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

1. INTRODUCTION

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

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

The following figure shows a typical system implementation for
disc drive using the LC8950. :

P

£

CD Equipment
incorporating

DSP Serial Digital

] Data Stream
System

Controller

st Computer
or Other
Application

Hardware and
Circuitry Commop
to All CD Equipmest

CD-ROM/CD-1
icated Hardware

e 1. Typical System Implementation

inates many of the discrete ICs or gate arrays and
provisions previously required by implementing
t result is faster product design and development

ency and smaller equipment size, as well as improved
nd reliability.

50 RCHIP processor is designed to be used with an external con-
iter and external data buffer. This distributed architecture allows both con-
ation and control parameters to be defined during product development,

ing that the device can be easily incorporated into existing and future
lications.

The LC8950 RCHIP Is fabricated using a low-power CMQOS process, operates

on a standard single +5 V power supply, and is available from stock in 80-pin
plastic flatpacks.

Design Manual v 1
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Sanyo LC8950 Real-Time Error Correctnon'& Host lnterface Processor

1.1 Features .

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

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

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

« Transparent design separates command functions from hardware contr
» Hostsystem sees decoded data only in final error-free form.
+» Burst data transfers of up to 2.3 MB/s to host computer

o Multi-block catching (transfer data buffering) accommodate
speed hosts.

e Support for real-time erasure correction, detect-and-corr
CRC error detection, without interruption of host data tr

<,  Host interface incorporates FIFO command buffer
tions.

« Single-chip LSI

o Low-power CMOS process
« Single +5 V power supply _
« Available in 80-pin plastic flatpge

Design Manual 2
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Sanyo LC8950 Real-Time Error Correction & Host Interface Processor

Design Manual

CONFIDENTIAL

. 2. BLOCK DIAGRAM .
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#161

Figure 2. LC8950 Real-Time Error Correction and Host Interface Processor
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e e - —.Sany 0 LCB950 Real-Time Error-Correction.& Host Interface Processor

3. SYSTEM CONFIGURATION

CD-ROM ! Host Compute

]
'
'
CD Player | 8K X (8 X 9 ") SRAM Equipment
Equipment ! - X
: Al Data Dau *OE WE ]
1 1 t
1
: 13 Pull-upr ol ] :
¢ 8 . Bus Drvers
- Bit Clock Asl3 A0 (0.8 * ROE RWE 8 . >
Is)lgrl‘t:ll TR Choel Bcé“' ~8ERA®ROERWE  up 5 > +—«{ Data Bus
} LRCK - L& .
_Processor Data SDATA e E g baf ot § &Error Flag 2
C2 Pointer * R DOUT — i
C2 Pointer Clock | CX0 "__ : |
C4LR® HRD ’ ZoRead
| HWR Write
1 R CMD & Command/Data
Mastcr 1 8.4672MHz ¢ —_—T. -
Clock | | % *E MCK =* LC8950 RCHIP ENABLE p—p (Bus Enable  Host Computer
b ‘ .
'
: o4 CSEL *+
e STEN P i—«! Status Enable
‘ DTEN é ; Data Enable
| EXTAL**"* WaTT —+ f—={ Wait/Data-Request ‘
! . EOP - +——*| End of Process
I 16.9344 | XTAL*""* : :
: MHz{]TESTA 1
H E: TESTB r o= !
' I R e, Ok !
! :
'
_—! t
System ! Interrupt 1
Controller : Output port * Erasure error cocrection only
1 Output Port *+ MCK is left open when not required by CD equipment.
; ¥ Output Port *2 DSP select for DC equipment (LSB/MSB first,
' 1 _UO Port positive/negative edge clock)
T =ee= A clock rate higher than 16.9344 MHz can be used.
: ses=s Seject WAIT/DRQ data transfer control.
1

Figure 3. LC8950 System Configuration

Design Manual 4
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Sanyo LC8950 Real-Time Error Correction & Host Interface Processor

' | LC89S0(RCHIP)

o
XTALCK ~ XTAL
(PN2s) Rl - (PN26)
WA

Design Manual ' 5
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“Sanyo LC8950 Real-Time Error Corréction & Host Interface Processor

4. FUNCTIONAL OVERVIEW

Data input,. decoding an< data transferin the LC8950 RCHIP take pl>ace 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 LC8950 is divided into three functional blocks.
« Data-input block
« Error-correction block, and
+ Host-interface block

The operation of each of these blocks is described in detail below.

4.1 Data-Input Block

( This section of the LC8950 interfaces with the serial &ta
' signal processing (DSP) unit in the CD equipment. g

The LC8950 data input interface can be easily a

- by det@ctlng_ the sync patterns at th
i functions for pattern recognition
fai as required.

Once detected, input data pas
64 Kbytes (max.) data buffer, togethery
from the CD equipment. The entire 23
the sync pattern, header, St
into the data buffer.

When the C2 poin
9-bit words; when di
ever, inhibiting
function.

pointer (error flag) received
of data in each block, including
eader and parity data, are written continuously

he RAM data buffer can be configured for
t{ RAM architecture can be selected. How-

i / brrected and sent to the host computer with no drop indata transfer rate. A
mple detect-and-correct algorithm, which does not use error flags, can cor-
rect one symbol error per codeword.

The LC8950 error-correction block can also examine the C2 pointer and
erase error bytes flagged by the CD equipment. When erasure correction is

Ijesign Manual 6
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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-
rection is also performed in real time without degrading data throughput.

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

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

A decoding-complete interrupt is sent to the controller when the CRC ch
is completed and the current data block is ready for transfer to the h
remaining in the current block, controller can then read out the h
subheader data, the address of the block head in the data buffer, and;
information about the decoded data.

4.3 Host-lnterface Block

The host interface allows data transfers in bursts at up to2,3
a data buffer of up to 64 Kbytes can be allocated, aliowi
up to 27 decoded data blocks. This buffer can alsqg
cache memory for CD-ROM drive applications.

The host interface also has a built-i

ffer, the LC8950 sends a
r, that the LC8950 itself

The LC8950 can send data to the hos: der software with WAIT con-
trol, or with DMA transfers sing data request controls. The SELDRQ pin is
ransfer.

50 uses software transfer mode. In this
r of bytes to be transferred and the data
buffer address of the nto the appropriate control registers, and
then writes to t Jegister. This action sets the pin DTEN to LOW,
; nsfer will start. When the host sees that DTEN
IGH, instructing the LC8950 to transfer successive

the host exceed the LC8950's maximum data rate
0 sets the WAIT pin to LOW. The host must then
e read until the WAIT pin goes HIGH. Note that the
ot directly involved in transfer operations and simply waits to
sfer-complete interrupt. '

e SELDRQ pin is LOW, the LC8950 performs DMA transfers using
ontrol and operates in a manner similar to a DMA controller.

en the LC8950 sends a data request signal, the host applies signals at
to control the data transfer. When the last byte is transferred, the number
in the byte counter reaches the number specified by the controller. This condi-

tion sets the EQP 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. ‘

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

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 to the host, without modifying their content. The

controller and host perform handshaking using signals at the STEN pin.

Since the LC8950 neither interprets nor acts on the command or status reg;
isters, equipment developers can freely define their own conventions. T is
facilitates both the development of new CD-ROM applications and the inco

- ration of the LC8950 into existing designs.

Design Manual : 8
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Sanyo LC8950 Real-Time Error Correction & Host Interface Processor

‘ 5. PACKAGE DIMENSIONS

Scale: 5:1

Unit: m
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200 0.5
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D o o

30
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200625

(3.0) 215+0.1

26005

22605

0t 15°

Design Manuat
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Figure S. 80-Pin Plastic Flatpack Dimensions
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Sanyo LCB950 Real-Time Error Correction & Host Interface Processor

6. PIN CONFIGURATION

64 4

—

[e
[V,

1ALARAAEA0N00RAN
FLOLLLLILL

3
]

O

The following designations are use _;/

leaf. . ‘_ //

Bidirectional
Power supply*

Design Manual 10
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Sanyo LC8950 Real-Time Error Correction & Host Interface Processor

‘ ' TABLE 2. Pin Numbers, Names and Designations
Pin # Name Designator Pin # Name Designatqr
1 GND P 80 RAS 0 -
2 RA6 0 79 RA4 0
3 RA7 0 78 RA3 0
4 RAB 0 77 RA2 0
5 RA9 0 76 RA1 0
6 RA10 0 75 RAO 0
7 AATI o 74 | SELDRQ !
8 RA12 0 73 VDD
9 RA13 0 72 HDO
10 RA14 0 71 HD1
11 RA1S 0 70 HD2
12 RWE 0 69
13 GND P 68
14 ROE 0 67
15 ERA 8 66
16 108 8 65
17 107 8 64
18 106 8 63
19 105 8 ’
20 104 B/ 61
, 21 103 . 60
. 22 102 - RN
~‘ 23 101 8 58
24 GND P 57 CMD !
25 | XTALCK ( HRD |
26 55 HWR |
27 54 | ENABLE |
28 53 RESET !
29 52 GND P
51 INT (o}
__ 50 &3 i (
/ 32 49 WR | :
. 33 48 R !
34 I 47 RS I
. 1 46 D7 8
36 ! 45 D6 8
a7 MCK 0 44 | DS 8
ag Do 8. 43 D4 B
39 D1 B 42 | 03 B8
40 D2 B8 41 GND P
Design Manual 11
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g wmem——————— - - .. .. 8anyo LC8950 Real-Time Error Correction & Host-Interface Processor

7. PINOUTS
TABLE 3. Pin Numbers, Names and Functions
Pin # | PinName | 110 Function
1 GND — | Ground
2 RAG 0
3 RA7 o]
4 RAS8 (o}
S RAS (0]
6 RA10 O | Databutfer RAM and erasure flag RAM
7 RA11 (o) address outputs
( 8 RA12 o
9 RA13 0]
10 RA14 Q
11 RA1S o}
12 | mwe | O
13 GND —
- 14 ROE o
15 ERA 170
16 108 170
17 107 I/
18 106 [
19 105 Daa buffer RAM input/output.
20 104 (LE8IS1 has 20 ka pull-up resistors on-chip.)
170
Ground
& Clock input
O | Clock output
| Test inputs.
1 Normaliy held LOW.
I Serial data clock phase select
[ Serial data byte order control
(LSB/MSSB tirst) ‘
Design Manual 12
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Sanyo LC8950 Real-Time Error Correction & Host Interface Processor

‘ . Pin # | Pin Name | 170 _ Function
31 vDD — Positive power supply connection
32 LRCK | 44.1 KHz left & right channel separator»strobe =
33 SDATA i Serial data input
34 BCK 1 Buffer input clock
35 C4LR . | C2 error flag pointer strobe
36 C2PO 1 C2 flag pointer
37 MCK O | Master clock output
38 00 170

Controlier data input/output.

39 o1 /o (LC8951 has 20 k1 pull-up resistors on-cH
40 02 /0
41 | GND —
42 03 - 110
43 D4 170 |
44 DS 1710 |
45 06 1/0
46 D7 /0
: 47 RS !
L AEEE
49 WR |1
S0 Cs . b Controller chip select

roller interrupt
Graufid
£8950 chip reset

Host interface enable

Host data write input

Host data read input

Host command/data setect

Data transfer WAIT signai/DRQ signal

Data enable output

Status enable output

Design Manual 13
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- Pin# | Pin Name | 170 Function
61 EOP (0] End-of-process flag output
62 @ O | Hostcomputer data butfer controt output
(RCS) (LC8951 RAM chip select)
63 HOE 0 Host data erasure flag tristate output
64 GND — | Ground ‘
) 65 HO7 170
66 HOD6 1710
67 HOS 170
68 HD4 170
69 D3 7o Host data input/output
, 70 HD2 /0
L 71 HD1 o
72 HOO0 110
73 vDD —_
74 SELDRQ | !
control
75 RAO " | O .
wf" 76 RA1 o
77 RA2 0 sure flag RAM
78 RA3 O
79 RA4
80 RAS 40 :

Design Manual

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

' - 8. PIN DESCRIPTIONS

GND — Ground pins v ‘
RAO to RAIS — Data buffer RAM and erasure flag RAM address outputs -

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

erasure data memory, allowing the use of an 8 Kbyte to 64 Kbyte ext
buffer. CoT

RWE — RAM write enable output
The LC8950 sets this output to LOW when writing data to the extern;
buffer or erasure flag RAM.

ROE — RAM output enable output

The LC8950 sets this output to LOW when reading data fro
buffer or erasure flag RAM. §

ERA — Erasure flag RAM data 170 pin
This pin is the data bus for the erasure flag RAM. Asg
pull-up resistor should be used.

[01to 108 — Data buffer RAM 1/0 pins_¢

A n-chip binary prescaler, a
16.9344 MHz crystal should be used to generate the required 8.4672 MHz mas-
ter clock (MCK) signal.

XTALCK can be dri
master clock signal o

10 % duty external signal. This generates a
uency of the external signal. In this case,

e exactly 16.9344 MHz only when the master
e, select a frequency that results in both the
nals at LRCK having widths longer than 192 clock

] p nals select the read timing at the SDATA and C2PO inputs as follows:
When both CSEL and LMSEL are LOW:
i. SDATA s read at the falling edge of BCK

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

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

Design Manual 15
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vi.

vii.
viii.

B. When CSELIs LOW and LMSEL is HIGH:
L

Ii.

iii.

vi.
vii.

viii.

Sanyo LC8950 Reai-Time Error Correctlon & Host Interface Processor

When more than 16 ciock pulses are detected at BCK within one-half
cycle of LRCK, only the data read in during the 16 clock pulses imme- -
diately before the LRCK edge are significant.

A HIGH-level signal at LRCK identifies the data at SDATA as bejong-
ing to the left audio channei.

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

Signals applied to C2PO Mag the most-significant byte then the l¢
significant byte of the 2-byte words at SDATA.

In this mode, the LC8950 can be Interfaced directly with the
CXD1125 digital signal processor.

SDATA Is read at the falling ecige of BCK.

The data at SDATA are processed beginnin
significant bit.

mmated

When more than 16 clock pulses are d
cycle of LRCK, oniy the data
dlately'after the LRCK ed ¢

: 4
A HIGH-level signal at L
ing to the left audio chani

can be interfaced directly with the Sanyo
17 or Yamaha TM3815 digltal signal pro-

EL is LOW:

yAen more than 16 clock pulses appear at BCK within one-half cycle
f LRCK, only the data read in during the 16 cloek pulses immedi-
ately before the LRCK edge are signircant

A HIGH-level signal at LRCK identifies the data at SDATA as belong-

ing to the left audio channel.

vi. Dataat C2PQis readin at the rising edge of C4LR.
— vii. Signals applied to C2P0 flag the least-significant byte then the most-
significant byte of the 2-byte words at SDATA.
Design Manual 16
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Sanyo LC8950 Real-Time Error Correction & Host Interface Processor

viil. In this mode, the LC8950 can be interfaced directly with the Toshiba
TC9200F digital signal processor.

D. No operational mode is defmed when CSEL and LMSEL are both HlGH As
this mode is reserved for future use, it should not be used.

VDD — Positive power supply connections
VDD should be in the range 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 |
right channels.

In a half cycle of LRCK, 16 bits of data are read in at SDATA. The;

SDATA — Serial data input

This serial input receives the data after CIRC (Cross inte
Code) decoding. The BCK pin controls the flow of
received data are stored In the external data buffer

BCK — Buffer input clock
The clock signal for reading in seria to this input. At
least 16 BCK clock pulses should be i alf cycle of LRCK.

C4LR — C2 error flag pointer strobe

Used to supply the strobe signal for re%

C2 error flag..When unused,
[t should be tied to either VC or GND.

This input is used fort

non-inverting; a HIGH
C2PO are read in
internal timing
Inaone-bit by

g input during CIRC decoding. The flag is
dicates an error condition. The data at
£ of the signal at C4LR, If present, or on an
t BCK and LRCK, and are stored temporarily

r clock signal of exactly one-half the frequency of
ALCK Th|s output is used to provide a common

RS.RD and WR — Controller interface control inputs

These are the register select, read and write inputs used to to control the opera-
tion of the controllerinterface. They are active only when CSis LOW.

Design Manual 17
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Sanyo LC8950 Real-Time Error Correction & Host interface Processor

RS selects either the address register (AR) or one of the LC8950's 32 regls- ‘
ters. AR is a special register used Lo select one of the 32 read or write registers
on-chip.

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's controller‘
face.
INT — Interrupt output
This output transfers interrupt requests from the LC8950 to th
when LOW.
RESET — Reset input

( Forcing this input LOW resels the LC8950.

ENABLE — Host Interface enable input

This input selects the LC8950. The host comp
enable the host interface.

These inputs control the operatio
write Input, HRD, the host data ré

command write mode. The data D1 to HD7 are written into the
LC8950's command r

ll. Setting HWR HIG}
status-read mo
LC8950°s status

reviously written by the controller to the
itput at HDO to HD7.

lil.  Setting HRW HI OW and CMD HIGH Instructs the LC8950 to enter
data trafste a in the buffer are read by the LC8950 and output

o HD7. The erasure flag status is output at HDE.
IWR LOW and CMD HIGH, and both HWR and HRD

of this output depends on the state of the SELDRQ Input.

en SELDRQ is HIGH (that is, during software transfer mode), the
LCBI950 sets the WAIT output to LOW to signal the host to suspend the
/ ’ datatransfer.

,-
WAIT Is held HIGH while DTEN is HIGH, 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.

18
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Sanyo LC8950 Real-Time Error Correction & Host interface Processor

‘ ‘ WAIT remalns LOW wlule DTEN s HICH and while the LCBSSO Is not
' lransfemng data to the host. :

DTEN — Data enable output

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

STEN — Status enable output
This output is set to LOW to signal the host computer that the status bytg
ready to be read out.

EOP — End-of-process flag output

o The LCBI50 sets this flag to LOW on sending the last byte to the ho
e using either software or DMA data transfers.

DOUT — Host computer data buffer control output*

when ENABLE and HRD are both LOW.

HDE — Host data error flag output

This output is used to output error fl

Sce appendix E for the LC8951.
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9. ELECTRICAL SPECIFICATIONS

— ——-= -3anyo LC8950 Real-Time Error Correction & Host Interface Processor

TABLE 4. Absolute Maximum Ratings -

Parameter Symbol Rating
Supply voltage Vgp Mmax -0.3t07.0
Input/output voltages Vi Vo -0.3t0 Vpp+0.3
Power dissipation P, max 350
Operating temperature Topg -30t0 70
Storage temperature Tag -55t0 125
Soldering temperature 260

L~

o

TABLE 5. Recommended Opef

(Over opérating free-air peratu
Parameter. mbol | Min | Typ | Max { Unit
Supply voltage 4, 5.0 5.5 \
Input voltage range — Voo A

Design Manual

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

. TABLE 6. Electrical Characteristics
(i) LC8950 .
" (Input/output level Vpp=4.5 10 5.5V, over operating free-air temperature range)
Parameter Symbol| Min |Typ|Max Uni.t Test
: 7 Conditions
HIGH-level input voitage Vin 22 | —1 — | v
HIGH .
LOW-level input voltage ViL — |—{08}] Vv
HIGH-level output volt- Vou 24 | — | — | V ligy=—-0.4mA
age
LOW-level output volt- VoL — | — 0.4} V ligi=2.0mA
age
' 4 Input leak current ' -251— 125
Output teak current loz |-100| — |100

(ii) LC8951

(Input/output level Voo=4.5 to 5.5V, emperature range)

A Test -
Parameter - Symbol| #in |Typ|Max|udj Conditions Pins
. HIGH-level input voltage Viny 2| — | —
LOW-level input voltage-| vy, — v : . |Allinput pins except
- o _ XTALCK, BUS pins
HIGH-level input voltage 28 | — | — | Vv and RESET
LOW-level input voltag — | —]os6]| v

HIGH-level output vol

- = low=~0.4 MA
V llow=-0.4m All output and bus

ins, t XTAL
—10.4| v |ig=2.0ma pins. excep

— (0.4 V [lg.=-2.0mA INT (Open drain out-
put)

— 125 | A VlN-VSS'VDO - All inputs
=100 — {100} xA [At high impedance|HDE and bus pins
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10. REGISTERS

Sanyo LC8950 Real-Time Error Correc

tion & Host lnterface'Processor

TABLE 7. LC8950 Registers During Reads

RS| AR [Number| Name | Bit7 Bit6 Bits Bit4 Bit3 Bit2
] — - AR 0 0 ] 0 A, A,
0000f RO [COMIN| msb - - _ - - - sb
0001 R1 NIFSTAT| CMOI | DTEI DECI 1 O0T8SY | ST8SY| O ST
oot0] R2 [oBCL| 8, B B, 8, 8, 8, B, B8,
6ot R3 JoBCH| OTEl | oTEI DTE! DTEI By, Biol! 8 8,
0100} R4 |HEADO| msb - - - — - — Isb -
( 0101 RS |HEAD1| msb — —_ —_ Isb
0110; R6 |HEAD2| msb - —_ Isb
0 |o111] R7 |HEAD3| msb - - i - Isb
1000} Rs PTL A, Ag A A, Ay
) 1001] R9 PTH Ag Al Aa Ag Ag
1010 R0 | waL A, Ag Ag A A,
1011 R1T | WAH | A Al Al A AL AL Aq Ay
1100 R12 |STATO|CRCOK [ILSYNG{NOSYNC X |wsHORT| sBLK |EraBLK|UCEBLK
1101| R13 |STAT1 [MINERA|SECERA|BL ODERA| SHOERA |SH1ERA|SH2ERA |SH3ERA
1110 R14" |STAT2 MODE | FORM
11| R1s* |STAT3 [£AL ING
Key
1 lways read ds'gne
_ ;ﬁl &d agizero
% ‘ ed v
Jt used, don't care
See appendix E for the LC8951.
. )
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Sanyo LC8950 Real-Time Error Correction & Host Interface Processor

‘ "TABLE 8. LC8950 Registers During Writes
RS{ AR [Number{ Name | Bitz | Bits Bits Bit4 Bit3 Bit2 Bit1 Bit0
— — AR A, A, A,
0000f RO |SBOUT| msb | — - - - - — i 1
0001} Rt |IFCTRL|CMDIEN|DTEIEN| DECIEN | CMDBK | DTWAT | STWAT |DOUTEN S8UTEN
0010{ R2 osCL | 8, B B 8, B, 8, B,
0011} R3 | DBCH B, Byo < B,
0100| R4 |DACL| a, Ag Ag 0
0101] RS |DACH| A A Ay s
0110 R6 - [DTTRG| — - - —
0 |0111} R7 |DTACK| — - - -
1000| R8 | WAL A, Ag Ag A,
1001| R9 | WAH | A A A, s
1010 R10" |CTRLO | DECEN |EDCRQ PRQ
1011) R11* | CTRL1| SYIEN |SYDENJESCREN |COWREN | MOBAH [FORMRQ SHOREN
- &
’ 1100 R12 PTL | 4, As | Ag Ac L A | A, A, Ay
v 1101) R13 | PTH | A A A | AT Ay Ao ‘Ag . Ay
1110| R14
1111} R1S [RESET| — ol — - - — - - -
is
; .
Key .
% k o
— Ugs
t used, do re.
BLANK Gwever, wriling 0 is recommended to
isre compatibility.

See appendix E for the LC8951.
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Sanyo LC8950 Real-Time Error Correction & Host Interface Processor

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.

Note that several registers operate differently depending on whether a
or write operation is taking place. See the read and write register tables i
previous section for details.
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Sanyo LC8950 Real-Time Error Correction & Host Interface Processor

A

. 111 AR — Address Register

BIT? 8176 BITS 8IT4 BIT3 ( BIT2 lrem ] BITO R/W

Register Address o RIW”

This 4-bit register holds the addresses used to specify the LC8950's 16 interny
dataregisters (RO to R15). ’

Aregister address must be loaded into AR before reading from or writing
that register. '

AR increments each time a read or write operation is performed at
R1 to R15. When the register address reaches R15, the next [70 res
Register I/0 does notincrement AR when the register address is RO.

AR is selected when RS and CS are LOW.
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Sanyo LC8950 Real-Time Error Correction & Host Interface Processor ~

11.2 COMIN/SBOUT — Command lnput Register/Status-Byte Output Register
(Register R0)

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 thisteg-
isterdoes notincrement AR. -

11.2.1 COMIN — Command Input Register

a7 | e [ es [ ema [ a3 | ez | am | eimo
msb . . . Isb

R

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

( When commands from the host computer fill on%r ma f the FIFO
buffer, the CMDI bit in the IFSTAT registeris setto O, fo€zi NTpin LOW.

When the command buffer is emptied, CMDI
COMIN register in this state returns avalueof FFH

R/W
Isb w

msb

This one-byte register bu
tus bytes are passed to4#
B T T When the SOUTES
SBOUT register sets

immediately se
ready to be

drs status bytes to the host computer. Multiple sta-
it.byte-by-byte. -

[RL register has been set to 1, writing to the
“t0 0. If the STWAI bit is 0, the STEN pin is
orm the host computer that the status byte is ,

If the t to 1 and the DTEN bit in the IFSTAT register is also 1,
both the STBSY go LOW when writing to SBOUT is completed.
However, | Is set to 0 and the DTEN bit is 0, the STEN pinis held

' goes HIGH; thereafter it goes LOW. See figure 13

auring Normal Operation and figure 14 Status-Byte Pro-
Enabled.

pin (and the STEN bit in the IFSTAT register) goes HIGH under the
onditions.

"« The host writes a command while the CMDBK bit in the IFCTRL registeris Q.
» The chip is reset.
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Sanyo LC8950 Real-Time Error Correction & Host Interface Processor -

11.3 IFSTAT/IFCTRL — Interface Status Reg:ster/lnterface Control Register
(Register R1)

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

11.3.1 IFSTAT — Interface Status Register

BIT7 8ITé BITS BIT4 BIT3 BIT2 BIT1
CMDI | DOTEI DECI 1 OTBSY | STBSY { OTEN

The operation of the DTEN and STEN bits resem d
STEN pins. They differ in that the rising edges ofsxgna At
pins are generated at the falling edge of the signal at pj

of the DTEN and STEN bits change atrising edge of

states
ransfer

1. CMDI— Command Interrupt

Status
0

Status

Operation

0 Setinterrupt set
1 Setinterrupt cleared

Writing to the DTACK register clears the interrupt. See figure 11 [nterrupt
Control Flags.
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"~ Sanyo LC8950 Real-Time Error Correction & Host Interface Processor

3. DECI — Decoder Interrupt

Status Operation
0 Interrupt set -
1 Interrupt cleared

Reading the STAT3 register clears the interrupt. See figure 11 Interru
Control Flags.

4. DTBSY — Data Busy

t

Status Operation
0 Data-transfer hardware busy
1 Data-transfer hardware idle

Sets DTBSY to 0. See figures 16 and 17 Initiating Dat
(2).

: 5. STBSY — Status Busy

.

Status
0 Status-b
_, 1 Status

6. DTEN — Data Enable

Status

Data transter in progress.
No data transferin progress

7. STEN — Status Endb

Operation

Status-byte transfer in progress
No status-byte transferin progress
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This register provides control functions for the host interface.

Sanyo LC8950 Real-Time Error Correction & Host Interface Processor

11.3.2 IFCTRL — Interface Control Register

BIT? BIT6 BITS BIT4 BIT3 BIT2 BIT1 BITO R/W

CMDIEN|DTEIEN | DECIEN [CMOBK | DTWAI | STWAI QUTENISOUTEN w

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

These are all interrupt mask bits. Note that even when a mas
to 1, the corresponding interrupt bit in the IFSTAT register is ¢

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

CMDIEN, DTIEN and DECIEN do not clear int%u
_pin will immediately go LOW if an interruptis en
during aninterrupt request.

2. CMDBK — Command Break

This bit enables/disables the comman ealfunce

Status Operati L

0 . Ggmmand break ghabled
1 mand brea AJisabled

A command break is the suspensi or status-byte transfer to the
host computer caused when the host computer writes a command byte to

the command buffer. Tt » data-transfer end interrupt, DTEI is not gen-
erated by a comma ‘

3. DTWAI— Data-Tr nsfer Wait

2 % :
This bit enables/disables the/fata-transfer wait function.

“%:

tatus : Operation

s

Data-wait function enabled
Data-wait function disabled

ait fg on allows the LC8950 to delay the hardware execution
ransfer until a status-byte transfer (a STEN pin LOW condition)
In other words, if the DTTRG register is written to while the

in the IFSTAT register is 0, the DTEN bit is not cleared until the
itissetto 1.

Disabling the data-transfer wait function allows data transfers to take

lace independently of status-byte transfers. Also note that these enable
bits do not clear interrupt requests. '

The INT pin will immediately go LOW if an interrupt is enabled {by set-
ting a bit to 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 delay the hardfvare
execution of a status transfer until a data transfer (a DTEN pin LOW cd
tion) is zleared. In other words, if the SSOUT register is written to

DTEN bit in the IFSTAT register is 0, the STEN bit is not cleared until the
DTEN bitissetto 1.

Disabling the data wait function allows status-byte tran
place independently of data transfers.

DOUTEN, SOUTEN — Data Output Enable and Status O

DOUTEN enables/disables data transfers;
status-byte transfers.

Status Ope
0

When DOUTEN is set to 0, an

ilarly, when SOUTEN is set t
aborted.

data transfers

progress are aborted. Sim- ‘
1), any status-y

te transfers in progress are
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Sanyo LC8950 Real-Time Error Correction & Host Interface Processor

11.4 DBCL, DBCH — Data Byte Counters (Registers R2 & R3) -

, 8117 | 8ime [ 8rs | e« | sima | eire [ a1 [ &m0 | rrw
-DBCL : v
| 7 - 1sbf R/w

877 | Bie | aits [ e | &3 | e | air1 [ simo
OTE! during reads msb

DBCH

DBCL and DBCH constitute a 12-bit counter used to set or monitor the number
of bytes sent to the host computer during data transfers. DBCL (R2) ap
(R3) are the lower- and upper-byte counters, respectively.

During a read, Bits 4 to 7 of the DBCH register
four bits in DTEI (Bit 6 in IFSTAT) and indi )
setto 1.

During a write, these bits are not
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Sanyo LC8950 Real-Time Error Correction & Host Interface Processor

11.5 DACL, DACH — Data Address Counter (Registers R4 & RS during writes) .

817 | e [ eits [ eire | 83 | e | om1 [ eimo [ aw
oacL

Isbll w

sm.[ 816 | &5 | eits | a3 | ez [ a1 [ 8ir0 | rwe
DACH
msb

i

This 16-bit write-only register is used to speci’y the RAM buffer address of : .
head byte of the data blocks to be transferrad to the host.

Once the address has been set itisincremented automatically a
bytes are transferred into the 2-byte FIFO transfer buffer. Note, h
the number of times the counter is incremented may not match t
read operations performed by the host. As loading and tra
asynchronously, byte counts may not match. ¢

‘ .
—
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Sanyo LC8950 Real-Time Error Correction & Host Interface Processor

‘ 11.6 DTTRG — Data Transfer Trigger (Register R6 during writes)

8IT? 8iT6 BITS BiT4 BIT3 BIT2 8IT1 BITO R/W

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

For the write to take place, the DOUTEN bit in the IFCTRL (R1-WR) registé
must be set to 1. When the data transfer hardware is operating, the DTBSY bit

of the IFSTAT (R1-RD) register is set to 0, and the DTTRG register mu
written to.
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11.7 DTACK — Data Transfer End Acknowledge (Register R7 during writes) '

BIT? BIT6 BITS BIT4 BIT3 BiT2 BIT1 8IT0 R/wW

W -

The controller writes to this register to clear the data-transfer end interrup
condition at the DTEI bit in the IFSTAT registerand at the INT pin. 4

The content of the data written is not significant.

Design Manual ' 34

CONFIDENTIAL . - #161 PROPERTY OF SEGA



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

B 11.8 HEADO to HEAD4 — Header/Subheader Data (Registers R4 to R7 during
reads) : '
8117 | 8ms [ es | aime [ eits | etz | st | eimo | mw
HEADO
- fmsb MINUTES/FILE NUMBER isb
877 | eime [ ais [ mime | BTa | ez | s | emo
HEAD1
lmsb SECONDS/CHANNEL NUMBER Isb
877 | &ime [ aims [ eime | s | a2 | eimr | ermo
HEAD2 ‘
msb BLOCKS/SUBMODE
877 | 8ms | ams [ eme | eits | etz | emt | el || Aw
HEAD3
msb MODE/CODING INFORMATION

. ’—\\

These registers are used to hold the header and subhg
block. ‘

To read the header data set, the SHDREN
to read the subheader data, set SHDREN:#&
respond to the block (sector) byte nu
of syncblock is Byte 0. %

‘ « When SHDREN is 0:

HEADO: Header MINUTES (byte
HEADI1: Header SECONDS (byte 13
HEAD2: Header BLOCKS(byte 14)
HEAD3: Header MO] b8,

e When SHDREN is 1:

e set, the data for that byte are read from the cor-
20 to 23.

in the original data and in the designated correspond-’
/ies 20 to 23 are read for the subheader data. See figure 7 Sub-

The error flags for the header and subheader bytes can be read
TAT! register. After error correction, these registers display the
tted header and subheader data of the current block.
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Sanyo LC8950 Real-Time Error Correction & Host Interface Processor

Example 1
Data o Header Subheader
into RCHIP bytc ' T T T T Y T T T T -
12 , 13 . 14 . 1S . 16 .17 , 18 .19 ) 207 .21 . 22 . 23

Error flags 0 0

Lo 0 1 0 0o o 0. 0 oI

HEADO 1| 2 3 (when SHDREN=0)
Header | byte ' ' '
Register 2 13 14 15
HEADO 1 2 3 (when SHDREN=1)
Subheader byte T T
Regiter | 16 21 18 . 19
bit 7 6 S 4 3 2 1
STATl T T T T T T T
orflags 1o 0.1 0 o0 o o
MINERA BLKERA  SHOERA
SECERA MODERA  SHIER
Example 2 '
" Header i
Data bytc L i 1 1 { 1 ] T
into RCHIP 12 . 13 14 , 21 22 . 23
Error flags 0 0 0 .0 0 0 1 1 (l:errorf:no error)
HEADO | 2
Header byte '
Register
12, 13
HEADO
Subheader [Tbyte
Registers

16

| Ship subStitutes bytes 21 and 22
for bytes 17 and 18, but bit 1 of STAT1

1 0 0 1 0

~ BLKERA
SECERA MODERA SHIERA

register is set to 1 because both bytes

SHOERA SH2ERA 18 and 22 contain errors.

SH3ERA

Figure 8. Header, Subheader and Error Flags for HEADO to 3 and STAT1 Resisters
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Sanyo LC8950 Real-Time Error Correction & Host interface Processor

) 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.
In 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 & R9 during reads; Registers R12 &
' R13 during writes)

PTL

8177 | &ims | 815 | eirt4 | eit3 | sz | eimd T emo [[-rw

Isbfl " R/wW.

PTH

8177 | &te | eirs | 8m4 | 813 | a2 [ &m1 ] aimo

msb

PTL and PTH are the lower and upper bytes, respectively, of this p
ters. They hold a 16-bit pointer to the RAM address of the head o
data block after correction. Writing to this register directs the LC
form error correction on any block in the buffer RAM.

The controller can transfer the decoding bl

the address in

ately after decoder interrupts.

st by copying

this register and writin egister immedi-

When the WRRQ bit in the CTR i i 4Nis pointer is updated

Design Manual
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-"“S_a'hyo LC8950 Real-Time Error C'orrec.tion & Host Interface Processor .

11.10 WAL, WAH — Write Address Register (Registers R10 & R11 during reads; .
Registers R8 & R9 during writes)

war I8 e | ers [ e [ o3 [ ez | am | emo | gw
| tso| R/w
817 | 8s | ais [ eime | 81t | w2 | a1 | 80 || Arw

WAH :
msb R/W

These registers contain a pointer into write the address to the RAM buffer
the raw data input from the CD device. WAL and WAH are the lower and g
bytes, respectively.

This pointer is automatically incremented during data transfer—i
while the DECEN and WRRQ bits in the CTRLO register are set to
tion on the write address register will not return a meani
that the returned value is accurate, the register contents sh
after DECEN or WRRQ has been set to 0. For the same rea
WRRQ should be set to 0 before writing an address to thij

After areset, the register contents are undefined.
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‘ 11.11 CTRLO — Control 0 (Register R10 during writes)

5

Resetting the chip sets all the bits in this registerto 0.

1.

817 | 8ite | mits [ ame | 813 | em2 | st | 8ito || arw
DECEN | EDCRQ | EO1RQ JAUTORCERAMRQ WRRQ | QRQ | PRQ w

DECEN — Decoder Enable

This bit enables/disables decoding functions.

Status Operation
-0 Disable decode.
1 Enable decode.

Setting this bit to 1 enables the decoding functi
buffer, decoding EDC (error detection code), and d
rection codes such P-codes and Q-codes). This
EDCRQ, QRQ and PRQ bits in the CTRLO regist

EDCRQ — EDC Decoding Request

This bit is set to 1 while DECEN i
ing EDC) after.and decoding ECC/

The EDC decoding, which is
sync signal, is performed after
been completed. ‘

Operation

Disable error correction

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

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

etting bit to O can suppress miscorrections resulting from too many
rrors when an efficient error detection. algorithm is implemented in the
CIRC (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 EO1RQ to O suppresses error correction.
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4. 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 MODRQ bit in the CTRL1 registerissetto 1. -

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

The CRC check performed by the EDC also differs in accorda
-FORM ﬂlag setting.

<- 5. ERAMRQ — Erasure RAM Request

This bit enables/disables reading of the error ;
RAM, that is the one-bit buffer RAM for C2PO.

Status Operafion

0 Digableer gredds. 4

1 able error fl44 rea
s - Setting ERAMQ to 0 disables t @ erasure flag, ¢a sing read operations per-
D formed on the erasure RAM t& return a 0 (igdicating no errors), so that
only error detection and corre n are wed. The 0 setting is used
when error, interpolation, or pre ue-hold flags in the CIRC C2

decoding phase are notx

tputted by the CIRC decoder synchronized with
the output data blo

the CD equipment.

also enables/disakles g of the block pointer (PTL/PTH) each time a

Operation

Disable data writes to the buffer and
PTL/PTH updates.
Enable data writes to the buffer and
PTL/PTH updates.

'TH updates are timed using the LC8950's internal block-sync signal.

~ If error correction is enabled and WRRQ is 0, the same data block will
‘be processed repeatedly. This allows correction of errors that could not
be handled in the single pass performed during real-time processing. See
section 12.5.3 Repeated-correction mode.
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. 7. QRQ, PRQ — Q-code/P-code Correction Requests
These bits enable/disable error correction using the Q- and P- codes res-
pectively.
Status Operation
0 Disable Q-code (or P-code)
error correction
1 Enable Q-code (or P-code)
error correction

The QRQ and PRQ setting operations are timed to the internal
signal.

The block being corrected can be determined by re
registers while the decoder interrupt is set. The bloc
buffer can be determined by checking the rea&@
tents.

The specified error correction process is pe :: R
PD. QE and PE within each block where Q i wthe Q- and P-
i ’error correc-

tion with detect-and-correct alg r double-error

correction, also with erasure fla

- The detect-and-correct alg e symbol error per code
' : word; erasure correction corr ol errors per code word.
- ' Note that the detect and -cor an also detect and correct

When the detect ect algorithm detects a single error in a code
word, it also examifé
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11.12 CTRL1 — Control 1 (Register R11 during writes)*

BiT7 81iT6 BITS 8174 8IT3 BIT2 8iT1 BITO “ /RIW
SYIEN { SYDEN [DSCRENCOWRENIMODRQ ORMRQPBCKRQSHDREN“ w

The reset function clears all the flags in this register.

1. SYIEN — Internal Block-Sync Insertion Enable

This bit enables/disables the internal block-sync insertion.

Status Operation
0 Disable internal block-sync insertion.
1 Enable internal block-sync insertion.

( As each word consists of two bytes, every 11
- block boundary. Enabling SYIEN prevents loss
: an error occurs in a sync pattern during data read.

Note that the LC8950 is fully synchronize
and the detected sync when both are ena
Detected Sync Synchronization be

erted sync
Inserted and
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I block (=sector)

SYDEN=! ,
SYIEN={ 2352bytes 2352 <2352 2352 ‘
(SYNCD) M M mi ml
(SYNCI) M f—l M -
(SYNCP) n n n n n
NOSYNC O 1
ILSYNC ,
LBLKSBLK O |

(2) NOSYNC and ILSYNC

1 block=sector

gm -l 2352 bytes -
(SYNCD) R M
(SYNCI) M m
(SYNCP) n

NOSYNC

SBLK

ILSYNCLBLK ©
T -

SYDEN=1 , <2352 2352 2352,
SYIEN=0 : e o
(SYNCD) ml ML M [
SynCy 2l v 1y - """ j r"[ JI
(SYNCP) n n m I
[ L
| L
(c) LBLK and ILSYNC
'Figure 9. Inserted and Detected Sync Synchronization
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2. SYDEN — Sync-Detected Enable ' .
This bit enables/disables sync detection from the input data.
) Status Operation -
0 Disable sync detection.
1 Enable sync detection.

Enabling this bit synchronizes decoder operations with the syncp
detected in the input data.

Note that the LC8950 is fully synchronized with both the inserted
and the detected sync when both are enabled. See figure 9 Insexze
- Detected Sync Synchronization.

3. DSCREN — Descrambling Enable

This bit enables/disables the descrambling function.

Status Operation

Setting DSCREN to 1 allows the
if they are CD digital audio sig at

B This bit enables/disables r
. error correction.

Operation

Disable error-byte rewriting.
Enable error-byte rewriting.

or rates can be checked using raw disc data and

flag in the STATO register.

Status | Operation

0 Mode 1
1 Mode 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.

- , tors and track number identifiers separate the sectors of different modes.

The Mode byte in the header does not change as pre- and post-gap sec- ‘
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.

6. FORMRQ— Form Request

This flag sets the decoding form. It is significant only when the AUTORQ
bitin the CTRLO register is 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 shoulg
ally.

7. SHDREN — Subheader Read Enable

Note that the LC8950 has

: ers for the header and
subheader data. Both the

ader of the current block can
1.
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11.13 STAT0 — Status 0 (Register R12 during reads)

B8IT? BITS BITS BIT4 BIT3 B8IT2 8IT1 BITO R/W

CRCOK [ILSYNC NOSYNC] LBLK WSHORT SBLK ERABLK[UCEBLK R -

Resetting the chip clears all bits in this register.
1. CRCOK — Cyclic Redundancy Check OK
Setby EDC in accordance with the results of the CRC check.

Status Operation
0 incorrect CRC result
1 Correct CRC resuit

{ 2. ILSYNC — lllegal Sync

This bit is set to 1 when the sync pattern is detecte
tion (that is, at word counts between 0 and Lk
been retimed.

3. NOSYNC — No Sync

This bit is set to 1 if the word

has been detected in the inpu

: being.controlled by the LC89
Py . the CTRLI register s set to 1.

4. LBLK — Long Block

This bit is set to 1 if no sync signal
of the CTRLI register4
extended.

d no sync pattern
e decoder timing is

een detected while the SYIEN bit
0. This condition causes the block length to be

d in an incorrect word counter location and is ignored while the
it of the CTRLI registeris 0.

K — Erasures in Block

'This bit is set to 1 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.
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‘ 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)

BIT?7 BIT6 BITS BIT4 8IT3 BIT2 BIT1 BITO R/W
MINERAISECERAIBLKERAMODERAISHOERA|SH1ERAISH2ERA SH3ERA R

The bits in this register indicate the reliability of the data in the HEADO to
HEAD3 registers. 2,

Resetting the chip clears all bits in this register.

MINERA, SECERA, BLKERA and MODERA indicate errors in the MINUTES, S}
ONDS, BLOCKS and MODE bytes in the header of the current block.

SHOERA, SH1ERA, SH2ERA and SH3ERA indicate errors in the FIL
CHANNEL NUMBER, SUBMODE and CODING INFORMATION bytes
header. These flags are set only if errors appear in both bytes of

written subheader data; they remain 0 if none or only a
occurs.

i
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11.15 STAT2 — Status 2 (Register R14 during reads)"

BIT?7 BIT6 BITS BiT4 BIT3 BIT2 BIT1 BITO R/W
RMOQD3 |RMOD2 | RMOD1|RMODO | MODE |NOCOR RFORMIRFORMO R~

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

Bits Setting

0X 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
the MODRQ and FORMRQ bits in the CTRL1 registe
from the CD equipment. '

Resetting the chip clears all the bits

When AUTORQ is set to 1, the m
the current block can be checked.

egister differs from
the Form bit in the subheader, it

subheade; Form bit has

CONFIDENTIAL - #161

See appendix E for the LC8951.
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11.16 STAT3 — Status 3 (Register R15 during reads)*

Reading this register sets the INT pin to HIGH and the DECI flag to 1 in the IFS-

BIT7

BIT6

BiTS: 81T4

BIT3 | 8iT2 | st | eito || Riw

VALST

WLONG

CBLK

TAT register, clearing a decoder interrupt.

The unused bits in this register are not significant.

VALST — Valid Status

This bit is an valid/invalid flag for registers related to the decode

rupt.

The VALST flag goes to 0 at the same time as th
erated, and doesn’t go to 1 when the STAT3 re

The controller should read all de
VALST sets to 0. The VALST flag g
is generated. See section 12.6

WLONG — Word Long

Design Manual
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12. FUNCTIONAL DESCRIPTION AND OPERATION

12.1 Command Processing
To send a command, the host computer sets the ENABLE and CMD pins to.LOW,
and loads ane or more command bytes into the COMIN register. -

The COMIN register is an 8-byte FIFO buffer used by command write Gl
mands of the host and the read commands of the controller. This regi:
allows these operations to be performed using completely independent {
ing. See figure 12 Command Processing (1).

If the host attempts to send a command byte when the command
full (that is, the buffer is full at the falling edge of the HWR signal) that co
mand is ignored. See figure 12 Command Processing (2). As the LEB950 doe
not support an external buffer-full signal, the controller should be #&si
process commands promptly to prevent buffer overflow.

If the controller tries to read the command buffe
mands (that is, the buffer is empty at the falling ed
buffer returns a value of FFH. See figure 12 Comma

Whenever commands are present in the bu
mand interrupt bit (CMDI) to 0. If the co it
setto 1, the INT pin will go LOW, signalifi

Resetting the chip clears the co ‘

r\\

bit (CMDIEN) is
ontroller.
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12.2 Status Byte Processing

If 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 LOwW.

The controller should write to SBOUT only while the STBSY bit of the [FSTAT
register is 1. Writing a byte to SBOUT while STBSY is set to O will disrupt t £
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 inhibiting the status-wait functig
write to SBOUT sets the STBSY and STEN bits in the IFSTAT register
STEN pin goes LOW, it signals the host that a status bit is ready fo
While STEN is LOW, the host can read the contents of the SBOUT regi
the HRD pin when the ENABLE and CMD pins are LOW.

\ When the host starts reading the status byte, the L& 1950
to 1 to signal the controller that the SBOUT register is being
goes HIGH. The STEN bit resets to 1 when the status:b

The host should read the status byte only whegd’ LOW. [f the

host tries to read SBOUT while STEN is i contrglier completes a
= write to SBOUT while the read operatig ‘ess, U SY bit will set to
0. but the STEN pin and STEN flag j er reading is com-

pleted — indic_ating that a status by te, however, that the
integrity of this status byte canno

12.2.2 When status byte wait is enabled

When the STWAI bit in the T register is set to 0, the LC8950 checks the
e status byte. If the controller has written a status

byte to SBOUT while D
status byte is transfer

EN pin is held HIGH until the data read opera-

tion by the te. When DTEN resets to 1, the STEN bit sets to 0 and

the STEN pi
place. See fi yte Processing when WAIT is Enabled.

ransfer

ng the RESET pin to LOW or writing to the RESET register resets the
LC8950, thus terminating status-byte transfers. See figure 15 Status Byte
, Transfer Abort (1 & 2).

2. Setting the SOUTEN bit to 0.

Setting the SOUTEN bit in the IFCTRL register to O will abort status-byte ‘
transfers. See figure 15 Status Byte Transfer Abort (3).
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. 3. Setting a command break.

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

commands, inhibiting status byte transfers. See figure 15 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 regis-
ter for dat; transfers.

When the controller instructs the LC8950 to carry out a data transfer, the
transfer hardware writes the data and erasure flag at the specified address in
the external data buffer RAM to the FIFO transfer buffer, then sets the DTEN pin
to LOW, signaling the host that the LC8950 has data ready to be read. These
data are output from the transfer buffer to the data bus using the HRD pin
when the host sets the ENABLE pin to LOW and the CMD pin to HIGH.

The SELDRQ pin controls the data transfer mode. When SELDRQ is
software transfer with WAIT control is used. When SELDRQ is LOW
memory access (DMA) transfer with data request (DRQ) control is used.

The data-transfer hardware reads data from the data buffer
them to the FIFO buffer until the transfer buffer fills. %en t
transferred the number of bytes specified by the controll&g the
HIGH. and a data-transfer end interrupt is generated (the INTg&j
the DTEI flag in the IFSTAT register goes to 0).

12.3.2 Initiating data transfer
Data transfer is initiated using the followij

1. The data-transfer hardware is ena
bit in the IFCTRL register. When a't
to 0, it mustbe setto 1 before a trab:

byte counter. The lower byte is writtet
Only the four lower bit
transfer to 4096 bytes.

3. The memory addres
address register. Th

the upper byte, to DBCH.
f DBCH are significant—they limit a single

to be transferred is set in the data
written to DACL, the upper byte to

DACH.

4. A write is pep TRG register to initialize the FIFO transfer
buffer and -transfer operation, and the DTBSY bit'in the IFS-
TAT regi _Ihe content of the data written to DTTRG is not

Caution

€r no circumstances should the con-
troller be allowed to write to DBCL,
DBCH, DACL, DACH or DTTRG while a
transferis in progress.

first byte has been written to the FIFO transfer buffer, the DTEN bit in

ESTAT register sets to 0 and the DTEN pin goes LOW. The host can read
rom the transfer buffer while DTEN is low. See figure 16 Initiating 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 bit in the
[FSTAT registerresets to |. See figure 17 Initiating Data Transfer (2).

12.3.3 Transfer start delays

If the controller instructs the LC8350 to transfer data While the DTWAI bit

the IFCTRL register is 1, the transfer takes place as described in section 12.
above.

When DTWAI has been set to 0, the transfer hardware moves the first bit into
the transfer buffer and checks the STEN bit in the IFSTAT register to

is completed. After the host has read the status-byte and STE
DTEN pin is set to LOW and the DTEN bit, to zero. Seedig '
Delays. ’

This mode is used to block data transfers when t
cannot both be LOW at the same time, for exam
handle data and status-byte transfers simultaneo

12.3.4 Software transfer using WAIT co

' In this mode, the LC8950 sends & setting the WAIT pin to
’. ’ LOW during read operations by the® ransfer buffer is empty,
thereby controlling data transfers. e WAIT pin is significant

only while the DTEN pinisLOWandah in progress; at all other times

itis inactive (HIGH).

If the host reads dat
read operations is moré !

slowly (that is, the interval between host
TALCK clock cycles), WAIT signals may

’ _Mote that this WAIT pin activation is a glitch,
FO transfer buffer reads occur asynchronously. See
&r using WAIT Control.

because both
figure 19 So

Q control
fsfer mode when SELDRQ is LOW.

L the LC8950 generates a HIGH-level DRQ signal to the WAIT pin.
nal is significant only while DTEN is LOW and the host has per-
read. At other times WAIT is held LOW. A DMA controller in the
is asSumed to output the HRD read signals when the DRQ signals are gen-
d at each byte. Note that DRQ is activated after a delay time of two to four

XTALGK periods after HRD rises. Figure 20 DMA Transfer using DRQ Control
: s 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 EOP (End-of-Process) pin
remains LOW while the HRD pin is LOW. EOP 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 1 (that is
masking is not set), the INT pin goes LOW. DTEI in the IFSTAT register i
cleared to 1 and the INT pin goes HIGH by writing to the DTACK register. Seé
figure 21 Data Transfer Completion. '

12.3.7 Data-transfer Abort
Three methods are available to abort data transfers:

1. Reset.

( 2. Setting the DOUTEN bit to 0. ' <

Setting the DOUTEN bit in the IFCTRL register to
See figure 22 Data Transfer Abort (3).

3. Setting the command break.

be aborted by sending a co
Transfer Abort (4).

The data transfer end interrupt is A
has been used to abort a data transfy
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‘ 12.4 Reset

The LC8950 can be reset by setting the RESET pin to LOW, or by writing to the
RESET register.

During areset, the following operations take place.

« All tristate outputs enter high-impedance state.

e The COMIN register is cleared.

 All bits in the IFCTRL, CTRLO and CTRL1 registers are set to 0.
» The MCK clock output is suppressed.
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12.5 Decoder Operation Modes

The decoder blockvof 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 decoder 4
interrupt for the controller each time it completes error detection and corrgg-
tion of a data block. When DECEN and DECIEN are both 1, decoder inter )
are generated even during correction inhibit (that is, when QRQ, PRQ ]
EDCRQ set to 1), or during input inhibit (when WRRQ set to 0).

The transparent pipeline processing architecture of the LC895
input buffering, decoder operation and data transfers to the host to }
simultaneously. The following table shows the basic decoder mod#s

be set by the DECEN, QRQ, PRQ, EDCRQ and WRRQ control bits. O
can be set by combining these bits.

TABLE 9. Decoder Mocj%éﬁ

. Control Bits T
DECEN WRRQ PRQ QRQ EDCHAQ*
0 X . X r-disable
1 0 1 ated-correction
{ 1 0 -0 vionitor-only
it 1 1 0 Write-only
& 1 1 1 Real-time correction
1 0/1 1 P-only correction
1 0/1 0 . Q-only correction

doubly encoded Reed-Solomon code. The two corrections (Pand
ormed alternately to raise the level of data integrity.
| t ‘-//

the WRRQ flag is set to 0, the PTL and PTH block pointers pointing to
rst address of the current block are not updated, even although the cor-

re‘on pass has been completed. This allows successive corrections to be

See appendix E for the LC8951.
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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.

g repeated-correction mode in order to set WRRQ to 0
should be carried out during the decoder-interrupt interval, that is, w
VALST is at 0. When VALST goes to 1 while WRRQ is 1, the block poin
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 input d
are loaded into the HEADO to HEAD3 registers, and the correspo

themselves, however, are not stored in the buffer RAM and ar
error detection or correction processing.

Since error correction is not performed, the header
tered and uncorrected data from the CD digital signal

Another significant difference between monit
available when WRRQ is 1 (excluding decoder-d
inupdating the header and subheader

int® the buffer RAM and has
g. The register data for a

In monitor-only mode, however, regi
input data stream. Register -
in the other operating mogs

a are written directly from the
a are therefore available one block earlier than

In this mode, err i i ata are neither detected nor corrected, but
simply written r RAM.

\ : g correction mode only, the first two decoded blocks
ored as the first of these is not the input block and the second
ble as result of correction errors in decoding the first block.

Yy mode can also be used when error detection and correction is to
rformed by the host computer. '

Real-time correction mode

Is 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 Q-code -
P P-code
D Detection correction
(one symbol correction per word)
E Erasure correction
(two symbol corrections per word)
L LS3-byte plane
H MSB-byte plane
EDC CRC check

oA
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112.6 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 decodihgo ’
each block. Interrupts are enabled by writing a 1 to the DECIEN bit i

mode in effect. See table 11.

TABLE 11. Period of Active LOW at INT

DECEN | EDCRQ | MODE

- a0 X X

R e Y e
- a0 X

Decoder interrupts become inactive
read, or when DECEN is set to 0.

The following read regi

and flags related to the decoder should be read
out whenever a decoder,

is generated.

PTL,PTH
STATOQ, STAT1

CTRLO register is 1, the contents of the WAL
registers constantly changes. Accordingly, WRRQ
ading is attempted.

Jgad all decoder-related registers while VALST in the
¥ reads, while VALST is 1, are not guaranteed to be

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

See appendix E 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 CD-RQ
and CD-!I data, the LC8950 has on-chip block-sync signal circuitry to ha

N sync-signal pattern errors caused by disc flaws, scratches, or other mé
’ defects.

M

[t generates an internal block-sync signal each time that a 2352-byte block
of data is received. Thus, if the sync signal derived from the incomingiids

lost, the internal block-sync signal can be used to maintain correc ‘
chronization.

Enable/disable flags — SYDEN and SYIEN — can be set for

B and external-sync signals respectively. In combination thes
C tion of three synchronization modes. SYDEN and SYIE® sho
to 0 as this combination will inhibit both sync signals,

of synchronization.

The LC8950 is generally operated in real-ti
SYDEN and SYIEN set to 1. This provid
scheme and allows rapid recovery of
sync pattern errors occur.

R « Nosyncmode (SYDEN=SYIEN=0)\
— No decoding '

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

fiores the external-sync signal, since any loss of the external sync would
nterfere 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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been lost. Asetting of 1 means that no CD-ROM or CD-1 data are present.
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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 patternthat
prevent correct recognition. B

If the NOSYNC.ﬂag is set each time a decoder interrupt occurs, it signifiess
maifunction related to a sync-detected SYDEN flag. A SYDEN flag setting
means synchronization between the internal sync signal and incoming data

12.7.2 ILSYNC — lllegal sync

block-sync signal has been detected.

12.7.3 LBLK — Long block

This flag is set while SYDEN is 1 and S
detected after 2352 bytes of the curr¢

When-LBLK is set, only the 2325
byte of the header) are used by the
excess data are written to the buffer.

" The extra data éduld be transferred t
is rarely implemented. Also,
from, and has no effect on

2 the block head (the first
g data are discarded, but

st computer, but this transfer
e excess data in the buffer are kept separate
zoding of the next block.

A long block can be
vents sync detection, o
block data will be

Setting SYIE
vent LBLK frq
Block Synchrt

Dy an error in the sync pattern which pre-
during a block. In the former case, the
Jaftter, erroneous.

ling the internal block-sync signal) will pre-
fter the next sync pattern is detected. See figure 23
12.74

ync bﬂattern detected in the middle of a block was
SYDEN is 0 and SYIEN is 1.

I15'Tlag appears at every block, it indicates a c'omplete loss of synchroni-
See figure 23 Block Synchronization (3).
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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 equipment.
Writes to this buffer are always performed in bytes. -

As the LC8950 has a transparent bus architecture, data input, the read and
write operations involved in data decoding (error detection and correction

and data transfers to the host can take place simultaneously without wait
states.

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

W

—
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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 blocks with a 1136-byte margin. -

When a single 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 being
decoded (error detection and correction), and one block is allocated to hok
the sector being transferred to the host. See figure 24 Single Block Cachi
(Decoder-Interrupt Control). The processing of these three blocks takes pld
simultaneously and transparently. Note, however, that the host must read o

one block of data during each one-block processing period in order to pr
buffer overflow.

A larger buffer can hold additional blocks and data transfers to t
be delayed in order to service interrupts.

Figure 25 An Example of Block Caching in Real-Time
shows the flowchart of the error correction proces
mode, one block of storage is allocated to the incoming
for decoding, and four blocks to data transfer. The
area is occupied by untransmitted blocks. the
transferred, and already transferred blocks. Th

- four-block caching, allows the LC8950 to

' . block is decoded (decoder interrup ng), or when the transfer
. . of each block to the host is complet omplete-controlled cach- .
ing), " )

data must be transferred each.
eived. If a larger buffer is employed with multi-
erformed to ensure that the total number of
aiting transmission does not exceed the

When an 8 Kbyte buffer is used, one B
time a decoder interrupt is r.
block caching, checks shouj
blocks being transmi
specified limit.

w condition is detected at the time of a
3¢ transferred may not yet have been overwrit-
interrupt was generated, and the block of data L
ccrrect. Figure 24 Single Block Caching and figure
25 An Exampile of Bloc ing in Real-Time Correction Mode 1 show at which
‘ ndition the block currently being transferred is

Even when a
decoder interru

ectly when buffering data while WRRQ is 1. This because the data
AL may be in transition (for example, being updated) when the

en overflow checking is performed after the transfer-complete interrupt

ceived, the controller in a system configured with a one-block caching

r should check after each interrupt to confirm that the decoder has not

completed 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

1. RAM. See figure 26 Error Checking in Full Sync Mode and figure 27 Repeated
‘ - Error Correction in Mode 1. .
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When a multi-block caching buffer is used, the controlier 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 signaling the overflow occurs and is sent to the host using status-
byte processing. The latter part of the block previously transferred to the host
is overwritten. The host should discard the entire block already received agid,
using the LC8950 command registers, send a repeat request to the contr
by COMIN, the chip’s command register.

- Design Manual : 68

CONFIDENTIAL | #161 PROPERTY OF SEGA



Sanyo Lc83950 Real-Time Error Correction & Host interface Processdr

Design Manual.

69
CONFIDENTIAL ‘ #161 PROPERTY OF SEGA



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

s e

.Quw—u J3uiod 70) YIbD §99t)da1 ¥o0d [rwIul Y

"ALA€d] ‘0 dZO Pu8 XLVQYS V.LVAS "W PIWIAUL IHDYT "NOUS PaHaAul :NOF
"SMO}]0j 58 R JIHDY PUB LI99NIA U9am}aq suid uopdauuod 30N

GSW Joj Jaiod 2D H h.o.:o..: —_ €S 40) Javiod 79 M 040

C eIep [2UaS
Y=H ~——\ h sfauueyd Y
MU wopng
L9svetT 1 o
SWTPVe MOT="T1SD P99 U0, LT9INIA ENYSNSIEN b

L woop Juiod 70

1
1 JOUIaH dSI Joj Jautod €571 49) Javied 7D Nl Jauied 7D
[s1 o X 1 T ¢ € y 9 :RN_HE_ —w_nsav_.tow
g5 gSW
Y= —* [ sipuusyo Y
¥oop g

£ [4 | 0
IsWoy dSQ J00Z6I.L valysoL '¢

—l- ¥oo[2 suied 7D

.. JouI=H Jlod 72D

1 €3 €D &

yoys="] —

wep [euas

!

I 0 €& Tt 1T O 61 81 L1 91 S vi €1 T1 JL-Ol 6 B8 L 9

)@ PITSAU] oua=i— _GsWJojsawiod 73 JJolsaki—y __ @S1J0) wied 0 .
J oI pileaul eie
gS
Y pouad ¥2012-119 $7 Jo T :uzuv_.l\ YoIxH ey ) O
____________________.________:________________________v_uo_u:m
0 ¥ €T T 1T 0T o6l 8l stvl €1 U 1
S (1 (0 :
. uuod 4dSa SISEIY * eyewe A 1§ 098,01 0Au
~ —~

Figure 10. Four Data Input Modes
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Inside LC8950 RCHIP
Extemnal or .
intemal (R15-VIR)
RESET
D
D7 Q
D
Dé Q
Ds D

CMDI
trigger

Command

—J INT

Interrupts to controller

A S S G s it G - oo A S e afe S o — . — o o

Figure 11. Interrupt Control Flags
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Figure 12. Command Processing (1 & 2)
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* invalid data

-

D=L, HWR=

Note: CS=L, RS=H, RDsL, ENABLE=L, CM

o In
5 £ [
a I

STEN (IFSTAT)

HD7-0
STBSY
STEN (pin)

Figure 13. Status-Byte Processing during Normal Operation
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Sanyo LC8950 Real-Time
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Figure 16. Initiating Data Transfer (1)

76

Design Manual

#161 PROPERTY OF SEGA

CONFIDENTIAL



Sanyo LC8950 Real-Time Error Correction & Host Interface Processor

H, HWR

: &)
® ;
Rt 1
m
2
z
w
=
1]
|Q
e
T
"
|2
4
)
|]
13
(8]
—~ k2
— =}
< Z
b = ‘
£ & 3
z -
= % wm % -
5 5 g 3
Figure 17. Initiating Data Transfer (2)
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Figure 19. Software Transfer using WAIT Control
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Figure 21. Data Transfer Completion
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Figure 22. Data Transfer Abort (1 to 4)
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SYDEN=1 :

SYIEN=i

2352 bytes

block

2352 . <2352 2352

nd.

b -~

-

(SYNCD)

-
[}

N

1

aJF

(SYNCDH

(SYNCP)

N

NOSYNC

'--P---JE-
L5

)
1

ILSYNC

LBLK, SBLK

SYDEN=1
SYIEN=0

(1) NOSYNC and ILSYNC

1 block

2352 bytes 2352

(SYNCD)

(SYNCI)

o ot

(SYNCP)

LBLK

' ILSYNC

NOSYNC, SBLK ;

(3) NOSYNC and SBLK

SYDEN=0
I o T i
(SYNCD) L 1 R IRS
sywey L S T H 1 Ins
(SYNCP) I Ml L N
=
il L
(2) LBLK 2nd [LSYNC
Figure 2>3. Block Synchronization (1 to 3)
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Repeated correction can be

shown in figure 25.

Figure 27. Repeated Error Correction in CD-ROM
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 §
‘ TYPICAL CONTROLLER PROGRAMS

¢ Real-Time Error Detection and Correction inMode |

|

START
Fatal Error Check
System Initialization
DECEN=0 >
N
SYDEN=SYIEN={
DSCREN=1 1Y
MODR /
[°=° 1-Block Transfer
Command Received '.' 7
: c,;é/ /5 /3,/
Seek -+ Play |
Prior block found
Set Write-Only Mode
DECEN=WRRQ=1 \
SYIEN=SYDEN=1 LAY
i : . -1 Rea der-
. - . . . ‘I £ Related Registers
P Wit t Decoder 3 :
at jor
Notye DECI-0 Interrupt Fatal Ervor Check
. DECINT active
Set Real-Time Error Correction M#

1-Block Transfec

l
—

Status-Byte Transfer

END
Specified
Block
N Fouad ? Y
. - ' 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 by settin
DSCRENto 1.

ii. Datarequestreceived from the host computer.
iii. Seek the spccified block using subcode.

In actual operation, the controller seeks a block slightly ahea
specified block.

iv. When a block slightly ahead of the desired block is located
PLAY function and read out a continuous data stream.

V. Set DECEN to 1 to enable the decoders write-on ' mod
: cannot be performed until at least one block o

the buffer. Write-only mode is maintained until
complete.

P

Use of sync hunt mode (SYDEN=
the LC8950 hunts a real sync from
NOSYNC=0, ensuring that the <
sync mode (SYDEN=SYIEN=1)

vi. After the write-only mode has
real-time error correction mo
decoder interrupt.

vii. Continuing PLAY 'mode, check
immediately after eac
been decoded. Also

t least one block, enable
to 1 immediately after the

registers (HEADO to HEAD3)
ydecoder interrupt to see if the desired block has

viii.

ix. ted, read STATO to check the block for fatal
¥SHORT, ILSYNC, UCEBLK, and ERABLK are all 0,

«is valid data. '

tected sync mode (SYDEN=SYIEN=1), the LBLK and
o0 1 on errors, so they do not require checking. if the
ne host does not need to be informed of blocking
s‘long as the header is checked successively.

W3HORT is 1, decoding of the current block is aborted as it is not
ible to perform error detection and correction and CRC checking on
ck. All bytes received, however, are retained in the buffer. Check
the relationship 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. If 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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Xi.

Xii.
xiii.

Xiv.

XV.

Sanyo LC8950 Real-Time Error Correction & Host Interface Processor

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 PBCL and
DBCH. Write to DTTRG to enable data transfer. The host-interface controlé:

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

Process the decoder interrupt, the transfer- -complete interrupt and
command-received interrupt. These interrupts may be processed asyn
chronously and in order. Note that the INT pin generates only
interrupt signal, even when two interrupts occur at the same
controller should read IFCTRL to ascertain whether another §
pending after the processing of the current interrupt is compl

When the desired number of blocks have been read o
operations and decoder interrupts, and set the €

write the status byte to the SBOUT register, an
tus information.

The error handling procedures can ' | meet tite needs of-the
application. Typical responses i y

» Perform repeated-error co i &€ specified and then
seek the next block.

e Give priority to real-time
passed to the host together

pcks containing errors are
status.

e error.
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+ Real-Time Error Detection and Correction in Mode 1

Q Fatal Error Check )

SBLK?
1
0
: NOSYNCal
1 or [LSYNCsi]2 Y
. 0 : N
\ ! <
' ERABLK?
0
-
1

No Error Status

Status
(break-induced)

( No Transfer to) _
Host

Figure 29. Fatal Error Checking ‘

. Design Manual 92

CONFIDENTIAL #161 PROPERTY OF SEGA



Sanyo LC8950 Real-Time Error Correction & Host Interface Processor

. « 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 Error Check

l

Set Host Wait
(if required)

EXIT

ROUTINE

Read Decoder-
Related Registers

Internal Status=
Residual Error
(break-induced)

Intemal Status=

Repeated-Error
. Correction

(break-induced)

!

!

- Design Manuai

CONFIDENTIAL | . #16]

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

START

System Initialization
DECEN=0
| SYIEN=SYDEN=1
( DSCREN=1
AUTORQ=MODERQ&H;
FORMRQ=Any

!

Identical to Mode 1 Real-Time, 7

System Initialization

DECEN=0
SYIEN=SYDEN-=1
DSCREN=1
AUTORQ=FORMRQ-=1
FORMRQ-=1

Identical to Mode 1 Real-Time Error Correction

Figure 32. Real Time Error Correctionin Form 1 v
: Design Manual 94
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. « DataTransfers in Modes 1 and 2

1-Block Data Transfer

’ Set DBCL, DCBH to MODEI/MODE2-FORM]I: 2047
of Transfer Bytes-1 MODE2-FORM2: 2323

Set DACL, DACH toTransfer MODEI!: PTL, H +4
Start Address is Buffer MODE2: PTL, H +12

.Writc any value to DTTRG
to Start Data Transfer

ata Transfers

Design Manual 95
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APPENDIX C: CONFIGURATION EXAMP
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Figure 35. CD-DSP (Sanyo LC7860) Interface
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. The information in this section does not apply to the LCB8951. See appendixE.

1.

40 to 60 ns.

Buffer Access Time

The access time of the SRAM devices interfaced to 1/0 Pins 101 to 108
must be 120 ns or less. The access time of the SRAM devices interfaced to
the ERA pin must be 100 ns or less. o

Decoder Mode Operation

When setting the decoder enable bit CTRLO-DECEN (Register 10%
writes) to 1, either or both of the buffered write enable bit (CTRLO
or EDC decoder enable bit (CTRLO-EDCRQ) must be held at 1.

Note that in the operation mode defined by DECEN~=1
EDCRQ=0, the header and subheader data cannot be
Monitor-only mode should not be used.

MCK Output during RESET

The clock signal output at MCK stays LOW e
LOW. If one or more of the peripheral devices r
the LC8950's RESET pin is LOW, the LC8958

Figure 37 RAO to RAIS, RWE iming shows the timing relation-
ships between the RAM re3
and output enable signals,

" RA1S are being decoded and
applied to the chip seleet inputs of two or more SRAM chips, RWE should
be delayed by at leaS®¢ + 40 ns, where tis the address decoder delay time.

hen RWE and ROE are both active. If this over-
n@f the RAM buffer, RWE should be delayed by

lap disrupts t

Design Manual ' 101
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Figure 37. LC8950 RAQ to RA1S, RWE and ROE Timing
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‘Section 11.11 — CTRLO (R10 during writes)

Sanyo LC8950 Real-Time Error Correction & Host Interface Processor

Section 8 — Pin Descriptions .

C4LR — C2 error flag pointer strobe input

Itis no longer necessary to provide this input as the LC8951 reads in C2PO data
using internal timing based on BCK. As a result, the minimal signal connection
to the CD equipment are as follows.

LRCK, BCK, SDATA, C2PO | Erasure connection algorithm only
LRCK, BCK, SDATA Oetect-and-correct algorithm only ’

Pin 35 should be tied to Vpg or Vgg.

C2PO — C2 error flag pointer input

[..] The data at C2PO are read in at the rising edge of t
present) or [] U

RCS — RAM chip select

The LC8951 uses this pin differently from the €€
the CS pin decreases the powercons
used for this purpose, the pin shou e left op¥s,

-

pin. Tying it to
M buffer. If not

BIT? BIT6 8ITs 8IT2 8IT1 BITo

DECEN .| EOIRQ |AUTORQ |ERAMRQ| WRRQ QRQ PRQ

The LC851 does not

decoding is when a ‘of decoding is requested—that is, when at

s (WRRQ, QRQ and PRQ) is non-zero and decod-

BIT? BITs BITS BIT4 BITa 8IT2 BIT1 8IT0

SYIEN | SYDEN | DSCREN [COWREN| MODRQ |FORMRQ [MBCKRQ SHOREN

',, bit, defined for the LC8951 only, enables/disables the mode check func-
on.. [f the mode byte in the raw data is not compatible with the mode

~specified by the MODRQ bit (0 for Mode 1, 1 for Mode 2), this function disables

error detection and correction (EDAC) processing for the block. ‘

Design Manual 104
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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 this bit to 1 if it has corrected the current block.

Section 11.15 — STAT2 (R14 during reads)

BIT? B8IT6 BITS BIT4 BIT3

RMOD3 | RMOD2 | RMOD1 | RMODO { MODE

VALST | WLONG | CBLK * *

RMOD 3,2, 1 and 0 — Raw Mode Byte,

These four bits, deﬁned for the LCEDS1 only, contain the results of a prelimi-
’ nary check on the raw mode byte in Aie next block £§ be decoded.

RMOD3 = BIT7 + BIT6 + BITS +

RMOD2 =BIT2 + EF C
RMOD1 =BIT1 +EF

its uniquely determine the mode (0 to 7);

otherwise, they ger three bits of a mode in the range O8H to
OFFH. If all ;

mode byte

Design Manual 105
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Sanyo LC8950 Real-Time Error Correction & Host Interface Processor

REMOD3 RMOD2 RMOD1 RMODO
0 0 0 0 Mode 0
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 Mode 6
0 1 1 1 Mode 7
1 0 0 0 Mode$x0or$x8
1 0 0 1 Mode$x1orgx9
1 0 1 0 Mode$x2or$x A
1 1 1 Mode $ x6 or
1 1 1 1 Mode § x7 or

These bits do not reflect the status of the current b o
block, the one to be decoded after the next decoder,

NOCOR ~ No Correction

The LC8951 sets this bit to 1 if EC

block. Such processing is blocked {4
+ anillegally synchronized block ‘
» adatablock specified in software a
« aMode 2, form 2 datab

g

[ ]
o
X
[
0.
o
~
v
c
o
3
o
0o,
o
o
c
e
o]
3
®
(a4
o
8
<
o
n
e
o
n
~e
™
Q.
Q.
c
jaX
5
M
o)
-
(o]
A
m
w
@,
5
®

« amode mismatch

* amode byte egror detected by the mode check function (M_CHQRQ— 1)

or PRQ=QRQ=0.

n extension of the LC8950's FORM bit, which was
), Mode 2 (CD-I) blocks, to Mode 1 (CD-ROM) data,

s, defined for the LC895] only, contain a preview of the FORM bit
de byte for the next block to be decoded.

RFORML: Error flag (from C2PO) for the byte
RFORM2: Form bit from byte

Désign Manual 106
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Sanyo tC8950 Real-Time Error Correction & Host interface Processor

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 hexts
block, the one to be decoded after the next decoder interrupt.

These bits are only meaningful for Mode 2 (CD-1) blocks.

Section 12.3.3 — Transfer start delays

Revision of the output timing for the 101 to 108, RDE RWE, and EJ
eliminated both the need for a delay circuit on the RWE pin and the |
sions on the 9-line (101 to 108 plus ERA) data bus to the exts

See appendix F. AC Characteristics.

As a result, SRAMs with access times of 120 ns or lés
nected to the LC8951.

Pull-up resistors

DECN, E(}::\%f'l( HE&?&};’ 3 Decoder Mode 0
Invalid tnvalid No decoding
Invalid Raw Monitor only mode
Valid Decoded Write only mode
| Valid® Decoded Real-time correction mode
valid** Decoded Repeated correction mode

: Q=0 or DECEN=0Q, the first one block should be ignored.
RRQ=0 or DECEN=0, the first two blocks should be ignored.

tion 12.5.4 — Monitor only mode

In this 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
STATI register, but does not store the data block in the RAM buffer or subject it ,

Design Manual | ' 107
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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) depends an
the decoder mode.

WRRQ+PRQ+QRQ | MODE | FORM ACTIVE (us)
0 X X About 2750 (Same as LC8950
1 0 X About 1800
1 1 0 About 1800
1 1 1 About 1500

'The last three values are considerably longer than tho

. Design Manual 108
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TABLE 12. TABLE 12. AC Electrical Characteristics

CONFIDENTIAL

#161

Range )
Number | Figure Characteristic LC8950 LCa9S51 Unlit
) min max min max
1 38 ENABLE to HWR (Host Write) setup 30 — 30
2 38 CMD to HWA setup 15 —_ 15
3 38 HWR low period S0 —_— S0
4 38 HWR to DTEN change —_ 105 —-_
S 38 HRW to STEN chinge -— 105 —_—
6 38 HDO-7 to HWR inactive 50 _— 50
7 38 HWR inactive to End of Data 20 20
8 38 HWR high period
9 38 HWR inactive to ENABLE inactive
10 38 HWR inactive to CMD inactive -
1 39,40 | ENABLE to HRD setup Q
12 39 CMD to HRD setup
13 39 OTEN to WAIT inactive
14 39 OTEN to HRO satup
15 39 HRD period
; 16 39 | HRO1éw period
‘ 17 39 | HROD to valid data satup with WAIT jhactive 120 - No max ns
18 39. 40 | HRD.to invalid data setup’ . - 3 100 s 100 ‘ns
19 739" | FARD inactive to the segond WAIT inactive 10T+180 — 10T+180 - ns
Note 1 Note 1
20 39 HARO high period R S0 - 50 —_ ns
&
o . . ” . cos 6T+180 6T+180
21 39 HRD inactive I he second H ’  Antive transition Note 1 -_— Note 2 ns
% .
22 39. 40 | HRD ipactive igpnd of data /- 5 60 s §0 ns
23 39 | HEDdmwclve to ¢ {4 data 0 - 0 - ns (
i K
R Z — 6T+50 6T+50 \
24 39 RD active toitha,next HRD active Note 2 Note 2 ns
¢ . . . e . 6T7-20 6T-20 T
v 50—
25 39 4, AIT maclvl‘f thé dext WAIT inactive Note 2 6T+50 Note 2 6T+ ns
s HAT tow A cliver§etup 80 _ 80 -— ns
) AD active to valid data setup with WAIT active Note 3 10T+160 Note 3 10T+160 ns
i - A 0 0
Z i i 10T+30 ns
> 3 WAIT active period Note 3 10T+30 Note 3 he
i B “ 39 | Valid data to WAIT inactive -50 - -50 - ns
3 39 | WAIT inactive to HRD inactive so - 50 - ns
Design Manual 113
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Range

Number | Figure Characteristic Lca9so Lcasst Unit

min max min max
N 39 | HRD active to DTEN inactive - 120 — 120 _ ns
32 39, 40 | HRO to EOP setup —_ 120 — 120 ns

33 39, 40 | HRD inactive to ENABLEZ inactive ) — ] -

34 39. 40 | HRD inactive to CMP active B - 5 —_

35 | 39.40 | HROD inactive to EOP inactive - 120 - 120
36 40 CMD inactive to HRD active 15 - 15 —_— .:

37 40 | DTEN active to WAIT inactive 5 25 s 25
38 40 | WAIT period 6T-20 —_ 6T-20 ns
as 40 | WAIT inactive to HRD active 0 - 0 —_ s

40 40 | HRD to WAIT setup — 80 - 80
“ 40 | HRD active period 27 - 2T - s
42 40 HRD to valid data setup ns
&' 43 40 | HRD inactive to WAIT inactive ns
44 40 Valid data to ead of data ns
44 40 | HRD active to DTEN inactive ns

Notes:
_ 1. Only if WAIT=LOW occurs.
| HRD falling edge exceeds thes¢
e . Minimum time for which WAIT%1OW does nofeccur.
3. Assume both HRD LOW and HIG o5 LaH€ SO ns.
4. If the HRD LOW pulse width, 50 < tgRp < 120 ns, the host cannot read the
valid data on HDO to DE. '
)
. Design Manual ' 114
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* Reset Timing

RESET

Do-D7

HOO-HD?}
HOE

101-108 }
ERA

DOUT

INT

ption 'Ratmg Unit

min. max.

e width 100 —

— 50

— 50

st data hoid — 50

st dala delay — 50

AM data hold — 50

AM data delay —. 50 ns

DOUT hold — 100
OOUT hold detay — 100
STEN, DTEN hoid T — 100
£OP hold — 100
INT hold — 100

Figure 41. LC8950/LC8951 Reset Timing
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Read cycle
As

Kk

See table |

r AC charact

Descrip

mi

RS setup

Ratin g

max.

Unit

10
30
5
50
S0°

10
5
10
30
20

—

—

ns

d to protect #19 and #20.
the values pins DO to D7.

he maximum is 80 ns for the LC8951.

ntervals #13 and #14 are not absolute values, but intervals
Initself, #18 does not ensure validity of

Figure 42. LC8950/LC8951 Host Interface
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Read cycle

RAQ - RA1S
®
R?E @ /! i
. ' Ol - @ -
: O —0
161 - 108 ERA
(RCHIP 1N) ’

Write cycle

RAO ~ RA1S

COND N AWN ]

2T7-30 —_ (
17T 1T+30
—_ 1T+435

3T-30 —_—
- 35

less; ERA, to SRAMs with access times of 100 ns or less.

d ROE should not be LOW at the same time. RWE should go LOW 40
60 ns after ROE.

stands for one execution cycle—that is, the inverse of the crystal fre-
dquency. For most implementations it will be 60 ns.

‘ Figure 43. LC8950 SRAM Interface (Preliminary)
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Read cycte

- e g e e i e

AAQ -~ RATS

®
S

ROE

ERA
100 ~ 107

(RCHP o

Write cycle

RAO - RA1S

L~

ERA
100 - 107
(RCHP OUT)

See table 12 for AC ch

N -

Description”

Read/wrlle cycle

ns

OCONOON &WN =

(=]

o "'y

e numbers on these timing charts are totally independent of those on
he preceding page.

Figure 44. LC8951 SRAM Interface
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Sanyo LC8950 Corrigenda

Sanyo LCB9S0 Real-Time Error Correction & Host Interface Processor
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Figure 39. LC8950/LC8951 Data Read with WAIT Control
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[ | LC89510
Error Correcttion LSI for CD-ROM/CD-]

1. Overview. -
‘The LC89510 is an error correction LSI for CD-ROM/CD-I.
It is an advanced pin-compatible version of the LC8951.

2, Function & Features
*On chip 12byte status FIFO
*On chip SRAM(8kbit) for erasure correction

H b

LC89510

-Processor

CD Equipment

incorporating :
DSP Serial Digital

[ Data Stream

System .
Controller

Hardware and
Circuitry Common -
to All CD Equipment _

-
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= =
2820 =
Jiﬁ%{uu TITOUCOCCUCUOaTy 4
{ D1 @ .
2 4 2
; Lﬁrﬁnnnmm
- i |
Speciﬁcgigns and information herein are subject to change without notice. :
CONFIDENTIAL T #161 PROPERTY OF SEGA



‘ PINOUTS

Pin Numbers, Names and Functions

Pin# | PinName | 170 Function
1 GND — | Ground
2 RAG6 (o}
3 RA7 (o]
4 RAS (o}
S RA9 (@] .
6 RA10 O | Data butfer RAM and erasure flag RAM
7 RA11 O | address outputs
8 RA12 (o)
9 RA13 0
10 RA14 o]
11 RA1S o)
12 BWE O | RAM writ
. 13 GND — | Ground f
l‘ 14 ROE 0. | RAMou
b - 15 ERA 170 | Erasure ﬂ
16 o8 170
17 107 10 Lo
18 106 o
19 105 0 Data / r RAM input/output.
20 104>, | 170, 1 (LCBSB1 has 20 kQ pull-up resistors on-chip.) )
21 s o/” . (
22 "
23 ,/ /
J Ground
254 I | Clock input
/ O | Clock output
L TEST1 | Testinputs.
’ TEST?2 1 Normally held LOW.
\ CSEL l Serial data clock phase select
) 30 LMSEL 1 Serial data byte order control
. (LSB/MSB first)
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Pin # | Pin Name | 170 Function N

31 vDoD —_ Positive power Supply connection

32 LRCK I 44.1 KHz left & right channel separator strobe
33 SDATA ! Serial data input

34 8CK 1 Butfer input clock

35 C4LR { C2 error flag pointer straobe

36 C2P0O 1 | C2fiag pointer

37 MCK 0] Master clock output

38 0o iV e]

1l tai N
( a9 01 /0 Controller data input/out :
. (LC8951 has 20 kn pull-up re

40 02 170
41 GND - -_— Ground
42 D3 170
43 D4 170

Contro
44 D 1V

5 o {LCs8 p resistors on-chip.)
45 : D6 170
46 D7 170
47 RS t Register
48 RO 1 ¢:Controller data read
49 : troller data write
50 Contfolter chip select
51 trotier interrupt
{

52 Ground
53 |

LC8950 chip reset

Host interface enable

" ;. HW o Host data write input

HRD l Host data read input

CMD I | Host command/data select

WAIT 0] Data transfer WAIT sig.nal/DRO signal
OTEN o Data enable output

STEN o] Status enable output
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170 Function
61 EQP (0] End-of-process flag output
62 Oﬂ' o Host computer data butfer control output
(RCS) (LCE351 RAM chip select)
63 HDE O | Hostdata erasure flag tristate output
64 GND — | Ground
65 HO?7 1710
66 -HD6 110
67 HOS 170
68 HD4 170
69 Hoﬁ Two Host data input/output
70 HD2 170
71 HD1 70
72 - HDO 7]e)

adq £5S outputs

Data : r RAM and erasure flag RAM
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Additional Registers Description

[R14]CTRL2 (Control2)

ERAMSL (Erasure RAM celect)
O:0n—chip RAM used
1:0n—chip RAM not used

(0 is set at RESET)

STE NC TL (STEN CONTROL)

set by micon.

set to 0.

“valid at STENCTL=1.
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RS | AR | o | @8 || 87 | oBms | BTs | mme | Brms | mme | sm i BITO l
0 |~--- --- | AR , » ‘* : A | A
00 | Ro i SS0UT i msb -~ ~ ~ -~ ~ ~ {0
001 | Rl | IFCTRL gcm)mz DTEIEN | DZCEN |/C\msx /DTWAH /STWALDOU STEN
w0 | R2 | b3 } B: 2 2 3, B, B, B
o1t | RS ! Dpacw .
0100 R4 DACL © A | ' A As A, Ac
0101 | R5 i DACH I Aw | Aw As | oaw [ A
oo | rs | pTTRG
ot | R7 | prack %’
. 1 ¢
100 | R8 | war [ 4, As : - A A A
1000 | R9 | WAH [l A, | a, Au " 4N
g,. 1010 | Rlo j CTRLO |pEcEN | - |Aeoira |AuToR@lzRamma] wrr| oRQ | PRQ
‘ 11 | Ru | cTRU || sveEN | sypen | b EN| MODRQ {FORMRQ/MBCKRQ| SHDREN
mo | rRiz | prL a0 As A As A A e
1o1 | R13 | PTH As | Ag Au A A A
11 | R4 | craa erausL |stencry | stenta

1111 i Ri15 | B D
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