. The data-transfer hardware is ena~d.~)Jen al is written to the DOUTEN 
bit in the IFCIRL register. ~111,~ .. r·e~~\:,:.or other.operation sets DOUTEN 
to 0, it must be set to l bef qrc a trai~,tcr begins. .· 

~-.tt . •· ......... 

2. Thf! number of bytes to b.~ traftfferred minus one is.written to the transf~r 
byte counter .. The lower byte is written to D.BCL the upper byte. to DBCH. 
Only the four lower bits ···of DB<;:H are significant-they limit a single 
transfer to 40~pj)ytes·~< . .tJ ~~~·· ( · 

3. The inemor/ addreSsL,of the''' data tC) be transferred is set in the data 
address register .... ·.The lower byte is ·written to DACL. th~ upper byte to 
DACH. ·~;_: . . 

4. A write is perforrriMl''':on th: DTTRG register to initialize the FIFO transfer 
buffer and start the data·transfer operation. and the DTBSY bit in the IFS
TAT regis~er goes LOW. The content of the data written to DTTRG is not 
signJftcant.:.,, =:·: 

··: .: ';; 

··'\ .. · 
···:; .. 

"-:: .· .. 

. \ 
···.,:. ·.:::· .. ~~ . 

·.'·:: 

·.... ·< '. ~ :.~:'. ::. =·= 

~7~st,;,,wcw:~~,, · 
·~. .I • 

Caution 

Under no circumstances should the con· 
troller be allowed to write to DBCL 
DBCH. DACL9 DACH or DTIRG while a 
transfer is in progress. 

. ~-=-~.lt .J'. 

Wh~,.-i the first byte has been written to the FIFO transfer buffer. the OTEN bit in 
the IFSTAT regist~r sets to O and th' DTEN pin goes LOW. The host can read 
data from the transf,r buffer while DTEN is low. See figure 16 lniciacing Dara 
Transfer ( l ). 
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\.Vhile the host is reading data from the transfer buffer. the ENABLE and HRD 
pins are held LOW, and the CMD and HWR pins. HIGH. When the host reads the 
last byte in lhe transfer buffer. the DTEN pin goes HIGH and the DTEN bit in the 
IFSTAT register resets to 1. See figure l 7 Initiating Data Transfer (2). 

12.3~3 Transfer start delays 

If the controller instructs the LC8950 to transfer data while th~ DnvArblt in 
the IFCTRL register is 1. the transf~r takes place as described in section 12.3.2 
above. · 

·:: . ·:·.: 

When DTWAl has been set to O. the transfer hardware moves: the first bit ·into 
the transfer buffer and checks the STEN bit in the IFSTAT regl~i~~r to ·see if a 
status-byte transfer operation is in progress. lf STEN is 0 (tha.t is. a status byte 
is still held in the SBOUT register and has not yet been tran~fe.rrcd to the host). 
the DTEN pin is held HIGH and the DTEN bit at 1 until the·status~b.yte transfer 
is completed. After the host has read the status·bytc and STEN goes HIGH. the 
DTEN pin is set to LOW and the DTEN bit, to zero .. See fig~r.:e 18 :Transfer Start 
Delays. ·· .. 

·:·--
This made is used to block data transfers when the DTEN and STEN pins 

cannot both be LOW at the samt! time. for example. when the host cannot 
handle data and status-byte transfers simultan~ously .. · . 

. . •:•'.• 

12.3.4 So'ftware transfer using WAIT contro~;,f:./.%. :,,,, 

The LC8950 enters software transfer mode when SELDRQis HIGH. 
II ·• • 

In this mode, the LC8990 sends ~.;-~YiAit:::::§~gnal by setting the WAIT pin to 
LOW during read operations by thc!~:·tto~:t wh'en the tran.$fcr buff er is empty. 
thereby controlling data transfe~ The.::status of the WAIT.:-Pi~ is significant 
only while the DTEN pin is LOW aricfa'.nost read is in pro·gi-.e.ss:;'a'{au other times 
it is inactive (HIGH). ···: =~ ··:· :,:. · :.· ' . 

. '"'' .. :t ·::· 

If the ho~t re~ds data r~elY.:slowty (thatJS. t~e inte~al be~ween host 
read operations 1s rgof~·lthan ·s·l!~!.,1tXTALCK cfock <=rfl~s). WAIT signals may 
not be generated .• : hen .t!l.ei:,;i~st re¥ int. excee~ seven XTALC:K clock 
cycles. the transfe ., u. · · ~m'1ns fiH~d. ~ ftJ the hatdware operation that 
would set the WAIT· .. to LO'f. Note tha~~,.this WAIT pin activation is a glitch, 
because both .host and f~~t~ansfer buff er rea~. s o~cur asynchronously. See 
figure 19 Sof~/1re Transflr using WAITConcro/.·\;i/ 

~ '( 

12.3.5 ~ti trarl's-r using ORO control 

The LCB9 3'~ff-~A transfer "mode when SELDRQ is LOW. 

' . . .. e, the LC8950 g~nerates a HIGH-level DRQ signal to the WAlT pin. 
Oft ... · ,i-. is significant only while DTEN is LOW and the host has per-

for a data - ead. At other times WAIT is held LOW. A OMA controller in the 
host is"·,,' .. .. med to output th~ HRD read signals when the DRQ signals are gen

·r h byte. Note that DRQ is activated after a delay time of two to four 
LCK periods after HRD rises. Figure 20 OMA Transfer using DRQ Control 

OMA transfer timing. 

12.3.6 Data-transfer completion 

The data transfer operation halts when the number of bytes specified by the 
controller has been transferred to the host. 
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\Vhen the host begins to read the final byt~ of a data transf~r. the DTEN pin 
goes HIGH. During this final read operation. the EOP (End-of·Process) pin 
remains LOW while the HRD pin is LOW. EOP can be used to generate th~ inter
rupt to the host CPU or OMA controller signaling the completion of the data 
transfer. The rising edge of the signal at HRD sets the DTEN bit to 1. alld a 
data· transfer end interrupt is generated. If the mask bit DTEIEN is l_.Cthat is, 
masking is nol set). the INT pin goes LOW. DTEl in the IFSTAT lire · t_er is 
cleared to l and the INT pin goe_s HIGH by writing to the DTACK re ,~·er. ~ee 
figure 21 Daca Transfer Complec1on. et'· <. \. 

12.3.7 Oata~transfer Abort , · .. "-1. 
Three methods are available to abort data transfers: 

1. Reset. .tfJA":'.' 
. IA$},i:;., 

•.··'. -~: ... : 
.,. <- ~~-~ ..... ~ 

Forcing the RESET pin to LOW or writing to tlte RESWegisJer will reset 
~~~Li,~950, terminating data transfers. Sec ftgur~f ~Q{§(iansfer Aborr 

~,, 
2.. Setting the DOUTEN bit to 0. r·.. .,.,•.:: .· 

Setting the DOUTEN bit in the lfCTRL reitsl\( to O ~fts data transfers. 
See figure 22 Data Transfer Abort (3). '·' ,. «,\,~· :~ :· · ~:-', 

. . l~·i. . ':- ··: 
.:::· . 

3. Setting the command break. ·-: .. 

Setting the CMDBK bit in the IFC I Rt reitster~.°to 0 allows data transfers to 
be aborted by sending a comma~d from~,. the host. See figure 22 Daca 
Transfer Abare (4). ...:c; ~-.> ·.: ,:. ::: '.''' 

The data transfer end interrupt is·:-,n~i~generated wherf any of these methods 
has been used to abort a data tratttfer. " ,, ~- , .. /V\':::~:::~,, 

'It;.,:, : .. _,.·: 
\: "=:.J~ . 

. ~:: t,:) .:t 
·. 

·: :·-· :~ .... -1 · .· . 

. _.;.· 

·:· 
•, -.. ; :.·; 

".;~ . •' . : 

.•.. ;':~> •. ·~ 

~it~, 
.;:.. 

Design Manual 58 



Sanyo LCB950 Real-Time Error Correction & Host lnterf ace Processor 

12.4 Reset 

The LC8950 can be reset by setting the RESET pin lo LOW. or by writing to the 
RESET regist~r. 

During a reset, the following operations take place. 

• All tristate outputs enter high-impedance state. 
. =.:):··.·x~ 

,:-'.: .·»··. ·":' 

• The COMIN register is cleared. 

• All bits in the IFCTRL CTRLO and CTRL l registers are set to 0. ·'--': / .. , 

• The MCK clock output is suppressed. 

: : .-~ ... 
-: .... ,_ 

·. ~:.;~~~-.::: 
.. :-~ . . ........ ·.- ..... 

:_,.:J;-~:~;~~ ·:~ "<'~ '}·. 
···~· .. ·.'.·'· :X· 

.,,: ·:,,~·<·. 

:~''.}~ 

. -~ 

.':·if.': 
; +: . 

.t 
:n!.-~~·· . 'f.: -i'F' 

··: .. 
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:.. ; :X •.:: . ::'::. :::'.'· ·~ :· ...... · 

. . . :.::'. .. :~- .-:.;.:. ::. ':;• 
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: ·: ~. 
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12.S Decoder Operation Modes 

The decoder block of the LC8950 writes the input data stream from the CD 
equlpmenfs digital signal processor to the data buffer RAl\1 and decodes dat~ 
blocks. In this context. decoding ref ~rs to error detection and/or correctiol'l.. 

Setting the d~coder enable bit DECEN to 1 enables the decoder interrupt 
and decoder operation. The ·decoder functional block generates th~_Akoder 
interrupt for the controller each time it completes error detection anf;f· corret· 
tion of a data block. \Vhen DECEN and DECIEN arc both l. de. d>der i~--:;:Js 
are generated even during correction inhibit (that is, whe.ri 9-R·. ~r-_- . d 
EDCR:'.2.set to 1), or during input lnhibic (when WRRQset to O)~ ' 

The transparent pipeline processing architecture of th!:, ~~SJ) allows 
input buffering. d~coder operation and data transfers to t.~~1to., !O~-~ke place 
simultaneously. Th'! following table shows the bas~c de ···,. ,..~:; ··· ·. es that can 
be set by the DECEN. QRQ PRQ. EDCRQ and WRRQ co . ~ro its. ~ther modes 
can be set by combining these bits. · '41.f'·=' 

TABLE 9. Decoder 

Control Bits 
OECEN WRRQ PRC ORO 

0 
1 
1 , 
1 , 
1 

Key 

0/1: 

X: 

x 
0 
0 
1 
1 

0/1 
0/1 

Not signi_ficant 
:~'. ~~-'·~::-: ... :.::.:::--;:···:· 

12.5.1 Decod•r-disable mode 
· ...... 

I~ 

-~., .. :. 

EOCRO• -~-Mode serected 
. .::::_;:;·: . 

Decoder-disable 
Repeated-correction 
Monitor-only 
}~fi.te-only 
·.:Real-time correction 

.. ,.,... .. 
P:¢fy'~rrection 

· O.:Only correction 

In this mQde, th~ decoder is disabled and does not generate decoder inter· 
rupts. D':ec'odet!di~~ble mode is invoked by setting DECEN to 0. 

·,,,_ ........ ..,.,~~:··::: . 
·..;,; .. ·. 

12.s~2:,:::~~peaied·correction mode 
... .•. . . . \. .. 

I . <:...;.:-;::~c·ts-···: \:;· . 

CD~l\OMs us~oubly encoded Reed-Solomon code. The two corrections (P and 
Q) caJ\q~ performed alternately to raise the level of data integrity. 

'4(!bfWtt~e WRRQ flag is set to O. the PTL and PTH block pointers pointing to 
~.e first address of the current block are nol updated. even although the cor

~- .... 

reaiQn pass has b~en completed. This allows successive corrections to be 
··:: 

• Se~ appendix E for the LC895 L 
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applied to the current block only in order to obtain highly reliabJe data .. How· 
ever. in the case of very high error rates. correctJon of every error cannot be 
guaranteed by this process on every occasion. The number of retries allowed 
by the controller and should be monitored by counting decoder interrupts and 
should be limited. 

Note that entering repeated-correction mode in order to set WRlQ to O 
should be carried out during the decoder-interrupt interval. that .:is, when 
VALST is at 0. When VALST goes to l while WRRQ is 1. the block pointer is 
updated, and decoding of the next block begins. ·.· 

:· ::~ ' . 

. :::·· .· .:~:· 

12.5.3 Monitor·only mode ,;;.'~:,."··: , 

ln this mode, the block header and subheader data from the·::lnput.data stream 
are loaded into the HEADO to HEAD3 registers. and the corr~sponding error 
flags (read at pin C2PO) are latched in the STATl :'regist:er~ :·The data blocks 
themselvest however. are not stored in the buff er RAM anP, are :I)Ot subjected to 
error detection or correction processing. ··'h,\ 

: .:.~·.· ~:·: ·: .:: : . 

Since error correction ls not performed. the header registers hold the unal
tered and uncorrected data from the CD digital ~ig·~al processor. 

- =:~· . 

Another significant difference betwee~ mo{litor-d'·ri1~/mode and the modt!s 
available when WRRQ is l (excluding decode·r~'disable mode) ls the time delay 
in updating the header and subheader reglster.dat~·~ 

Under normal buffered operation, tht LC89SO's pipeline architecture writes 
the head'r and subheader to the appro'pfljlte r~gisters (HEADO to HEAD3 and 
STATl) after the entire block ha~~-··.~twrft't~'n into th,~-· .. ;·~uffer RAM and has 
undergone error detection and c.dtrectio~tprocessing,..·,~The.~egister data for a 
giVcn block is ayailable·only af~~~.nput'.time for one~e.~~has passed. 

In monitor-only mode. howe~,!!r. reiister data ~-:e wrii't~n directly from the 
~nput data stream .. Registc.~t··?ata.~¥,e therefore.~ ~ .. Y .. ail~.b. le orl'e:~bJ<ick earlier than 
in the other operatir· ··• d~~~. ::,Y .·~~ 

~· . . '• '"4. 
. . -~ 

12.5.4 Write-only ... : de:-··· ·•·• . , ,# ~ .• , 
In this mode. erro · ··~ , the i~ut data are,·;,neith~r detected nor corrected. but 
simply wrin~n to the extfiPl(buff er RAM. $:r ~ "';l 
_ Errors ca~ot be detected and corrected unl~"lhere is a full block of data 
tn the buffe~ ~. Thus before starting decoding. the decoder should enter 
write-od~ ,... d~r at least a one·block period until a decoder interrupt is 
'generate .. ,, ·. 

:;... 

•'s .. when using correction mode only. the first two decoded blocks 
·· ,· ed as the first of these is not the input block and the second 

le as result of correction errors in decoding the first block. 

y mode can also be used when error detection and correction is to 
ed by the host computer. 

eal-time correction mode 

This is most commonly used decoder mode. Errors in the CD data written to 
the LC89SO are detected and corrected in real-time. Operations ar~ performed 
on each block in the order QDL, QDH. POL. PDH. QEt. QEH, PEL, PEH and EDC. 
where these codes represent combinations of·the operations in table l 0. 
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TABLE 10. Real-Time Correction Mode Codes 

.. 

Code 

a 
p 

0 

E 

L 
H 

EOC 

. ~ ;:; .. : . 
11 .I •• ..-· 

.. ~ .. ::.= .• ~·=, .. 

. . . : .. :::~ . 

-.:. 

. . . ..~ 

"..:- .. ::: . 

Operation 

a-code 
P-code 
Detection correction 
(one symbol correction per word) . 
Erasure correction ¢ .. 

(two symbol corrections per wo.r~l .. , 
~ 

LS'3-byte plane "'$~ 
MSB-byte plane · ·:·.·· 

·-· 

CRC check /t.~~· . 
...... 

.. t'~~~ ''\. 
.. ~. ;.: 

~, .. 
·. r,~'<.:. 

(· ' .. . ·:. 't .. -h .Jr ·==::- · .-: . 

~\} 
·::'i_ .. •. 

· .. ·t· ·: 
·-:- .. · 

4~:~:~·~~t;;:~- . . '\·,< . 
; . -~· 

f . _,/·:.. ~;· 

... -.:· .·· 
.. · ... ··.· 

~- . 
#'",. .. 

... -~:J: ·. 
. ... 

< .. 

..:·· 

.t" . 
. ::.: ... :.:.: 

. : --~ ~-.. ·": <~ i~;. 
~: . 

• ".: ' " '. ~1 ""'' ~<&,iJ.: ?r:~.-.:·_;; 
""-~,. .. : , 

·1 .. ~.·-· 
~~.,:., 

~:.J~ 

,;~f &~rnm,~rti·J~: 
\,.;~<\ ··: 

v.:,_,~;::~.,. 
·:-:. 
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12.6 Decoder Control 

The decoder searches for a sync pattern in each block of data sent from the CD 
equipment and uses a sync signal generated from this pattern to time its ogera
tion. 

Decoder interrupts are generated for the controller after the decoding of 
each block .. Interrupts are ~nabled by writing a l to the DECIEN bit in the 
IFCTRL register. This sets the INT pin to LOW and the DECI flag in the IFSTAT 
register to 0 when requesting interrupt processing to the controller after 
decoding as long as DECEN (Bit 7 in CTRL 0) is set to l. See fi.gµre 11 Interrupt 
Control Flags. :, ?=;;t{:,:'." " ., . 

. ·:·:· ·:: 

The duration of the active LOW at the INT pin dep~nds.:,on th~:·:operation 
mode in effect. See table 11. · .x ... 

.· ;'.;' ::· . 

. . ·»~ .: · ... ·-:: 

TABLE 11. Period of Active LO.Wat INT 
•' .... 

DEC EN EDCRQ MODE FORM 
Actrie LOW Interrupt Cycle 

· . ..:· 

(~1•s) 
:·::: (blocks) 

:% ../i:f:':: .. 

.. 
'·· 

0 x x x : :.' ~·r.:O. 00 

1 0 x x i .. :\. 2750 1 ... ·:·: 

1 , 0 X··.v~. 
: .•::. 

437* , 
': }:·:~ 

. •·' ~.~ .. ·:-~ •.·."'·: , 1 1 
.· :b~·:-:.~:.:~:; 428. 1 ·.·.· ·, 

.. , ', ~- 14· 1 1 , 1 
: ... :. 

~ 

1 ••4\~·\: :-: 

~v 
.. :,.!.t;~~-· .... ·.:· :·::: 

. ' ..... " "Ji'·•·{·:·'· .. :~...,.,'(. . .· ~ 

Decoder interrupts become inactive i~1'.ediately ;fcer't·h~i<S:1AT3 register is 
read. or when DEC EN is set to 0 .. ,;, .. , .. ,,,~,., .. , ,:··; :·· .;o ·• i, · 

. ~ ·. :· ,. 

The following read register~and flkks related,tdthe d~cqit~z:should be read 
out whenever a deco~er int .. pt}s generate~/~ ·· \, ·;.;;; .. 

HEADO. HEAD 1. ~~f,2, .HEAD ,~ .· _, ~\ 
PTL PTH f ~ .J ;;-~. '\, 
STATO,STATl.~STAJ3 · .J: 7~ 
Note that ~hen WRR.fl.JD~{~e CTRLO rekistei is !f'the content~ of the WAL 

and WAH ~ite addrcs:rFeg1sters constantly~~!;C,hil'nges. Accordingly. WRRQ 
should be sei~ 0 before reading is attempted. ··'-1:!1' 

The;, .. l~,..">hould re_ad all decoder-related registers while VALST in the 
STAT3 l'. is:.'t' .. · · ::.v· Data reads. while VALST is l. are not guaranteed to be 

·~-:: . 
ate. , .. 

ta 0 immediately after a decoder interrupt is generated. but 
e interrupt (INT pin) in that reading STAT3 does not cause it to 

• See appendix E ror the LC895 l. 
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12.7 Block Synchronization 

The LC89SO synchronizes ils operations to the blocks in the data stream 
received from the digital signal processor of the CD equipment by generating a 
block·sync signal whenever it detects the sync pattern at the head of each ctata 
block. 

• lt)'9"." 

Since synchronized decoding is vital for the correct recovery of ·.· ··tRo~t 
and CD-I data, the LC89SO has on-chip block-sync signal circuitry :o han~ 
sync-signaJ pattern errors caused by disc flaws. scratches. 8r .95h ,,,_ ,._ r:ieCU.8 
defects. . . '~~ · ~w-

it generates an internal block-sync signal each time that ~, < ,j,2-b~lock 
of data is r~ceived. Thus. if the sync signal derived from t~inca··~ .... -data is 
lost, t~e i_nternal block-sync signal can be used to maint~rt'S.cv,~ct , ata syn-
chromzat1on. .. , ~1, J 

Enable/disable flags - SYDEN and SYJEN - can be se\.lor b9ttt"'th~ internal
and external-sync signals respectively. ln combinatjg~~· th*Qe ,flags allow selec· 
tion of thr~e synchronization modes. SYDEN and STf?N . .sha~·d not both be set 
to 0 as this ~o~bination wilJ inhibit both sync sic.nals. a·r,;fisk complete loss 
of synchron1zat1on. .- ~~ ,t .. ~{ . . .';: ·:. . .. 

Th~ LC8950 is gf!nerally operated in rca1·,Jme d~cod.ng mode with both 
SYDEN and SYlEN set to l. This provid~,,~:: ... ~he .. rnost ret]'ablc synchronization 
scheme and allows rapid recovery of sy~¢hr'Ollizatfon. even when detracking or 
sync pattern errors occur. 1 

.. ,.;· 

. - ~.) . : 

The following four synchroniza~~q~ mod,$ are supported. 
/ ·:·. '-··:, ~-~ :... . '·' . 

• NQ sync mode (SYDEN-SYIEN~O) :< < ..... 
Li::_;:: t ';; 

No decoding 
· .. :. 

Rough seeks in subcode Q state: 

In-track jumps for s~eK<w~tmcnt in order to pick up the destination 
sector .. , ,. .. .... · 

.::: .. : ··:::=:· .. · 

• Sync hunt mode (~.¥.DEN-1 .• SYIEN•O) 

- Enters on·track play .~tate and waits for real synchronization after seeks 
or trac~jumps ·: ,.,,· -.: 

• Protected s·y_nc mode (SYDEN-SYIEN-1) 

- All'·c:f ecoder modes except repeated-correction mode 
., ~.: "i-)_ "~·t :~r·: · .. :·:.:_ -~-

• I~Qer s}lnc mod_.e .. (SYDEN•O, SYIEN-1) 
·., .. ; ·-:i:· :"·:· . ·::. 

v.,, ,- R·epeated .. correction mode 
... =1 . . ~·::·:=· .. 

·· .. · 

~\:,f'.>Q error-correction strategy (Q-only correction precedes P-only correc-
;I(.: ·:_ .. 

~ .. ttU·~=:~~JJ,q~_);, 
~~;~~ ..... ~ ..... ~.:.:';.;:f:'-i<-.:.r:·· 

~l~. r!pe-~t'-~d-correction mode only. the internal block-sync signal should be 
u~-; that is, SYIEN should be set to 1 and SYOEN to 0. This setting completely 
igno'·~s the external-sync signal. since any loss of the external sync would 
inlerfere \Vi th error correction. 

To assist in handling sync errors. the LC89SO maintains NOSYNC. ILSYNC. 
LBLK and SBLK flags in the STATO register. The meaning of each flag is de
scribed below. See also figurf! 23 Block Synchro11ization ( l) to (3). 
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12.7.1 NOSYNC - No sync 

This flag indicates that an external-sync signal was not detected and that the 
internal block-sync signal is being ustd. When this flng is set. it generally 
means that noise or media flaws have caused errors in the sync pattern -that 
prevent correct recognition. 

If the NOSYNC flag is set each time a decoder interrupt occurs. it signifies a 
malfunction related to a sync·detected SYDEN flag .. A SYDEN flag setting of 0 
means synchronization between the internal sync signal and in.coming data has 
been lost. A setting of 1 means that no CD-ROM or CD· 1 data are pre·sent.. · 

12.7.2 ILSYNC - Illegal sync 
:·: ::. 

This flag indicates that a sync pattern which was out of phase wi.~n the internal 
block-sync signal has been detected .. This flag is significan~ .. pnly when SYDEN 
is set to 1. In other sync modes. ILSYNC is 0. · .,. , 

When ILSYNC is set to 1. the LC8950 resets its intern~t''l>tock-sync signal to 
the new tlming. truncates the current data block and suppre.sses error detec
tion and correction for the current block because.;there are insufficient data to 
decode the block completely. See figure 23 Bio.ck Syn.cfJ.rt?nization (I). 

12.7.3 LBLK- Long block 

This flag is set while SYDEN is l and SYIENt~:°()wh~ri .. a sync signal has not been 
detected after 235 2 bytes of the current '==>lock haye been received. . 

. . ) 

When.-LBLK is set. only the. 2325 by~es .Jf. :data from the block head (the first 
byte of the header) are used by the·t:C89S_.O. ·.Remaining.~ata.are discarded. but 

. • .. ;.~·· . 

excess data are written to the buffer. . r~~-~ · . ··- ',·'· ::· . .-·'=·., 
·:·· .. ::::.: - ~::.: :·:.. . :-· . ·. ·': 

The extra data ~~uJd be transferred. to the host com.ptiter. but.this transfer 
is rarely impl~mented. Also, th'e: excess data in ~tie buffer-· ... arc kept separate 
from. and has no effect on the1f!le..~od.ing of the n~t blo~ck. ·' ···"''' 

··-~ . ~-··:~~~·.j:~t ,,:} :;\ 
A long block can,.be caus~d eitfie'r··by an error in the:~ync pattern which pre· 

vents sync d.etectiefn. or .. · ·=1~''':···~.racking dur ... jn!t.p···: .. lock. l~the former case. the 
block data \Vlll be a e: in die latter, err.oneous. 

Setting SY"IEN t~ l (tbJ.i~t~nabling th~\hterrial bJ_i>ck-sync signal) will pre
vent LBLK fr(\Ql being se[ alter the next sync pat\.~IR is detected. See figure 23 

. ~--· ... ·.-~'f 
Block Synchrd~alion (2),. ·'.· ~.., 

:.-+·=~:. ·.:·~ 

12.7.4 S :. ·,.: -·. ... ·: .. block 

modes. it remains 0 .. 

appears at every block. it indicates a complete loss of synchroni
ftgure 23 Block Synchronization (3). 
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12.8 Buff er Operation 

The LC8950 RCHJP uses an external buffer RA~1 to temporarily hold the incom· 
ing data received from the digital signal processor of the CD equipment. 
Writes to this buffer are always performed in bytes. 

As the LC8950 has a transparent bus architecture. data input. the read and 
write operations involved in data decoding {error detection and c . ~ ~, ' tion) 
and data transfers to the host can take place simultaneously wit ·'out w4it 

.. : ·.. . ·~i.~::· 
stat es. 4,=:" ··:. · ::.= 

Together the. buffering and decoding operations create ,,iiJn~~ .• ,/;5 
seconds (corresponding to the timing for a one block transf . ~-'· ~f?m~point 
when a data block from the CD ~quipment enters the LCJt9S · :: .. m:pcessing 
pipeline to the point when it exits the pipeline and is transfff?eJt? t~ host). 

This real·time decoding delay is small enough ·:~.-me~t the CD-1 
specifications in the Green Book. · <-'4~iL · 1.;r·:(:t~· 
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>. -:· 

.. ; .';'"0~¥,: 

.. :-: 

'<w ... 
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<, 

Design Manual 

' .~, 

. < 

·~ 
\ i4it~:· 

.. '-(4,. ~ ". 
f. . .. 

. . . 

' "·; .. .,:: . .. :·;_ 

·:.-

':-: .. ·:;.;·· 
-. ·~ . 

....:::.: ·:: . •, . ; .. :: . -'~: . 

_,.· .. ·.: .. :.~· -~·~. ·'.. 

-...,,,,.;..._ 

.. . 

... ;~,_:~. 

·-~"--.;;:; 

""""=:.; 

'.: ... 

:-:·.· :·: . 

···:~ .. · .:..::.1 ~~; . 

66 



Sanyo LC8950 Real-Time Error Correction & Host Interface Processor 

12.9 Caching 

The external RAM buffer has a minimum size of 8 Kbytes (64 Kbyces). which 
accommodates three 2352-byte blocks with a 1136-byte margin. _ 

When a single block caching (8 Kbyte} buff er is used. one block is allocat~d 
to hold the incoming data stream, one block is used to hold the sector being 
decoded (error detection and correction). and one block is allocated .t.o,.;hold 
the sector being transft!rred to the host. See figure 24 Single Block Caching 
(Decoder·lncerrupc Control). The processing of thcs~ three blocks takes place 
simultaneously and transparently. Note, however. that the host must read.:.Pllt 
one block of data during each one-block processing period i·rl··Qrder tQ :,prevent 
buff er overflow. '~:~<'>.. :·:~h, 

A larger bu ff er can hold additional blocks and data tra~:fers to the'.'host can 
be delayed in order to service interrupts. "'} J(t,,,, 

·:·: ·::;:--.~:,··:e=·· 

Figure 25 An Exam,,le of Block Caching in Real-Ti111e'.'c;,~.,,~~tion Mode l 
shows the flowchart of the error correction process. In' r~al ... ilme correction 
mode. one block of storage is allocated to the incoming,data·;·S.tream. one block 
for decoding, and four blocks to data transfer .. The four~:plock data transfer 
area is occupied by untransmitted blocks.. :t·he bloc~--:. currf!ntly being 
cransferred, and already transferred blocks. · This:·····t;q_nfiiuration. known as 
four-block caching. allows th~ LC8950 to 'tra'risfer four blocks of data to the 
host at any time during a four·block peri°.~,!t~:l~uci-":g overhead. 

The buffer shouJd be checked for an·:~overflow condition, either when each 
block is decoded (decoqer int~rrupt-co·n~plled ___ caching). or when the transfer 

. of each blo~~ to the host is compJe~~i.;(Eiat1f~nsfer co~p-~ete·controlled each· 
i n g). :'~· . · ._,:·:· ::~~~~!.:, , . , .. :>_:, · ~, 

When an 8 Kbyte buff er is usetb~e bJJ"~k of data 1$~s~ b~Yffansferred each. 
time a decoder interrupt is received:· it a larg~r buffer lst-e·mployed with multi-

,.. . ~ . , ...... , .. ·: ··.; 

block caching. checks should be ·fl~rfortned to eI11tlr~ that~ :tplal number of 
bloc~s be~n~ tran·s.m.~!,u_ed>·'~Cf.·:. i.cting tran~mlssl~~.". doer"+<ftot exceed the 
specified limit. :Y..~' . . .,,, 'I' ,.\ 

dec~v;;r ~~:;ru~t~ ~-bl ~~k ~)~:~~ncs~~O~~ ::tt~c:a:~ ~~=n ~~=~;ii 
ten at the tim~ the. de_~~~~nterrup~ wa~ gcn_~rat~p .. and the ?lock of data 
already tran$J'Tlltt~d rna~ccrrect. Figure 24 SJnfJ:ll Block Caching and figure 

: -~·:: ~'- . ·:~ .. ., .. 

25 An Examp1~of Block Caching in Real-Time Co.ction Mode 1 show at which 
.point d. ring a~.overf1ov1 condition the block currently being transferred is 
actuall ··':_ . itt&n. - :~ . 

ote t the·. trailer is unable to read the write address registers (WAH 
co: 1-cctly when buff~ring data while WRRQ is 1. This because the data 

· L may be in transition (for example, being updated) when the 
ttemp ed. 

erflow checking is performed after the transfer-complete incerrupt 
received. the controller in a system configured with a one-block caching 

r should check after each interrupt to confirm that the decoder has not 
yet pleted its error detection and correction of the next block. This limit is 
managed by software that counts the numb~r of blocks to be held in the buffer 
RAM. See figure 26 Error Checking in Full Sync Mode and figure 27 Repeated 
Error Correction in Mode l. 
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When a multi-block caching buffer is used. the controller should check after 
each block transferred that the number of error-corrected blocks awaiting 
transmission does not exceed the specified limll. 

When the latter method-data transfer compl~te·controlled caching-is 
used, one block of data is sent whether an overflow condition occurs or n-ot. 
The status signaling thf! overflow occurs and is sent to th~ host using status
byte processing. The latter part of the block previously transferred to . · ost 
is ~veIYVritten. The host should discard the entire block already rece .-.ed an~ 
using the LC8950 command registers, send a repeat request tcffthe c ·troll . · 
by COMIN, the chip's command register. '., (,~, 
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·:. ·:=: ••• 

APPENDIX A: TIMING DIAGRAMS 
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External or 
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• Real-Time Error Detection and Correction in Mode l 

Not yet 

N 

Design Manual 

START 

System lnirialization 

DECEN~ 

SYDEN:SYIEN•l 
DSCREN•l 
MOORO-O 

Command R~ed 
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Prior block found 
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:. . ··. 
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l ·Block Tnnsf et . ·== · . 
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.:: . ·:-:: .. 

Rud Oecodet
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N 

Status-Byte T n.nsf cr 

END 

Figure 28. Non-Cached Block-by-Block Transfer 
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FLOWCHART DESCRIPTION 

The steps shown in the preceding flo\vchart are as fallows: 

1. Initialize system settings 

Disable the decoder by setting DECEN to O. set SYlEN and SYOEN to 1 to 
set full sync mode. and enable the descramble. function by · . ting 
DSCREN to 1. . ':: .. ·· 

4.~. 

ii. Data request ~eceived from_ the host computer. .. '~ , , 

iii. Seek the spc.c1fie:d block using subcode:. ~'L ' 

In actual operation. the controller s~e!ks a block sllgl}t~~aq of the 
specified block. ~r . ~--· 

1v. When a bl~ck slightly ahead of the desired bl,pck iJ~ enable the 
PLAY funcuon and read out a continuous data stre · .... ~ .,,f 

v. Set DECEN to 1 to enable the decoders writ~-o . mo,;, · .... Error correction 
cannot be performed until at least one bloc . h · ·been written to 
th~ buffer. Writc·only mode is maintained pntil th .~ .. · nc-block write is 
complete. t ·· '~-:... . ..... -:'·· r.:~ 

:»:. :.: :.--:. -~-~~.,.~}:: ::· ~ . 

Use of sync hunt mode (SYDEN-1. STIEN-0) is r~cbmmended. When 
·"«,'. ., 

the LC89SO hunts a real sync from ~et.*"~.~ta'\~~r.eam, this is indicated as a 
NOSYNC-0. ensuring that the devJce··~~t~ally synchroni~ed .. Protected 
sync mode (SYDEN-SYIEN• l) should tb~n 'Q·e set. · 

~ \~.wff.' -.· ..:;. 

vi. After the write-only mode h~~z~ntl'h~1!d' for at least one block. enable 
real-time error correction mode artd.~.~et EDCRQ to-:!'. Immediately after the 
decoder l·nterrup• - .. ~; .. :; ·~ ·· - · ·~"'ti! .. .... ·-~·: -:·· t ,;.{'-:;)':~~-

. "'¢. ::• .. . .I •. '·· . 

vii. Continuing PLAY mode. check~he h~ader regisf,:rs· (HEAOO to HEAD3) 
immediately after ~ach dee.oder interrupt to .. :'see if th~_J:lcsired block has 
been decoded .. ~~ ch~~~~ader em~f flags ~:n STA Tl. 

viii. If the desired tSiock ~H..;:'!ot ~ee.'n locatc_g~,wait for ~he d~coder interrupt at 
the next blocf$ an~+cfiecl<.··aga1n. -= ·· ., .. , ·:,.,:. ··= 

~'-i:::. ·:ww .. ,,,.:. . 
ix. When the desir~ed block ls located, read STATO tq check the block for fatal 

errors. lf CRCOK is: .. '.·l.atld WSHORT, ILSYNC. UCEBLK. and ERABLK are all 0, 
the curr~nt block is valid data.. .· 

ln the d~coder's protected sync mode (SYDENmrSYlEN-1). the LBLK and 
SBl~~fl~,,.d·6..not set to l on errors, so they do not require checking. If the 
NOSY~C ·ns~'is set. the host does not need to be informed of blocking 

(: e~rors ... lmmediat~ly as long as the header is checked successively. 
":··:{(.·::-.:. .-: 

~:.~*t:&\. i'f~'WSffORT is l. decoding of the current block is aborted as it is not 
i>o~sible to perform error det~ction and correction and CRC checking on '*' :>: 

4.~itt~f~~:<,~,pc~. All_bytes received. however. are retained in the buffer. Check 
'<== tftl!Wrelat1onsh1p between XTALCK and LRCK. 

~~- . 

·~~~(: lf ILSYNC is 1, an insufficient number of bytes have been read in to 
{. .· 

complete the current block. making e:rror detection and correction and 
CRC checking impossible. [f this incomplete block were to be transferred 
to the host computer, the transferred block would include the head of the 
next block. 
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x. If there are no errors in the current b1ock. compare the block·s head 
address in the data buffer-that is. the pointer in PTL and PTH-with the 
address of the blocks in the transfer queue to check for a buffer overflow. 

x1. Transfer the current block to the host computer. Copy the contents of 
PTL and PTH into DACL and DACH and the number of bytes into DBCL and 
DBCH. Write to DTIRG to enable data transfer. The host·interface.ccntrol 

:·:· :.C:-."1 ·:·· 

signals are used to send the data as described in section 12.3 Data 
Transfer. · ... 

xii. Process the decoder interrupt. the transfer-complete interrupt ·a:·nd=:·'the 
command-received interrupt.. These interrupts may btf?p,r.ocesse.p asyn
chronously and in order. Note that the lNT pin generates' qnly a: single 
interrupt signal. even when two interrupts occur at the same·='tlme. The 
controller should read IFCTRL to ascertain whether anq;ther interrupt is 
pending after the processing of the current interrupt'is::C:ompleted. 

xiii. When the desired number of blocks have been rca:d""out. H'lsable decoder 
op~rations and decoder interr~pts, and set the .CO .equipment to PAUSE. 

xiv. If the host generates a status request command. su~.pend decoding. and 
write th.e status byte. to the SBOUT regist~r. ~d trans'fcr the required sta· 

xv. 

tus information. - -=· ··-· ·· · 

The error handling procedures can. b,~ .. designed to ·meet the n~eds of the 
application. Typical responses to,~h5ck .. ~rrors include: 

• Perform repeated-error corr~c~i.Qrt' for as long as specified and then 
. "'.'').." 

seek th~ next block. ~. ·:'.':=::·:~,,~.':~:: .. ,>./ 
. ,..;·;·}·~:·~·=:~: ·t· :·.. .::·: .. --.-·· ·. ' 

• Give priority to real·tinle pr~ssing. Block.s''·='containing errors are 
passed to the host toget.J with tfieir error status .. :.:/:.:,'.<':::,.,, 

. ., . 

. ;r.::=:·. 

• Seek and re-read the blqck containing the ... ~rror~= , , 

·°;/ 
::· :.~· 

-xF 
' .. 

. · .. ;:a:u.. ..:· ,;;/ . .. ·.~- '. ,,.--
:::<: 

.. 

I ,' ~ 

:~ 
.. ;~., 

.~ 
::~ 

:··:· 
:~ 

. <~~t/ 
:·: 

"' 
-·~j 
···:·. 

-: '•"JC. 

: .. ::: :-:·-···:· 
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• Real-Time Error Detection and Correction in Mode l 

Fatal Error Check 

1 

l 

N 

1 

0 
~ ·:;,:~ .;::...... .... .. 

. .,.' .·-·:-;ft.a:,.·;~· .. ;: ·:= .. 

/·: 
-·:~ 

No Error Status 

. :· ,,.,,: 
\: 

y 

··: .. 
; ;:· :-:~:· : : .. 

- . 
. : : .. : .. ; .... "t .. 

.,·.;::·>.:ff 

·:::: ·. 

~:;f>,; .. ·.;;j~: 
.. '.·'. : ~~ .:. 

.··•· ·= 

Blocking Error 
.t~~ratus 

(brcaJ;~uccd) 
....... . ..... . 

.· "·'·'l.-·::.t' 
·.· . 

No Transfer to 
Host 

Figure 29. Fatal Error Checking 
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• Repeated Error Correction in Mode 1 

Repeated error correction can be implemented by modifying the routine for 
fatal-error checking in the previous flo,vchart as sho\vn belo\.v. 

ST 

F ar~I Error Check 

N 

EXIT 
ROtmNE 

Design Manual 

Set Hast Wait 
(if required) 

ScsR~Ccwa "°".Mode. 

:-:·: 

·.: ... :::: 

.•. ··} 

"---------""'4i : .. ::. ;·: 
DECEN=l, WRR.Q==O 
SYDEN:::O. S¥1EN=l .:=::. 

PRQ=Q~Q=TJbQ=l ·s·: 

______ ....,."""' ··=· 

··;': :, "-:· 

' --=:-

Wait for d.CCQdcr interrupt 
NOTYI:i 

,;, .. , 
:· .. '':') 

R~ Decoder-
,. Related Registers .. , .. ..:· 

Internal Status= 
Residual Error 
(break-induced) 

N 

-~ . 

ill ·: .. 

...• -~~:· ·;·=.~:: :;:: '. : ;.-~ . 
~- -~ ..... 

. ."I 

Internal Status= 
Repeated-Error 

Ccm:ction 
(break-induced) 

Figure 30. Repeated Error Correction 

•,. 
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• Real-Time Error Detection and Correction in ~1ode 2 

-~ . 

· .. ·~:~_ . 
. .;;:: .. :~: ·· . 

. "'·~":';;: "h,Q~t.: .. 

.··:. 
·-:-~ . ··:· .. 

I ' ;...._ , 

\:~:;: 
·.· ... .:;:i::;:;;· .. :; .. ': ::.: 

·:j···-~·S·-~~;:·: 

"-.:<· . 
Oc" 
·-·-:·-·:-

"+•'• 

f~r.:~'2'.11ig:,+ ,, .;'!r ~ 
·':~:.). -:-: 

~-· 
'···:c .. ; 

~:-:_ 

START 

System Initialization 

DECEN=O 
SYIEN=SYDEN=l 
DSCRE.N=l 
AUTORQ=MOD. 
FORMRQ=~y 

,• :·. 

Figure 31. Automati~form Ch~cking 
... ; .. ; ..... : ·~-·. •'"!f'.;/I'•··· 

;: .. 

,·: ~-~: .. ;,:: ~ ; ·· ... ·::::::: ::t ~=·· . 
·:··-o;;.·~.;.,.:_;, : 

-l:.::.· 

. .(.. 
(. 

. , .. · . . :· ·. ·. 
- :·.- ... :;:· . 

START 

System Inirializ:ation 

DECEN=O 
SYIEN=SYDEN=l 
DSCREN•l 
AlJTORQ=FORMRQ= l 
FORMRQ=l 

.I' .. · ..... . 
. :- :' :•..:::~ .·:::-

-=· .... · ··:-:-·:.- . 

Identical to Mode l Real-Time Error CorrccEion 

Figure 3 2. Real Time Error Correction in Form l 
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• Data Transfers in Modes land 2 

J l ·Block Dae~ T r.uu fer J 

Set OBC!_ OCBH to 
of Trmsfcr Bytcs-1 

Set DACI.... OAOi toTransfcr 
Start Address is Buffer 

Wri1c a.ay value to DTTRG 
to Start Data Transfer 

RETIJRN 

··: :: 
·.;. 

.#£~4ij/ 

.:·~ 
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The info rm at ion in this section does n at a pp I y to the LC 8 9 S 1. See append ix E. 

l. Buffer Access Time 

The access time of the SRAM devices interfaced to 1/0 Pins 101 to l08 
must be 120 ns or l~ss. The access time of the SRAM devices interfaced to 
the ERA pin must be 100 ns or less. 

2. Decoder Mode Operation 

When setting the decoder enable bit CTRLO·DECEN (Regi'stcr 10 during 
writes) to 1. either or both of the buffered write enable bit (CTRI..0-WRRQ) 
or EDC decoder enable bit (CTRLO-EDCRQ) must be held i\~=rJ...~ ·· "> .... 

:;: :r .: ... ::. 

Note that in the operation mode defined by DECEN,•l, WRR.Q-0. and 
EDCRQ-0. the header and subheader data cannot· tfe read correctly . 

. :,.: ... ;;, :: 

Monitor-only mode should not be used. . :,:.t,,,,;t 7 · , 
. :·:·:_; 

,:: ·:-. 

3. MCK Output during RESET :::·: .... 
: ·::; :=: :·· 

. .;.·.··· 
'-:': 

·':·. ::-:~·:=:-. 

The clock signal output at MCK stays LOW whil~' .. 'tne RESET input is held 
LOW. If one or more of the peripheral devices requir~$bclock pulses while 
the LC89So·s RESET pin is LOW. the LC89SO's .. ~ESET <p'in and the RESET 
inputs on peripherals should be separa~ed. In ·this ~se, the LC89So·s 
RESET should be set to HIGH first. f ol_lowed .. by that ofthe peripheral. 

.. · J.$.; ~t -:~·~ , 1.·- • ·:~-·-A 

4. Controlling SRAM Chip-Select Inputs~~· .... , :) 

Figure 37 RAO to RAI 5_ RWE and R·&f ... Timi·ng shows the timing relation-
ships. between the RAM read add!J,~S· oulp.Uts. RAO ~9J~ 15, and the write 
and output enable signals. R:W.E and·''R.QE. . ?;.,~ ···· :'.?. .. · _ 

When the r~ad address. ~~ts ~O to. RA l s'·ar~JS~~g+ decoded and 
applied to the chip select if)puts'.x>of two or m9fC SRAM~ chip~. RWE should 
be delayed by at l~ast t ,:t 40' ri~. where r is the .address d~gt..d'er delay time. 

There may ~o;~i~w .~ WE a.nd RIE are\oth active. If this over· 
lap disrupts ~ op~. :. of t~. RAt1.,:~ ~ ·'er, RWE~hould be delayed by 
40to60ns. ~ ~ ··~ 

.:;·s. . i 
.. .; : ']~ :; .:~ " 

'~... .. ... ::'•. ,j .:~=· 
... ,~ A·.,·;/ 

:': •. 
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Section 8 - Pin Descriptions 

C4LR - C2 error flag pointer strobe input 

It is no longer necessary to provide this input as the LC895 l reads in C2PO -data 
using internal timing based on BCK. As a result. the minimal signal connections 
ro the CD equipment are as f olJows. 

,...:· 
.----------------------~;i;.....----\1. 
LRCK,BCK,SOATA,C2PO ~· 

LACK, BCK, SOA TA 

Pin 35 should be ti~d to V00 or Vss· ... jJ:.:.:. 
w··· ~.,~. 

~-

R·}·:. ·~~ . '",..,'I?:. ~l:··:: 

C2PO - C2 error flag pointer input ;;; ,:~~,:-~·~·;, 
[._] The data at C2PO are read in at the rising ed~e~ .. - ti.~~~inal at C2LR {if 
present) or[ ... ] ~-t. '· 

t •, "~'·· 
~i . "~,~<; 
,,__ r "· 

RCS - RAM chip select i .·= ...... ., •• 

·. . -~:· . 

The LC8951 uses this pin differ~ntly from ~nc.;,LC89SO's.t5oUT pin. Tying it to 
the CS pin decreases the power consu111ptiq.n ot'tne external RAM buffer. lf nae 
used for this purpose. the pin should b'e lef(open. 

~ . .. ; , .. · 
'"'·~;.:::-:-:·- ,:: . . ·~·'.:\· .. ·~ 

Section 11.11 - CTRLO (R10 durin~'·,jiti~)' :; ' 
' ·v 

.· ,. :-.··- ·. 

-.... 

BIT7 BITS srrl't .· 
iltj· 

81T4 81T3 BtT~ .. ·. BJTl SITO 

OECEN • EOIAO AUTORC ERAMM) WRRO ORO PRO 

'; ; 'i '~•41.tfct,, 

The LC85 l does not use··tbe EDCRQ blt. Instead, it automatically includes EDC 
decodlng is when. ilnY 'other type··of decodln1 is requested-that ls. when at 
least on~ of the loW~st thr~e· bits (WRRQ. QRQ and PRQ) is non·zero and decod
ing is enabled (DECEN9!~}~ · 

·.·: :· 

·=.· ·. 

·-:.· 

'· . 

Section, 11.12~.CTRL1 (R11 during writes) . . ·- ·.;.~ .. ~.-. ·,, · .. ·'.·: 

-...:_ ., . -~".'-t.titf;:: ~~ :::;:. 
7. MBCKltQ- Mode Byte Check Request 

..... ·.=. ;· . '. .. ~.: ·: ~<~- . 
. :·:· :~: · .. :::: ·:· .. :· 

. ·.. -:~_:p~~~:·· BIT7 ........ BIT5 BITS SIT• BITJ BlT2 8JT1 SITO 
·.:> '.···· 

SYIEN SYDEN OSCAEN COWAEN MO ORO FORMRO M8CKRO SHOR EN ··~ ...... :'· . 

..... '°; ::~ • 

~J~.~~3~::.·:~.~ ~\~~'. }'. ·i'=~s: : .. 
··~<.\ . 

'>.·{· . 

VTh.is bit. defined for the LC89S 1 only. enables/disables the mode check func-
tio·n .. If the mode byte in the raw data is not compatible with the mode 
specified by the MODRQ bit (0 for Mode lt l for Mode 2). this function disables 
error derection and correction (EDAC) proc~ssing for the block. 
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Status Operation 

0 ~ Disable function. 

1 1 Enable function. 

The LC8950 does not use this bit or have this function. 

Section 11.13 - ST A T3 (R 15 during reads) 

CBLK - Corrected Block Flag 
... ·.::·: :?· 

.. ·.· 

The LC895 l sets this bit to 1 if it has corrected the current b-lock. 

Section 1 i. 15 - STAT2 (R 14 during reads) 

SITT 8116 BITS 

RMODl RM002 RMODI 

VALST YILONG CSLK 

RMOD 3. 2. 1 and 0 - Raw Mode Byte 

SIT• SIT3 

RMODO MQ.DE 

• ~· 
-~· .... 

. ::; >. '( 

: :,_:. .: .;- .. ::. 
=::: 

: 

': .. ·· 
. : . :: : . . :~:; . 
:::.··· ... · ... 

·':" .=:=·. . · .. · ·; 
.' .::.: .. ·' 

:=·:·\ 

.. ... 
SIT2 .. .. srrt SITO 

. ... , 

NOCOR ·A"F0RM1 AFORMO 

::~t"=\;-=' . ::::- • . 
.. . . 

: =~:=··· 

These four bits, defined for the LC~~S}: 6~JY.t<bntain th~ results of a prelimi
nary check on the raw mode byte in~ihe~next block to b~~di~9ded. 

·=·--~ ..... . 
:~ .: ·--~·.:;\. ·":' ·: . ' 

RMOD3 mi BlT7 +BITS+ 81T5--:+.BIT4 + BIT3 + EF .. : :l:/Ltz~-:: 
. ·., ~i ··.····::~. 

RMOD2 - BIT2 + EF ,,,_ · --~ ='" =::,·::: :,=.. .. 

RMOD1 - BlT1 + EF '-~ .. ,,,= ._;,.}=·r· ,.,~·-.~ ........ =· . 

RMOOO s BlTO +.E. __ F · :=:<}:.::&~-... : ... ~_ _,_.:i~l · __ t__ _ . -~ ::··-~--. 
~I,~ -: ~;?~~ ····.·ii ~~. 

where + denotes a ¢~i·~~I-q .· a~dE.hs the bY.~;:s errot'(!ag (from C2PO). 

If RMOD3 ... o. {~ ·.· .r ~··· .. · .. e bi~ uni~eter~frtc the mode (0 to 7); 
otherwise, they Justy~tyv, the~:·ower three,,pits .~J a m.~ode in th~ range OSH to 
OFFH. If all !our_ bits ar~Jfowever. ther~~s ~,~· a_d_ J~ltional interpr~tation: the 
mode byte contains an error. ·>:~! :<f~ 

::=~ :::;·., 

\,,..__ ... · ... > .. f. . 
•' .. ·-.. ~; .. 

:·· .. :. ... 
·--:::.-·'.":-; . 
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AM003 RMOD2 RMOD1 RM ODO I 
I 

0 0 0 a ModeO 
0 0 0 1 Mode1 
0 0 , 0 Mode2 
0 0 1 1 Mode3 
0 , 0 0 Mode4 
0 1 0 1 Modes 
0 1 1 0 Mode6 
0 1 1 1 Mode7 

.(:}:. 
·-:-; 

1 0 0 0 Mode S x o o :i: · · .8 , , 

1 0 0 1 ~~~=: ~.·.~ ·~·,. 1 0 1 0 
~~· ~· 

·~ ,.. 

1 , 1 0 Mod~~xE 
1 , 1 , \Mc;ld · .· .. =·· or j-.x F 

.... ·..;. .. e,:·>·: 

0 ~~e~·error 

These bits do not reflect the status of the curre~i. bloc~t that of the next 
block. the one to be decoded aft~r the next decode°'f-l~~~rrup~~ 

.. f. . .•... ":'..''' ..... 
·""';,';" : ': 

'\·.~·~.:. .., ......... ·,· 
=·· r:·. 

·:-··· ·. 

NOCOR - No Correction ,,,.1::=ldLa~,... "··'I{ 

t: !,:" . ' 

Th' LC895 l sets this bit to 1 if ECC pr~t*~~in .. g, .. ;is not possible for the current 
block. Such processing is blocked fo~~ .. ~·i\·;t;;f~:,: {· :==.. ·::: 

-:'.:. ~;:~ .... '. . ·. . ·-·-.;·· . 

• an illegally synchronized bloc\J,l,~YNt'*'- 1) • 1;;L'4\ 

• a data block specified in soft~a~ Mode 2. form 2 ;J< -

• a Mode 2. form 2 data bl9ck aJt()matically detetted during~ptocessing 
d-=-·· • :.:-.'·.i~~¥~~·~;:;: ...... ~·· ··(... :::;.: .·. 

• a Mode 2 submosl,~:;tJ,te errof·~maticallyi:f etectep during processing 

• a mode mismat~h detec'leti by the.~ode dleck functfOn (MCHQRQ-1) 

• a mode byte err~i'iH;tectedby the mode check function (MCHQRQ• l) 
~.::-= ' .. :. . .-:-· .. 

NOCOR is invalid if COWREN•O or PRQ-=QRQ-0.. .., 
-:-..· .. 

This usag~-. represents an extension of the Lt89sO·s FORM bit, which was 
formerly 9nly applicable to ~1ode 2 (CD-1) blocks, to ft.iode 1 (CD-ROM) data. 

'\:~~-
RFORM· .. - Ra·¥f Form Bit 

~:; ·'::;;:::;:: .'::::.,1::-::::.:·:.:'~. 

T~iwo -b~J: defined for the LC895 l only, contain a preview of the FORM bit 
~~~r,ode byte for the next block to be decoded. 

~'~4~ir..' · RFORM l: Error flag (fr~m C2P0) for the byte 
-~ .. ,t.x. RFORM2: Form bit from byte 

"'._;.·~i. : 
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RFORM1 RFORMO 

0 0 Form 1 
0 1 Form 2 
1 - Error 

These bits do not reflect the status of the current block. but that of .th~ next 
block. the one to be decoded after the next decoder interrupt. .. ,,..., .. ,.,~, 

Th~se bits are only meaningful for Mode 2 (CD·I) blocks~ 

.. -:~:: 

.... ..,. 

Section 12.3 .. 3 -Transfer start delays -~·:. . 

:: . :~ .. = . ,: ·":' 

_ _...::· .•. ;:;:.,.=:·· 

: .. :::.: 
:' .::·::=-:-:_'.::.: 

:;: 

:-:::·--: .... 

Revision of the output timing for the 10 l to JOB. RDE. RV;{~ .~9-<'<~RA pins has 
eliminated both the need for a delay circuit on the RWE pll'l:•·d .. the risk of colli· 
sions on the 9·lin~ (IO l to l08 plus ERA) data bus to tt\.e exte.r~al RAM buff er. 
See appendix F. AC Characteristics. · -::::~L,,. .,,,,.~ 

.,.;:~;~.·. 

As a result, SRAMs with access times of 120 ns .tl''r. f~ss ::f?lay be directly con-
nected to the LC895 l. . ~:·: · =:>.~~·"=:.::-. 

· .... 
-.. ·:· .. :·.:· 

Pull·up resistors 
:· ::::--;)·:.~:-. ·-:·.-· 

.. ·./. :~~ 
--:::· -· 

·: ~-. ~ ·. 

All data bus pins joining the LC895 l to thei~!·xtern,al'.'SRAM (10 l to 108 plus ERA) 
and the host (HOO to HD7) have 20 kn p:uu~µp resistors. The INT pin has a simi-
lar 20 kn pull-up resiscor and provides o:pln-dra:in o~tput. . 

: . ~;kt~. ;· +:!.;.~'.;:~;: ... ''· . 

12.4 ~Reset ·. '". · f,:it,~,, ;";:,;¢,'\ .. 
l~;1!, .. ,, " =:: . :;'.;Lt.>;:-,. 

A reset triggered by pulling the.':.RES!t.;pin LOW no J.,orittr·~ffects .. :the MCK clock 
. :·.... . ... ~:p- .·.· ···:·· ·'.::: _· 

OU tp U t ~, ' '" .... ~.· :.:1 ·~· . ..;,._ · l.;· -,·:: f.%~'ftr={i :k · . 

. ·~ ·i iii'" 
. :,;)::!::-~: .. ·:.\ ...... ·-:.s:. ... .~· -I . "~'J:.,., ~ . . Jf· \~ 

Section 12.5 - De ' der · • ' ) ,,~ \ 
·.t·' : :;; 

DECN CRCK. >- :, HEADO to 3,. 
ERABLK.· ., STAT1 =-"' Decoder Mode 

,.__----~---------~--.;....--~..__------+----·~:<'.--~--+-------------~----~ 

~::•~:" 0 Invalid 
0 lnvaljd 
0 Valid 
1 Valid. 
1 Valid •• 

Decoded 
Decode a 
Decode cl 

No decooing 
Monitor only mode 
Write onJy mode 
Real-time correction mode 
Repeated correction mode 

-o or DECEN-0. the first one block should be ignored. 

WRRQ:.:O or DECENaO, the first two blocks should be ignor~d. 

In this mode. the LC895 l loads the ra'" block header and subheader from the 
input data stream into the registers HEADO to HEAD3 and Jatches the corre
sponding error flags (from the C2PO pin) into the Rr.100 and RF ORM bits of the 
STATl register. but does not store the data b·lock in the RAM buffer or subject it 
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to any EDAC processing. 

These bi ts d o not reflect the status of the current block. but that of th c n ex c 
block. the one to be decoded after the after decod~r interrupt. 

Section 1 2.6 - Decoder Control 

A .. i.1. ~'~ .. 

The duration of the decoder interrupt {active low at the INT pi~) dep 'r ds o' 
the decoder mode. ~:t · ·.::, ~: 

WRRQ+PRQ+QRQ MODE 

0 x 
1 0 
1 1 
1 1 

FORM 

x 
x 
0 , 

. . . ft 

:.;,,· ''y"' 

-The last three values are considerably longer than At~~ LC89SO. 

~· 
.·:·:· :-:· .... . 
: ... :'.~; ~=~ :;:. . '~-.. . 

: .. """"+%:.-·t .. ;;, :.: ,:"'-'\.; .. 
.. '~'-\~('.;'' 

.· . 
. ,_ 
···+ .. 

'"·i· 

--< .· 

'"'~itt:~ l ,; ,; ; ~t 
-,~\it ... ::-

... .:t:~. ::=· 
. ·=.::~.;. 

'·:· .. · 
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•\ 
. ..:. 
~--.-... t~:.:·::_ :+ .... . . . 

-~~&(·;!.'"'' ......... 
·-...-t2,~,~ • 

.. :.:i :\~~~ .f 
·.;.: 

~ ·-· ···• 

. -·~···"'iQ~::r: : 
"'··;.;_· 

~-

·-.;·. 

~- ·~, 
l'~, .: .. -. -:.: . 

~- --=~. ... -;; 
. . ~- ';- ~· ;:; 

.. ·.· 
··:~~: :: . 

! ... 
t. 

. ··::: .. :. 

::·.· ·.':•'.". 
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· . .. 

· .. :/' ·-
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APPENDIX F: LC8950 AND LC8951 AC CH.AR .. A=CTERISTICS 
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4.0 
Vl -n 
0 
3 
3 
~ 
:;, 
0. 

~ ., -· ,... 
n 

... :.;;-·:·. 

:: ..... 
,·· .. :.:· 

-~ ... 

;~ .. 

~(":· •.• :·::: . 
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N: . <=···· i:.:,· 
J 

9 arm,·/. 
11.~··/' -------+----------------~~+-----

.> ./'-~ .f,,, 

CMD 
(IN) 

HWR 
(IN) 

HOO lo 7 
(1NPUT) 

DTEN 
(OUT) 

STEN 
(OUT) 

·· .. 

-.. ( ·::b__ 

~ , ... : 

.;.,; 
.. ==~ 

.~ 
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s 
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Oala 

··:\ ... 
::::-"".:: 
~~:::.·:· 

·:'$:··: .,,. .. · · ... 

. ;r, 
.. f--
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•;--

=:::. 
'· 

. -~·-.. 

0: Hosl inlcrf acc enable 

0: Command write. st:atus read 
I: Dara read 

0: Hose write 

flosl daia bu!I (t rista !c) 

: Dara enable (Command bre~k) 

mand break) 

• 

-• -i -· 3 
Cl) 

m ., ., 
0 .., 
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CMD 
(IN) 

DTEN 
(OUT) 

HltD 
(IN) 

WAIT 
(OUT) 

JtDO to 7 
(OlTTPUT) 

EOP 
(OLrr} 

lS 

19 

~: .. ·.· 

'""' ..... : 

18 _..~ .... 2J 

··:···.":. 
"-61 ...... --..i ...... i//' 
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~.· . 
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DTEN 
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TABLE 12. TABLE 12. AC Electrical Characteristics 

Number Fl9ure Ch.ar.c:teristlc 

2 

3 

4 

5 

6 

7 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

ENABLE lo MWA IHosl Wf'•teJ setup 

J8 CMO to HWR s~1u:> 

38 HWA low period 

HWR to OTEN c:ha"~e 

HRW to STEN ch .. nc;e 

38 

39 HWR inactiv• tc End of Oata 

38 HWR hi~h period 

38 HWR inactive to ENABLE inactive 

38 HWA i~c:tive to CMO inactive 

39. 'Cl ENABLE to HAO selup 

39 CMO to HRO setuD 

39 OTEN to WAIT inactive 

39 

39 HRO period 
.... 

: :f' 
·:;:_. ., .. '.:~.-

~~ .- '\q~2~1F ... 
39 HRO low period 

- ~ • .ai_ :..1. HRD. to invalid da1a setup· • ~·~'- • -, .. ~ ·· 

"""'*" 
HR 0 inactive to the second'_W_AJ_T ~ictive 

~; - "/ ~ 
. ·'f.. 

t..C8950 LC89St 

"''" mas min mu. 

JO JO 

15 15 

50 so 
105 105 

105 105---
'.• : 

so -
20 20 

--

50 - ,50 

0 

5 

JO --

15 

sr-20 
Note\,:, 

0 

6T•SO 
Note 2 

,_eT-50 
-Nole 4 

. s 

-
-
-

-

"•'.·. 

1or+1 eo _ · :-· ): _ -Not41 . : ;:.-

.•: ..... -.·· ··:-. 

: s 
3Q 

15 

fiT-20 
Note2 

0 

6T-SO 
Not• 2 

6T-50 
Note' 

ioT ... 110 
Note 1 

&r.1ao 
Note 2 

s 

0 

6T+50 
Note 2 

6T•SO 

No mu 

.-100 

60 

25 '. ,39 .~active to the nul WAIT inacli11e !!;:~ 
>-----~-- ·-~. --

&T•SO 6T-20 j 
Note 2 t fiT +SO-

26 ·-· e to WAJT ac11ve-tetup ao eo 

Unit 

ns 

ns 

ns 

ns. 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

n-s 

ns 

l'\S 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

OS 

-~ 
3~', ~A'""'o_•_c_t-~--~e-to-v1._t_•d_d_.a_t~_s_e_1_u_p_w_•_•"_w_A_r_r_•_c_•_"'_e_-1i-_N_o_~_•_l_.;..l _, _o_T_•_16-o-+_N_o_~_e_J__,r--1-o_T_•_1_6_0-t---n-s--1 

.. 

39 

30 
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0 

Note J 

-so 

50 

10T-.JO 
0 

Note3 

-so 
so 

ns 
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Sanyo LC8950 ReaJ-Tlme Error Correctjon & Host Interface Processor 

Number Fl~ure Ch.u.ac:l~ti stic 

31 l9 HAO &ct1ve to OTEN 1naeh"• 

32 .39.•0 HRO to EOP 1e1up 

-Jl :39.'0 HRD inac.h~ to ENABL: anAclive-

34 :J9 ... o HAl5' in~chve to CUP ac1,~• 

35 39 • ..0 HRO inactive to EOP inactive 

36 40 CMD ini1ctiv• to HRO •cti..,• 

37 40 DTEN .acth1e to WA.IT inactive 

38 40 w A.IT period 

39 40 WAJT in&ctr-1• to ):iRo achv• 

-40 'a HRO to WAIT 5etup 

,, 40 HR"5 acti" p•riod 

'2 40 HAO to valid d•ta setup 

43 •O HAO inactive to WAlf in~ctive ... •o V•lid d•lA to •nd of C&t• 

44 •O HAO ach .. • to OTEN inactNe 

Notes: 

R.ange 

LCB950 I LC89SS 

min m.1-. I m~n 

- 120 ~ -
- 120 -
0 - I 0 

5 - I s 

- 120 .-q;·< 

15 - 15 

5 25 
;:: :·:: 

.. 

6T-~ - ~ST 
·>· 

0 - '~~~.: 0 

eo:J?·~ - L ~ :::···· -~i· ~· . 

2T ~-·~" 
. . 

2T~77~ 
-._.-":'1.:.... 

2T+10 

1,.:, 

If: ST-""'·.: .. 
ff~:: ';... 't" . --\ 

... . . ... ~\..:_'-· 
:. ~·· 

~~,~ 0 
: &T-20 -'·"i· ~: 

... 

maic 

120 -
120 

~I 
.-J20 

: 
.. 

:i: 

5 

-
<· .f:..· 

·:~ 

eo 

-
120 

'T-75 

-
-

Unit 

ns 

ns 

ns 

ns 
L:_'· 

~ tns 
F . 

: 
.:: ns .. 

ns 

ns 

ns 

t'IS 

ns 

ns 

ns 

n:1 

ns 

l. 
t ~; ::. ;.;:: 

Only if ~AlT-LOW occurs. WA~T-lO}f" d~s not appear if the second 
HRD fallmg edge exceeds these,..~e~'~ . 

2. 

3. 

4. 

Minimum lime for which WAlTf LO~es not occur.' . ·- ,,. 

Assume both HRD LOW andH~.pulscs lo be SO ris°' .\ ~-,;,· "'4~ 
If the HRO LOW pulse width~'SO <·,i·HRD < 120 ftS, the host_afi.not read the 

.r.· '.. -~ . . 

valid data on H~t'~~ .7 in~.; If. · ·, .. 

;t· 
.. ,,_·':'· 

-<:: .. 

~· -:-.. Y, • 

r'~;./_,.:;_.;; ,,f"';.0 .• :=:· ii ~:: :. 
~ · ~r:.~::1~~-<-·.· 

/.: :'.: ·..:;;" 

...... •.· 
~- ~{t -~I .. ~:=:. ·: 

. . 

··: ... 

·.::".·: ./ 
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Sanyo LC8950 Real-Time Error Correction & Host Interface Processor 

• Reset Timing 

RESET 

® 
00-07 

© 
HDO-HD7} 
HOE ___ ..._., 

101-108} 
E:RA 

DOUT 

STEN} 
OTEN 

-EOP 

INT 

@ 

@ 

@ 
·~ 

;:· · . 
.... 

. -> . ·: ___ ............,·~/ 
• .. 

.. :;.:-

··=:·: 

© 

. ; ; .. ::4'·:-: 

. ·: .. :~~> ;:· ·:; 
::· .. 

. ·.:: .. -.·~·:: 

·: ·· .. ::: 
·.: ~ . 

:_:· 

. ···-
·.i:· ? .. :.:~. ·: 

• .. · ..•. ··:-::·-"I.;· 
~-~ : ...... ·"~·· ·: ':· 

.. . ::.- ... ;:··: . 

:·· :~=·;·-~~ . ·=t~,.. .... , .... 
. •:····::;:;)f .· 

min.·= Unjt 
ax .. . _,:, Des:'1tio~ .. -· 

~- ~--.... -+-----~---+------1 
Res1~¥pulse wldtt$i. ; ~ ~~:~y . ,,,, 

4 Host data hold 
5 Host data del~y 
6 RAM data hold 
7 RAM data delay 
8 DOUT hold 

9 DOUT hold delay 
10 STEN. DTEN hold 

11 EOP hotd 
12 INT hold 

:::g 
: .::.(lo 

.=t 
#. ··:i 

=-=;=;. 

100 
~~ 50 

.. d 50 ::·.----

50 
50 
50 
50 
100 

100 
100 

- 100 

100 

figure 41. LC8950/LC895 l Reset Timing 

ns 
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Sanyo LC8950 Real-Time Error Correction & Host lnterf ace Processor 

4;~ 

@ J 

@ 
l" 'l 

Wrl•C')'d• 

cs 

·* : Descr· .=::ion 
;.~::· : . 

13 RS setup '1; ·(l~'.~ 
1 4 RS hold \f.. 

~~-~:~~~t 
~ 1· ADk ~tvise «:t~= 
18 · =~RO:· WR p'rf se width 

19 Read .. oafa access 
<', 20 Reacfcfata hold 

~ _21 Data out delay 
.. ·. .. ~~~ Data out HIGH Z 
~-- :; ::;:~;*··· ' 

··. ····~·· '\;·: ·~ · · · > ... Write data setup 
.-:. .. .. "<<.,::::_ 2 · .. ··".Write data hold 

. .p· ~ ;.~: .. ..,::-;: .. ;.. : :-"°: : • 

.. ·\. ::: ... :_::· , .. :.. "f 
.. : ;.:.t~~{f.~.- . 

Noles 
\i... :! 

··: ~ 
-.. ~ 

"<i:;. ... 

40 .· ,, : .: 
10"· 

;to 
5 

~~-:· . 
. ( ::;. ··\:50 

s.o· 

10 
;• .. 

5· 
10 
30 
20 

cs. 

---·-:-:-··· 

-
t
~-..,,,. . --":: '-:.:: 
~··\ 

-
120 

-
80 

-

_;,., 

ns 

.. , 
.... ). Tim:lpg intervals # 13 and # 14 are not absolute values. but intervals 

~)lfnsemd to protect# 19 and #20. ln itself.# 18 does not ensure validity of 
~ ~ the values pins DO to 07. 

2~t:he maximum is 80 ns for the LC895 l. 

Figure 4 2. LC89SO/LC89S l Host lnterface 

Design Manual 116 



Sanyo LC8950 Real-Time Error Correction & Host Interface Processor 

RAO - ~A15 

!01 ... IQa ERA 
(RC1-G~ IN) 

Wrte qcle 

© .,..._ __ © 

: ;···-:·:: 
•• 1 • 
··-:;.· ·:· 

..... i----------l _ __... .... · .j: 
RAO - R.415 

I01 ... ~8 
ERA 

© 

©-----0 
: ~· 

. .::"'.~. 
.. -::; __ . 

.....___ ® . -~ <ul: , .== =· ·;_ ·_= ::=· ,_ __ 
........ 

(ACtcPOIJTl _}------.... -®-·t ; , 
See table 12 for AC-Characteristics . 

. -::. · .-: 

Description 
··. -~!~~~ ~-· ··.· 

Read cycle 
·-hf~ 

·:·~~-.,. .... 
. ::'·:~. . ':..;:·-. 

·:: ... 1 .1·· . : :Rating 
-::;,_:;.. ... .. ,:.'. '.'.l~f111n. max. 

: ... ~.=-.:.:: ::·'··:·( ..._ 

~5 
55·:_.':·_'' 

25 ~: '(-~ 

.:f 0 .: 
.·~ 

2r~so 

'· 

-10 
s:~ -.~ao 

2 T~~o .. ..= . .,,.. 

-v :# -
1f;i,i-'· 1 T +30 

.. 1T +35 

3T-30 -
35 

Unit 

ns 

··:· 

ins 108 may be directly connected to SRAMs with access limes of 
ns or less: ERA. to SRAMs with access times of 100 ns or less. 

ROE should not be LOW at the same time. RWE should go LOW 40 
to 60 ns after ROE. 

, . tands for one execution cycle-that is. the inverse of the crystal f re· 
·:· -
quency. For most implementations it will be 60 ns. 

Figure 43. LC8950 SRAM Interface (Preliminary) 
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Sanyo LC8950 Real-Time Error Correction & Host Interface Processor 

Notes· :: 

1 
2 
3 
4 

I ~ RAO - ~A' 5 _ _,;XJ 
@~,~-----0-1-------~ <!> 

I 

E.RA 
Klo- 01 ,._,. ..... 

RAO -AA'5 

© 

(!) © __ ...,.._© 

cs 

ERA 
JOo-~7 

@ . (i) 

P'CH"CUTl . 

See table 12 for AC char...e~lirts.tC:~!,.~ 

Description· 

Read/wrHe cycle ~: ~:: . 
. ~L· 

t -~ 
<'" .. •t 

\, 

("" .. l: ~ 

'aTT30 
·35 
2T 
5 

; ... 
' . 

, -
...... 

5 
6 
7 
8 
9 

~·~, 1T ,r 
2T-2S .... - " 

10 
11::::. .. ~ : 

12 .,· .. : 
: ·:~::. ; ;.JJ. •· \ ·~~:; 

=:::· .·: ... ff~f5~::~ ; 
.. 

"· 
!!-··· 

) .. ·.::r-~/: ..... 

.\ f4'~~4 .. ,. ~t-,.?-:·: .. 
}:-~ 

·4 . ·::: ·::: "'s . 

0 
30 
2T 
10 
80 
5 

130 
95 

·-

- :·:.• ..•• :;.:.::::, ·,·,·, -t:=.:: 

l ... TQ~ LCB.~!•s pin is PIN62. the LC8950 DOUT pin. 
i:::-: .• 

--~~ 
I~.~·--.?"; •:· 

•·'· :~:· 

Unit 

: ... ns 

i~x;J,~,t-~~;for one execution cy~lc-~hat. is. the inverse of the crystal fre· 
~-~;: ~quenef~>;.for most implf!mentataons it wJll be 60 ns . 

.. .... 

3·;~.~::<<{he numbers on thes~ timing charts are totally independent of those on 
the preceding page. 

Figure 44. LC895 l SRAM Interface 
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~iOt:-C I LC89510 
Error Co~recttion LSi for CD-RO~/CD-l 

1 . 0 \ · e r \' i e \\" 
The LC89510 is an error correction LSI for CD-RO~t/CD-1. 
Ir is an advanced pin-compatible version of the L 

2. Function & Features 
zOn chip 12byte status FIFO 
:-On chip SRA.\l(8kbi t) for erasure 

64kSRAM 

CD Equipment 
incorporating 

DSP 

i: 

LC89510: ~9St Computer 
·-.. , .a-.--........ :.··::>·: ·· or Other 

·Processor ·· \. 1. . 
::~I.;;. (~ App 1cauon 

.. 

/ .. ··Host Interface 

Serial Digital 
.___ ______ ___. Data Stream 

,:.,,.,. 
System: l:t·· . '.· , 

Controller 
.. :.-.. , ''\;:_ ;"." ,, 

~ ~- ' 

Hardware and ;; . ~~i ·, ;. 11/1:;.tii~; 
Circuitry Common .:, \ . 'C:-0-ROM/CD-~~-.. · · · 

to All CD Equipment . :·: ;· . \,~- Dedicated Hardware ··.: ~,: . ··: ./· 
,.r.:\U. . ~•.:¥.{~~. <' \ 

p a c k a g el" ,f .;,;,,\; • . .... · . 

'.:-~ .. 1:' ·.~:--:-t·-- :: 
\_.;'. -·::: '.. -~ 

--··--· .... ,, ... (. f!.118 Q I P - 8 0 ... :.E:···t ·? . --
·.• .: 

:= •• 

- . = ~ 

~-:~-~ : :;;~ _; .... -~-- : ~.: . '"i" \; • 

\. -~-·::._ ... <_ "<::,,_ 

~- . '1;~~~·1t.l f. <: ·: -,4:.4~·=· 
I " ., --•. 

-~. .· 

............_I l_l 
LI 

-..,; I -
JI.I ••• I J.•. I.I ..,__ ___ .........,,___________ (11....0Grr) 

ft..1 

.. _. 1' ,I _.....,.,__ ______ +-______________ ~ 

Specifications and informauon herean are subject to change without noti~ 



PINOUTS 

Pin # Pin Name 

1 GND 

2 RAS 

3 RA7 

4 RAS 

5 RA9 

6 RA10 

7 RA11 

8 RAi2 

9 RA13 

. 10 RA14 

, 1 RA15 

12 RWE 

13 GNO 

14 ROE 

15 ERA 

16 108 

, 7· 107 

18 106 
•. 

19 105 '.'· 

20 104 

21 

22 

TEST2 

CSEL 

30 LMSEL 

Pin Numbers. Names and Functions 

1/0 Function 

Ground 

0 

0 

0 
. -: t . 

0 . . ·~ : .· : : 

0 
:;· J: 

Data buffer RAM and erasure fl~9. RAM 
. :-;~:. . ·:: . 

0 address outputs 

0 

0 
,": :: ... . ~ 

:. ·.· .. ··'. .. 

0 

0 
. . ~: :• .. :'. : •'· 

:. ... ' .: .::,:· 

0 RAM write enable . 

Ground 
·;· .(~t;:.:· 

~'·+·:t~";';"· ': ::· 

·:·· 

.. .... '': .;:;i,;,;.;.-:~_:,. --~~·-~:-· 

0 . RAM output ~,ble 

1/0 
... <;','"- :·: . . f.:.·:·;· ':f .. ·+'" 

Erasure1~g RAM data input/ouU),ut::.:>.···" · ·· '· 

l/O 

1/0 
• ..-':11·.-. 

1/0 

1/0 

. -~~ ... 

Ground 

"~ .lf 

·'$,. 
•• ia:. 

1 Clock input 

O Clock output 

I 

l 

Test inputs. 

Norn1ally hetd LOW. 

Serial dala clock phase select 

Serial data Dyle order control 

(LSB/MSB first) 

. : . .''.::: 



Pin II Pin Name 1/0 Function 

31 voo - Positive power supply connection ~ 

32 LRCK I 44. 1 KHz left & right channel seoarato.! strob1~· 
.. 

33 SOATA I Serial data input 
·.·. 

34 BCK I Buffer input clock 

35 C4LR 1 C2 error llag pointer strobe 

36 

' 
C2PO I I C2 nag pointer i·:~--· ~; 

37 MCK 0 
~----+---------~---+-------------------------...... ~ 
....,_ ____ .__ ________ +--__ _..,__M_a_s_t_e_r_c_1oc __ k_o_u_t_p_u_t ____ •_·:-~.~=,~· ___ ~·~-1~h----------~ 

·:-: 

38 00 

39 01 

40 02 

41 GNO 

03 

04 

05 

06 

07 

47 RS 

48 

49 

50 

-51 INT 

52 '.:·:. GNO . "•\.' 

53... R6$ET 
.... ~··;··.· ;.,\.:;... ...,; 

.. ,~: 

-·· 

110 
•. ; .. · 

1/0 

1/0 

Controller data input/o .,;, ... 
. ~-:-. •). 

(LC8951 has 20 kn pu' ~up re ··· r~ on-chip.) 

.A \ 4 .". ~. 

-
110 

'4 ·\.;">·', 
:.. 

1/0 

110 

1/0 

1/0 
,,·-: 

I Aegiste·•.eiect 

., . 

., ... 0~1 ./:Controller intetrupt 
.... ···· 

-
t 

I 

I 

I 

I 

Ground 

LC8950 chip reset 

Ho~t interface enable 

Host data write input 

Host data read input 

Host command/data select · . · .... =~-. '-·~~-~;t~ CMD 

58 WAIT 0 Data transfer WAIT signal/ORO signal J~¢: "--__ ,.._ ____ ...,_ _ __.,. _________________________ -1 

,.~ r··.sg OTEN 
'-:: 0 Data enable output 

60 STEN 0 Slatus enable output 



Pin # Pin Name 

61 EOP 

62 DOUT 
(ACS} 

63 HOE 

64 GNO 

65 H07 

66 H06 

67 HOS 

68 H0-4 

69 H03 
-

70 H02 

71 H01 

72 -HOO 

~ 73 voo 

74 SELORO 

110 

0 

0 

0 

Function 

End-ot·process flag output 

Host computer data bu1f er control output· 

(LC!!.351 AAM cnip select} 
.:: 

Host data erasure nag tristate output .. , ~, 

... 

- Ground : ·: ··:.:··~ 

1/0 

1/0 

1/0 

1/0 

110 

110 

1/0 

1/0 

-
I 

Host data Input/output 
•.. . . 

.. ·.·. 

-:·: .·N. ·.··--

·,· : 
.·. .: : ~; 

;::·. 

~::.: .·:·. 

.. ..:,. 

Positive P:Q,~er -~- coMection 

'}'. 

:-- .:\1"; ::· .• 
75 RAO 0 ~ ,,:... .. :; N 

;~ ·~-
. ''Ir" "''"°".t· , .. ,. ; •' 

7 6 RA 1 . O =t~,.,_ ':"= • ·t ·._ · ,.,.,'"' . 

.,..__7_7_..,__RA_2 __ ,~j-f~: .... ~: F1f> ... ;:J~ RAM and~asure~~g RAM 

...,.._1_e_.,.__RA_J_i._...· ·. • . · •· tyf ress ~tputr'j '\. 
79 RA4 0 I : .. , -~ :, ,. 

80 • RAS ~ .. , ~ '~ , ./ ------
=;~. 



A d d i t i o n a l R e g i s t e r s D e s c r i p t i o n 

-
( R 1 4 ] CTRL2 (Control2) 

~···· 

E RA M S L (Erasure RAM ~elect) 

Af· 
.t.·' . 

O:On-chip RAM us~d 
. 

( 0 is set at RESET) 

v 

.~ : 

··,.·,,. ~.-··=: 
:::. . :· .·.... . . ... · 

~ .. . 

l:On-chip RAM not u~ 

. t...:::-
~ · .. 

. :;. ""-<·"<;'.~f:.4 ? ' f 

·~·~::.~~::: ·. .·:· . 
. ,.. :( ::.·: .t. /' . '<::;:;-. : .. 

0 : ZSTEN output LOW at that ,Ji~~ ST~TS data is set by micon_ 
f ;/'' (. 

S T E N C T L (STEN CONTROL) 

1.: ZSTEN output LOW at _;;::e'f register is set to 0. 

;.:· ~., / ·:·r,k .. ::~ . 
{\:r ·.:.. 1.'l 

STENT R G (STEN TRIGGfR~: 
....... 

.. ' 
,+. ' 

STENTRG., regist'e~-r-is set to Q_ 
•' . ..; .. 

{\ 
.... Ir.: 

l automatically at that HOST-CPU read 

. . 

This register·;1-f'·s valid at STENCTL=l. 
::· 

··;: 
.... :. 

-:: .. 
.·· :::" 



- - - - - -~ ..._ - - ~-- - ._ _. .-. ~ \\'RITE ---- ..... -.-....._~--------------________ ....,_._~--.-----~----- - ~---- - --- - -- ,__,_ - - - -- ..._ 

RS A.~ I No. j :c~ \\ si11 j sirs \ BiTS \ atr4 \ am ' Em \ B!Jl I ~1ro 

I <XXXl j RO I S30UT ii msb i - i - ! - - 1 - I - I : hb 

tX>Ol 

0010 

I 0011 ! R3 \ D3CH II ! I I I ~ Ii ~ l B. I B. 

0100 \ R4 I D.A.CL ll· A1 \ 1-<4 I As I J.w I '~ • \ 'At I A, 

• 
0101 

0110 ! M I DI I RG II I I - . ' ... -:····· 

0111 
l 

i R7 l DTl.CK I I I . . . I I 
1000 

r 
100! I R9 I WAH i .-\u I Aw , ~~1);"' , . A= I Au Au I At I }.,. 

• 1 .. ··:•m~ ··.·· ..,,,. .::~· ···' ... -~ .. 

1010 

1011 I Rll 1· CTRLl ii SYEN li SYD-U:1·nsc:REN lea~. ·N. ·I MODR6 \roRMRQ1iM3CJGQlsrJ:>REN 
t. . '(!' I J...· , , 

l 1100 

I 1111 

note : ' I 0on·• care. ·'· ....__ 




