Sanyo LC8350 Real-Time Error Correction & Host Interface Processor

1. INTRODUCTION

The LC8950 and LCB951 Real-Time Error Correction and Host Interface Proces-
sors (RCHIP) are dedicated single-chip LSIs for use in CD-ROM (Mode 1) and
CD-I (Mode 2, Forms | and 2) disc formats. The LC8951 s hardware and
software compatible with the LC8950. The differences in funclionahty
between the two chips is described in appendix E.

The LC8950 RCHIP performs real-time data decoding (error detection and
correctlon) and implements the host Interface, which incorporates.a first-in
first-out (FIFO) command buffer suitable for Small Computer System [nterface
(SCSI) applications.

The following figure shows a typical system 1mplementatlon for a CD ROM
disc drive using the LC8950.
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CD Egquipment T ! | Host Computer
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Controller

W@ external data buffer. This distributed architecture allows both con-
tRRuration and control parameters to be defined during product development,

ens Mng that the device can be easily incorporated into existing and future
apph”aﬂons

The LC8950 RCHIP Is fabricated using a low-power CMOS process. operates

on a standard single +5 V power supply, and is available from stock in 80-pin
plastic flatpacks.
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Sanyo LCc8950 Real-Time Error Correction & Host Interface Processor

1.1 Features

« Suitable for both CD-ROM (Mode 1) and CD-1 (Mode 2. Forms 1 and 2) disc
formats

o All dedicated CD-ROM/CD-I functions provided on-chip

« Real-time error detection and correction in hardware without
intervention using pipeline processing architecture

- Transparent design separates command functions from haréi}vr.g an
o Hostsystem sees decoded data only in final error-free forfges

o Burst data transfers of up to 2.3 MB/s to host computer

speed hosts. &

« Support for real-time erasure correction, detect-and=
CRC error detection, without interruption of hosgy

« Host interface incarporates FIFO command b -'
tions. k¥

e Single-chip LSI

o Low-power CMOQOS process e
 Single +5 V power supply
» Available in 80-pin Plastlc ﬂatpacks K
s waiz
fd i
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2. BLOCK DIAGRAM
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“Pigure 2. LC8950 Real-Time Error Correction and Host Interface Processor
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3. SYSTEM CONFIGURATION
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Figure 3. LCB9S0 System Configuration
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Sanyo LC8950 Real-Time Error Correction & Host interface Processor

4. FUNCTIONAL OVERVIEW

Data input, decoding an< data transfer in the LC8950 RCHIP take place simulta-
neously and in parallel using a pipeline architecture. These operations pro-

ceed in real time under synchronous clocking, without the intervention of the
external controller.

The LC8950is divided into three functional blocks.
+ Data-input block

s Error-correction block, and

« Host-interface block
The operation of each of these blocks is described in detal}:ﬁ@lo y,

4.1 Data-Input Block

This section of the LC8950 interfaces with the u of the digital

signal processing (DSP) unit in the CD equipment.#

The LC8950 data input interface can be easulﬁ* adapt d'_'o a variety of CD
equipment. Simply by setting the CSEL and LMSEL pins, the equipment devel-
oper can select one of three serial data mput formats A

The LC8950 synchronizes on-chip op:rauéns with the incoming data stream
by detecting the sync patterns at the héad of every data block. Programmable

functions for pattern recognition and syng protecuon can be turned on and off
as required. x "*««.g,, __

. Ny
Once detected, input data pass through a decoder al d are written to a
64 Kbytes (max.) data buffer, together with the C2 pomt.er error flag) received
from the CD equipment. The entire 2352 bytes of data in each block, including

the sync pattern, header. subheader and panty data, are written continuously
into the data buffer, <. A .

»‘é:

When the C2 pointer.i§’ “enabled, the RAM data buffer can be configured for
S-bit words; when disabled, an 8-bit RAM architecture can be selected. How-

ever, inhibiting the C2 pomter disables the player's double error-correction
function. W

The LCBQ'SO also has a master clock output (MCK) which can be connected to
the clock input of the digital signal processor on the CD equipment. As the
clock sngnahp MCK passes through a binary prescaler, the clock frequency for

the LC8950 should normally be set at twice that required for the CD-DSP clock
s:gnal. N

i
«:Q,. :

'~.,.-:§:;:;: :- G
,a* o ¢§

4.2 Error- Correction Block

ﬁ
He'TC8Y9S0 carries out error detection and correction in real time, immedi-
ately after a 2352-byte block has been written to the data buffer. Incoming data
is‘corrected and sent to the host computer with no drop in data transfer rate. A

simple detect-and-correct algorithm, which does not use error flags, can cor-
rect one symbol error per codeword.

The LC8950 error-corraction block can also examine the C2 pointer and
erase error bytes flagged by the CD equipment. When erasure correction is
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Sanyo LC8950 Real-Time Error Correction & Host Interface Processor

enabled. two symbol errors per codeword can be corrected. Erasure error cor-
rectionis aiso performed in real time without degrading data throughput.

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

The LC8950 decodes the error-correcting code. Error-detection code is
used with a 32-bit cyclic redundancy code (CRC) to check errors still remaining

in the current block. During these operations, the header and subheader data
are stored in separate registers foruse by the controller.

A decoding-complete interrupt is sent to the controller when the CRC check
is completed and the current data block is ready for transfer te the host. The
remaining in the current block, controller can then read out the header and

subheader data, the address of the block head in the data buffer, and the status
information about the decoded data. -

4.3 Host-Interface Block

The hostinterface allows data transfers in bursts at up to 2.3 MB/s. In addition,
a data buffer of up 10 64 Kbytes can be allocated, allowing the LC8950 to cache
up to 27 decoded data blocks. This buffer can. also be 1mpiemented as a disc
cache memory for CD-ROM drive applications.

The host interface also has a built-in 8-byte FIFO comm'a'nd buffer to receive
instructions from the host computer. When the host signals the LC8950 using
the HWR pin, command bursts of up to eight'bytes in length can be written to
the buffer. When the host writes to the command buffer, the LC8950 sends a
command interrupt to the controlier.; Note; however, that the LC8950 itself
does not interpret commands written to the command buﬁ'cr.

The LC8950 can send data to thehost elther under software wuh WAIT con-

trol, or with DMA transfers using data request controls. ::The SELDRQ pin is
used to control the type of data transfer : ;

When SELDRQ is HIGH, th" 8@50 uses seftwaré transfer mode. In this
mode, the controller plac =s.4he number of bytgs to be transferred and the data
buffer address of the bj¢®k head into the; i’ﬁopnate tontrol registers, and
then writes to the trifi#fer- -stagt register. This action sets the pin DTEN to  LOW,
infarming the host that dals ,J:ransfer will start. When the host sees that DTEN

is LOW, it s&ts CMD to HIGH. instructing the LC8950 to transfer successive

-

bytes. a% L

If the/tead signals from the host exceed the LC8350’s maximum data rate
(about 2: 8“' he LCBISO sets the WAIT T pin to LOW. The host must then
hold, delay the read until the WAIT pin goes HIGH. Note that the
caontre s'not directly involved in transfer operations and simply waits to
ret fer-complete interrupt.

SELDRQ pin is LOW, the LCB8950 performs DMA transfers using
S mtol and operates in a manner similar to a DMA controlier.

the LC8950 sends a data request signal, the host applies signals at

DRg control the data transfer. When the last byte is transferred, the number
in the byte counter reaches the number specified by the controlier. This condi-
tion sets the EOP pin to LOW during the request signal output. At the same

time, DTEN goes HIGH and a transfer-complete interrupt 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-byte status register, and the LC8950
then transmits these data (o 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 status reg-
isters, equipment developers can freely define their own conventigf¥:

facilitates both the development of new CD-ROM applications and th
ration of the LC8950 into existing designs. i

........

£

A E

{3:-.

Design Manual 8



Sanyo LC8350 Real-Time Error Correction & Host Interface Processor

5. PACKAGE DIMENSIONS

Scale: 5:1
Unit: mm

2001 0.5

e

1.0+ 025

'SANYO

il — LC8950..,,. B

140 X 0.25

L 00

0.8 *0.2% \ N ; s _ A = “ 35:“% .

2006 + 6.2§ 215 +0.1

260 £ 05°4%

7\

Qo 15°
226+ 0.5

Figure 5. 80-Pin Plastic Flatpack Dimensions
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6. PIN CONFIGURATION

64

65

80

1l
_gg

T o | Figure 6. LCSQSOPm Conl“ﬁgux;auon :

The following designations are used ffér tﬁ: pln 6Wpe:‘. shown in table 2 over-
leaf. J

,.:,,

"v

TAai_ . ﬁf*n* Des:gnato <

l,.\,:,: .

- . ' B
Desigpator Pin Type”c I

S Input<

R T OUwUt

T g Bilirectional
- g P. Power supply®

L

*Vgs should norm;ﬁ?be lig_‘d’ito GND.

Design Manual 10



Sanyo LC8950 Real-Time Error Correction & Host Interface Processor

TABLE 2. Pin Numbers, Names and Designations

Pin# Name Designator Pin # Name Designator
1 GND P 80 | RAS 0 =
2 RA6 | 0 79 RA4 0
3 Rar | 0 78 RA3 0
4 RAS 0 77 RA2 0
5 RAS9 0 76 RA1 o)

6 RA10 0 75 RAO 0
7 RA11 0 74 | SELDRQ I R O
8 | RAI12 0 73 _|_voD P |
9 RA13 0 72 HDO B -
10 RA14 0 71 HD1 B
11 RA1S 0 70 HD2 |  8§°
12 AWE o) 69 HD3 | B
13 | GND P 68 | HO4 '] B
14 ROE o) 67 HDS | . B
15 ERA B © HD6 ~ B
16 108 B . HD7 B
17 107 B “GND | P
18 106 B HOE o
19 108 B _DOUT 0
20 104 8 EOP 0
21 103 B STEN o)
22 102 By, DTEN 0
23 101 8 7 WAIT- 0"
24 GND N CMD 0
25 | XTALCK 6 | HAD - 1
26 XTAL " ik #v"?'* 53 .:
I
!
P
0
[
|
|
!
B
B
B
B
B
a1 GND P
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Sanyo LC8350 Real-Time Error Correction & Host Interface Processor

7. PINOUTS
TABLE 3. Pin Numbers, Names and Functions
Pin # | Pin Name | 170 Function
1 GND — | Ground
2 RAG O
3 RA7 @]
4 RASB O
S RA9 O r
6 RA10 O | Data butfer RAM and erasure fl
7 RA11 O address outputs
8 RA12 0
9 RA13 0O
10 RA14 o] £
11 RA1S | O \.% AAAA
12 RAWE 0
13 GND —
15 ERA /0 Eg%;e :|§’§me data inp Uoutfgt_%
16 108 o |5 % *
17 107 wo |
18 106:<% 110 | _ &
19 IQS . "‘"'G“A _Data butfer RAM'input/output.
20 104" | 110 4"“(1.08951 ha§:20 kQ pull-up resistors on-chip.)
21 103 {100 h |
22 : 102 170
| 110
— | Ground
l Clock input
O Clock output
I Test inputs.
| Normaily held LOW.
| Serial data clock phase select
I Serial data byte order control
(LSB/MSB tirst)

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

Pin # Pin Name 1/0 Function
31 [ vDO — Positive power supply connection
32 LRCK | 441 KHz left & right ¢hannel separator strobe
33 SDATA i Serial data input
34 BCK { Buffer input clock
35 C4LR | C?2 error tlag pointer strobe
36 C2PO l C2 flag pointer
37 MCK O | Master clock output
38 DO v | o
i t
19 01 /O Controiter data input/output. -
(LC8951 has 20 kN pull up res:;_;_gors on*cmp )
40 b2 170
41 GND — | Ground
42 D3 170
43 D4 110 o
44 05 /O Controller data ';9putloutp:g;.- - .
(LC8951 has 20k puli-up resistors on-chip.)
45 D6 170 o e B
e i A
416 D7 {/1C o
47 RS | Register sek':ct
48 RO -1 Comugr dam’ read iy
49 WA I '(%g%roller datawrite’®
50 s t |‘Controllerchipselecti
- 4. ' w,'.,::,:?_f.;.t", '
53
i
Host interface enable
l Host data write ina@"
I Host data read input
! Host command/data select
O Data transfer WAIT signal/DRQ signal
O Data enable output
O Status enable output

Design Manual
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Pin# | PinName | IO Function
61 EOP O £ng-ot-process fiag oulput
62 DOUT @) Host computer data bulfer control output
(RCS) (LC8951 RAM chip select)
63 HOE O Host data erasure flag tristate output
64 GNOD — | Ground
65 RD7 70
66 HD6 /0
67 HDS i/0
68 HO4 170
Host data input/output
69 HO3 170
70 HD?2 170
71 HD1 Fie
72 HOO 170
73 vOD —_ Positive power sumly connectmn
74 SELDORQ l Data transfarﬁmoge select (WAIT
control/ DHQ camrol)
. «;‘..V_.f
’S RAQ 0. o '» ”“‘XW
76 RA1 o ”i”; .
77 RA2 O Data butter RAM and erasure f!ag ﬁAm
78 RA3 O address outputs
80 RAS. v. Q ":Eéffj “‘-“‘h.

Design Manual
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8. PIN DESCRIPTIONS

CND — Ground pins

RAQ to RA1S5 — Data buffer RAM and erasure flag RAM address outputs

The LC8950 uses these 16 outputs to specify addresses in the data buffer or

erasure data memory, allowmg the use of an 8 Kbyte to 64 Kbyte external
buffer.

RWE — RAM write enable output

The LC8950 sets this output to LOW when writing data to the external data
buffer or erasure flag RAM. 4w

ROE — RAM output enable output

buffer or erasure ﬂag RAM.
ERA — Erasure flag RAM data I/0 pin

This pin is the data bus for the erasure flag R.AM As thzs pm is a tristate type, a
pull-up resistor should be used. =

[O1 to I08 — Data buffer RAM 170 pins ; PhS

These pins are the data bus to the external data buffer. As these pins are tri-
state types, pull-up resistors should be used

;«3{% - -4'*

XTALCK, XTAL — External clock mnals

As the LC8950's clock c1reuit :ar:ludes an on- ch:p bmary prescaler a

16.9344 MHz crystal should be ’used to generate t.he requ:{ed 8‘4672 MHz mas-
ter clock (MCK) 51gnal

'g' . ‘.‘&0“

The clock frcquencyg& to be exactta/ 16.9344,MHZ only when the master
clock output is uscd Biherwise. select a frequerfcy that results in both the

LOW- and ‘Wdths longer than 192 clock
pulses.

Clock phase selectand serial data byte order inputs
. _ @rals select the read timing at the SDATA and C2PO inputs as follows:
N When both CSEL and LMSEL are LOW:

"M i SDATAis read at the falling edge of BCK.

ii. The data at SDATA are processed beginning from the most-
significant bit.

iili. The edge of LRCK ends the reading of 2- byte words at SDATA, and
starts the reading of the next word.

Design Manual
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Iv. When more than 16 clock pulses are detected at BCK within one-half
cycle of LRCK, only the cata read in during the {6 clock pulses imme-
diately 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. Dataat C2PQis read in at the rising edge of C4LR.

vii. Signals applied to C2PO flag the most-significant byte the§ ,, lhe least
significant byte of the 2-byte words at SDATA. <

viii. In thls mode, the LC8950 can be Interfaced diregtly )
CXD112s digital signal processor.

B. When CSEL Is LOW and LMSEL is HIGH:
[. SDATAIs read at the falling edge of BCK.,

ii. The data at SDATA are processed bcgummg from the least-
significant bit. :

iti. The edge of LRCK marks the start o fﬂir'eatffia o‘he 2-byte word at

SDATA. When reading is completcd%the rd d ‘operation is ter-
minated. :

Iv. When more than 16 clock pulses are' delecu:d ’a’t’BCK within one-half
cycle of LRCK. only the data read ip during the 16 clock pulses imme-
dlately after the LRCK edge at: s:/gmﬁcanl

v. A HIGH-level signal at LRCK IQenuﬁcs the data at SDATA as belong-
ing to the left audio channei.

vi. Data at C2PO Is read in at Lhe fifth and thlrteemh .BCK pulses after
the LRCK edge. C4LR Is hol used to supply the tlmmé

vii. Signals applied to C2PO ﬂag the lcast-slgmﬁcan; byte then the most-
slgnlﬁcan( bytc of. ;he 2nbyte wao rds at SDATA.

viii. [n this mode the LC8950 can be !ntcrfaced directly with the Sanyo
LC7860, Matsushlta MNG6617 or Yamaha TM381S5 digital signal pro-
CeSSOrs.:

C. When CSEL s HlCH@n&LMSEL is LOW:
L. SDATA Is read at the rising edge of BCK.

The“‘fdata at SDATA are processed beginning from the most-
s‘igmﬁcam bit.

jii_. The edge of LRCK marks the end of reading one 2-byte word at
SDATA and starts the reading of the next word.

lv When more than 16 clock pulses appear at BCK within one- half cycle

| atcly bet‘ore the LRCK edge are SIgmﬁcant

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

vi. Dataat C2PQisread inatthe rising edge of C4LR.

vil. Signals applied to C2PO flag Lhe least-significant byte then the most-
slgnificant byte of the 2-byle words at SDATA.
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viil. In this mode, the LCB950 can be interfaced directly with the Toshiba
TC9200F digital signal processor.

D. No operatlonal mode is defined when CSEL and LMSEL are both HICH As
this mode is reserved lor future use, it should not be used.

VDD — Positive power supply connections
VDD should be intherange of 5.0+10% V

LRCK — Left and right channel separator clock input

Supplies the signal which separates CD audio data into those for the left and
right channels. e

In a half cycle of LRCK. 16 bits of data are read in at SDATA ‘Thee rising and
falling edges of LRCK are used to distinguish between thc ﬁrst and last bits.

SDATA — Serial data input

This serial input receives Lhe data after CIRC (Cross Interleaved Reed-Solomon
Code) decoding. The BCK pin controls the flow of data to the LC8950. The
receljved data are stored In the external data buffer.

BCK — Bufferinput clock

o G
R

The clock signal for reading in serial data at SDATA is applied to this input. At
least 16 BCK clock pulses should be generau:d wuthln one-half cycie of LRCK.

':u-.!’ &

C4LR — C2 error flag pointer strobe mput 5,

Used to supply the strobe signal for readmg in the C2 ermr ﬂag thn unused,
It should be tied to either VCC orGND

.. e
oy
¥

_#dge of the signal'at C4LR, If present or on an

internal timing s:gnal'geﬁ_ ral d at BCK anJvLRCK. and are stored temporarily
in a one-bit bag er. = g

RS.RD and WR — Controller interface control inputs

These are the register select, read and write inputs used to control the opera-
tion of the controller interface. They are active only when CS Is LOW.

Design Manual
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RS selects either the address register (AR) or one of the LC8950's 32 regts-

ters. AR is aspecial register used to select one of the 32 read or write registers
on-chlp.

RS = LOW selects dlrect addressing (AR), whereas RS = HIGH selects Indirect
addressing (the register pointed to by AR).

CS — Controller chip select input

The controller sets this input to LOW to enable the LC8950° Seecont J"‘.Iler in%cr-
face. . Mians

INT — Interrupt output

This output transfers interrupt requests from the LCBW to t':"’"*onlroller
when LOW. : Syt

RESET — Reset input
Forcing this input LOW resets the LC8950.

ENABLE — Host Interface enable input

This Input selects the LC8950. The host computerstts this input to LOW to
enable the hostinterface.

: ' ‘L, .

HWR, HRD and CMD — Host interface céntrp’i mputs

These inputs control the operauon of the host Interface. HWR Is the host data

select input They are active onLy when“ENABLE is LOW ﬁ

i. Setting HWR LOW, HRD HIGH4nd CMD LOW Instruct’s the ‘"?csgso to enter

command write mode. The data at HD1 40 HD7. are wmten into the
LC8950's command rcgnsier\_; e

e g 3 .
"<y iy NG i

. Setting HWR )ﬂ(?H al d ARD and CMD LOW instructs the LC8950 to enter
status-read mode..,,, i¢:data previously written by the controller to the
LC8950's status: reglster are output at HDO to HD7.

fll. Setting HRW HIGH, H 5 LOW and CMD HIGH Instructs the LC8950 to enter
data transfer mode Dala in the buffer are read by the LC8950 and output
to the host at HDO to HD7. The erasure flag status is output at HDE.

All otherc bt“hat:ons of HWR LOW and CMD HIGH, and both HWR and HRD
LOW are’ n iﬁng@ and should not be set, as the result of thelr use cannot be

"“’?Llon of this output depends on Lthe state of the SELDRQ input.

VT e .\am
AR tht

én SELDRQ is HIGH (that is, during software transfer mode), the

4, LCBI50 sets the WAIT output to LOW to signal the host to suspend the
gala transfer.

WAIT Is held HIGH while DTEN is HIGI, and while the LC8950 is not
transferring data to the host.

li. When SELDRQ is LOW (that is, during DMA transfer mode), WAIT functions
as a DRQ (data request) output to the host computer.

Design Manual
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WAIT remains LOW wtiile DTEN Is {1IGH., and whlle the LC8950 Is not
transferring datato the host.

DTEN — Data enable output

This output is set to LOW Lo signal the host computer that data ts ready to be
transferred.

STEN — Status enable output

This output is set to LOW o signal the host computer that lhe status byte is
ready to be read out. .

EOP — End-of-process flag output

The LC8950 sets this flag to LOW on sending the last byte to the host computer
using either software or DMA data transfers.

DOUT — Host computer data bulfer control oulput’

This output Is set to LOW to request data from: the host computer data buffer
when ENABLE and FHRD are both LOW.

HDE — Host data error flag output

This output Is used to cutput error lfag sigha!s lo lhc host computer. The error
flag Is output during data transfers wallen the corresponding data bytes are

being output at HDO to HD?7. When lhe LC8950 Is In status-read mode, HDE Is
LOW - S

HDO to HD7 — Host data 170 pxn§'=ss:.-..

W,
: "53’*& ' :
These pms are the data bus to the host computer. As lhese pins are tristate

e

Sce appendix £ for the LC89S L.
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9. ELECTRICAL SPECIFICATIONS

TABLE 4. Absolute Maximum Ratings -

Parameter Symbol Rating

Supply voitage Voo Max ~-0.3t0 7.0
Input/output voltages V,. Vo -0.31t0 Vpp+0.3
Power dissipation P, max 350
Operating temperature Topg -30to 70 %
-55t0 125 %

J{a<70 deg.C

Storage temperature Tstg

Soldering temperature 260 For10s

Parameter

Supply voltage | “Vpp 4.5 S.Q.,,.. 5 "% Vv
Input voltage range. Vin o 4 —

. “cﬁ&@ 1"%: ."':'

A, Y & N
£ ; ¥
-7:-:: LU ":'\ 3
: A e .

! £ T o %
SNoi b H
LT %

Py

Design Manual
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(i) LC8950

TABLE 6. Electrical Characteristics

(Input/output level Vyp=4.5 to 5.5V, over operating free-air temperature range)

Test
pa . . o -
rameter Symbol| Min Max|{Unit Conditions - Pins

HIGH-level input voltage| Vv 2.2 —| vV |

HIGH ? " All Input and bus pins,

LOW-level input voltage \{"_ — 0.8 V ef?épt XTALCK

HIGH-level output volt-| Vv 4 — |V |llgy=-0.4mA -

age P OH 2 OH All-output and bus
. .|pins, except XTAL

age |

Input leak current I ~25 25 | pA [ViN=Vgs.Vop - |Allinputs

Output leak current loz |{—-100 100} xA |At high impedance|HDE and bus pins

(i1) LC8951 E
(Input/output level Vog=4.5 to 5.5V, over operating free-air temperature range)
Parameter Symbol} Min Umt Test Pins
I Conditions
HIGH-level input voltage | Vi, '
LOW-level input voitage- | V., et |Altinput pins except
- ’ {XTALCK, BUS pins
HIGH-level input voltage| Viu» -1and RESET
LOW-ievel input voltage V)
HIGH-level R
a3 output vo g All output and bus
9e " g ins, except XTAL
LOW-ievel output vOReiff ) pins.
age 7
LOW-level output volt- lo ®-2.0 mA INT {Open drain out-
age put)
A
loz |—-100 100{ 1A |At high impedance |HDE and bus pins
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10. REGISTERS

TABLE 7. LC8950 Registers During Reads

RS{ AR [Number| Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 8111 . Bit0
—_ 1 AR 0 0 0 0 A, |“a A, & A,
00001 RO |COMIN| msb — — — — gt — - Isb
0001| R1 |IFSTAT| CMOI | DTEl | DECK OTEN | STEN
ooto| R2 |opBCL{ B, B, B¢ - 8, B,
0011y R3 |OBCH| OTEl | OTEl | OTEl By B,
0100| R4 |HEADO| msb | . — - | — Isb
0101y RS |HEAD1| msbd — — . =-- 1 - - Isb
0110 R6 |HEAD2| msb . ; —_ Isb

0 {0111 R7 |HEAD3| msb -— Isb
1000 R8 PTL A, A, A,
01| RO | PTH | A, A, 1A,
1010 R10 | WAL | A, A, A,
1011] R11 | WwaH | A Ag A,
1100{ R12 |STATO|CRCOK |1 ERABLK {UCEBLK
1101 R13 |STAT1 [MINERA éecsnﬁi" BLKERA |[MODERA | SHOERA [SH1ERA|SHZERA|SHIERA
1110 R14® |STAT2| ~ K MODE | FORM
1111| RiS° srx*té ] k

Key
1 }.Alwaysread as one
| ¥ &WW
0 “Alwaysread as zero
—eo| Used

Seeappendix E for the LC89S1.
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"TABLE 8. LC8950 Registers During Wriles

i -_—
RS{ AR |Number| Name Bit? B8it6 BilS Bitd Bit3 Bi2 8it1 Bit0

— AR A A A' A
0000 RO SBOUT| msb — — —

0

—_ -— — isd

0001 R1  |IFCTRLICMDIEN |DTEIEN| DECIEN | CMDBK | DTWAI | STWAI DOUTEN|SOUTEN

0010| R2 DBCL B8, B, B, 8

8
0011 R3 DBCH B

1 80

0100 Ra |DACL| A A A A Ay Ay

' A 0
0101 RS DACH AIS A“ A‘IS Jﬂ\12 , &” A'IO A9 8
0110 R6 DTTRG — — —_ — — — —_— —
3
0 {0111 R7 OTACK —_ —_ — —_ i —_— —_ —

1000{ R8 | waL | A, A A A Ay Ay A, A

10011 R9 | wWAH | A, | A, | A, |4, A | Ay A, A,

1010| R10° |CTRLO | DECEN |EDCRQ| EO1R@:}AUTORQ |ERAMRQ| WRRQ | QRO | PRQ

1011| R11° |CTRL1 | SYIEN |SYDEN DSCREN_NCOWREN MOORQ |FORMRQ SHOREN

1100} R12 | PTL | A, Ag | Agifs A A, A, A, A,

8 A#* N e
1101 R13 | PTH | A A | ma | A | AT A | At A

1110 Ri4 . * - | r

1111 R15 |[RESET| — - e — —.

\f
A
“
o N 3"':4?'
. % . : 5::»
i
: L

) writing 0 is recommended !o
oy giylure compatibility.

See appendix E for the LCB89S 1.
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11. REGISTER DESCRIPTION

This section describes each of the registers on the LC8950 RCHIP. A range of
register options including levels of error correction, can be selected. THese

allow fully customized interfaces for both the CD equipment and the host com-
puter. ks

Note that several registers operate differently depending oy whc'.er a régad
or write operation is taking place. See the read and write regt trta m;he
previous section for details. Y

e

at e
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11.1 AR — Address Register

BIT? 8176 BITS BiT4 BIT3 BiT2 BIT1 BITO R/W

Register Address R/W

This 4-bit register holds the addresses used to specify the LCBQSO s 16 internal
data registers (RO to R1S).

Aregister adddress must be loaded into AR before reading from or wrtting to
thatregister.

AR increments each time a read or write operation is performed at: i‘egisters
R1 to R15. When the register address reaches R15, the next 1/0 resets it to 0.
Register 170 does notincrement AR when the register address is RO.

AR is selected when RS and CS are LOW.
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11.2 COMIN/SBOUT — Command Input Register/Status-Byte Output Register
(Register RO)

During reads, this register is COMIN, the command input register; during writes

it is SBOUT, the status-byte output register. A read/write operation to thlsTeg
isterdoes notincrement AR. :

11.2.1 COMIN — Command Input Register

BIT7

8iT6

8175

BIT4 BIT3

msb

This register is a 8-byte circular buffer between the hagt
troller. Itis configured as a FIFO memory.

When commands from the host computer fill £ gfe e mor" bytes of the FIFQ

buffer, the CMDI bit in the IFSTAT register is set t 0, fore the INT pin LOW.

When the command buffer is emptied, C< DI’A"s set to 1 and reading the
COMIN register in this state returns a value afEFH

A g o
f? ‘:5 .V

11.2.2 SBOUT — Status-Byte Output Régi‘%té;r

8IT7 B8iT6

BITS |. BIT3 AW
msb s g o W

This one-byte reglster buﬁcrs status bytes to the host cornputer Multiple sta-
tus bytes are passgd to the host'byte-by -byte.” k

" When the SOUTEN bit fri the IFCTRL register has be: bean set to 1, writing to the
SBOUT register sets: the STBSY bit to 0. If the. STWAI bit is 0, the STEN pin is
immediately set to LOW to inform the host computer that the status byte is

.......

ready to be read out. <%

If the STWAI bitis set to 1 and the DTEN bit in the IFSTAT registeris also 1,
both the STEN pin and the STBSY go LOW when en writing to SBOUT is UT is completed.
However, if«thh:-f TWAI bit is set to 0 and the DTEN bit is 0, the STEN pin is held
HIGH unti} the DTEN bit goes HIGH; thereafter it goes LOW. See figure 13

Sratus-Byte Processing during Normal Operation and figure 14 Status-Byte Pro-

ce.ssmg wthAlTrs Enabled.
The STEN pin (and the STEN bit in the IFSTAT register) goes HIGH under the

uife ugm,gg «conditions.

*% L® The host computer reads the status byte while the STEN pin is LOW.

. The SOUTEN bitin the IFCTRL register is 0.

e The host writes a command while the CMDBK bit in the IFCTRL registeris O.
« The chipis reset.

Design Manual

26



Sanyo LC8950 Real-Time Error Correction & Host Interface Processor

11.3 IFSTAT/IFCTRL — Interface Status Register/Interface Control Register
(Register R1)

During reads this register is IFSTAT, the interface status register; during writes
it is IFCTRL the interface control register. A read/write operation to this regis-
ter automatically increments AR. '

11.3.1 IFSTAT — Interface Status Register

8IT7 | BIT6 | BITS | BITe | BIT3 | &iT2 | &T1 | @iTo || . Rew' |
CMmDI | OTEl | BECi | 1+ |DTBSY|STBSY|OTen |STEN | R

This register indicates the status of the controller and host inttrfaces

The operation of the DTEN and STEN bits tesembles that of the DTEN and
STEN pins. They differ in that the rising edges of sngnals at the the DTEN and STEN
pins are generated at the falling edge of the signal at pin: HRD, while the states
of the DTEN and STEN bits change at rising edge of HRD. See ﬁgure 18 Transfer
Start Delays and figure 21 Data-Transfer Compleuon.

Bit 4 isunused and always returns a value of 1.

l. CMD! — Command Interrupt

Status Ty Operation

0 lnterruﬁt»set pe
Indlcates that there are cornmanc_l bytes
mpresent in the COMIN register. Ve

Status Operation
0 Set interrupt set
1 Set interrupt cleared

- ng to the DTACK register clears the interrupt. See fgure 11 Interrupt
‘a, Control Flags.

Design Manual

27



v

Sanyo LC83950 Real-Time Error Correction & Host Interface Processor

DECI — Decoder Interrupt

Status Operation

0 Interrupt set ~
1 Interrupt cleared

Reading the STAT3 register clears the interrupt. See ﬁgure 11 -nterru%t

Control Flags.

DTBSY — Data Busy

Status

Operation (E

o]
1

Data-transfer hardware bUSy
Data-transfer hardﬁare}d 23 ~

(2).
STBSY

— Status Busy

Status

0
1

Status-byte rea,do ha rdware busy
Status-byfe reado hardware idle

DTEN — Data Enable

éﬁ’“"'& - “‘igfz-;é‘ =

Status:

OperatiOn .@;. " '_{_

'°" TR

‘Data transfer in grogress .

ra

STEN — Status Enabje "+

<) No data transgr in pgogress

Status

Opera tion_h_,. :

0
1

Status-byte transter.ift progress
No status-byte transfer in progress
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11.3.2 IFCTRL — Interface Control Register

aiT7 | BiTe | BITS | BIT4 | BIT2 | &1T2 | BIT1 | BITO || R/W
CMDIEN| DTEIEN |DECIEN |CMDBK | BTWAI | STWAI [DOUTEN}SOUTEN W

This register provides control functions for the host interface.

Resetting the chip clears all bits in this register.
1. CMDIEN, DTEIEN. DECIEN — Enable bits for CMDI, DTEI and DECI

These are all interrupt mask bits. Note that even when a mask blt is set
to 1, the corresponding interrupt bit in the I[FSTAT register is unmasked.

Setting an interrupt forces the INT pin to LOW. See ﬁgure 11 Interrupt
Control Flags.

CMDIEN, DTIEN and DECIEN do not clear mterrup{ requests The INT

_pin will immediately go LOW if an interrupt is ended (by setting abitto 1)
during aninterrupt request.

2. CMDBK — Command Break

This bit enables/disables the command break furi'c.t“io,n.‘

) i':.ﬁ%: :-':‘-:-5 S

Status . Operation
0 Command break enabled
1 Command Break dlsabled

A command break is the suspenglon of data or status-byfe transfer to the
host computer caused when the host computer writes a command byte to
the command buffer. The data- transfer end !nterrupt, DTE[ is not gen-
erated by a comm : ;

ar brea;;..

il
R

Operé;tioné*

Data-wait funéﬁﬁ?h enabled
Data-wait function disabled

nction allows the LC83950 to delay the hardware execution
. Wol:} ,transfer until a status-byte transfer (a STEN pin LOW condition)
is cl€%bng In other words. if the DTTRG register is written to while the

isab!ing the data-transfer wait function allows data transfers to take

2 Inplace independently of status-byte transfers. Also note that these enable
"Ag@its do not clear interrupt requests.

The INT pin will immediately go LOW if an interrupt is enabled {by set-
ting a bitto 1) during an interrupt request.
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STWAI — Status-Transfer Wait

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

Status Operation _
0 Status-wait function enabled
1 Status-wait function disabled

The status-transfer wait function allows the LC8950 to deiay th
execution of a status transfer until a2 data transfer (a DTEN ‘. 2 L OWge
tion) is zleared. In other words, if the SDOUT registerign while
DTEN bit in the IFSTAT register is 0, the STEN bit is not’igared \

DTEN bitis setto 1. A

Disabling the data wait function allows status- b, t,?.;
place independently of data transfers.

DOUTEN, SOUTEN — Data Qutput Enable and

DOUTEN enables/disables data .
status-byte transfers.

£ % EEE Y
A S 3
g

Status d{ﬁeration

0 Otitput disabled
1 r Outputenabled
. ‘W*“'

When DOUTEN is set to 0, any'data (Paréfers in pragress are aborted. Sim-

ilarly, when SOUTEN is sey | to 0. a‘f'u( status-byte transfers in progress are
aborted. TS L g
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11.4 DBCL, DBCH — Data Byte Counters (Registers R2 & R3)

BIT7 BiT6 BITS BIT4 BIT3 8I1T2 aiT1 BITO R/W
DBCL |
| Isbl] “R/wW
BIT7 BIT6 BITS BIT4 BIT3 B8I1T2 BIT1 8170 R/w
OBCH _
OTEl during reads msd R/W

DBCL and DBCH constitute a 12-bit counter used to set or monltor the number

of bytes sent to the host computer during data transfers. DBCL. (RZ) and DBCH
(R3) are the lower- and upper-byte counters, respectively.

To initiate a data transfer to the host computer, thcycontml‘l%r writcs the
number of bytes to be transferred minus one to this counter. Then, while the
DTEN pin remains LOW, the counter transfers bytes to the host, decrementing
the counter by one each time a byte is passed. When the count reaches -1, that

Is, when a borrow occurs, the transfer halts and a data transfer end interruptis
generated. ‘

During a read, Bits 4 to 7 of the DBCH regis'ter'hauve the same value as the

four bits in DTEI (Bit 6in IFSTAT) and indicate the end of a transfer when all are
setto 1.

B ;‘.:- ;;C.
3*9:

During a write, these bits are not s:gniﬁcam
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11.5 DACL,DACH — Data Address Counter (Registers R4 & R5 during writes)

877 | eiTe | eiTs | sita | eit3 | sit2 | BTt | BITO | arw
DACL
Isbi] W
BiT? | BiTe | BtTs | aite | T3 | sir2 | BIT1 | BiTRadl R/wW
DACH —
b

This 16-bit write-only register is used to specily the RAM b
head byte of the data blocks to be transferred to the host.

Once the address has been set, it is incremented autorgatically
bytes are transferred into the 2-byte FIFO transfer.buffeg, MNéte,
the number of times the counter is mcremented mayuot atc {he number of

nfﬁr are performed

.o B
~o
-, i
P : N
r Sk %"’5{
F3 >
-
P i &
, A %
"-:R: » i
| SRR
a
e
&
PR X
', bo
ot P
Mg \
a5 -
% EES
el N
e 4 _‘ e B l'A
. B T
LS
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11.6 DTTRG — Data Transfer Trigger (Register R6 during writes)

BIT? | 8176 | B1TS | BiTa | 8173 | 8172 ! BITY | 8170 || AR/AY

! w T

The controller writes to this register to activate the hardware for data transfer’

to the host. The content of the data written is not szgmﬁcant

must be set to 1. When the data transfer hardware is 0pcratmg. the DTBSY bit

of the IFSTAT (R1-RD) register is set to 0, and the DTTRGC reglster must not be
written to.

R e
B e
i
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11.7 DTACK — Data Transfer End Acknowledge (Register R7 during writes)

8IT?

BIT6

BITS

BiT4

8iT3

8IT2

BIT1

8IT0

condition at the DTEI bit in the IFSTAT register and at the INT p‘;fn

The content of the data written is not significant.

0?,31. H et oy f
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11.8 HEADO to HEAD4 — Header/Subheader Data {Registers R4 to R7 during

reags)
BIT7 | B1T6 | BiTs | siTa | aita | ait2 | BITY | BITO || m/w
HEADO
| sb MINUTES/FILE NUMBER Isbﬂ AR
| BIT?7 | BITS [ gits | Bité | |it3 | BiT2 | BIT1 | 8ITO ]{ R/W
HEAD1 : -
L'nsb SECONDS/CHANNEL NUMBER R
177 | 8iT6 | 8ITs | BITe | BIT3 | BIT2 R/W
HEAD?2
j-nsb BLOCKS/SUBMODE R
g8IT7 | 81T6 | B8I1TS | BIT4 | BIT3 | 8IT2 II R/W
HEAD3 ,
msb MODE/CODING INFORMATION R

These registers are used to hold the header and subheader data of the current
block. |

To read the header data set, the SHDREN bitin the CTRLI registeris setto Q;
to read the subheader data, set SHDREN to ], The following byte numbers cor-

respond to the block (sector) byte numbers 1n Modes 1and 2in whlch the head
of sync black is Byte Q. LT

« When SHDREN is 0: T e £

HEADO: Header MINUTES (b:,ue 12) el
HEAD1: Header SECONDS (byte. 13) S
HEAD2: Header BLOCKS (byte 14)- o
HEAD3: Header MODE (by(e 1 5) Fal o,

- When SHDREN is 1, i 7

flags formagl
respond ol i

ks 20 to 23 are read for the subheader data. See figure 7 Sub-

D A e error flags for the header and subheader bytes can be read

M, STAT1 register. After error correction, these registers display the
gtader and subheader data of the current block.
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SUbh“aZﬁ"m RCHI P , HHEAD Oto 3 registers

(byte #)

e 2

16

17

I8

19

20

21

22

23

.‘

(byte #)
(SHDREN=1)

s, | HEADO: holds byte 16. (Byte 20, if byte 16 is flagged as an error.)
-

23

.;{6' or 20

17 or 21 ‘.i,:HBADl: 17 21 17

- |HEAD2:, 18 22 18

23 19

,> o
19 or 23 HE§03:

,1* 4:"'&
E 2

k- . '
duplicate copies of the Subheader on disc.
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=xample |

Data IO Header hz—v Subheader
iﬂIO RCHIP bytc i T Y —t T T Y Y Y T T

Emor ﬂagS 0 0 | 0 0 1 0 0 0 0 - 0 1 (1 error/0:no CITDI')

HEADO 1 2 3 (when SHDREN=0)

Header byte ' I
Register 1213 14 IS
HEADO | 2 3  (when SHDREN=1)
Subheader [byre ' T
Register 16 , 21 . 18 19
bt7 6 5 4 3 2 1 0
STAT 1 T ' b ‘ o : ' . Subst e
error flags 0 0.1.0.0,0.,0,0 Su ’ﬂsntuf:on climinates emors.

MINERA  BLKERA SHOERA SH2ERA

SECERA MODERA SHIERA  SH3ERA
Example 2 - |
Header 4.1..? e ""%iibhcadcr | -
Data byte ' ' ' R i G
MORCHIP | 12 13 14 15 16 11 18 19 20 | 23
Error flags 0 0 0 1 0 11 0 “b 1 (l:error/:no error)
HEADO | REN=0)
Header byte | Tk |
B 12 13 ¥

Subheader byte *
Registers

Ship substitutes bytes 21 and 22
¥ 0 ] 0 0 [ 0 for bytes 17 and 18, but bit 1 of STAT!
R EEMBEUERA MODERA  SHIERA  SH3ERA

Fure 8. Header, Subheader and Error Flags for HEADO 10 3 and STAT1 Resisters
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When the LC8950 is set to monitor-only mode, these registers display the
header and subheader of the block currently being written to the buffer RAM.
[n other modes, these registers display the block currently being decoded.

After areset, the register state is undefined. -
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11.9 PTL, PTH — Block Pointers (Register R8 & RS during reads; Registers R12 &
R13 during writes)

BIT7 | eits | siTs | BiT4 | &3 | 82 | &M | eito || TRw
PTL
isol| - Rrw
L8 | e | ars | mme | eiT3 | a2 | e | 8o I mw
PTH -
sb ﬂ R/W

PTL and PTH are the lower and upper bytes, respectively, of thxs pair of regis-
ters. They hold a 16-bit pointer to the RAM address of the head of the current

data block after correction. Writing to this register dlrects the L.C8950 to per-
form error correction on any block in the buffer RAM.

The LC8950 defines the MINUTES byte in the header (Byte 12) at the head of
the block and the 12 sync bytes (Bytes O to 11) are at the tail of the block. Each
block contained in the buffer is taken to be the 2352 bytes from the MINUTES

byte of the header through the 12 sync bytes of the next block

The controller can transfer the decoding block back to the host by copying

the address in this register and wnung xt to the DACL/DACH register immedi-
ately after decoder interrupts. i

When the WRRQ bit in the CTRLO reglster is set to 1, this pointer is updated
_atthesyncsignal of every 2352- byte block.

After areset, the register state is undeﬁned
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11.10 WAL, WAH — Write Address Register (Registers R10 & R11 during reads;
Registers RB & RS during writes)

gIiT?7 BITS BITS BIT4 gIT3 8IT2 8IT1 BITO BR/wW
WAL
Isbly R/W
SIT7 8iTé BITS BIT4 8iT3 BIT2
WAH
Imsb

bytes. respectively.

tra;x§fer—that is,
while the DECEN and WRRQ bits in the CTRLO reglster aﬁ"eviet &1, a read opera-
tion on the write address register will not return a2 péapingfal.value. To ensure
that the returned value is accurate, the register contcn"t should be read only
after DECEN or WRRQ has been set to 0. For the ame rea¥sp, either DECEN or
WRRQ should be set to O before writing an address o.this regtster.

After areset, the register contents are undeﬁned en?

This pointer is automatically incremented durmggda

;:.t-: '_:f. :
b A
'7.1':_ o
§“$_. ‘-
T
t . :
N o
Q?ﬁ \ﬂ,
-
-
4.,“ }
s Ko
i L N

Design Manual 40



Sanyo LC8950 Real-Time Error Correction & Host Interface Processor

11.11 CTRLO — Control 0 {(Register R10 during writes)

BIT7 | BIT6 | 8175 | BiTa | BIT3 | 8T2 | 811 | BITO || AW
DECEN | EDCRQ | EO1RQ JAUTOR

RAMRQ WRRQ | QRQ PRQ w

Resetting the chip sets all the bits in this register to 0.
1. DECEN — Decoder Enable

This bit enables/disables decoding functions.

Status Operation sie .
0 Disable decode. | - -
1 Enable decode.

Setting this bit to 1 enables the decoding functiOnsd}ﬁ‘cIuding write to
buffer, decoding EDC (error detection code}, and decoding ECC (error cor-

rection codes such P-codes and Q-codes). This also enables the WRRQ,
EDCRQ, QRQ and PRQ bits in the CTRLO register.

2. EDCRQ — EDC Decoding Request

This bit is set to 1 while DECEN is 1 to enable the error detection (decod-
ing EDC) after and decoding ECC. :© -

The EDC decoding, which is umed usmg the LC8950's internal block-

sync signal, is performed after all othﬁgr error corrcctien processes have
been completed. - A

” !.u,. P
-$ :-:;' S
CEI

The completion of the EDC decodmg generatcs a decodcr mterrupt
3. EOIRQ — Error Detect- and-C Correct Request ,g‘ o e

This blt allows ?é’ﬁ:m desl%ﬁ“

e

dperatii:n

Disable error correc‘tzon

of bytes for whicfian error
has been detected, but not
| yet corrected.

Enable error correction

of bytes for which an error
has been detected, but not
yet corrected.

: g bit to 0 can suppress miscorrections resulting from t0o many
wmerrors when an efficient error detection algorithm is implemented in the
@RC (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 when the ERAMRQ bit in 'the CTRLO register is 0.

Setting EOIRQ to O suppresses error correction.
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AUTORQ — Automatic Correction Mode Selection Request

Setting this bit to 1/0 during MODE 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 CTRLI registeris setto 1.

Status Operation
0 Disable automatic error
correction.
1 Enable automatic error
correction.

The CRC check performed by the EDC also dlff.grs 55
FORM flag setting. &

ERAMRQ Erasure RAM Request

Status Opemtgon R
0 Dis ﬁiggﬁ‘or flag reads.
1 Enable en'or ﬂag reads.

»._‘ .. :
e

Setting ERAMQ to 0 dlsables tﬁe érasure ﬂag. causing read operations per-
formed on the erasure RAM. to return a 0 (indicating’ N9 errors), so that
only error detection and co "”'ectlon are allowed. The O%ettlng is used
when error, interpolation; or prevnous-value~hold flags in the CIRC C2

decoding phase are not outpuued by the CIRC decoder synchronized with
the output data b@cks from. e. CD equipment.

WRRQ — Wri tc RCQUCSIﬁ

This bit cnables/disables wrltes from the CD equnpment to the buffer. It

also enables/disables updaung of the block pomter (PTL/PTH) each time a
data block is received! S

H . | Status Operation
. ‘”i 0 Disable data writes to the bulfer and
_' | PTL/PTH updates.
., s 1 Enable data writes to the buffer and
: PTL/PTH updates.

#2450 PTU/PTH updates are timed using the LC8950's internal block-sync signal.

If error correction is enabled and WRRQ is O, the same data block will
" be processed repeatedly. This allows correction of errors that couid not

be handled in the single pass performed during real-time processing. See
section 12.5.3 Repeated-correction mode.

Design Manual

42



Sanyo LC8950 Real-Time Error Correction & Host Interface Processor

-

/. QRQ,PRQ — Q-code/P-code Correction Requests

These bits enable/disable error correction using the Q- and P-codes, res-

pectively.
Status Operation
0 Disabie Q-cogde (or P-code)
error correction
1 Enable Q-code (or P-code)
error correction

The QRQ and PRQ setting operations are timed to the mternal block -syn¢
signal.

The block being corrected can be determined by réhaing the header
registers while the decoder interrupt is set. The block’s. location in the

buffer can be determined by checking the read poimer (PTL/PTH) con-
tents. : .

The specified error correction process is’ performéd in the order QD,
PD, QE and PE within each block, where 0_ and P-indicate the Q- and P-
codes and D and E, error correction and erasure. D for single-error correc-

tion with detect-and-correct algonthm and-E for single- or double-error
correction, also with erasure flags. . /™ w

The detect-and-correct algonthm correc:ts one symbol error per code
word; erasure correction corrects up totwo symbol errors per code WO rd.

.........

Note that the detect-and- rrect algorithm canalso detect and correct
CIRC decoder miscorrection’ xxors which are unflagged” y:C2PO. Erasure
correction, on the other hand d@es not perform any error detectlon

When the detect -ang- corfact algonthm deiects a singte errorin a code

thé@egasure flag to. éscertam if the location for the
corrected crro; is cor- ct. Thearror byte (symbd}) is taken to be correct
, pritated if tﬁe erag#feiflag and fts location are identi-
t error. When thty are not, this indicates that
p‘? at other locations, which cannot be determined.
leaves the errors q_nd fhe erasure flag, as these

Of f"'orrecuon process.

Design Manual 43



Sanyo LC8950 Real-Time Error Correction & Host Interface Processor

11.12 CTRL1 — Control 1 (Register R11 during writes)*

BIT7 | BITe | BITS | @iTe | &iT3 | 8172 | 8T | 870 || aw
SYIEN | SYDEN bscneukzowasaﬂuoono FORMARQMBCKRQSHOREN||  w

Thereset function clears all the flags in this register.

l. SYIEN — Internal Block-Sync Insertion Enable <

This bit enables/disables the internal block-syncinsertign. -

Status Operation v
0 Disable internal block-sync :risert;aﬁ*a
1 Enable internal block- s%

As each word consists of two bytes, every |y
block boundary. Enabling SYIEN prevents 15

Note that the LC8950 is fully synchranized ih bot.h the inserted sync

and the detected sync when both are enébled See'figure 9 Inserted and
Detected Sync Synchronization below:m% ¥
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See appendix E for the LC89S51].
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Figure 9. Inserted and Detected Sync Synchronization
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SYDEN — Sync-Detected Enable

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

Status Operation
0 Disabie sync detection.
1 Enable sync detection.

Enabling this bit synchronizes decoder operations with fhe sy
detected in the input data. *

Note that the LC8950 is fully synchronized with both

and the detected sync when both are enabled. See tl%ure
Detected Sync Synchronization. )

DSCREN — Descrambling Enable

Status ) { il
0 | Disable déscrimbling. [
1 Enable d""‘e‘gframbﬂng,g

Setting DSCREN to 1 allows the LC f f
if they are CD digital audio signalsi

COWREN — Correction Write ;

Operafion

Disable errof-byte rewriting.
Eqable errar-byte rewriting.

Setting COWREN to O and EDCRQ ta 1, allows CRC checks without error
correction. Disc block error rates can be checked using raw disc data and
by moﬁitoring the CRCOK flag in the STATQ register.

MODRQ Mode Request
Thls bnt sets the decoding mode.

o e

ﬁw Status | Operation
i 0 Mode 1
el S s 1 Maode 2

‘This bit should be set manually to match the CD equipment source mode.

~Note that the correct decoder mode setting is not determined automati-
cally.

The Mode byte in the header does not change as pre- and post-gap sec-
tors and track number identifiers separate the sectors of different modes.
Also, errors resulting from mode detection before correction must be
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avoided. In the case of Mode 2, in particular, the Mode byte cannot be cor-
rected because of its error correcting code definition.

FORMRQ — Form Request

This flag sets the decoding form. It is significant only when the AUTORQ
bit in the CTRLO registeris 0 and the MODRQ in the CTRL1 registeris 1.

Status Operation
0 Mode 2, Form 1
1 Mode 2, Form 2

Decoding form settings are used in MODE 2 only and shauld be set manu-
ally. ..

SHDREN — Subheader Read Enable I

This bit toggles header and subheader data betwecn reglsters HEADO to
HEAD3. ¥ i

Status Operation> |
0 Header data
1 Subnaade? data

Note that the LC8950 has scparate 4-byte registers for the header and
subheader data. Both the header and: subheader of the current block can
be read by toggling the SHDREN bit. from Oto l.

,,,,,,,
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11.13 STATO — Status 0 (Register R12 during reads)

Resettling the chip clears all bits in this register.

1.

&7 | eie | mits | mite | ama | sz | 8t | sio | Riw
' {
CACOK [ILSYNCNOSYNG] LBLK JwSHORT] sBLk |eraBLkiuceBLK| R -

CRCOK — Cyclic Redundancy Check OK . "
Set by EDC in accordance with the results of the CRC chig i

Status Operation ;
0 Incorrect CRCgesulties”  §
1 Correct CRCresuft |

ILSYNC —lilegal Sync

This bit is set to | when the sync pattern isidetecte#at an incorrect loca-

tion (that is, at word counts between 0 an<i"21174) an”ﬂ the decoder has
been retimed. -

%r --.;-.' .
.
<

NOSYNC — No Sync N

.-ﬂ- & “"‘% o
This bit is set to 1 if the word ccn.(nter reax:hes 117S and no sync pattern
has been detected in the input datawait mdmates that the decoder timing is

being.controlled by the LCBSSO‘alnterhal block- sync sngnal when SYIEN in
the CTRL1 registeris set to 1. Ty

LBLK — Long Block | “\ -

This bitis setto 1 if no sync sngnal has been detected whlle the SYIEN bit

of the CTRLI1 regtstcr is 0 This cond:tnon causes the block length to be
eX[endEd P -;<- ﬁm %z“‘? i

WSHORT — Word Short» ,

..&-4

This bit is set to 1 if word lengths shorter than 192 pulses of the XTALCK

external clock signal (that is a half cycle at pin LRCK) are detected during
decoding of the current block.

. i

Setlinﬂg this bit suspends decoding of the current block, and is a fatal
system error

: SBL!( — Shdrf’ Block

udetectcd in an incorrect word counter location and is ignored while the
"':S\:DEN bit of the CTRLI registeris 0.

T2 E Bi.l( — Erasures in Block

“4 This bit is set to | when one or more error flags remain after the 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
the current block, which includes the ECC parity area, after the final ECC
decoding process has been completed.

.....
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11.14 STAT1 — Status 1 (Register R13 during reads)

eIty | Bite | BiTs | eta | eita | mit2 | B | eiTo || Rw
MINERAISECERA|BLKERAMODERASHOERA[SH 1 ERA[SH2ERAISHIERA| R

The bits in this register indicate the reliability of the data in the
HEAD3 registers.

Resetting the chip clears all bits in this register.

MINERA, SECERA, BLKERA and MODERA indicate errors in thid
ONDS, BLOCKS and MODE bytes in the header of the current &pck

SHOERA. SHIERA, SH2ERA and SH3ERA indicate errors in th %L NUMBER.

occurs.
.'
“
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i:-‘j‘ : .,ﬁ
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11.15 STAT2 — Status 2 (Register R14 during reads)*

et | 81T | Bits | mita | ®IT3 | BIT2 | &t | a0 RIW

] -
RMOO3 |RMO0D2 | RMOD1 |RMODO | MODE NOCORFFORMIRFORMO R

The bits in this register indicate the mode and form settings of the current
block.

Bits Setting

(1),4 Mode 1
10 Mode 2, Form 1
11 Mode 2, Form 2

X Don't care

Settings are determined by the status of the AUTORQ bitin the CTRLO register,

the MODRQ and FORMRQ bits in the CTRL1 regtster and the Form bit readout
from the CD equipment.

Resetting the chip clears all the bits in thls reg:ster

When AUTORQ is set to 1, the mode, aﬁd form ‘data actually decoded from
the current block can be checked. If the Form bit in this register differs from

the Form bit in the subheader, it mdlca,;es that the subheader Form bit has
been corrected.

'y 3 :1:-".';
:».:’-,-59.6-}-:5'»-:;~--,,.7 * w

W
Mg .
-

Sc appendix E for the LC8951.

*
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11.16 STAT3 — Status 3 (Register R15 during reads)*

BIT7 | BiTe | BITs | 81Te | &173 | &T2 | am1 | eito || rR/w
VALST |WLONG| CBLK | | (- J

Reading this register sets the INT pin to HIGH and the DECI flag to 1 in#H&
TAT register, clearing a decoder interrupt.

The unused bits in this register are not significant.
l. VALST — Valid Status

This bit is an valid/invalid flag for registers related to Y
rupt. ]

Status Operation
0 Valid registegSg. |
1 invalid regis ers®
ﬂ:

: ._;’“

The VALST flag goes to O at the same time’ as\e dgcoder interruptis gen-
erated, and doesn’t go to 1 when the STA*‘?3 reglster is read.

___TI'he controller should read all degtider mterrupt -related registers until
VALST sets to 0. The VALST flag goﬂ:s to-1 shortly beforc the internal sync
is generated. See section 12 6 DecoderConxral

2. WLONG — Word Long

This- flag is set to 1 if word: ngths “longer than 192 pulses of the master
clock are detected when LRC i elther HIGH or LOW.,J |

This flag has no effect on decoding operations.
3. CBLK — Corrected@Block‘F%WE@ £

SHE,
Pl e £y

See appendix E forthe LC8G51.
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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 pms to LOW
and loads one or more command bytes into the COMIN register.

The COMIN register is an 8-byte FIFO buffer used by command w;rite co‘in-
mands of the host and the read commands of the contreller. This register

allows these operations to be performed using completely mdependent tim-
ing. See figure 12 Command Processing (1).

[f the host attempts to send a command byte when the command buffer is
full (that is, the buffer is full at the falling edge of the HWR signal), that com-
mand is ignored. See figure 12 Command Processing (2). As the LC8SS50 does
not support an external buffer-full signal, the controlier should be designed to
process commands promptly to prevent buffer overﬂow

If the controller tries to read the command buffer when there Te are no com-
mands (that is, the buffer is empty at the fallmg edge of.the RD signal), the
buffer returns a value of FFH. See figure 12 Cammand Processmg (2).

Whenever commands are present in the buffer. the LC8950 sets the com-

mand interrupt bit (CMDI) to 0. If the comma,nd interrupt mask bit (CMDIEN) is
setto 1, the INT pin will go LOW, 51gnalmg the interrupt to the controller.

- Resetting the chip clears the commamib“uffer.
...;MM%\

s e
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12.2 Status Byte Processing

[f the status-byte output enable bit (SOUTEN) is set to 1, 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 CMD pins are LOW.

The controller should write to SBOUT only while the STBSY bit of the STAT
register is 1. Writing a byte to SBOUT while STBSY is set to 0 will dn pt thg
transfer in progress and the new status byte will be lost. <

12.2.1 Ncrmal operation

If the status-wait bit (STWAI) is 1, thereby mhlbltmg the status‘_-ww Unctlon a

STEN pin goes LOW, it signals the host that a status bit ls_"fe
While STEN is LOW, the host can read the contents ofthe S

the HRD pin when the ENABLE and CMD pins are LOW

When the host starts reading the status byte, tha88950%ets the STBSY bit
to 1 to signal the controller that the SBOUT registefis beifh

f ¥ read. The STEN pin
goes HIGH. The STEN bit resets to 1 when the status-bytegransfer has been

completed, signaling the controler that the SﬂOUT régistar has been read.

The host should read the status byte only wﬁtn the STEN pin is LOW. If the
host tries to read SBOUT while STEN is H!Cﬂ and if-the controller completes a

register using

- write to SBOUT while the read operationiis in‘pragress, the STBSY bit will setto

A0 G

0. but the STEN pin and STEN flag bit wi,!zl go LOW just after reading is com-
pleted — indicating that a status byté i ] readyto send. Note, however, that the

integrity of this status byte cannot be’ guaranteed See: ﬁgure 13 Status Byte
Processing during Naormal Operarron b S

12.2.2 When status byte wait is enabled

When the STWAI bit in.the’ IFSTAI register is set to O, the LC8950 checks the
DTEN bit before sendlng the status’ ‘byte. If the controller has written a status
byte to SBOUT while DTEWis 1 (that is, theredre no data ready for transfer), the
status byte is transfgrred as descnbed in secuon 12.2.1 above.

When SBOUT is written while DTEN is 0, the STBSY bit is set to 0. However
the STEN bit: Temains 1 and the STEN pin is held HIGH until the data read opera-
tion by the host is complete. When DTEN resets to |, the STEN bit sets to 0 and
the STEN pin goes LOW. The transfer described in section 12.2.1 can now take
place. See ﬁgurs 14 Status Byte Processmg when WAIT is Enabled.

12 2 3Aborting status byte transfer

1. Resg;.

Gonr RS Sl A

| '*bifrss

Forcmg the RESET pin to LOW or writing to the RESET register resets the

w;% LC8950. thus terminating status-byte transfers. See figure 15 Status Byte
“Transfer Abort (1 & 2).

2. Setting the SOUTEN bitto 0.

Setting the SOUTEN bit in the IFCTRL register to O will abort status-byte
transfers. See figure 1S Status Byte Transfer Abort (3).
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3. Setting a command break.

Setting the CMDBK bit of the [FCTRL register to 0 enables the host to send

commands, inhibiting status byte transfers. See figure 1S Status Byte
Transfer Abort (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 regts
ter for data transfers.

When the controller instructs the LC8950 to carry out a data trangf r the
transfer hardware writes the data and erasure flag at the speciﬁed dres .10

The SELDRQ pin controls the data transfer mode. Whefi- u HiGH,
software transfer with WAIT control {s used. When SE.! D&Q‘ﬁs LOW, direct
memory access (DMA) transfer with data request (DRO) ca

The data-transfer hardware reads data from the dats

Quﬁfr RAM and writes
them to the FIFQ buffer until the transfer buffe . When the LC8950 has
transferred the number of bytes specified by th contrb ler.the DTEN pin goes
HIGH. and a data-transfer end interrupt is generated (the I pingoes LOW and
the DTEI flag in the IFSTAT register goes to 0) % o

12.3.2 Initiating data transfer *‘
x ,.A,&

Data transferis initiated using the folloMmg procedure

1. The data-transfer hardware is enaﬁttd when a 1 is written to the DOUTEN

bit in the IFCTRL register. Whéna re<et or other operauon sets DOUTEN
to 0, it mustbesettol beforc a lransfer begins.

“g
2. The number of bytes to be transferred minus ocneis. wntten to the transfer
byte counter. The lower byte is written to DBCL, the upper byte, to DBCH.

Only the four lower bits of DBCH are sxgmﬁcant—they limit a single
transfer to 4095@ytes G -

3. The memory address: of the data to be transferred is set in the data

address reg:Ster The lower byte is written to DACL, the upper byte to
DACH. i

4. A write is performed on thz DTTRG register to initialize the FIFO transfer
buffer and start the data-transfer operation, and the DTBSY bit in the IFS-

TAT register goes LOW. The content of the data written to DTTRG is not
significant.

Caution

Under no circumstances should the con-
troller be allowed to write to DBCL,
DBCH. DACL, DACH or DTTRG while a
transfer is in progress.

When the first byte has been written to the FIFO transfer buffer, the DTEN bitin
the IFSTAT register sets to 0 and the DTEN pin goes LOW. The host can read

data from the transfer buffer while DTEN is tlow. See figure 16 /nitiating Data
Transfer (1).
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While 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 the transfer buffer, the DTEN pin goes HIGH and the DTEN bitin the
[ESTAT registerresetsto 1. See figure 17 [nitiating Data Transfer (2).

12.3.3 Transfer start delays

If the controller instructs the LC8950 to transfer data while the DTWAT'bit in

the IFCTRL register is 1, the transfer takes place as described m section 12.3. 2
above.

When DTWAI has been set to 0, the transfer hardware moves.the ﬁrst blt into
the transfer buffer and checks the STEN bit in the IFSTAT register to see if a
status-byte transfer operation is in progress. 1f STEN is O (that is. a status byte
is still held in the SBOUT register and has not yet been transferred to the host),
the DTEN pin is held HIGH and the DTEN bit at 1 until the status-byte transfer
is completed. After the host has read the status-byteand S STEN goes HiGH, the

DTEN pin is set to LOW and the DTEN bit, to zero. See ﬁgure 18 Transfer Start
Delays. |

This mode is used to block data transfers when the DTEN and STEN pins
cannot both be LOW at the same time, for example when the host cannot
handle data and status-byte transfers simultaneously. =

12.3.4 Software transfer using WAIT control

The LC8950 enters software transfer mode when SELDRQ:S H!GH

itis inactive (HIGH).

[f the host reads data reja; '\_rely slowly (thal:;is the mterval between host
read operations is o?’é‘*than' s‘é’Veng,XT ALCK cﬁack cycles) WAIT signals may

not be generated. | hen the-host re&d inter

) yal exceeds seven XTALCK clock
cycles, the transfef_ gpfemdins filked, maSkitlg the hatdware operation that

LO\Q Note that this WAIT pin activation is a glitch,
because both host and FJEQ transfer buffer reads occur asynchronously. See
figure 19 Sofi ;:__,n_are Transfér using WAIT Control.”,

- the LC8950 generates a HIGH-level DRQ signal to the WAIT pin.
iy A is sngmﬁcant only while DTEN is LOW and the host has per-

#8:h byte. Note that DRQ is activated after a delay time of twa to four

LCK nods after HRD rises. Figure 20 DMA Transfer using DRQ Contro!
19gs. DMA 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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When the host begins to read the final byte of a data transfer, the DTEN pin
goes HIGH. During this final read operation, the EQP (End-of-Process) pin
remains LOW while the HRD pin is LOW. EQP can be used to generate the inter-
rupt to the host CPU or DMA controller signaling the completion of the data
transfer. The rising edge of the signal at HRD sets the DTEN bit to 1, and a
data-transfer end interrupt is generated. If the mask bit DTEIEN is ]_(that is,
masking is not set), the INT pin goes LOW. DTE! in the IFSTAT register is
cleared to 1 and the INT pin goes HIGH by writing to the DTACK regjster.
figure 21 Data Transfer Completion.

12.3.7 Data-transfer Abort

Three methods are available to abort data transfers:
1. Reset.

the LC8950, terminating data transfers. See ﬁgur
(1 &2) ~

2. Setting the DOUTEN bit to 0.

Setting the DOUTEN bit in the IFCTRL re isfg{ to 0 h%brts data transfers.
See figure 22 Data Transfer Abort (3). | . |

3. Setting the command break.

Setting the CMDBK bit in the IFC'I'RL register {o O allows data transfers to

be aborted by sending a command frorn the host. See figure 22 Data
Transfer Abort (4). P TIrE

The data transfer end interrupt is not generated when any of these methods

has been used to abort a data trang{er. ) 3 B

xo
"‘éz :

_ "“h.?‘ - ‘o
P g %“&f&:&

R4 &53-'*

Design Manual

58



Sanyo LC8950 Real-Time Error Correction & Host Interface Processor

12.4 Reset

The LC83950 can be reset by setting the RESET pin to LOW, or by writing to the
RESET register.

During a reset, the following operations take place. -
- All tristate outputs enter high-impedance state. |
« The COMIN register is cleared. 3
- All bits in the IFCTRL. CTRLO and CTRL] registers are setto 0. S
« The MCK clock output is suppressed. ReN

. R
......

e
A
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12.5 Decoder Operation Modes

The decoder block of the LC8950 writes the input data stream from the CD
equipment’s digital signal processor to the data buffer RAM and decodes data
blocks. In this context, decoding refers to error detection and/or correction

Setting the decoder enable bit DECEN to 1 enables the decoder interrupt
and decoder operation. The decoder functional block generates the décoder
interrupt for the controller each time it completes error detection and corre¢-
tion of a data block. When DECEN ancl DEC(EN are both 1, decbder i 4, .

EDCRQ setto 1), or during input inhibit (when WRRQ set t0 0).

The transparent pipeline processing architecture of t
input buffering, decoder operation and data transfers to t;x‘é
simultaneously. The following table shows the basjc de Qdes fo,
be set by the DECEN, QRQ, PRQ, EDCRQ and WRRQ coptrol”
can be set by combining these bits. .

v
¥

TABLE 9. Decoder} 9

Control Bits PR
DECEN WRRQ PRQ QRQ EDCRO‘
0 X ™ | Decoder-disable
1 0 Repeated-correction
: 1 0 Monitor-only
1 1 Write-only
1 1 " Real-time correction
1 0/1 | -pﬂfy ‘e
1 0/1 0~onty correctlon
Key )

0/1: ;’lﬁ- realstime correcuon
0 non real time: correctlon

X: Not s:gmﬁcant

12.5.1 Decoder-dxsable mode

[n this mode, thz decoder is disabled and does not generate decoder inter-
rupts. Decoder-disable mode is mvokcd by setting DECEN to 0.

"’“%#

1252, Repeated -correction mode

CD~ROM5 uﬁe"‘fdoubly encoded Reed-Solomon code. The two corrections (P and
Q_) ca?tbc pcrformed alternately toraise the level of data integrity.

reCtion pass has been completed. This allows successwe corrections to be

* Seeappendix £ for the LC89SI.
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applied to the current block only in order to obtain highly reliable data. How-
ever, in the case of very high error rates, correction 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 WRRQ to 0
should be carried out during the decoder-interrupt interval, that is, when

VALST is at 0. When VALST goes to 1 while WRRQ is 1, the block pomter is
updated, and decoding of the next block begins.

12.5.3 Monitor-only mode

In this mode, the block header and subheader data from the'f‘i'nput'?datﬁa stream
are loaded into the HEADO to HEAD3 registers, and the corresponding error
flags (read at pin C2PO) are latched in the STAT! register. The data blocks

themselves, however, are not stored in the buffer RAM angd are not subjected to
error detection or correction processing. S P

Since error correction is not performed, the header r'egxsters hold the unal-
tered and uncorrected data from the CD dlgltal sngnal procéssor.

Another significant difference between monitor- onlv ‘mode and the modes

available when WRRQ is 1 (exciuding decoder-disable mode) is the time delay
in updating the header and subheader registes: data..

Under normal buffered operation, thé LC895Q's pipeline architecture writes
the header and subheader to the appropdate registers (HEADO to HEAD3 and
STAT1) after the entire block has B writtén into the.buffer RAM and has

undergone error detection and correction_‘.processmg. “The. register data fora
given block is available-only afteﬁ&%mput time for one blor:’k has passed.

In monitor- only mode however register data are wmtgn dxrectly from the

In this mode, errors mﬁut data aremelther detected nor corrected, but
simply wrltten to the exwf buffer RAM. * = &

Y -
.::f B

Errors cangot be detected and corrected unle s'there is a full block of data
in the bffer . Thus before starting decoding, the decoder should enter

- at least a one-block period until a decoder interrupt is

This is most commonly used decoder mode. Errors in the CD data written to
the LC8950 are detected and corrected in real-time. Operations are performed

on each block in the order QDL, QDH. PDL. PDH, QEL. QEH, PEL, PEH and EDC,
where these codes represent combinations of the operations in table 10.
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TABLE 10. Real-Time Correction Mode Codes

Code

Operation

Q
o

O

E

L

H
EDC

Q-code

P-code

Detection correction

(one symbol correction per word)
Erasure correction

(two symbol corrections per wogd)

LS3-byte plane
MSB-byte plane
CRC check

&
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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 opera-
tion.

Decoder interrupts are generated for the controller after the decoding of
each block. Interrupts are enabled by writing a | 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 Q) is setto 1. See ﬁgure ll Interrupr
Control Flags. D

The duration of the active LOW at the INT pin depcnds on the operation
mode in effect. See table 11. .

TABLE 11. Period of Active LOW (VT

e

Active LOW | Interrupt Cycle
DECEN | EDCRQ | MODE | FORM s e (blocks)
0 X X X R oo
1 0 X X . 27150 . 1
1 1 0 K, | v, 437 1
1 1 1 0 ¢, a28t 1
1 1 1 S 114

Decoder interrupts become macu\/e lmmedlately after the STATB register is
read, or when DECEN is set to 0. R :

The following read regtsters and ﬂags related w the decoder should be read
out whenever a decodc_: INterr pt ;s generated; e

%2 3%

and WAH wmte addres: 'reglsters conszantly changes Accordingly, WRRQ
should be set%o 0 before reading is attempled.

Thpetd to 0 immediately after a decoder interrupt is generated, but
fe interrupt (INT pin) in that reading STAT3 does not cause it to

-

See appendix E for the LC8951.
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12.7 Block Synchronization

The LC8950 synchronizes its 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 data
block.

Since synchronized decoding is vital for the correct recovery of £t%
and CD-l data, the LC8950 has on-chip block-sync signal circuitry ¢o hand{e

sync-signal pattern errors caused by disc flaws, scratches, 61’
defects. R Ry

It generates an internal block-sync signal each time that a: B3s :
of data is received. Thus, if the sync signal derived from t ing data is

m X
lost, the internal block-sync signal can be used to maints %‘ect data syn-
chronization. '

Enable/disable flags — SYDEN and SYIEN — can be §et for Qg&ﬁ'thc internal-
and external-sync signals respectively. [n cornbinat n thie: flags allow selec-

tion of three synchronization modes. SYDEN and "",sh Id not both be set
to O as this combination will inhibit both sync sngnals. arq.d risk complete loss
of synchronization. D S ty

The LC83950 is generally operated in reaﬂvtlme detadmg mode with both
SYDEN and SYIEN set to 1. This provides the most reliable synchronization

scheme and allows rapid recovery of synchré“mzatmn even when detracking or
Sync pattern errors occur. .. o

No sync mode (SYDEN -SYIEN-O)
— No decoding = '*
— Rough seeksin subcode Q st.atc "

— In-track jumps for seek o
sector :

::E;_;;tment in order to pick up ) the destination

e Sync hunt mode (SYDEN-I SYIEN=0)

— Enters on-track play state and waits for real synchronization after seeks
or trackjumps '

o Protected sync mode (SYDEN=SYIEN=1)

— All decoder modes except repeated-correction mode
. Inner sync mode (SYDEN 0, SYIEN=1)

‘PQ error- correction strategy (Q-only correction precedes P-only correc-

'1 o UOR
;?; o ';ﬁ“ )

w em,ﬁ

gn repeated-correction mode only, the internal block-sync signal should be
u&d that is, SYIEN should be set to 1 and SYDEN to 0. This setting completely

ignores the external-sync signal, since any loss of the externai sync would
interfere with error correction.

To assist in handling sync errors. the LC8950 maintains NOSYNC, ILSYNC,
LBLK and SBLK flags in the STATO register. The meaning of each flag is de-
scribed below. See also figure 23 Block Synchronization (1) 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 used. When this flag is set, it generally

means that noise or media flaws have caused errors in the sync pattern that
prevent correct recognition.

[f 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 incoming data has
been lost. A setting of 1 means that no CD-ROM or CD-1 dataare present.

12.7.2 ILSYNC —illegal sync

block-sync signal has been detected. This ﬂag is sagmﬁcant only when SYDEN
is setto 1. In other sync modes, ILSYNC is 0.-

When ILSYNC is set to 1, the LC8950 resets its 1nternal block -sync signal to
the new timing, truncates the current data block and suppresses error detec-
- tion and correction for the current block because there are insufficient data to
decode the block completely. See figure 23 B!ock Synchromzanon (1)

12.7.3 LBLK — Long block

This flag is set while SYDEN is 1 and SYIEN'i 1s Owhen a sync signal has not been
detected after 2352 bytes of the current block have been received.

When-LBLK is set, only the 2325 bytes of data from the block head (the first

byte of the header) are used by the LCBQSO Remalmng data are discarded, but
excess data are written to the buﬂ'er T : s

The extra data could be transferred to the host computer but this transfer

is rarely implemented. Also, the excess data in the buffer. are kept separate
from.and has no effect on thg»g.gcodmg of the next block
.

A long block canhe caus;_d elther by an error in the sync pattern which pre-
i ®plock. In.the former case, the

Setting SYIEN to 1 (thg&%s. enab!mg the ihtemal b;ock sync signal) will pre-
vent LBLK f!“@,gl being set aiter the next sync patte:rn is detected. See figure 23
Block Synchrom&auon (2). |
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12.8 Buffer Operation

The LC8950 RCHIP uses an external buffer RAM to temporarily hold the incom-

ing data received from the digital signal processor of the CD equlpment
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 cogimction)

and data transfers to the host can take place snmultancously w:tjjbut wau
states.

pipeline to the point when it exits the pipeline and is transfe’i”

This real-time decoding delay is small enough %
specifications in the Green Book.

&, e
e w A
i AR
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12.9 Caching

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

When a singie block caching (8 Kbyte) buffer is used, one block is allocated
to hold the incoming data stream, one block is used to hold the sector bemg
the sector being transferred to the host. See figure 24 Single Block (fd&hmg
(Decoder-Interrupt Control). The processing of these three blogks takes place
simultaneously and transparently. Note, however, that the host must read out

one block of data during each one-block processing period in quer to prevent
buffer overflow. s i

A larger buffer can hold additional blocks and data transfers to the host can
be delayed in order to service interrupts. § T

Figure 25 An Example of Block Caching in Real Tsme Correcnon Mode 1
shows the flowchart of the error correction process. In real-time correction
mode, one block of storage is allocated to the incoming data'stream, one block
for decoding, and four blocks to data transfer. The four-block data transfer
area is occupied by untransmitted blocks, the bloﬂ( currently being
transferred and already transferred blocks Th:s ‘configuration. known as

host atany time du ring a four-block penod* 5§ducmg overhead.

The buffer should be checked for an- overﬂow condition, either when each
block is decoded (decoder mterrupt-cont;piled ¢aching), or when the transfer

_ of each block to the host s completed (gatéattansfer complete -controlled cach-

When an 8 Kbyte buffer is usé&“qge bldék of data must blféﬁz"ff"a'nsferred each.
time a decoder interrupt is received. If a larger buffer is’ employcd with multi-
block caching, checks should be herformed to engslire that'the total number of

blocks being transml ang .wmng trans‘;msslan does“hot exceed the
specified limit.  #* TR,

A\-gf .

Even when a o___e - is dete‘med at the time of a
decoder mterrupt Wock b ing transferred may not yet have been overwrit-

Anterrupt waa, gcncrate.d and the block of data

25 An Examp?h,of Block Cachmg in Rea! Time Comectlon Mode 1 show at which
.point d_unng attzﬁoverﬂow condition the block currently being transferred is

pleted its error detection and correction of the next block. This limit is
managed by software that counts the number 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 1I.
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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 limit.

When the latter method—data transfer complete-controlled caching—is
used, one block of data is sent whether an overflow condition occurs or not.
The status s:gnalmg the overflow occurs and is sent to the host using status-

using the LC8950 command registers, send a repeat requestt
by COMIN, the chip’'s command register.

g s
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J 5-;' o i
= & ,
"% %A e
. o
SE w Fug
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I. Sanyo [.C7860 & Yamaha ., +13815 DSP Pormat )
' @ () (2
19 20 21 22 23 24 0 |

_ 0 1 2 3 4 5 6 7 B 9 10 M 12 13 14 )5 16 17 18
BltclocL|||||||||f|||||l|||||||||||’|||||||||’|‘\|||

LR channels- Y — Halch — L=Rch T4 or 23 bit-clock penod Y
LSO MSB
Seml daa YOI Y2Y3 )« s)Ye )7 €D &D € mm IY14 Y15 invalid 0]
03 pointer ] _C2 Pointer for LSD < H=error | C2 pointer for MSD_ X—Heerror | invalid ) §
"H-a-%“

2. Sony CXDHZS DSP Fonml
‘*ﬁ* o I 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 O |

Bit clock __
LR channels _I . '“';_.H'Ldl g—— L=Rch 1
Serial data __) MSD IS * __ 32 ML?]I
C2 pointer D ( _C}[W"'"" for MSBL ':l'rcmx ] Y Cz painter lor LS50 X— Haemor D {

C2 pointer clock

3. Toshiba TC9200F DSP Pormat

0 1 _ 2. 3
Bitclock —_ {1 LI\ [_]

LR channels 1 : S é——L-tdl *—-TlfﬂLﬂl

Serialdata _ )15 Y 14 Y13 I 12 r uI—'ﬁT—rT‘r W @ ¥

C2pointer Y C2 pointer for LSB ; = g;crror N 6%

C2 pointerclock |

4. Malsushita MN6617 Formal select CSEL=LOW and LMSEL=HIGH
0 1t 2 ) 4 S5 6 7

Bitclock "1
LR channels | \— Helch ,—— LeRch
sevtane ) 300000001
C2PO Y C2pointer for LSB \—H=emor_J__Cupointer for MSB

Nole  Connection pins between MN6617 and RCHIP are as follows.
BCK: inverted SRCK, LRCK: inverted L/R, SDATA: SRDATX and C2P O: IPBYTE.

The intemal clock replaces C4LR (C2 pointer clock).
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Inside LC8950 RCHIP
Extemal or
internal (R15-VIR)
RESET !
D7 — {D
Q
D6 —— D Q
Ds —{D Q
A G ChedE v
IFCTRL-WR
(R1-WR)

Commaand
Interrupts to controller
DTACK-WR
®R7)
STAT3-RD
(R15) ;.{ﬁ;

Figure 11. Interrupt Control Flags

Design Manual 71



lenue ubisag

¢l

(2 @ 1) 8urssadold puerwwo) "z 3an3ig

RD

D?7-0

FULL (intemmal signal)

EMPTY («CMDI)

Note: ENABLE:=L, CMD=L, HWR =M, RS=M. WiR=H, AR=0
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* invahid data

X b
i

SaH, RGaL. ENABLE=L, SMD-L, IWRH, AR«0

Noitc: CSeL. R

by

<
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=
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o

|¢2|§ E?ﬁ‘ﬁ}é
2 0o Iz =T lth l»n in

Figure 13. Status-Byte Processing during Normal Operation
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Figure 14. Status-Byte Processing when WAIT is Enabled
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WR

STBSY

STEN (IFSTAT)

STEN (pin)

Note: C5=L., RS=H, RD=H, AR=15

(2) Using the RESET register

WR

S

Do

rasy STEN (pin): « S

STEN (IFSTAT) STEN(IFCTRL) -

MNotes:

|, ENABLE=L, CMD=L; FIRG=H
2. CMDBK bitset10 0

STEN (pin)

Note: Co=L, RS=H, RD=H, AR=I

(3) Using the SOUTEN bit (4) Using a command break
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4

X

5

Dé

6

X

DTBSY

DTEN (IFSTAT)

DTEN (pin)

DBCL, DBCH

X2 X a3 X ne4

DACL, DACH

SA+2

ISA*J—I SA+4

O

AO-15 | a

ROE

01-8, ERA

[ gyl

HR

HDO-7, HDE

(FTFO FULL)

(FIFO EMPTY)

Noles:

2. Nbytes transferred from SA

—y

1. C5=L, RD=H, ENABLE=L, CMD=H, HW

R=H
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D1

..

&
D0

DTEN (IFSTAT)

=
m
i
S

DTBSY

Figure 17. Initiating Data Transfer (2)
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(LDCK)*

DTBSY

DTEN (IFSTAT)

DTEN (pin)

STBSY

STEN (IFSTAT)

STEN (pin)

CMD

HRD

HD7-6, HDE

; ,,_.-' (;3,..-

&t

e
Py
P .o
R
e
.

BTATUS)

pCE Lokl f

Note: C3=L, RS=H, RD=H, ENABLE=L, HWR=H

The intemal signal
LDCK is equivalent ta

the extemal data

buffer readout signal.
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{ invalid { D3

N

J

o

2. The LC8950's dala lransfcr haIdWatc detects; lha! Ihaimnsfcr buffer is no long:r ful! scts R—O——
to LOW and reads additional bytes from the dala buﬂ‘c‘“r to the transfer buf l'cr D

3. When ROE goes HIGH, data is writlen 10 lhc tramfcr buflfer and clears lhc Flm EMPTY

[011U0D) 1IV¥M BUisn Jajsued] 1em1jos "6 3indig

4. When the transfer buffec is empty and HRD is LOW. WAIT gocs LOW,

Note: SELDRQ=I1, ENABLE=L, CMD=H, FWR=11, DTEN (output)=L.

61

(FIFOFULL)
(FTFO EMPTY) l
ROEC
101-2 égz x n —X
Operation: L s
1. FIFOFULL condllion cleans al the nsmg edgc of HRD.
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2
3. DRQ goes LOW.

4. The host sets HRD to HIGH.. = o
5. When the LC8950 detects that FITB s HIGH DRQ also goes HIGH .

However, if the transfer buffer is EMPTY DRQ docs not go HIGH. | nstcad thc LCBQS@ da"'?;;x -

transfer hardware reads additional bytes into the transfer buffer. When ROE goes HIGH, ﬁRQ
also goes HIGH.

Notes:
1. SELDRQ-=L, ENABLE=L, CMD-=L, {WR=H, DTEN (output)=L
2. In this mode, the WAIT pin {unctions as DRQ.

HDO-7 S Do ) { b1} { D2 ) { D3
DRQ=WAIT __j
(FIFOTULL) 1
(FITO EMPTY)
ROE R N L
101-8 ., X A D3 {__D4

Operation: s N (:’

}i - 'W : - 4;.;
). DRQ goes HIGH at the fallmg cgdc of D'] EN. T S
The hosl sets Flii D 0 LOW., . _ M_{-*:
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DTEN (IFSTAT)

DTEN (pin)
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.91 _/

WAIT (SELDRQ=H) aE

WATT (SELDRQ-=L) A

2h

EOP

hi 4

.

o —

DTFI

Note: CS=L, RD=H, ENABLE=L, CMD=H, HWR=H

*AR=7
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WR

~

DTBS

R

b

3 Note: €3=L, RS=H, RD=H, AR=15

(1) Using the RESET’;)m (2) Using the RESET register

'
L] P
WR *

o [

DTBSY

DTEN (IFSTAT) LA

DTEN (pin)

Note: CS=L, RS=H, RD=H, AR=!

(3) Using the DOUTEN bit ' (4) Using a command break
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SYDEN=1
SYIEN=i

(SYNCD)
(SYNCI)
(SYNCP)
NOSYNC
ILSYNC
LBLXK, SBLK
SYDEN=1
SYIEN=0
(SYNCD)
(SYNCI)
(SYNCP)
LBLK

ILSYNC

NOSYNC, SBLK

SYDEN=0
SYIEN=]

(SYNCD)
(SYNCI)

(SYNCP)

SBLK
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1 block
, 2352 bytes 2352 . <2352 2352
P >4 —5— 4 >
‘ (] 'y ]
B
(1) NOSYNC and ILSYNC
| block
\ 2352 bytes 2352 . 2382, o, 2352 ,
' ' : : s, :
) & Eil '
: o o T ]
' : v (
L
2352
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(2) LBLK and ILSYNC

Figure 23. Block Synchronization (1 to 3)
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::@; - SYNC pattemn

$

Input 10 RCHIP - l_ l 0

DECEN, WRRQ | R <

PRQ-QRQ - 2oL

(6)

Bulfering 0

Decoding I 0

VALST

DECI d
invalid

Header Invalid . = Invalid

HEADO...3 L

Data transfer
(4-block caching)

€ Suspended

aRER

Caching count 0 = No block in buffer RAM

(Decoder-interrupl
control)

<+ -
Write.only mode

Real-time error correclion mode
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Sanyo LC8950 Real-Time Error Correction & Host Interface Processor

TYPICAL CONTROLLER PROGRAMS

« Real-Time Error Detection and Correction in Mode 1
Comar )

System Initialization

DECEN=Q
SYDEN=SYTEN=1
DSCREN=]
MODRQ=0

Fatal Error Check

Command Received

—0

Seek — Play

1 Prior block found

Set Write-Only Mode

Wit for T
h“ t ﬂ
NOt )'d Dwﬂ mﬁ L

Set Real-Trme Ervor Corvocsion Mode { ", ) i
DECEN -EDCRQ; l,._ 5 :

WRRQ:=PROWORQ=1 " finely

1-Block Transfer

Starus-Byte Transfer

(Ceo )

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

The steps shown in the preceding flowchart are as follows;

i. Initialize system settings

Disable the decoder by setting DECEN to 0, set SYIEN and SYDEN to 1 to

set full sync mode, and enable the descramble function
DSCRENto I. "

ii. Datarequestreceived from the host computer.

ili. Seek the spccified block using subcode.

In actual operation, the controller seeks a block sllghtly
specified block.

iv. When a block slightly ahead of the desired block isdpdated,
PLAY function and read out a continuous data stre . '

"tz § been written to

the buffer. Write-only mode is mamtamed pnm :A-,ne -block write is
complete. ‘% e

NOSYNC=0, ensuring that the devjce i 4 really synchrom;ed Protected

sync mode (SYDEN=SYIEN=1) should then be set.

vi. After the write- -only mode has: .-onﬁhﬂed for at least one block, enable

"'~- b

real-time error correction mode and set EDCRQ to I !mmedlately after the
decoderinterrupt. -

vii. Continuing PLAY mode, checki" the header regasters (HEADO to HEAD?3)
immediately after each decoder interrupt to'see if the desired block has

been decoded. A,&so ch%heheader error flagsin STAT].
“ﬁ.’.‘f I u,“&..:

viii. If the desired block has not been locatcd walt for the decoderinterrupt at
the next block and cﬁec‘l& agam, S :

ix. When the desired block is located, read STATO to check the block for fatal

errors. If CRCOK is: land WSHORT, ILSYNC, UCEBLK and ERABLK are 2!l 0,
the currcnt block is valid data.

(n the decoder s protected sync mode (SYDEN-SYIEN- 1). the LBLK and
SBLK flags da not set to 1 on errors, so they do not require checking. if the
NOSYNC ﬂ&gﬁls set, the host does not need to be inmformed of blocking
ttrors 1mmed1ately as long as the header is checked successively.

I3 ‘WSHORT is 1. decoding of the current block is aborted as it is not
$0551ble to perform error detection and correction and CRC checking on

g block All bytes received, however, are retained in the buffer. Check
e Pelationship between XTALCK and LRCK.

- If ILSYNC is 1, an insufficient number of bytes have been read in to
‘complete the current block, making error 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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If there are no errors in the current block. 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.

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 DTTRG to enable data transfer. The host-interface ¢ontrol

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

Process the decoder interrupt, the transfer-compilete mterrupt and the
command-received interrupt. These interrupts may bé. processed asyn-
chronously and in order. Note that the INT pin generates only a single
interrupt signal, even when two interrupts occur at the same time. The
controller should read IFCTRL to ascertain whether another interrupt is
pending after the processing of the current mterrupt is COmpleted

When the desired number of biocks have been rcad_;put. disable decoder
operations and decoder interrupts, and set the CD equipment to PAUSE.

[f the host generates a status request command, ‘su"spend decoding, and

write the status byte to the SBOUT register, and transfer the required sta-
tus information. T

The error handling procedures can be designed to meet the needs of the
application. Typical responses ta bfoclc errors include:

« Perform repeated-error corrcctlon t'or as long as specified and then
seek the next block. e e

« Give priority to real- tlme proc»essmg Blocks™ contammg errors are
passed to the host togetﬁgr Wlth their error status

« Seek and re-read the block contammg the error. :
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« Real-Time Error Detection and Correction in Mode |

C Fatal Error Check )

CRCOK?

Blocking Error

No Error Status

'

(Transf&to Hcm) (N° Transfer to )
I 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 flowchart as shown below.

( START
ROUTINE

Fatal Emror Check

..............

Set Host Wait
(if required)

St Requisud-Esvor Correctis Mode

DECEN=1, WRRQ=0

PRQ=QRQ=DECRQ-1

*

Wait for detoder interrupt

?m Decoder-
", Related Registers

¢
kS

ey

-

Intemal Status=
Residual Error
(break-induced)

Internal Status=
Repeated-Error
Correction
(break-induced)

'

K

Figure 30. Repeated Error Correction
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- Real-Time Error Detection and Correction in Mode 2

C START )

System Initialization

DECEN=0
SYIEN=SYDEN=1
DSCREN=1 I iy b
AUTORQ-MODRR Q=1 [y,
FORMRQ=Any ¥ .

S -

Identical to Mode 1 Real-Time Eqror Correction

;‘m«e‘%
. el

',.-: %

Figure 31. Automatxc Form Checking

ot

.,

s & System Initialization

DECEN=0
SYIEN=SYDEN=1
PR DSCREN‘ !
o e AUTORQ=FORMRQ=1
- s FO RMRQ=1

RS

Identical 1o Mode | Real-Time Error Correction

Figure 32. Real Time Error Correctionin Form |
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» Data Transfersin Modes | and 2

C |-Block Data Transfer )

Set DBCL, DCBH 1o MODE1/MODE2-FORM1: 2047
of Transfer Bytes-1 MODE2 FORM2: 2323 .

Set DACL, DACH toTransfer | MODEL:PTL H44 ™
Start Address is Buffer MODE2: PTL H ...12 N

to Start Data Transfer

Write any value to DTTRG i .

(e )

R S
L wdede L

Figure 33. SmﬁgleBchkData Transfers

- ' PN . Dot men,
' .}::% N b e
- 1) N

it

g,
ElthiF L
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Controller LC8950 RCHIP

Interrupt Polling - Interrupl
' Slatus

S | L
a} ) 8-Byte Command
: Register

Host oot N
b3 ccoding

e Completed " | Compleied
Inkerpreter

w
cD *%
cD Control ™
Control Signal
Signals Output

Decoder Status

Status Repister
to Host

Lo

B |

pa)-

el

CD Equipment

Commands.} Data. Starus

fost
Decoder Control Compuler

CD Status ' 1 L
Status Si_g.?.' l o RCHIP [T e " Register
Signals inpm S ~ | Decoder Start Transfer Control

vy } - Conirol Transfee Register

|

% 3" B ' -

Conltrol Lines

Decoder
Transfer
Buffer

5 - Serial Data, Clock, Brrot Flags: |~ &

-ECC/EDC

Master Clock for CD Equipment -

Exlcmi.:l Buflér RAM
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8K Byte SRAM

A'u DQI

O WE
Pull-up I l
ROE RWE

Digital
Signal
Processor

P
¥

HDE
> 8
Q W —= Data Bus

Scnal Data

e

. o CMD ) oD > SCS

Master Clock jue MCK % 2™ St ENABLE : Control
| L€8950 RQHIP ASLE Y DREQ J 4 Bus

-

ﬂ
L

Input  Qutput vlnp?ti"l'
Port  Port Port

Serial . :
System Lo - One-chip Microprocessor

Controller port
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The information in this section does not apply to the LC8951. See appendix E.
1. Buffer Access Time

The access time of the SRAM devices interfaced to 10O Pins 101 to 108

must be 120 ns or less. The access time of the SRAM devices mterfaced to
the ERA pin must be 100 ns or less.

2. Decoder Mode Operation

When setting the decoder enable bit CTRLO-DECEN (Register 1?0 during
writes) to 1, either or both of the buffered write enable bit (CTRLO-WRRQ)
or EDC decoder enable bit (CTRLO-EDCRQ) must be held at---}

Note that in the operation mode defined by DECEN-I WRRQ—O and
EDCRQ=0, the header and subheader data cannot ’be ;'gad correctly.
Monitor-only mode shouild not be used. S Y

3. MCK Qutput during RESET

The clock signal output at MCK stays LOW whtlé"'the RIESET input is held
LOW. If one or more of the peripheral devices requires.clock puises while
the LC8950's RESET pin is LOW, the LC8950’s RESET pin and the RESET
inputs on peripherals should be separated. In this case, the LC8950's
RESET should be set to HIGH first. fol!owed by that of the peripheral.

-
W ?:':': oy

4. Controlling SRAM Chip-Select lnputs

Figure 37 RAO to RAIS, RWE and R f Trmmg shows the timing relation-
ships between the RAM read adﬂress ss otitputs, RAO l:o RAIS and the write
and output enable signals, R E and RQE /

When the read address oxﬁputs RAO to RAlS are, bejl'ng decoded and
applied to the chip seleet mputs "6f two or more SRAM chips, RWE should
be delayed by at least “’40 ns where Iis the. address déggd er delay time.

There may bgidy
lap disrupts t§e
40to60ns. & @
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130y Pue MY

auun

RAD~1S
(Address)

ROE

~
7y

101-8, ERA
(RCHIP OUT)

|101-8, ERA
(RCHIP IN)

* Pulse width of ROE is XTALCK x 3
* Pulse width of RWE is XTALCK x 2
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APPENDIX E: LC8950 AND LC8951 FUNCTIONALITY
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Section 8 — Pin Descriptions
C4LR — C2 error flag pointer strobe input

Itis no longer necessary to provide this input as the LC8951 reads in C2P0O data

using internai timing based on BCK. As a result, the minimal signal connections
to the CD equipment are as follows.

LRCK, BCK, SDATA, C2PO | Erasure connection algorith _'only
LRCK, 8CK, SDATA 7

Pin 35 should be tied to Vpp or Vgs.

C2P0O — C2 error flag pointer input
present) or [..]

RCS — RAM chip select

The LC8951 uses this pin differently from lhe LC8950 s DouT pin. Tying it to
the CS pin decreases the power consumption of the external RAM buffer. If not
used for this purpose, the pin should be left open.

’ . o
'.'-. s
C
- L) -.:.
2

Section 11.11 — CTRLO (R10 during writes)

i A . =
BTz | wrs | BTst) emse | T3 | ez | emr | emo
DECEN . 'Eomo AUTORQ [ERAMRG| WRRa | ORG | PR
gy e, S5 M: -

”’f-a

The LCBS1 does nOt usethe EDCRQ bit. Instead, it automatzcally includes EDC
decoding is when any other type of decoding is requested—that is, when at

least one of the lowest three bits (WRRQ, QRQ and PRQ) is non-zero and decod-
ing is enabled (DECEN=1).

Secnon 1 1 12 —--CTRU (R11 during writes)

7. MBCKRQ Mode Byte Check Request

m{v| BIT? BITS 8ITS 8IT4 8IT3 BIT2 BITY BITO

SYIEN | SYDEN {DSCREN [COWREN| MODRGC {FORMRO|MBCKRQ| SHOREN

““This bit, defined for the LC8951 only, enables/disables the mode check func-

tion. If the mode byte in the raw data is not compatible with the mode
specified by the MODRQ bit (O for Mode I, | for Mode 2), this function disables
error detection and correction (EDAC) processing for the block.
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Status Operation
0 Disable function.
1 Enable function.

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

Section 11.13 — STAT3 (R15 during reads)
CBLK — Corrected Block Flag

The LC8951 sets thisbitto 1 if it has corrected the current;_t;-!%itk,” o

Section 11.15 — STAT2 (R14 during reads)

87 | ems | Bivs | Bite | 8m3 | sT2 | 8w | amo
AMOD3 | RMOO2 | RMOD1 | RMODO { MODE } NOCOR [RFORM1 |AFORMO
VALST | WLONG | CBLK . BN I )

RMQOD 3, 2.1 and 0 — Raw Mode Byte

These four bits, defined for the LCSQSI oniyrzontam the results of a prelimi-

RMOD3 = BIT7 +BIT6 + BITS * BIT4 + 8[1'3 +EF B BEYE,
RMQD2 -BIT2 +EF 1 = . N

R

RMODO0 = BITO +~§F
where + denotes a 1og:cal O

if RMOD3=0, tti.__,
otherwise, they Just"f*

OFFH. If all four bits ar%
mode byte ctmtams an error.
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RMOD3 RMOD2 RMOD!1 RMODO |
0 0 0 0 Mode 0 l
0 0 0 1 Mode1 ;
0 0 1 0 Mode 2
0 0 1 1 Mode 3
0 1 0 0 Mode 4
0 1 0 1 Mode 5
0 1 1 0 Mode6
0 1 1 1 Mode?7 “ &
1 0 0 0 Mode $ x o 0 g ¥ '
1 0 0 1 Y |
1 0 1 0

P .
U p— §
[ R— Y
o)

NOCOR — No Correction 3”'“-% G

;’f ; x
The LC8951 sets this bit to 1 if ECC protg&smg is not possxble for the current
block. Such processing is blocked fon% e

« anillegally synchronized block (lLSYNGh 1)
« adatablock specifiedin softwar‘é'““ Mode 2, form 2

. aMode 2, form 2 data block automatncally detected durmg ptocessmg

« aMode 2 submogeﬁvte erroF At _,maucally'detected during processing

« amode mxsmatch detecteﬁ by the mode check function (MCHQRQ=1)

« amode byte errorfﬁetected by the mode check function (MCHQRQ=1)
NOCOR is mvalld if COWREN-O or PRQ==QRQ_-

This usage represents an extension of the LCSQSO S FORM bit, which was

e

......

-’g w}
4'\“?

. t_}vo bits defined for the LC8951 only, contain a preview of the FORM bit

RFORM I: Error flag (from C2PO) for the byte
RFORM2: Form bit from byte
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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 the next
block. the one to be decoded after the next decoder interrupt.

These bits are only meaningful for Mode 2 (CD-I) blocks.

Section 12.3.3 — Transfer start delays

eliminated both the need for a delay circuit on the RWE pinmd the risk of colli-

sions on the 9-line (IO to IO8 plus ERA) data bus to the extemal RAM buffer.
See appendix F. AC Characteristics.

As a resuit, SRAMs with access times of 120 ns or less may be directly con-
nected to the LC89S1.

Pull-up resistors T

All data bus pins joining the LC8951 to the’ exterﬁél SRAM (101 to {08 pius ERA)
and the host (HDO to HD7) have 20 kn pull-up resistors. The INT pin has a simi-

lar 20 k pull up resistor and prowdes opan dram output.

12.4 — Reset 1%

Areset triggered by pulling the RESEE pm LOW no longer affects the MCK clock
output. W 5 4

"i : f ?‘%M """
A | %
CRCK, HEADO to 3,
Decoder M
ERABLK |” STAT1 er Mode
Invalid | Invaligg 7 | No decoding
Invalid Raw * Monitor only mode
Valid Decoded Write only mode
|| vahg- Decoded Real-time correction mode

Valid=- Decoded Repeated correction mode

WRRQ==0 or DECEN=Q, the first two blocks should be ignored.

“Apglion 12.5.4 — Monitor only mode

In tis mode, the LC8951 loads the raw block header and subheader from the
input data stream into the registers HEADO to HEAD3 and latches the corre-

sponding error flags (from the C2PO pin) into the RMOD and RFORM bits of the
STAT register. but does not store the data block in the RAM buffer or subject it
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to any EDAC processing.

These bits do not reflect the status of the current block, but that of the next
block, the one to be decoded after the after decoder interrupt.

Section 12.6 — Decoder Control

The duration of the decoder interrupt (active low at the INT pin) depgnds.
the decoder mode. i

@ -

WRRQ+PRQ+QRQ | MODE { FORM
0

About 1800 ﬁ"" o
About 1800 . %m«

- a0 X
- O X X

1
1
1

‘The last three values are considerably longer than ¢

P =
3 %o
- K -
. "*:,#.7&.
3 b5,

P L *. s P
ALY ¥ B
i RN M
b
TERE g

Design Manual! 108



Sanyo LCB8950 Real-Time Error Correction & Host Interface Processor

Design Manual 109



jlenuep vbisag

OLL
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HDO to 7
(INPUT)

DTEN
(OUT)

STEN
(OUT)

0: Host interface enable

0: Command write, status read
I: Data read

0: Host write

Host data bus (tristate)

| Data enable (Command break)

e (C dnmand break)
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FLL

[013U0] 11VM Yilm peay 21eQ {$S68D7/0568D7 “6€ 21n31g

HRD
(IN)

WAIT

(OUT)

1100 10 7
(OUTPUT)

EOP
(oum)

bo
0: Host interface enable

IF 0: Command wnle, stafus read
1: Data read

_ 25 ____.’
k]|
* 24 e !}
. 0: Data transter enable
v | ]
16
*- 0. Host read
35
’-d
“‘.E:‘.?':': :-:‘;;:. §
0: Hosl read wail
-
e %”
23
) —{ X D--—— Hosl Data Bus
%::;i#’* T T |
:_:i | g B
£ g ‘ T 0: End of process

where ITaXTALCK (RCHIP masler ¢l6EK) I cyele period time,

NOTE 1. Only in case WAIT = Low occurs. If the second HRD falling edge spends more lime than these values, W Ati Low wlll nol sppur

2. Minimum time that the WAIT » Low does NOT appear.

3. Assume HRD two Low pulses and onc HIGH pulse widih 1a be 50nsec. :
4. 1IRD is accepred in the RCHIP bul the host cannol read the valid dataon HDO-7 and HDE if HRD Low pulse widlh is <l20nsec and > 50nfec
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13

/.1 0: Host interface enable

-

|4
=
) b \L 0: Command write, Status read
T = ) 1: Data read

DTEN
(OUT)

0: Data transfer enable

WAIT as DRQ
(OUT)

0: Data request to be read

HRD
(IN)

0: Hoslt read

HDE, HDO to 7
(OUTPUT)

EOP
(OUT)
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TABLE 12. TABLE 12. AC Electrical Characteristics

Range
Number { Flgure Characteristic Lcagso Lcasst Uniy
min max min max
1 a8 mtommosl Write) setup 30 -— J0 - ns
2 38 | CMOto HWR setup 15 — 15 — ns
3 a8 | HWR low period 50 - S0 — . ns
4 38 | HWRto DTEN change - 105 - 105 | ns
] a8 | HRW to STEN ch.nge —_ 108 L - 105 - f ng
6 38 | HDO-7 to HWR inactive 50 —_ 50 -— ns
7 38 | HWR inactive 1o End of Data 20 - 2b —_ ns
s 38 | HWR high period S0 - 5 — ns
9 38 | FWR inactive to ENABLE inactive o - 0 —_ ns
10 38 | HWR inactive 1o CMD inactive 5 1 -— - § - ns
" 39, 40 | ENABLE 10 HRD setup 30 1 - 30 — ns
12 39 CMO to HRD setup 1§ - 15 —_ ns
13 s OTEN to WAIT inactive :::fg 6‘!'050 :::ezg 6T+50 ns
14 39 {DTEN to HRD setup 0 | - 0 - ns
15 39 | HRD period L :::?2 - ::::"; - ns
16 39 | HAD low period :E'::!:g - :1 ‘:2 — ns
17 39 _— —_ No max ns
18 39, 40 "5 s 8 100 ns
19 39 HRD inactive 10 the secondm;mg‘ I:l:; :o "' 1::: :O — s
20 39 |HRDhighperied n., 7 FEEE G - ns
21 3 HRD maﬁﬂvo t:lhe. scnd 110} 4 ﬂ;;‘? “‘& —_— 6':;‘:‘: —_— ns
R 3 Rt b ;
22 39, 40 | HAD in& tive to Kd of dab - 7 * 5 ‘60 5 50 ns
23 39 | HAO inacti® 1o end of valid data S 0 — os
T—— T " [ TeTesp° 6T+50

24 :?__H.RD active lo mm HRD active i;ot Z) - Note 2 - ne
25 inactive to the next WAIT inactive :::g 6T+50 :1:33 6T+50— ns
26 e to WAIT active aetup a0 - 80 — ns
HAD active to valia ¢ala setup with WAIT acleve No:.- 5 I OT+160 No-t: 2 10T+160 ns

FRIT active period © 10T+30 0 10T+30 ns

Note 3 Note 3
Vahd data lo WAIT inactive -50 - -50 - ns
WAIT inactive 10 HAD inactive 50 - S0 - ns
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Range !
Number | Flgure Characteristic LCB950 LCAS9SY Unit 'r
min max | min max
N 39 HAD active to DTEN Inactive - 120 i 120_ ns
a2 39. 40 | HRD to EOP setup - 120 120 ns
23 39. 40 | RRD inactive (0 ENABLE inactive 0 - - ns
34 39, 40 { HRD inactive to CMP active S - s ns
3S 39. 40 | HRD inactive to EOP inactive iu
36 40 CMO inactive te HRD active “ ns
37 40 | DTEN active to WAIT inactive ns
38 40 WAIT penod ns
39 40 WAIT inactive to HRO active ns
40 40 mlomsetup ns
4 40 | HRD active paricd ns
42 40 | HROD to valid data setup ns
43 40 HROD inactive to WAIT inactive ns
44 40 Valid data to end of cata ns
44 40 | HRD active to OTEN inactive ns
Notes:

1.

3. Assume both HRD LOW and HI

Only if WAIT=LOW occurs. WAIT-L%Y«'
HRD falhng edge exceeds theseﬁ.____ S.

1€ :s.fﬁ“{

A i
L4

' nPulses to be SO ris, L

does not appear if the second

4. If the HRD LOW pulse w1dth 50 < R < 120 fis, the host cannot read the

valid data on HDO r.o 7 and H|

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

e Reset Timing

RESET T 4

0o-07 [

® ®
HDO-HD7 | }"1___.

HOE

.

101-108 }
ERA

DOUT

®
STEN '—j’ '
OTEN
EOP
INT mﬂ@;*
Y 2“3 T

gg% Descriptio Unit

~H

-
-
]
3

Resgfpulse widtt‘r }

%@52 hold Ly
fata delay

Host data hold

Host dalta delay
RAM data hold

ARAM dala deiay
DOUT hold — 100
DOUT hold delay — 100
STEN, DTEN hold — 100
EOP hold — 100
INT hold — 100

ns

)
LToW NN AEWN

-t
N

Figure 41. LC8950/LCBI51 Reset Timing
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Sanyo LC8950 Real-Time Error Correction & Host Interface Processor

Read cycie

i hol L
RD "ﬁut se . Is 0 i
m WR Dﬁ!se width & 500 — ne
Read dala access Sl — 120
Read data hold 10—
Data out delay 5 -
=y : Data out HIGH 7 10 80
) 44234 Write dala setup 30 —
‘o LoLes ‘Write data hold 20 —
Not‘es %,;;Yﬁ

e ‘*’msemd to protect #19 and #20. In itseif, #18 does not ensure validity of
Y. thevalues pinsD0OtoD7.

'@“The maximum is 80 ns for the LC8951.

Figure 42. LC8950/LCBI951 Host Interface

Design Manual 116



Sanyo LC8950 Real-Time Error Correction & Host Interface Processor

Read cycle

RAD - RA1S
ROE G pé
O — -~ @
© —0
101 - 108 ERA ’
(RCHOP I1N)

Wre cycle

RAQ - RA1S

RWE

® —

1~-08 =~
ERA
(ARCHIP OUT)

ROE

See table 12 for AG»Ghamcxcnsucs

. e P 1. Ratin .
Description TEE i ating Unit
| Femin, max.

Read cycle - *;@, arT-30 <

AT
# et
YAt .

Data setup for ®OE

-—-—r-—

S ®

ns

OO~V O &N -

108 may be directly connected to SRAMs with access times of
::_:"_ ns or less ERA. to SRAMs with access times of 100 ns or less.

| to ns after ROE.

tands for one execution cycle—that is, the inverse of the crystal fre-
qu<:ncy 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

Readcyce
|

HAO-&MS

@J-———— Q) ——©®
o be

ROE

“

ERA
100 ~ 157

(RCrar B9

Wrie cycle

RAQ - RA1S

ERA
100 - 157
(RGP OuUT)

See tabla 12 for AC chan

v

Description”™ = |

Read/wrlte cycle

OO NDIU LN

BYSHES pin is PING2, the LC89S0 DOUT pin.

ngs for one execution cycle—that is, the inverse of the crystal fre-

i

¢¥. For most implementations it will be 60 ns.

3'.'{”‘3%3{_11& numbers on these timing charts are totally independent of those on
the preceding page. '

Figure 44. LC8951 SRAM Interface
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SANYD SEMICONDUCTODRS

For technical informaltion, please contact:
. @ JAPAN: SANYO ELECTRIC CO_ LTD.

Natsume Bidg., 18-8, 2-chome, Yushima, Bunkyo-ka, Tokyo 113 Japan L
Tek 03(818)1144, Tix: J26483 TKYSANYO, Cable Addresx SEMICONSANYO, Fa:. oa(alanzu
® HONG KONG: SANYO SEMICONDUCTOR (H.K.) CO,, LTD.
Room 812, Harbour Crystal Centre, 100 Granville Road, Tsimshatsui East. K.owqu, Hanq Kcng
Teb 3-3111158, Tix: 58370 SSHK HO(. Fax 3-3110900
® HONG KONG: SHIN-NICHI ELscmomcs DEW:E (HK)LTO.

Tekt 3-7800359!0 3-7701387/8, Tic 49652 SNEDVHX, Fax 3-7!-02‘01 ......
@ SINGAPORE: SANYO SEMICONDUCTOR(S) PTE, LTD. "
Singapore Office. 112 Lxvender Street, #0300, Chuan Bulding, smgapore 1233
Tel 2926501, Tlc SANSEMI RS235768, Fax 29196877
@ SINGAPORE: SHIN-NICHI ELECTRONICS (SINGAPORE) PTD. LTD. s
4 Leng Kee Road. £04-08 Thye Hong Centre, Smpamo.hs h
Tet 4722277, Tix RS20257 SNBSIN, Fax 4735053
@ KOREA: SANYO SEMICONDUCTOR (H.K.) CO, LTD. i
Seoul Branch. Room #1201t Samjung Bldg_, €8-S, 240\. Taewung-ﬂa Chung-u. Seoul, Korea
Tek Seoul 753-34185, 7568337, 7740298 -~ 0298, Ti SIUGON K22920, Fex Secul 752.9790
® TAIWAN: SANYO SEMICONOUCTOR TAIPEI CORPORATION "
Room 808, Chia Hsin Bldg., 96, Chung Shan R4, N.SEC. L Tawi. Taiwan
Tet 02-551-5886, 02-541-8320, Fax 02-541-7049
Kaohosiung Office. Room 603, 61. Chang Cheng Jx Fload Kuhsaunq. Tawan
Tek 07-201-5592. Fax 07-201-5593
® TAIWAN: TONG SAN ELECTRICCO, LTD, :.::
Room 408, No. 372 Uin Sen N Rd fiip.. Taiwan. R.O.C.
Tet 02-561-0381, Tix 23588 TQNSANQO Fax 02-543-54231
® TAIWAN: Q.S. SEMICONOUCTOR €O, LYD,
. ' Room No. 4, 411 No. 200, SmC&&gﬂnld.T&pel.Tamnﬂ.OC
Tet 02-561-1247. Fax 02
@ UNITED KINGDOM:SANYO SEMCONDWT OR WPE) GMBH

UK Representative 0#!- The Mmugh Rooms. 538 l-hgh Shg;.wmwge Sumey. KT13 88L UK
Tek 0932-355445, 855585.. Thc 267470 SANYO G. Fax 0932-885487"

® DENMARK: LARS VALLENTIN ELECTRONICS APS e
Stentese Center w;pl(-am Stentese, Denmark o

Tek 02-17 24 20. Tx'42547 VALLEK DK Fax 0247 15 18 7.

'n z.w
o

® F.R. GERMANY:

@ F.R.GERMANY;_

Tek 35.5%°00.11, Tix: 698827 F LA
NIPOSOM-J, NABAIS, LTDA. g

Rua Czsimiro Freire, 9-A 1900 Lisboa, Ponugal
Tek 803733-896810, 387877, Tix: 14028 NIP P, Cable Address NIPOSOR!

ToNew Jersey Office. 7 Peari Court, Allendale NJ 07401, U.SA

” Tel: (201)925-8080, T 135138 SANYOSEMI ALNJ, Fax (201)825-0143
Caflomia office. 452 Ravendale Drive, Suite G, Mountain Vew, CA §404), USA.
Tel: (415)960-8582. Faxc (415)960-8591

ilinois Ofice. 415 W. Golf Road. Suite 80, Adington Heights, I1L50005, U.SA.
Tel: (708)384.7766, Fax (708)3564-7837

INDUSTRIA ELECTRONICA SANYO DO BRASIL LTDA.

Rua Galvio 8uena. £330, Baimo Liberdade, S80 Pauvla, S. P, CEP: 01508, Brazil
Tel 278-7111, 279-5511, Tl 1123255 ILSB BR. Fax: 1270-3934

® MEXICO: M.H. INTERNACIONAL

Rio Guadalquivir 28-702. 06500 Mexco D.F.. Mexico

Tel: $144792, Tix: 170991 INTIME

SANYO Electric Co., Ltd. Semicondqctor Division

Speciications and inlformation herein are subject 10 change without notxce,
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Sanyo LC8950 Corrigenda

List of Errata

Contents False Truth ] Page

SRAM BK x (8 x9*)SRAM |8Kx8(x9*) SRAM

Bus ]

Figure 3 | Drivers
(The 3rd
from the

top)

O
D

RAR

[ 1T

: Crystal frequency
Figure 4 — 16.93444MHz

Symbo! Vy, Vo

Tabled4 |Test
Conditions

Ta<70deq.C

. Stockin g g G Ca chin g
Fi gure 25 | I _ 4Blo Ck s & o 4 Blocks 85

: | Data Transfer Tre
Figure 27 (1 Block Stocki’wg) "*»7(1 Block Cachmg) - 87

Figure 35 - “| LIR channet %; UR channel




|011U0D 11¥ A YlIm peIY 218 [ $68D1/0568D1 "6 € 22ndi3

ENADLE
(IN)

CMD
(IN)

DTEN
(oum)

HRD
(IN)

WAIT
(OuT)

DO to 7
(OUTPUT)

EOF
(ouT)

1)
T & 0: Most interface enable

| 0; Command wnile, s13lus rcad

I: Data read

’} . 0: Data iransler cnable

y, 0: Host read

0: Host read wait

-1 1 Y} f——— Host Data Dus

0: Eml ol process

NOTE

where {TaXTALCK (RCHII‘ masier clock) Icycle period tlime.

o Onlyincase WAIT » Low nc occurs. Il the second [1RD falling edge spends more time than these values, WAL WAIT « Low wﬂl not amlear

¢ ¢ Minimum time that the WAIT s Low does NOT appear,

*e¢ Assume HRD 1wo Low pulses and one IIGH puise width to be $Onsec,
e 00 [ID is accepred in the RCHIP twt the host cannor read the valid daa on §IDN-7 and HDE if ) 11RD Low pulse widih is chOns:L and > 50nsec

1055320.d 2dejua3u; 3504 ¢ uonya3lI0y 10133 2w | -jeay 056821 cAueg

epuabiiiod g558>7 chues



[ LC89510

f Error Correcttion LSI for CD-ROM/CD-]

1. Overview
The LC89510 is an error correct1on Lbl for CD~ROM/CD-1.

2. Function & Features
tOn chip 12bvte status FIFO i g
#On chip SRAM(8kbit) for erasure correction &

| — n - |
64k SRAM
CD Equipment LC89510. ) Hé Computer
incorporating P r 4, = or Other
DSP Serial Digital roc :sswo Application
Data Stream j
| System .
Controller
Hardware and i g .
Circuitry Common Ry CD-ROM/CD-1 |
to All CD Equipment . . =~ % Dedicated Hardware
f‘ﬁ e 5
3. Pack a g e.y
\ .B am: .n
Q 1P- 8 0 E~ _ | T
p

[y
|
.
[

-
1-
o T
- as - I.‘
——.-
n.8 9 'R
1 {31am0 OFF)
n2

aanm ). 4
[\

[
A
:

(Gl

Specifications and informauon herein are subject to change without natice



PINOQUTS

Pin Numbers. Names and Functions

Pin #

Pin Name

70

Function

Ground

et .

a W ]N

Data buffer RAM and erasure flag RAM o

=

“ oo | |~N O |O

]

-
N

ololo|lo|o|olo|o]|o]|0o |0

o Bt
" v

RAM write ensble

Gl'Ound ) *c:

Bogm 2

14

15

A——

16

Eras&%ﬂag RAM data input/outgut,

17

18

19

20

21

., dutput.
£8951 has 20%{1 pulisup resistors on-chip.)
o H ] e

N

22

L

23

28

Ground

Clock input

Clock output

Test inputs.

Normally held LOW.

Serial data clock phase select

30

Serial data dyle order control
(LSB/MSB lirsi)




Pin# | Pin Name | I/0 Function
31 voOD — | Positive power supply connection
32 LRCK ! 44,1 KHz left & right channel separator strod
a3 SDATA | Serilal data input
34 BCK ! Butler input clock
35 C4LR | C2 error flag pointer strobe
36 C2rP0O I | C2Mlag pointer
37 MCK 0 Master clock output
38 (n]s) 0
Controller data input/oya
39 {(LC8951 has 20 k? puf
40 D2 170 R -
41 GND — | Ground j#
42 D3 170 L
43 D4 170 ‘:,: ¢
faputfouiput.
a4 DS 110 13 fnputfoutput. |
20 ki Dull-up resistors on-chip.)
45 06 1/Q e *5-2‘:’,
46 D7 170
47 AS ! ! L
48 RO I, | Controllerdataread, STt
g ‘_ .a-'..-,‘_{'.'. 3_.::.. é" '(%
49 WR | Controfler data write
. S0 Eg-\ 5;“:t S:Ol‘m’oller Chlﬂ SeleC‘l
51 INT _.Aiggg%ﬁc’:ontrotler inteFrupt
52 |\ GND — | Ground
53 4 R§§WET { LC8950 chip reset
« | ENARE I | Hostinterface enable

{ Host data wrile input

I Host dala read input

v f CMD ! | Host command/data select
WAIT o Data transter WAIT signal/DRQ signal
DTEN o) Data enable ocutput
60 STEN O Status enable output




Pin #

1/Q

Function

61

End-of-process lag output

62

Host computer data butiter control output
(LC8351 RAM chip select)

63

Host data erasure flag tristate output -«

64

65

Tie

66

17O

67

7O

68

170

69

170

70

70

71

/7O

72

o |

Host data Inputloutpqvt .'

73

VDD

Positive power aum connecuon

74

SELORQ

—-m:.

Data transier mode setect (WAIT
contr mﬁo con lfOl] i‘*‘ e,

15

76

77

78

Fiagress abtours il

R
e BN
e

‘Dultly RAM and erasure ﬁﬂg RAM
LY




Additional Registers Description

(R14]CTRLZ (Control2)

ERAMSL (Erasure RAM celect)
0: On—chip RAM used

l1: O0n—chip RAM not uis € G .

(O is set at RESET)

STENCTL (STEN CONTROL)

" e

O : ZSTEN output LO¥ at that j@x;@t ST@TS data is set by micon.
1 : ZISTEN output LOW at that: \%}ENTBG register is set to 0.

”&‘. \»...__._ g 1:«.
This rea‘ister 15 set 1 automatlcally at that HOST-CPU read

%

last byte;«’ 4

Thxs reglstermls valid at STENCTL=1




— ey e . ey W SR sk Gnen e anh e IR PR SERE SNy S oam
— e o GEE . cae—s S S mmas  SEPE  ARAD SR S  SELR SSRGS cmae W

—— AR ey SPMA SARAR SR GEEE Ay CEND GRS TEEe SEEe Sy EEm S eEw SR Sy —— &
N GEE M A T ey S e TR GEES  SEEE e e S e Smmm S Gmmm &

RS | AR i No. : 122 h BiT7 i BTe | BITS | BiT4 | BITS | BIT2 | BITI | BITO
. L
0 |==== | ——-! AR i! ‘ Ay A, _1 A Ac
0000 | RO | S3OUT i} msb } ~ ~ ~ ~ -~ | -~ |
0001 'I R1 ! IFCTRL :: cmxmil DTEIENE DECEN (CL@BK'/DTWfJ]!(?@VMIngi SOGTEN
w0 | R | b3 !li S 2 2. n | =] s ‘ B:
1l | R3 t D3CH “ By | B B, B,
0100 | R4 l DACL F A B Ae Ay Al ‘A e Aq A, As
0101 | RS i DACH i: Aus Aw Aa Ay T ™ Au Ac A,
oi0c | =s | prTRG .,
o | R7 | DTACK
1 1000 r8 | wal A, Ag A Ac
00t | R | wax Au Au A Ad
1010 | RIO { CTRLO | mmo# WRRQ | QRQ | PRQ
o | R l CTRL MODRQ FORMRQIMBCKRQ| SEDREN
| 1o | mi2 } PTL T a Au A
1101 i R13 ‘ PTH i? A A A
1119 i R14 l crrer Nbad? CPAKSL | STENCTL | STENTRG
1111 } R1S E

Don't care






