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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 LS1s for use in CD-ROM (Mode 1) and 
CD-I (Mode 2, Forms 1 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 firs 
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. 

CD Equipment 
incorporating 

DSP Serial Digital 
Data Stream 

Hardware and 
Circuitry Commo 

to All CD Equipmrt 
CD-ROM/CD-I 

fticated Hardware 

re 1. Typical System implementation 

eliminates many of the discrete ICs or gate arrays and 
pro.visions previously required by implementing 

dware. t result is faster product design and development 
es, better ictency and smaller equipment size, as well as improved 

onali ty dnd reliability. 

50 RCHIP processor is designed to be used with an external con-
r and external data buffer. This distributed architecture allows both con-

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

Design Manual 
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Sanyo LC8950 Real-Time Error Correction & Host Interface 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-1 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 
Host system sees decoded data only in final error-free form. 
Burst data transfers of up to 2.3 MB/s to host computer 
Multi-block catching (transfer data buffering) accommodates' 
speed hosts. 

Support for real-time erasure correction, detect-and-corrcrakalg 
CRC error detection, without interruption of host data trangre'rs. 
Host interface incorporates FIFO command buffer suitable fo 
tions. 

Single-chip LSI 

Low-power CMOS process 
Single +5 V power supply 
Available in 80:pin plastic flatp 

Design Manual 2 
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Figure 2. LC8950 Real-Time Error Correction and Host Interface Processor 
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Sanyo Lc8950 Real-Time Error Correction & Host Interface Processor 

2. BLOCK DIAGRAM 

CD-DSP Select 

Design Manual 3 
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UR Channel 

Data 
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Wait/Data-Request 
End of Process 

8 

Erasure error correction only 
•• MCK is left open when not required by CD equipment. 

"• DSP select for DC equipment (LSB/MSB first. 
positive/negative edge clock) 

••• A clock rate higher than 16.9344 MHz can be used. 
 Select WAIT/DRQ data transfer control. 

System 
Controller 

Interrupt 

Output port 

Output Port 

Output Port 

I/O Port 

Figure 3. LC8950 System Configuration 

8K X (8 X 9 • ) SRAM 
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• 
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Equipment 

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

3. SYSTEM CONFIGURATION 



LC8950(RCHIP) 

XTALCK 
(PN25) 

RI 
R2 
CI 

Crystal frequency 

re 4. Typical Clock Circuit 

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

4. FUNCTIONAL OVERVIEW 

Data input, decoding and data transfer in the LC8950 RCHIP take place simulta-
neously and in parallel using a pipeline architecture. These operations pzo-
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 serialAdata o tpu t o th 
‘,3 signal processing (DSP) unit in the CD equipment. 

The LC8950 data input interface can be easily a pte-d to a var ty of CD 
equipment. Simply by setting the CSEL and LMSEArns.  thequI1tent devel-
oper can select one of three serial data input for 

The LC8950 synchronizes on chip ith the in ing data stream 
by detecting the sync patterns at th da k. Programmable 
functions for pattern recognition 41  sync protecon c e turned on and off 
as required. 

Once detected, input data passs rough a djcoder and are written to a 
64 Kbytes (max.) data buffer, togethel h2 pointer (error flag) received 
from the CD equipment. The entire 23 of data in each block, including 
the sync pattern, header, st(bheader and parity data, are written continuously 
into the data buffer. - 

/ 
When the C2 pointer is enab the RAM data buffer can be configured for 

9-bit words; when disapled. an RAM architecture can be selected. How- 
ever, inhibiting ,the C2 pointedisabIes the player's double error correction 
function. 

The LC8 0 also h master clock output (MCK) which can be connected to 
the clock i •tal signal processor on the CD equipment. As the 
clock signa through a binary prescaler the clock frequency for 
th- !;1.; 0, y be s•et at twice that required for the CD-DSP clock 

4.2 E'rror-co rection Block 

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

ple 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 

Design 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 correction 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 remaini in the current block. During these operations, the header and subheader 

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 host 
remaining in the current block, controller can then read out the h 
subheader data, the address of the block head in the data buffer, an 
information about the decoded data. 

4.3 Host-Interface Block 

S The host interface allows data transfers in bursts at up to 2•3 hi In dition, a data buffer of up to 64 Kbytes can be allocated, allowing the LC895 cache up to 27 decoded data blocks. This buffer can als*Amplefken s a disc cache memory for CD-ROM drive applications. 
> 

en the 
o eight byte 
he command 
. Note, how 

the corn 

The host interface also has a built-in 
instructions from the host computer 
the HWR pin, command bursts of u 
the buffer. When the host writes t 
command interrupt to the control 
does not interpret commands writte 

ffer to receive 
he LC8950 using 

h can be written to 
ffer, the LC8950 sends a 
r, that the LC8950 itself 

d buffer. 

• 

The LC8950 can send data to the ho nder software.with WAIT con-
trol. or with DMA transfers using data request controls. The SELDRQ pin is 
used to control the type ol ransfer. 

When SELDRQ is MG the L 50 uses software transfer mode. In this 
mode, the controller places the n r of bytes to be transferred and the data buffer address of .the Bock hea nto the appropriate control registers, and then writes to t sf gister. This action sets the pin DTEN to LOW. 
informing th th dat ansfer will start. When the host sees that DTEN is LOW, it se s CMD to IGH, instructing the LC8950 to transfer successive bytes. 

If ad tignals from the host exceed the LC8950's maximum data rate (ab /s). the LC 0 sets the WAIT pin to LOW. The host must then ho QW to d e read until the WAIT pin goes HIGH. Note that the controller is ot directly involved in transfer operations and simply waits to recee the nsfer-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 EOP pin to LOW during the request signal output. At the same 
time, DTEN goes HIGH and a transfer-complete interrupt is sent to the control-ler. 

Design Manual 7 
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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. This 
facilitates both the development of new CD-ROM applications and the incofpb-
ration of the LC8950 into existing designs. 

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

5. PACKAGE DIMENSIONS 

Scale: 5:1 

Unit: mm 

Figure 5. 80-Pin Plastic Flatpack Dimensions 

Design Manual 9 
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Sanyo LC8950 Real-Time Error Correction-&-Host Interface Processor 

6. PIN CONFIGURATION 
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Pin # Name Designator Pin # Name Designator 

1 GND P 80 RA5 o 
2 RA6 o 79 RA4 o 
3 RA7 o 78 RA3 o 
4 RA8 o _ 77 RA2 o 
5 RA9 o 76 RA1 o 
6 RA10 o 75 RAO o 
7 RA11 0 74 SELDRO 1 
8 RA12 o 73 VDD P 
9 RA13 0 72 HD° 13 

10 RA14 o 71 1-101 B 
11 RA15 0 70 H02 B 
12 RWE 0 69 HD3 B 
13 GND P 68 H04 
14 ROE 0 67 H a 
15 ERA B 66 H06 , 
16 108 B 65 HD 
17 17 107 e 64  

18 106 B 63 4H0E ' 1 
19 105 13 

, 
r , 1-Y")--  0 

20 104 B 61 EOP 0 
21 103 B t \. 60 „.„ TEN 0 
22 102 13 , - 59 - EN o 
23 101 8 , 58 AIT - 
24 GND P 57 A: CMD 1 

25 XTALCK 1 ."' HAD 1 

26 XTAL 0 55 HWR I 

27 T, ' 1 54 ENABLE I 
28 'T ST2 53 RESET 1 
29 CSEL 52 GND P 
3 L • SEL I 51 INT o 

V P 50 CS I 
32 CK 

4 , 
I 49 WA I 

33 6 , I 48 RD 1 

34 1 47 AS 1 
C40 1 46 D7 B 

36 (' 0 1 45 06 B 
3 

. ,, 
' MCK 0 44 05 s 

38 DO 8 43 04 B 
39 01 B 42 03 B 
40 02 B 41 GND P 

Sanyo LC8950 Real-Time Error Correction & Host Interface Processor 

TABLE 2. Pin Numbers, Names and Designations 

Design Manual 11 
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Pin # Pin Name I/O Function 
4 1 GNO — Ground 

# 2 RA6 0 

3 RA7 0 

4 RA8 o 
5 RA9 0 

6 RA10 0 Data buffer RAM and erasure flag RAM 
7 RA11 0 address outputs , 
8 RA12 0 

9 RA13 0 

10 RA14 0 
, 

A ,41' 
11 RA15 o , 
12 0 RAM writ 

c 
RWE 

13 GNO -- ..,. , Grou 

14 ' 0 RAMjtut enable . ROE 

15 ERA I/O Eras e flag RAM dat./nput/output 
16 108 I/O 11(   

17 107 1/0 

18 106 

19 105 110 0 uffer RAM input/output. 
20 104 I/O i 

(l-C81 has 20 kfl pull-up resistors on-chip.) 

21 3- '* 
,,. 

22 102 I/O 

23 101 ' 

Ground 

XTA 1 Clock input 

26 XTAL 0 Clock output 

27 TESTI 1 Test inputs. 
28 TEST2 I  Normally held LOW. 

29 CSEL 1 Serial data clock phase select 

30 LMSEL 1 Serial data byte order control 
(LSB/MS13 first) 

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

7. PINOUTS 

TABLE 3. Pin Numbers. Names and Functions 

Design Manual 12 
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Pin # 
_ 

Pin Name I/O Function 

31 VDD — Positive power supply connection 

32 LACK I 44.1 KHz left & right channel separator strobe — 

33 SDATA I Serial data input 

34 BCK I Buffer input clock , 
35 . C4LR I C2 error flag pointer strobe , 
36 C2P0 I C2 flag pointer  
37 MCK 0 , Master clock output 

38 DO I/O / 
Controller data input/output. 
(LC8951 has 20 1(0 pull-up resistors on-ch.) 

39 D1 I/0 

40 D2 I/O 

41 GND — Ground , 

42 03 I/O ' 

\ " 
43 D4 I/O 

Controller data inpu ataft. 
(LC8951 ha . kft • II-u t sistory -chip.) 

- 
'/ 

44 D5 I/O , 

45 D6 I/0 

46 D7 I/O 

47 AS I Reg er select 

48 RD - I Con  tier data read 
z - 

49 ' I Control 
. wR 

50 CS 
, 

Controller chip select 

51 
r 

0 
. 

roller interrupt INT 

52 GND — 
V 
, d 

53  8950 chip reset i 

I Host interface enable 54 ENAB 

55 ' I Host data write input HWR 

i Host data read input 

I Host command/data select CMITJ f 

58 , 0 Data transfer WAIT signal/DRO signal WAIT 

0 Data enable output DTEN 

60 0 Status enable output STEN 

Sanyo LC8950 Real-Time Error Correction & Host Interface Processor 

Design Manual 13 

CONFIDENTIAL #161 PROPERTY OF SEGA-  - 



r• 4:Mt 

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

:Ogr 

Pin # Pin Name I/O Function 

61 0 End-of -process flag output EOP 

62 0 Host computer data buffer control output - ()OUT 

(RCS) (LC8951 RAM chip select) 

63 0 Host data erasure flag tristate output HOE 

64 GNO — Ground 

65 F107 I/O 

66 HD6 I/O 

67 H05 I/O 

68 HD4 I/O 
Host data input/output 

69 H 03 I/0 
4 70 HD2 I/0 

71 HD1 I/O . 

72 HDO I/O 

73 VDD — Positive power suppl ; nn ,,tion \ . 

74 I Data tran .7 I- - lect I  

control 0 control , 

SELDRO 

75 RAO ' 0. 
. 

76 RA1 0 
A 

77 RA2 0 Data b RAM a /asure flag RAM ,,, 
78 RA3 0 address o 

79 RA4 * 
N 

80 RA5 0 

Design Manual 14 
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Sanyo LC8950 Real-Time Error Correction & Host Interface Processor 

8. PIN DESCRIPTIONS 

GND — Ground pins 

RAO to RA15 — 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 exter al buffer. 

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 from 
buffer or erasure flag RAM. 

ERA — Erasure flag RAM data 1/0 pin 8e",  
This pin is the data bus for the erasure flag RAM. As pin e type, a pull-up resistor should be used. 

101 to 108 — Data buffer RAM I/0 pins 
These pins are the data bus to the these pins are tri- state types, pull-up resistors shoul 

XTALCK. XTAL — External clock sig 
As the LC8950 's clock circuit in on 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 driv+ by a 51O % duty external signal. This generates a master clock signal one-half the uency of the external signal. In this case. the XTAL pin should be left floati 

The clock fretOpncy rt44bbe  exactly 16.9344 MHz only when the master clock outpu usecr.°,  0th ?Wise select a frequency that results in both the 
LOW- and CH -level nals at LRCK having widths longer than 192 clock pulses. 

TE 

Ter tpiU4ially GND 

, LMSE ,— Clock phase select and serial data byte order inputs 
":*.nals select the read timing at the SDATA and C2P0 inputs as follows: 

When both CSEL and LMSEL are LOW: 

SDATA is read at the falling edge of BCK. 

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

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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Sanyo LC9950 Real-Time Error Correction & Host Interface Processor 

When more than 16 clock 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 belong-
ing to the left audio channel. 

Data at C2P0 is read in at the rising edge of C4LR. 

Signals applied to C2PO flag the most-significant byte then the let-
significant byte of the 2-byte words at SDATA. 

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

B. When CSEL Is LOW and LMSEL is HIGH: 

I. SDATA Is read at the falling edge of BCK. 

li. The data at SDATA are processed beginning 
significant bit. 

The edge of LRCK marks the start of readipg o 
SDATA. When reading is completed, the r‘eacl 
minated. 

When more than 16 clock pulses are dettect 
cycle of LRCK. only the data ing t 
dlately after the LRCK edg t. 

e word at 
operation is ter- 

Rhin one-half 
ck pulses imme- 

A HIGH-level signal at L 
ing to the left audio chan 

Data at C2P0 Is read in 
the LRCK edge. C4LR Is not  

ie at SDATA as belong- 

thirteenth BCK,  pulses after 
ly the timing. 

Signals applied t 2P0 flag the least-significant byte then the most- 
significant by 2-byte words at SDATA. 

In this mocii, the LC Q can be interfaced directly with the Sanyo 
LC7860. Matsushita M *17 or Yamaha TM3815 digital signal pro-
cessors-. 

C. When C 1GH , 

ATA Is re 

data A' t 
bi t. 

EL is LOW: 

the rising edge of BCK. 

ATA are processed beginning from the most- 

,04 
Ili. The ed !zrF:  

S TA, an • starts the reading of the next word. 
OK marks the end of reading one 2-byte word at 

en more than 16 clock pulses appear at BCK within one-half cycle 
f LRCK, only the data read in during the 16 clock pulses immedi-

ately before the LRCK edge are significant. 

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

Data at C2P0 is read in at the rising edge of C4LR. 

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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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 lef and 
right channels. 

Sanyo LC8950 Real-Time Error Correction & Host Interface Processor 

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

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

In a half cycle of LRCK, 16 bits of data are read In at SDATA. The 1sing and 
falling edges of LRCK are used to distinguish between the first and la1  bits. 

ss, 
SDATA — Serial data input 

411, 
This serial input receives the data after CIRC (Cross interleave 
Code) decoding. The BCK pin controls the flow of 
received data are stored In the external data buffer 

eed-Sdlomon 
he L O. The 

BCK — Buffer input clock 

The clock signal for reading in serial 
least 16 BCK clock pulses should be 

to this input. At 
al f cycle of LRCK. 

C4LR — C2 error flag pointer strobe 

Used to supply the strobe signal for re C2 error flag When unused, 
It should be tied to either VCC or GND. 

4- 
C2P0 — C2 error flag poi t 

This input is used for th C2 error ?jig input during CIRC decoding. The flag Is 
non-Inverting; a HIGH level input Waicates an error condition. The data at 
C2P0 are read in at the sing cd of the signal at C4L11. If present, or on an 
internal timin t BCK and LRCK, and are stored temporarily 
In a one-bit b 

This sup ast,er clock signal of exactly one-half the frequency of 
the c ystal connectes ALCK. This output is used to provide a common 
cIdGking sIgnaIl  for t ock input of digital signal processor In the CD-equip- 
men. 

ontroller data pins 

pins are the data bus to the external controller. As these pins are high-
ance types, pull-up resistors should be used. 

RS. RD and WR — Controller interface control inputs 

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

Design Manual 
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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 regis-
ters. AR is a special register used to select one of the 32 read or write registers 
on-chip. 

RS — LOW selects direct addressing (AR). whereas RS — HIGH selects Indirect 
addressing (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 resets the LC8950. 

ENABLE — Host interface enable input 

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

HWR. HRD and CMD — Host interfac ntrol 

These inputs control the operatio /of the host Interfa . HWR Is the host data 
write input. FIRD. the host data r d input, and COO, the host command/data 
select Input. They are active only len ENABLE ij OW. 

Setting HWR LOW, HRD HIGH a MD instructs the LC8950 to enter 
command write mode. The data 1 1 to HD7 are written Into the 
LC8950's command register. 

IL Setting HWR HIGH, an and CMD LOW instructs the LC8950 to enter 
status read mode. The da previously written by the controller to the 
LC8950's status register ar diput at HDO to HD7. 

Ill Setting HIGH H W and CMD HIGH instructs the LC8950 to enter 
data tr er ode i a in the buffer are read by the LC8950 and output 
to th ost at H o I ID7. The erasure flag status Is output at HDE. 

All other cmbinations f FIWR LOW and CMD HIGH. and both HWR and HRD 
LOWre untelmnednd should not be set as the result of their use cannot be 

.gC 
Wait output 

unction of this output depends on the state of the SELDRQ Input. 
en SELDRQ is HIGH (that is. during software transfer mode), the 

LC8950 sets the WAIT output to LOW to signal the host to suspend the 
data transfer. 

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

When SELDRQ is LOW (that is. during DMA transfer mode). WAIT functions 
as a DRQ (data request) output to the host computer. 
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Sanyo 1c8950 Real-Time Error Correction & Host Interface Processor 

WAIT remains LOW while DTEN is HIGH. and while the LC8950 Is not 
transferring data to the host. 

DTEN — Data enable output 

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

STEN — Status enable output 

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

EOP — End-of-process flag output 

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

DOUT — I-lost computer data buffer control output* 

This output IS set to LOW to request data from the host computer d a buffer 
when ENABLE and EIRD are both LOW. 

HDE — Host data error flag output 

This output Is used to output error II 
flag is output during data transfer 
being output at HDO to HD7. Whe 
LOW. 

gna s he host rnputer. The error 
hen the correspo ing data bytes are 

e LC8950 IsTAki status-read mode, HDE Is 

HDO to HD7 — Host data I/0 pins 
;P 

These pins are the data bus to the host computer. As these pins are tristate 
types, pull-up resistors sho t e used. 

SELDRQ— Data transf mode sel input 

When HIGH, this input selects soft are transfer mode for data transfers to the 
host (WAIT contro • whenLOW1  A transfer mode (DRQ control) is selected. 

Sce appendix E for the 1C8951. 
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-Sanyo LC8950 Real-Time Error Correction-8, Host Interface Processor 

9. ELECTRICAL SPECIFICATIONS 

TABLE 4. Absolute Maximum Ratings 

Parameter Symbol Rating Unit 
Testb  

Condit 

Supply voltage V00 max -0.3 to 7.0 V Ta=25 de . 
Input/output voltages VI , Vo  -0.3 to V00+0.3 V Th.- , C 
Power dissipation Pd max 350 mW T/70 de 
Operating temperature T.pg  -30 to 70 deg. C 
Storage temperature Tstg -55 to 125 deg. C 
Soldering temperature 260 deI For 

TABLE S. Recommended OpektinConditi*s 

(Over operating free -air peratu ange),  

Parameter mbol Min Typ Max Unit 

Supply voltage 
Input voltage range 

4. ,/' 5.0 
— 

5.5 
V00  

V 
V a., 
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Pi 
Test 

Conditions 

Sanyo LC8950 Real-Time Error Correction & Host Interface Processor 

TABLE 6. Electrical Characteristics 

(i) LC8950 

(Input/output level V00-4.5 to 5.5V. over operating free-air temperature range) 

Parameter Symbol Min Typ Max Unit 

HIGH-level input voltage VIH 2.2 V 
HIGH 

LOW-level input voltage VIL 0.8 V 

HIGH-level output volt-
age 

Vom 2.4 V 

LOW-level output volt- 
age 

VOL 0.4 V 

Input leak current -25 25 PA 
Output leak current loz -100 100 PA 

(ii) LC8951 

(Input/output level V00-4.5 to 53 

HDE and bus pins 

temperature range) 

Parameter Symbol 
i,  

in 
, Typ Max 

• ' U 
r 

Test 
• Conditions Pins 

HIGH-level input voltage 
LOW-level input voltage 

HIGH-level input voltage 
LOW-level input voltag 

HIGH-level output v 
age 

LOW-level outpot.' licit- 
age 
LOW-le 
age 

Input learrent 

r",•-
itr  teak. •,-' 

Vail- 

VILI  , 

2 

VON] 

V p  
, 

VOL 

I L  
loz 

/ 

— 

2.5  
-- 

4, 4  

— 

— 

-25 
-100 

— 

— 
-- 

— 

— 

— 

— 

— 
0.6 

— 

0.4 

0.4 

25 

100 

V 

V 
V 

V 

V 

V 

pA 

itA 

1 0H- -0.4 mA 

I0L-2.0 mA 

1 0L- -2.0 mA 

VIN-Vss,VDo , 
At high impedance 

All input pins except 
XTALCK. BUS pins 
and RESET 

All output and bus 
pins. except XTAL 

INT (Open drain out-
put) 

All inputs 
HDE and bus pins 
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Sanyo LC8950 Real-Time Error Correction & Host Interface Processor 

10. REGISTERS 

TABLE 7. LC8950 Registers During Reads 

RS AR Number Name 

--- 

Bit7 Bit6 

, 

Bit5 Bit4 8it3 Bit2 Bit1 AN 
; 

Bi 
-, 

0 

— — AR 0 0 0 0 A3 A
2 A1 1  0  

0000 RO COMIN msb — — — — — —4 b 

0001 R1 IFSTAT CM01 DTEI DECI 1 OTBSY ST8SY . 
, 

ST 

0 4 
0010 R2 08CL 87 86 85 84 e3 82 81  
0011 R3 °BCH OTE1 DTEI OTEI OTEI 811 

I 
et 89 a 

0100 R4 HEADO msb - — — — — — Isb 
0101 R5 H EAD1 msb — — 

i 
— — ' 

11' 
— Isb 

0110 R6 HEAD2 msb — — — --c — Isb  — 

0111 R7 HEAD3 msb — — — , 
— Isb 

1000 R8 PTL A7 A6 A A4 ' 3 2 At  AO  
1001 R9 PTH AIS A14 A13 A10 A

9 A
a 

1010 R10 WAL A7 A6 As A4.  A2  A2 A1  Ao 
1011 R11 WAH AIS A14 A13 A A11 A10 Ag Aa 
1100 R12 STATO CROOK 1LSYN SYNC WSHORT SE1LK ERAEILK UCEL3LK 
1101 R13 STAT1 MINERA SECERA E1L ODERA SHOERA SH1ERA, SH2ERA SH3ERA 
1110 R14 STAT2 MODE FORM 

1 1 1 1 R15* STAT3 ALST • 

Key 

1 4ays read as

' 

 e 

',,,, • I ' - d 
r

6 ro 

— od 

WA, /It used, don't care 

See appendix E for the 1C8951. 
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0010 

0011 

0100 

0101 

R10* CTRLO DECEN EDCRO 

1000 

1001 

1010 EFF(4MRQ NA/RR() ORO PRO 

R2 

R3 

R4 

RS 

R6 

R7 

DACH 

OTTRG 

DTACK 

OBCL 

DBCH 

DACL 

'TABLE 8. LC8950 Registers During Writes 

RS AR Number Name 1347 Bit6 8it5 Bit4 8it3 B1t2 Bit1 Bit0 

0000 RO SBOUT msb 

0001 R1 IFCTRL CMDIEN DTEIEN DECIEN CMDBK DTWAI STWAI DOUTE 

• 

R11-  CTRL1 SYIEN SYDEN 

R12 PTL 

R13 PTH A
15 

1011 

1100 

1101 

FORMA() SHDREN 

1110 R14 

1111 R15 RESET 

Key 

U:  

re. 
is recommended to BLANK 

Sanyo LC8950 Real-Time Error Correction & Host Interface Processor 

' 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 RCH1P. 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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This 4-bit register holds the addresses used to specify the LC8950's 16 intern 
data registers (RO to R15). 

A register 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 
RI to R15. When the register address reaches R15. the next I/0 res 
Register I/O does not increment AR when the register address is RO. 

AR is selected when RS and CS are LOW. 

Sanyo LC8950 Real-Time Error Correction & Host Interface Processor 

11.1 AR —Address Register 

BI17 BITS BITS 13174 8IT3 BIT2 BIT1 BITO R/W 

Register Address R/W 
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11.2.1 COMIN —Command Input Register 

This register is a 8-byte circular buffer between the host computer troller. It is configured as a FIFO memory. -40 

'The STEN pin (and the STEN bit in the IFSTAT register) goes HIGH under the g conditions. 

The host computer reads the status byte while the STEN pin is LOW. 
The SOUTEN bit in the IFCTRL register is 0. 

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

11.2 COMIN/SBOUT —Command Input Register/Status-Byte Output Register (Register RO) 

During reads, this register is COMIN, the command input register: during writes it is SBOUT, the status-byte output register. A read/write operation to this-reg-ister does not increment AR. 

When commands from the host computer fill on4.r mr b f t e FIFO buffer. the CMDI bit in the IFSTAT register is set to 0. f In LOW. 
When the command buffer is emptied, CMDI is' set to eading the COMIN register in this state returns a value of FF 

11.2.2 SBOUT— Status-Byte Outp 

8117 

msb  

8116  BITS  BIT1  BITO I 

Isb I  

R/W 

This one-byte register buffers status bytes to the host computer. Multiple sta- tus bytes are passed t9..th t byte-by-byte. 
- When the SOUTENibit in the RL register has been set to 1, writing to the SBOUT register sets 'the STBSY to 0. If the STWAI bit is O. the STEN pin is immediately set, to LOW to i tm the host computer that the status byte is ready to be readfiaut. 

If the S 
both the 
However, tf the S 
1-1 tit t 1-1  

tatus-ilytIAProc 
cessirig whkn WAI  

to 1 and the DTEN bit in the IFSTAT register is also 1, 
STBSY go LOW when writing to SBOUT is completed. 
is set to 0 and the DTEN bit is 0, the STEN pin is held 
goes HIGH; thereafter it goes LOW. See figure 13 

ring Normal Operation and figure 14 Status-Byte Pro-
is Enabled. 

The host writes a command while the CMDBK bit in the IFCTRL register is 0. 
The chip is reset. 
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Sanyo LC8950 Real-Time Error Correction & Host Interface Processor 

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

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

11.3.1 IFSTAT — Interface Status Register 

8I17 8I16 BITS 8I14 8I13 BIT2 BIT1 8110 R/W 

1 / CMDI DTEI DECI DTBSY STBSY DTEN STEN 

This register indicates the status of the controller and host int7rfAces. 

The operation of the DTEN and STEN bits resembi that,of t 
STEN pins. They differ in that the rising edges of signals:th 
pins are generated at the falling edge of the signal at "n HRD. while 
of the DTEN and STEN bits change at rising edge of See 
Start Delays and figure 21 Data-Transfer CornpleR 

Bit 4 is unused and always returns a 

1. CMDI — Command Interrupt 

Status 

0 Interrupt set 
"cates that there are command bytes 

tin the COMIN register. 
1 Interru cleared 

Indicatt at there are no command bytes 
in the 401/0MIN register. 

Oper 

nd 
d STEN 
states 

ransfer 

• V- 

The in rupt' • rs when the controller empties the FIFO command 
buffer reading cessive command bytes. See figure 11 Interrupt Con- 
trol Fl s. 17  

sferiEnd Interrupt 

Status Operation 

Set interrupt set 
1 Set interrupt cleared 

Writing to the DTACK register clears the interrupt. See figure 11 Interrupt 
Control Flags. 
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Status Operation 

Opera 

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

DTBSY — Data Busy 

Data-transfer hardware busy 
Data-transfer hardware idle 

0 
1 

ar>  Sets DTBSY to 0. See figures 16 and 17 Initiating Data 
A  

t-rans 
(2). g';\ 

STBSY — Status Busy 

Status-b ard 
Status e readou rd 

Status 

0 
1 

DTEN — Data Enable 

Status 

0 Data trans er in progress 
No data transfer in progress 

STEN — Status En 

Operation 

Status-byte transfer in progress 
No status-byte transfer in progress 

Sanyo LC8950 Real-Time Error Correction & Host Interface Processor 

DEC1 — Decoder Interrupt 

Status Operation 

0 Interrupt set 
1 Interrupt cleared 
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Sanyo LC8950 Real-Time Error Correction & Host Interface Processor 

• 11.3.2 IFCTRL — Interface Control Register 

8I17 BIT6 BITS 8I14 8I13 8I12 8I11 BITO R/W 
- 

CMDIEN DTEIEN DECIEN DOUTENSOUTEN W CMOBK DTWAI STWAI 

This register provides control functions for the host interface. 
Resetting the chip clears all bits in this register. 

CMDIEN, DTEIEN, DECIEN — Enable bits for CMDI, DTEl 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 1 
Control Flags. 

CMDIEN, DTIEN and DECIEN do not clear intftupt r 
pin will immediately go LOW if an interrupt is endid (by 
during an interrupt request. 

CMDBK — Command Break 

This bit enables/disables the comman 

Status 

0 
1 

abled 
sabled 

A command break is the suspensi or status byte transfer to the host computer caused w en the host computer writes a command byte to the command buffer. data-transfer end interrupt, DTEI is not gen- erated by a comma 

3. DTWA1 — Data-Tr 

This bit enables/d  ata-transfer wait function. 

Data-wait function enabled 
Data-wait function disabled 

4,wait allows the LC8950 to delay the  hardware execution 
ransfer until a status-byte transfer (a STEN pin LOW condition) 

In other words, if the D'TTRG register is written to while the 
In the IFSTAT register is 0, the DTEN bit is not cleared until the 

it is set to 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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progress are aborted. Sim- When DOITTEN is set to 0. an data transfers 
ilarly, when SOUTEN is set t 0, any status-r te transfers in progress are 
aborted. 

,./ 

Sanyo LC8950 Real-Time Error Correction & Host Interface Processor 

STWA1 — 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 hard 
execution of a status transfer until a data transfer (a DTEN pin LOW c 
tion)  is :leared. In other words, if the SCOUT register is written to 
DTEN bit in the IFSTAT register is 0, the STEN bit is not cleared until the 
DTEN bit is set to 1. 

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

DOUTEN, SOUTEN — Data Output Enable and Status 0 

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

Status Oper 

isabl 
Output bled 

0 
1 
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During a write, these bits are not 

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

8117 BITS 8114 8113 8112 BIT1 BITO R/W DBCL 

Isb —FI/W 

BIT7  BIT6  BITS BIT4  BIT3  BIT2  BIT1  BITO DBCH 

msb DTEI during reads 

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) a (R3) are the lower- and upper-byte counters, respectively. 
To initiate a data transfer to the host computer, the controller number of bytes to be transferred minus one to this counter DTEN pin remains LOW, the counter transfers bytes txthe h the counter by one each time a byte is passed. When life couTkea,-1, that is, when a borrow occurs the transfer halts and a data tra5fe éfid in rupt is generated. 

During a read. Bits 4 to 7 of the DBCH register ave the san'kvalue as the four bits in DTEI (Bit 6 in IFSTAT) and Indic he end ofa transferr when all are set to I. .) 



Sanyo LC8950 Real-Time Error Correction & Host Interface Processor 

11.5 DACL, DACH — Data Address Counter (Registers R4 & R5 during writes) 

OACL 
- 

BIT? BITS BITS 8114 8IT3 8I12 Bill BITO R/W 

Isb_ —W 

8117 
DACH 

msb  

BITS BIT4 81T3  BIT2  BIT1  BITO R/Wt. 

This 16-bit write-only register is used to speci:y the RAM buffer address o head byte of the data blocks to be transferred to the host. 
Once the address has been set. It is incremented automatically 4ccess bytes are transferred into the 2-byte FIFO transfer buffer. Note, however. th  the number of times the counter is incremented may not match thr number read operations performed by the host As loading and trar)*r are for asynchronously, byte counts may.not match. 
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The controller writes to this register to activate the hardware for data transf 
to the host. The content of the data written is not significant. 

For the write to take place, the DOUTEN bit in the 1FCTRL (R1—WR) regist 
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 mus 
written to. 

• 

Sanyo LC8950 Real-Time Error Correction & Host Interface Processor 

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

BIT7 BITS BITS 8IT4 BIT3 BIT2 BIT1 BITO R/W 

_ W - 
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The controller writes to this register to clear the data-transfer end interrupt 
condition at the DTEI bit in the IFSTAT register and at the INT pin. 

The content of the data written is not significant. 

R/W BI T 8114 BITS 811'3 BIT7 8112 BIT6 

w - 

- Sanyo LC8950 Real-Time Error Correcticin-  8,1TOSt Interface Processor 

11.7 DTACK — Data Transfer End Acknowledge (Register R7 during writes) 
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To read the header data set, the SHDREN 
to read the subheader data, set SHDRE 
respond to the block (sector) byte nu 
of sync block is Byte 0. 

When SHDREN is 0: 

HEADO: Header MINUTES (byte 
HEAD1: Header SECONDS (byte 13) 
HEAD2: Header BLOCK byte 14) 
HEAD3: Header MO 15) 

nte CTRL1 re er is set to 0: 
ollowing bAe numbers cor-

1 and fin which the head 

Sanyo LC8950 Real-Time Error Correction & Host Interface Processor 

11.8 HEADO to HEAD4 — Header/Subheader Data (Registers R4 to R7 during 
reads) 

HEADO 
BIT7 BIT6 BITS BIT4 8I13 BIT2 BIT1 BITO R1W 

msb MINUTES/FILE NUMBER lsb R 

8116 BITS BIT4 BIT3 8112 BIT1 

SECONDS/CHANNEL NUMBER 

8116 BITS BIT4 8113 BIT2 Bill 

BLOCKS/SUBMODE 

8116 BITS BIT4 BIT3 8112 BIT1 

MODE/CODING INFORMATION 

8117 
HEAD1 

msb 

BIT7 
HEAD2 

msb 

8117 
HEAD3 

msb 

BITO 

Isb 

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

'Current 

When SHDREN is 1: 

HEADO: Subheader FILE NUMBER (byte 16 or 20) 
HEAD I: Subhe CH NE UMBER (byte 17 or 21) 
HEAD2: Su NUMBER (byte 18 or 22) 
HEAD3: S ING INFORMATION (byte 19 or 23) 

These regist tt,normally hold subheader data from Bytes 16 to 19. If the error flags of ( tes 4re set, the data for that byte are read from the cor- ‘<,,'4:, 
res ding 1)5catfon ' fq s 20 Co 23.   

if errors oqur both in the original data and in the designated correspond- ing ia s . B s 20 to 23 are read for the subheader data. See figure 7 Sub- 
hea The error flags for the header and subheader bytes can be read othé TAT1 register. After error correction, these registers display the .-440v-  come ted header and subheader data of the current block. 

• 
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Figure 7. Subheader Data 
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HEADO when SHDREN=1) Subheader 
Registers 

0 1 0 0 1 0 „ 
BLICERA SHOERA SH2ERA 

SECERA MODERA SH1ERA SH3ERA 

2  

TI 

Header 
Register 

=0) 
HEADO 

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

Example 1 

Data 
into RCHIP 

Error flags 

Header Subheader 
byte 

12 13 14 15 16 17 18 19 20 21 22 23 
00 1 00 1 0 0 0 0..0 1 

HEADO I 2 3 (when SHDRE.N=0) 
Header 
Register 

byte 
12 I  13 14 15 

HEADO I 2 3 (when SHDREN=1) Subheader 
Register 

byte 

16 , 21 , 18 19 

bit 7 6  4 3 2 1 0 STAT I 
error flags 

fvfINERA BLICERA SHOERA 
SECERA MODERA SH1E 

Example 2 

Data byte I . 
i 

into RCHIP 12 :13 14 15 16 , 17 , 18 , 19 , 20 , 21 , 22 , 23 
Error flags 0 0 0 !. J& . 1 1 0 o 1 i (1:error/O:no error) 

Ship substitutes bytes 21 and 22 
for bytes 17 and 18, but bit 1 of STATI 
register is set to 1 because both bytes 
18 and 22 contain errors. 

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 a reset, the register state is undefined. 
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PTL and PTH are the lower and upper bytes, respectively, of this pat ters. They hold a 16-bit pointer to the RAM address of the head of the curre data block after correction. Writing to this register directs the LC8950 to pe form error correction on any block in the buffer RAM. 

Sanyo LC8950 Real-Time Error Correction & Host interface Processor 

11.9 PTL, PTH — Block Pointers (Register R8 & R9 during reads; Registers R12 & R13 during writes) 

The LC8950 defines the MINUTES byte in the headk (Byte 12) a of the block and the 12 sync bytes (Bytes 0 to 11) are at the tail black. Each block contained in the buffer is taken to be the 235 bytk from the MINUTES byte of the header through the 12 sync bytes of th t block 

to the Oast by copying 
C P egister immedi- 

register is se o Is pointer is updated 
block. 

defined. 

The controller can transfer the decoding bl 
the address in this register and writin 
ately after decoder interrupts. 

When the WRRQ bit in the CTR 
at the sync signal of every 2352-b 

After a reset, the register state 
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• 11.10 WAL, WAH —Write Address Register (Registers R10 & R11 during reads; 
Registers RS& R9 during writes) 

8I17 T 8I16 _ 8115 I 8I14 8113 BIT2 Bill BITO 8/W WAL 

Isb R/W 

BIT7  BIT6  BITS 8114 8113  8112  BIT1  BITO R/W WAH 

R/W msb 

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 bytes, respectively. 

This pointer is automatically incremented during data transfer—hat is, while the DECEN and WRRQ bits in the CTRLO register are set to a- tion on the write address register will not return a rneanu4ful v e Ta ns that the returned value is accurate, the register contents s'loul. only after DECEN or WRRQ has been set to 0. For the same reaso ither DECEN or WRRQ should be set to 0 before writing an address to th.  
After a reset, the register contents are undefined. 
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11.11 CTRLO — Control 0 (Register R10 during writes) 

, 

8IT7 8IT6 BITS 
T T 

BIT4 8IT3 8IT2 BIT1 BITO R/W 

DECEN EDCRO E01RO AUTOROERAMRO WRRO ORO PRO 
— 

W 

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

This bit enables/disables decoding functions. 

Status 

Disable decode. 
Enable decode. 

0 
1 

Setting this bit to 1 enables the decoding functic‘s 
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 register., 

ite to 
r cor- 
RRQ, 

Operation 

2. 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. 

to enableertOStection  (decod- 

ed using the .C8950's internal block-
other error rrection processes have 

• 

The completion of the EDC decoding generates a decoder interrupt. 
3. E01RQ — Error Detec rrect Request 

This bit allows sys m design s to select the most appropriate error 
handling. 

1. Operation 

0 Disable error correction 
of bytes for which an error 
has been detected, but not 

. yet corrected. 
v.011 Enable error correction 

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

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

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

Erasure is disabled,  when the ERAMRQ bit in the CTRLO register is 0. 
Setting EOIRQ to 0 suppresses error correction. 
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Status Operation 

Disable automatic error 
correction. 
Enable automatic error 
correction. 

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

ERAMRQ— Erasure RAM Request 
This bit enables/disables reading of the error flag data in the erasure RAM. that is the one-bit buffer RAM for C2P0. 

Status Oper 

-0'g e er g reads, 
eble error fI1L rea 

0 

1 

0 
1 

Sanyo LC8950 Real-Time Error Correction & Host Interface Processor 

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 register is set to 1. 

Setting ERAMQ to 0 disables t erasure flag. using read operations per- formed on the erasure RAM t eturn a 0 icating no errors), so that only error detection and corre , are wed. The 0 setting is used when error, interpolation, or pre ue-hold flags in the C1RC C2 decoding phase are not outputted by the CIRC decoder synchronized with the output data blocks trornthe CD equipment. 
WRRQ— Write Re4uest 
This bit enables/disables writes from the CD equipment to the buffer. It also enables/disables updating of the block pointer (FTUPTH) each time a data blo cetved. 

Operation 

Disable data writes to the buffer and 
PTUPTH 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 kf 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 0-code (or P-code) 
error correction 

1 Enable 0-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 reading 
registers while the decoder interrupt is set. The block catio 
buffer can be determined by checking the rea 
tents. 

The specified error correction process is performed in t der QD, 
PD, QE and PE within each block. where Q #9d P indicate ,the Q- and P-
codes and D and E. error correction and eras-ere. D for singlArror correc- 
tion with detect-and-correct algo for single- 6r double error 
correction, also with erasure fla 

The detect-and-correct alg thm corrects ¶ e symbol error per code 
word: erasure correction corre up to two sy ol errors per code word. 

Note that the detect-and-cor t algorith an also detect and correct 
CIRC decoder miscorrection erro unflagged by C2P0. Erasure 
correction, on the other and, does not perform any error detection. 

When the detect- ect algorithm detects a single error in a code 
word, it also exam s the e ure flag to ascertain if the location for the 
corrected error is correct. Th rror byte (symbol) is taken to be correct 
and the erasure fl4g cleared if t e erasure flag and its location are identi- 
cal to that of ected error. When they are not, this indicates that 

• 

further e 
Moreov 
errors 

other locations, which cannot be determined. 
50 leaves the errors and the erasure flag, as these 

during the next error-correction process. 

Design Manual 43 

CONFIDENTIAL #161 PROPERTY OF SEGA 



Sanyo LC8950 Real-Time Error Correction& Host Interface Processor 

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

8I17 8IT6 BITS 8I14 8IT3 
_ 

8I12 BIT1 BITO R/W 

SYIEN SYDEN OSCRENCOWREN MOOR° FORMROMBCKROSHDRENI 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 wor a 
block boundary. Enabling SYIEN prevents loss d sy on when 
an error occurs in a sync pattern during data read. 

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

See appendix E for the LC8951. 
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(SYNCD) 

(SYNCI) 

(SYNCP) 

NO 

ILSYNC 

LBLK,SBLK o 

(a) NOSYNC and ILSYNC 

SYDEN=1 
SYTEN=1 

(SYNCD) 

(SYNCI) 

(SYNCP) 

NOSYNC 

SBLK 

ILSYNC,LBLK 

1 block=sector 
2352 bytes ; 

NOSYNC and SBLK 

1 biock=sector 
>.3S2 bytes , <2352 2352 2352 , 

SYDEN=1 
SYIEN=0 

(SYNCD) 

(SYNC') 

(SYNCP) 

(c) LBLK and ILSYNC 

Sanyo LC8950 Real-Time Error Correction & Host Interface Processor 

SYDEN=1 
I block (=sector) 

SYIEN=1 2352 bytes 2352 <2352 2352 

Figure 9. Inserted and Detected Sync Synchronization • 
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Status Operation 

Mode 1 
Mode 2 

0 
1 

- Sanyo LC8950 Real-Time Error Correction & HostTriterfaCe Processor 

2. SYDEN — Sync-Detected Enable 

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

Status Operation 

Disable sync detection. 
Enable sync detection. 

0 
1 

Enabling this bit synchronizes decoder operations with the sync pak tern 
detected in the input data. 

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

3. DSCREN — Descrambling Enable 

This bit enables/disables the descrambling function. 

Operation 

Disable descra 
Enable desc ling. 

Status 

0 
1 

ata on disc, even Setting DSCREN to 1 allows the 
if they are CD digital audio sig s. 

CO WREN — Correction Write nable 

This bit enables/disables rewriting of errr bytes in the buffer during 
error correction. 

Status Operation 

0 Disable error-byte rewriting. 
1 Enable error-byte rewriting. 

Setting COWREN to 0 an EDCRQ to 1. allows CRC checks without error 
correcti4 n. isc bl or rates can be checked using raw disc data and 
by m itorin CRCOK flag in the STATO register. 
MO Q.  — Mode Rt'ttuest 

1 
stsje decoding mode. 

 

dear 

 

This bit should be set manually to match the CD equipment source mode. 
Note that the correct decoder mode setting is not determined automati-
cally. 

The Mode byte in the header does not change as pre- and post-gap sec-
tors and track number identifiers separate the Sectors of different modes. 
Also, errors resulting from mode detection before correction must be 
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Note that the LC8950 has 
subheader data. Both the 
be read by toggling the SH 

parate 4-by 
ader and sub 
EN bit from 

regi ers for the header and 
ader of the current block can 
1. 

• 

Sanyo LC8950 Real-Time Error Correction & Host Interface Processor 

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 
bit in the CTRLO register is 0 and the MODRQ in the CTRL1 register is 1 

Status Operation 

Mode 2, Form 1 
Mode 2, Form 2 

Decoding form settings are used in MODE 2 only and shoul 
ally. 

7. SHDREN — Subheader Read Enable 
This bit toggles header and subheader dat t e 
HEAD3. 

Status 

Q Head data 
der ci ta 
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11.13 STATO —  Status 0 (Register R12 during reads) 

8117 81T6 BITS 81T4 8113 8112 B1T1 8110 R/W 

CRCOK 1LSYNC NOSYNC LBLK WSHORT S8LK ERABLKUCEBLK R — 

Resetting the chip clears all bits in this register. 
1. CRCOK — Cyclic Redundancy Check OK 

Set by EDC in accordance with the results of the CRC check. 

Status Operation 

Incorrect CRC result 
Correct CRC result 

0 
1 

2. ILSYNC — Illegal Sync 

This bit is set to 1 when the sync pattern is detected at 
tion (that is, at word couhts between 0 and 74):apd t 
been retimed. 

ct Iota-
oder has 

NOSYNC — No Sync 

This bit is set to 1 if the word inter rea 
has been detected in the inpu ta. It indica 
being.controlled by the LC89 s internal blo 
the CTRL1 register is set to 1. 

LBLK — Long Block 

This bit is set to 1 if no sync signa een detected while the SYIEN bit of the CTRL1 register f0. This condition causes the block length to be extended. 

WSHORT — Word ort 

This bit is set to Iif word lengths shorter than 192 pulses of the XTALCK external cjk sig , s a half cycle at pin LRCK) are detected during decodi 
„ 

turr , ,xv- s ock. 

d no sync pattern 
e decoder timing is 

-sync signal when SYIEN in 

Se 
syste 

spends decoding of the current block, and is a fatal 

Thietbir is s if the decoder is not retimed when a sync pattern is 4tectsd in an incorrect word counter location and is ignored while the 
DE bit of the CTRL I register is 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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Sanyo 1C8950 Real-Time Error Correction & Host Interface Processor • 8. UCEBLK — Uncorrectable Errors in Block 

This bit is set to 1 when errors remain in one or more code words within 
the current block, which includes the ECC parity area, after the final ECC 
decoding process has been completed. 
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11.14 STAT1 —Status 1 (Register R13 during reads) 

BI17 BITS BITS 8I14 8I13 BIT2 BIT1 BITO R/W 

MINERA SECERA BLKERAMODERASHOERA SH1ERA SH2ERA SH3ERA R . 

The bits in this register indicate the reliability of the data in the HEADO to4  HEAD3 registers. 

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, SH I ERA, 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 4We-occurs. 

4- 
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Bits Setting 

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

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

X Don't care 

and for 
the Form bit 
dicates that t 

Sanyo LC8950 Real-Time Error Correction & Host Interface Processor 

• 11.15 STAT2 — Status 2 (Register R14 during reads)* 

8I17 6IT6 BITS BI14 BIT3 8112 BIT1 BITO R/W 

RM003 RMOD2 RMOD1 RMODO MODE NOCOR RFORM1RFORMO R — 

Settings are determined by the status of the AUTORQb,it in the CTRLO register. 
the MODRQ and FORMRQ bits in the CTRL1 register arid the ForrrrigijAireadout 
from the CD equipment. 

Resetting the chip clears all the bits ister. 
When AUTORQ is set to 1, the m 

the current block can be checked. 
the Form bit in the subheader. it 
been corrected. 

ata a4 ally decoded from 
thi egister differs from 
subheader Form bit has 

' See appendix E for the 1C895 I. 
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See appendix E for the LC8951. 

Sanyo LC8950 Real-Time Error Correction &_Host Interface Processor 

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

BIT7 8I16 BITS- 8114 j 8I13 8112 1 BITI GITO R/W 

WLONG CBLK R VALST 

Reading this register sets the INT pin to HIGH and the DECI flag to 1 in the IFS-4  
TAT register, clearing a decoder interrupt. 

The unused bits in this register are not significant. 

1. VALST — Valid Status 

This bit is an valid/invalid flag for registers related to the decod 
rupt. 

Status Operation 

Valid registers 
1 Invalid regist 

The VALST flag goes to Oat the same time as th deC 
erated. and doesn't go to 1 when the STAT3 r 

The controller should read all de 
VALST sets to 0. The VALST flag 
Is generaed. See section 12.6 

WLONG — Word Long 

This flag is set to 1 if word le 
clock are detected when LRCK i 

This flag has no effect on decodi rations. 

CBLK — Corrected B 
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• 12. FUNCTIONAL DESCRIPTION AND OPERATION 

 

12.1 Command Processing 

 
 

 

 

 

 
 

 

To send a command, the host computer sets the ENABLE and CMD pins to LOW, 
and loads one or more command bytes into the COMIN register. 

The COMIN register is an 8-byte FIFO buffer used by command write 
mands of the host and the read commands of the controller. This reg 
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 wh'en the comman 
full (that is. the buffer is full at the falling edge of the HWR signal 
mand is ignored. See figure 12 Command Processing (2). As the L 
not support an external buffer-full signal, the controller should be 
process commands promptly to prevent buffer overflow. 

If the controller tries to read the command buffAvben no com- 
mands (that is, the buffer is empty at the falling edge df th D si al), the 
buffer returns a value of FFH. See figure 12 Comma 

Whenever commands are present in the bu th LC89 ets the com- 
mand interrupt bit (CMDI) to O. If the co it (CMDIEN) is 
set to 1, the INT pin will go LOW, sign ontroller. 

Resetting the chip clears the co 

• 
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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 LOW. 

The controller should write to SBOUT only  while the STBSY bit of the IFSTAT 
register is 1. Writing a byte to SBOUT while STBSY is set to 0 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 functi 
write to SBOUT sets the STBSY and STEN bits in the 1FSTAT 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 reg 
the HRD pin when the ENABLE and CMD pins are LOW. 

When the host starts reading the status byte, the Lqapso ets th 
to 1 to signal the controller that the SBOUT register is beipg read. TEN pin 
goes HIGH. The STEN bit resets to 1 when the status-byte transfer has been 
completed, signaling the controller that the SBOUT re ster h4s b t ad. 

The host should read the status byte only whe he 'STEN p LOW. If the 
host tries to read SBOUT while STEN is theicontr r completes a 

- write to SBOUT while the read operati s in pre ss. t SY bit will set to 
0. but the STEN pin and STEN flag will go LO just er reading is com- 
pleted — indicating that a status by is ready to sehci. Note however, that the 
integrity of this status byte cannot 
Processing during Normal Operation. 

12.2.2 When status byte wait is enabled 

When the STWA1 bit in the T register is set to 0, the LC8950 checks the 
DTEN bit before sendinf"th byte. If the controller has written a status 
byte to SBOUT while MIN is 1 (t is there are no data ready for transfer), the 
status byte is transferred as descr in section 12.2.1 above. 

When  SBOUT is writ. whi EN is 0, the STBSY bit is set to 0. However 
the STEN bit r 1 an EN pin is held HIGH until the data read opera- 
tion by the t I CO te. When DTEN resets to 1, the STEN bit sets to 0 and 
the STEN pi goes LO e transfer described in section 12.2.1 can now take 
place. See fi te Processing when WAIT is Enabled. 

12 Abo Xing s a transfer 

Threerethods are available to block transfer of the status byte: 
Rese 

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

Setting the SOUTEN bit to 0. 

Setting the SOUTEN bit in the IECTRL register to, 0 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 IFCTRL register to 0 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 data 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. Wen t 
transferred the number of bytes specified by the control*, the goes HIGH, and a data-transfer end interrupt is generated (the INT-pin s LO\Vand 
the DTEI flag in the IFSTAT register goes to 0). 

12.3.2 Initiating data transfer 

Data transfer is initiated using the followi 
The data transfer hardware is enatJd when a I fwrit7 to the DOUTEN 
bit in the IFCTRL register. When aeset or other bperation sets DOUTEN 
to 0, it must be set to 1 before a tra 

The number of bytes to be transferr s written to the transfer 
byte counter. The lower byte is writte , the upper byte, to DBCH. 
Only the four lower bits f DBCH are significant—they limit a single 
transfer to 4096 bytes. 

The memory address of the to be transferred is set in the data 
address register. The lower by written to DACL, the upper byte to 
DACH. 

A write is pe d RG register to initialize the FIFO transfer 
buffer and .'.rt the ti4ta-transfer operation, and the DTBSY bit in the IFS-
TAT regis r goes LO½ The content of the data written to DTTRG is not 
significant 

Caution 

4  Un er no circumstances should the con-
troller be allowed to write to DBa. 
DBCH. DACL, DACH or D'TTRG while a 
transfer is in progress. 

When the first byte has been written to the FIFO transfer buffer. the DTEN bit in 
t+te-IFS,TAT register sets to 0 and the DTEN pin goes LOW. The host can read 
data from 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 IFSTAT register resets to 1. See figure 17 Initiating Data Transfer (2). 

12.3.3 Transfer start delays 

If the controller instructs the LC8950 to transfer data while the DTWAI bit the IFCTRL register is 1. the transfer takes place as described in section 12.32 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 1FSTAT register to 
status-byte transfer operation is in progress. If STEN is 0 (that is, a st s byt 
is still held In the SBOUT register and has not yet been transferred to„ithe host). 
the DTEN pin is held HIGH and the DTEN bit at 1 until the status-byte transfer is completed. After the host has read the status byte and STE gbAs H. th DTEN pin is set to LOW and the DTEN bit, to zero. See4ure  ¶'8' Trans 
Delays. 

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

12.3.4 Software transfer using WAIT co 

The LC8950 enters software transfer IGH. 

LOW during read operations by the transfer buffer is empty. 
thereby controlling  data transfers. • e WAIT pin is significant 
only while the DTEN pin is LOW and a ho in progress; at all other times 
it is inactive (HIGH). 

If the host reads data p slowly (that is the interval between host read operations is more than seve TALCK clock cycles), WAIT signals may not be generated. Whew the host r a interval exceeds seven XTALCK clock 
cycles, the transfer4?uffei',remains filled, masking the hardware operation that would set the W pin to /Tote that this WAIT pin activation is a glitch. 
because both t and FIFO ransfer buffer reads occur asynchronously. See figure 19 Soft are Trans f7t,using WAIT Control. 

12.3.5 DMA tiansfer using ORO control 

In this mode, the LC8950 sends setting the WAIT pin to 

de when SE 

WAIT signal 
st when t 

tatus 

• 

The ters DMA trrsfer mode when SELDRQ is LOW. 
fti this mod the LCB-950 generates a HIGH-level DRQ signal to the WAIT pin. 

The (:). sig 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 

a umed to output the HRD read signals when the DRQ signals are gen-
at each byte. Note that DRQ is activated after a delay time of two to four 
K 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 is cleared to 1 and the INT pin goes HIGH by writing to the DTACK register. See figure 21 Data Transfer Completion. 

12.3.7 Data-transfer Abort 

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

Forcing the RESET pin to LOW or writing to the RESET regist 
the LC8950, terminating data transfers. See figure 22 Data Tr 
(1 & 2). 

Setting the DOUTEN bit to 0. 

Setting the DOUTEN bit in the IFCTRL register to tl,aboits data transfers. See figure 22 Data Transfer Abort (3). 
Setting the command break. 

ata transfers to 
ee figure 22 Data 

Setting the CMDBK bit in the IF 
be aborted by sending a co 
Transfer Abort (4). 

The data transfer end interrupt is 
has been used to abort a data trans 

hen any of these methods 
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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 a reset, the following operations take place. 
All tristate outputs enter high-impedance state. 
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 block of the LC8950 writes the input data stream from the CD 
equipment's digital signal processor to the data buffer RAM and decodes data 
blocks. In this context, decoding refers to error detection and/or correction. 

Setting the decoder enable bit DECEN to I enables the decoder interrupt 
and decoder operation. The decoder functional block generates the decoder 
interrupt for the controller each time it completes error detection and corr 
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 
EDCRa set to 1). or during input inhibit (when WRRQ set to 0). 

The transparent pipeline processing architecture of the LC8950 
input buffering, decoder operation and data transfers to the host to e p1 
simultaneously. simultaneously. The following table shows the basic decoder modes that can 
be -set by the DECEN, QRQ, PRQ, EDCRQ and WRRQ control bits. Oth& modes 
can be set by combining these bits. 

TABLE 9. Decoder Modes 

Control Bits 
ORO ED 

ection 
orrection  

r-disable 
ated-correction 

onitor-only 
Write-only 
Real-time correction 
P-only correction 
0-only correction 

DECEN WRRO PRO 

o 
1 

x 
- o 

x 
1 

1 o o 
1 1 o 
1 1 1 
1 0/1 1 
1 0/1 0 

12.5.1 Deco r-disabitmode 

In this mo., the decod*' is disabled and does not generate decoder inter- 
rupts. Deco -disa le mtlf e is invoked by setting DECEN to O. 

ed-c • n mode 

doubly encoded Reed-Solomon code. The two corrections (P and 
ormed alternately to raise the level of data integrity. 

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-

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

See appendix E for the LC8951. 
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In monitor-only mode, however. regts 
input data stream. Register 
in the other operating m 

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

12.5.4 Write-only mode 
In this mode, errop in the inpu 
simply written tz!,,,;,. xter 

ata are neither detected nor corrected, but 
er RAM. 

Sanyo LC8950 Real-Time Error Correction & Host Interface Processor 

applied to the current block only in order to obtain highly reliable data. How-ever. in the case of very high error rates, correction of every error cannot be guaranteed by this process on every occasion. The number of retries allowed by the controller and should be monitored by counting decoder interrupts and should be limited. 

Note that entering repeated-correction mode in order to set WRRQ to 0 should be carried out during the decoder-interrupt interval, that is, w VALST is at 0. When VALST goes to 1 while WRRQ is 1, the block point 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 . flags (read at pin C2P0) are latched in the STAT I register. The themselves, however, are not stored in the buffer RAM and amp; s error detection or correction processing. 
Since error correction is not performed, the header r,egisteWto tered and uncorrected data from the CD digital signal ocor. 
Another significant difference between monito 

available when WRRQ is 1 (excluding decoder-d' 
in updating the header and subheader r 

e unal- 

the modes 
e time delay 

Under normal buffered operation 
the header and subheader to the a 
STAT1) after the entire block has 
undergone error detection and co 
given block is available-only after the 

e LC8950' 
ropriate regi 
en written i 
non proces 

ut time  

rchitecture writes 
EADO to HEAD3 and 

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

one block has passed. 

Errors can not be d ted and corrected unless there is a full block of data in the buffer ;RAM. Th efore starting decoding, the decoder should enter write-only mode for at, east a one-block period until a decoder interrupt is gene 

he when its11)Ag correction mode only, the first two decoded blocks should h, ignpred as the first of these is not the input block and the second e unreligble as result of correction errors in decoding the first block. 
y mode can also be used when error detection and correction is to se rformed by the host computer. 

Real-time correction mode 
This is most commonly used decoder mode. Errors in the CD data written to the LC8950 are detected and corrected in real-time. Operations are performed • where these codes represent combinations of the operations in table 10. 

on each block in the order QDL, QDH, PDL, PDH, QEL. QEH, PEL, PEH and EDC, 
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Code Operation 

EDC 

0 0-code 
P-code 
Detection correction 
(one symbol correction per word) 
Erasure correction 
(two symbol corrections per word) 
LS3-byte plane 
MSB-byte plane 
CRC check 

Sanyo LC8950 Real-Time Error Correction & Host Interface Processor 

TABLE 10. Real-Time Correction Mode Codes 
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12.6 Decoder Control 

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

Decoder interrupts are generated for the controller after the decoding o each block. Interrupts are enabled by writing a 1 to the DECIEN bit in IFCML register. This sets the INT pin to LOW and the DECI flag in the IF register to 0 when requesting interrupt processing to the controller a decoding as long as DECEN (Bit 7 in CTRL 0) is set to 1. See figure 11 Inter Control Flags. 

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

TABLE 11. Period of Active LOW at INT)0 

DECEN EDCRO MODE FORM 
-v- , 

Active LOW 
( ) ,--- 

Inrerrup Cycle 
s) i• 

0 X X X i>0 co 1 0 X 2750 1 1 1 0 437.1  1 1 1 1 0 428 1 1 1 
1 

1 1, 
• 

140r  

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

The following read regis 
out whenever a decoder  

edia after the STAT3 register is 

and flags related to the decoder should be read 
is generated. 

HEADO. HEAD1. HE4 2, HEAD3 
PTL, PTH 
STATO, STAT1. STAT2' TAT3 „ 
Note that en Q in e CTRLO register is 1, the contents of the WAL and WAH w ite addr" registers constantly changes. Accordingly, WRRQ should be sei to 0 befor reading is attempted. 
T trorter,shouid rqed all decoder-related registers while VALST in the ST c re er is U D readS. while VALST is 1. are not guaranteed to be ac 

LST set,p to 0 immediately after a decoder interrupt is generated. but the 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-R and CD-1 data, the LC8950 has on-chip block-sync signal circuitry to ha sync-signal pattern errors caused by disc flaws, scratches, or other m defects. 

It 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 incomi 
lost, the internal block-sync signal can be used to maintain correce ata syn-, chronization. 

Enable/disable flags — SYDEN and SYIEN — can be set for 
and external-sync signals respectively. In combinati21,  thes 
tion of three synchronization modes. SYDEN and SYltshok h be set to 0 as this combination will inhibit both sync signals. a rik con*lete loss of synchronization. 

The LC8950 is generally operated in real-ti de with both SYDEN and SYIEN set to 1. This provid nchronization scheme and allows rapid recovery of s en detracking or sync pattern errors occur. 

The following four synchronizat pported. 
No sync mode (SYDEN—SYIEN 0) 

No decoding 

Rough seeks in subco 

In-track jumps fo 
sector 

Sync hunt mode (SYDEN-1, SY 

Q state 

ustment in order to pick up the destination 

Enters on-
or trac 

ck pi e and waits for real synchronization after seeks 

DEN—SY1EN-1) 

ept repeated-correction mode 

NO. SY1EN=1) 

-correction mode 

r-correction strategy (Q-only correction precedes P-only correc- 

peated-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 
4 p6res the external sync signal, since any loss of the external sync would Interfere with error correction. 

To assist in handling sync errors, the LC8950 maintains NOSYNC. ILSYNC, LBLK and SBLK flags in the STATO register. The meaning of each flag is de-
scribed below. See also figure 23 Block Synchronization (1) to (3). 
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12.7.1 NOSYNC —No sync 

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

If the NOSYNC flag is set each time a decoder interrupt occurs, it signifie malfunction related to a sync-detected SYDEN flag. A SYDEN flag setting means synchronization between the internal sync signal and incoming data been lost. A setting of 1 means that no CD-ROM or CD-1 data are present. 

12.7.2 ILSYNC — Illegal sync 
This flag indicates that a sync pattern which was out of phase with ttfr internal block-sync signal has been detected. This flag is significant only whe-n SYDEN is set to 1. In other sync modes, ILSYNC is 0. 

When ILSYNC is set to 1, the LC8950 resets its inte,1 block sync si the new timing truncates the current data block and iuppresbleperror detec- tion and correction for the current block because ther are tRsufficien ata to decode the block completely. See figure 23 Block Sy •niza 

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. 

al has not been 
wed. . 

tes of data fro the block head (the first 
950. Remai g data are discarded, but 

• +1. 

st computer, but this transfer is rarely implemented. Also, e excess data in the buffer are kept separate from, and has no effect on ding of the next block. 
A long block can be sed eit y an error in the sync pattern which pre- vents sync detection, or by detracE during a block. In the former case, the block data will be accurate; in the ter. erroneous. 
Setting SYI bling the internal block-sync signal) will pre- vent LBLK fr being fter the next sync pattern is detected. See figure 23 Block Synchro tzation 

12.7.4 •tio.rt b igck 

Thi iltes t ync pattern detected in the middle of a block was 
abled while SYDEN is 0 and SYIEN is 1. 

c modes, it remains 0. 
hi?Tg appears at every block, it indicates a complete loss of synchroni-See figure 23 Block Synchronization (3). 

The extra dita could be transferred t 
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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 w,ait states. 

Together the buffering and decoding operations create a time lag of 1 seconds (corresponding to the timing for a one block transfer from the po when a data block from the CD equipment enters the LC8950's pro pipeline to the point when it exits the pipeline and is transferred to t 
This real-time decoding delay is small enough to meet specifications in the Green Book - 
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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 hot' 
the sector being transferred to the host. See figure 24 Single Block Cachi g 
(Decoder-Interrupt Control). The processing of these three blocks takes pla 
simultaneously and transparently. Note, however, that the host must read cut 
one block of data during each one-block processing period in order to prevent 
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 Coinetion 
shows the flowchart of the error correction process rr on 
mode, one block of storage is allocated to the incoming da st one block 
for decoding, and four blocks to data transfer. The four- lock ata ansfer 
area is occupied by untransmitted blocks t block or being 
transferred, and already transferred blocks. Tf co figurat p, known as 
four-block caching, allows the LC8950 t er fou loc of data to the 
host at any time during a four block p . re ov h 

The buffer should be checked for ,an overflow cdpdi , either when each 
block is decoded (decoder interrupt-controlled Caching), or when the transfer 
of each block to the host is completed (data transfer complete-controlled cach-
ing). 

When an 8 Kbyte buffer is used, one idata must be transferred each_ 
time a decoder interrupt is r eived. If a larger buffer is employed with multi.- 
block caching, checks sho erformed to ensure that the total number of 
blocks being transmitted' and ailing transmission does not exceed the 
specified limit. 

Even when a o9e-blOck overflow condition is detected at the time of a 
decoder interru the blot transferred may not yet have been overwrit- 
ten at the ti e Acode interrupt was generated, and the block of data 
already trans itted ma .e correct. Figure 24 Single Block Caching and figure 
25 An &amp e of Block rthhing in Real-Time Correction Mode I show at which 
,point durin ap overflow condition the block currently being transferred is 
actu 

ote tyat the co er is unable to read the write address registers (WAH 
an WAL) correctly when buffering data while WRRQ is 1. This because the data 
in and WAL may be in transition (for example, being updated) when the 

pled. 

en overflow checking is performed after the transfer-complete interrupt 
is eived, the controller in a system configured with a one-block caching 

er should check after each interrupt to confirm that the decoder has not 
yet 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 
RAM. See figure 26 Error Checking in Full Sync Mode and figure 27 Repeated 
Error Correction in Mode I. 
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When a multi-block caching buffer is used, the controller should check after 
each block transferred that the number of error-corrected blocks awaiting 
transmission does not exceed the specified limit. 

When the latter method—data transfer complete-controlled caching—is 
used, one block of data is sent whether an overflow condition occurs or not. 
The status 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 ad, 
using the LC8950 command registers, send a repeat request to the contr 
by COMIN, the chip's command register. 
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Figure 11. Interrupt Control Flags 
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Figure 12. Command Processing (1 & 2) 
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Figure 13. Status-Byte Processing during Normal Operation 

Design Manual 73 

CONFIDENTIAL #161 PROPERTY OF SEGA 



S
T

E
N

 (
1F

ST
A

T
)  

M
.  
(

IF
S T

A
T

)  

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

Figure 14. Status-Byte Processing when WAIT is Enabled 
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Figure 15. Status Byte Transfer Abort (1 t04) 
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Figure 17. Initiating Data Transfer (2) 
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Figure 19. Software Transfer using WAIT Control • 
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Figure 20. DMA Transfer using DRQControl 
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Figure 2 1. Data Transfer Completion • 
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Figure 22. 22. Data Transfer Abort (1 to 4) 
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Figure 25. An Example of Block Caching in Real-Time Correction Mode 1 (Block-by-
Block Transfer) 

Design Manual 85 

CONFIDENTIAL #161 PROPERTY OF SEGA 



0 

0 

D
E

C
E

N
,  W

R
R

Q
  

6 
.s3 

c 
 

sr 

• 

R
ea

l-
tim

e  
e

rr
o
r  C

O
ff

 
0 

. E z. .., 1E 
: ,.., u U Z. 

f— it 0  0 g "Iu4 ao 0 c -0 
n
< 

  2  
>

I0 I' < . 73° 
-3 11 6 -,. d ° ....., In

pu
t  t

o
  R

C
H

IP
 

\ 

0 

Sanyo LC8950 Real-Time Error Correction & Host Interface Processor 

Figure 26. Error Checking in Protected Sync Mode (SYIEN=SYDEN=1) 
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Repeated correction can be implemented by modifying the Error Checking shown in figure 25. 
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Figure 28. Non-Cached Block-by-Block Transfer • 

Sanyo LC8950 Real-Time Error Correction & Host Interface Processor • TYPICAL CONTROLLER PROGRAMS 

Real-Time Error Detection and Correction in Mode 1 
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Sanyo LC8950 Real-Time Error Correction & Host Interface Processor 

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 SY1EN and SYDEN to 1 to set full sync mode, and enable the descramble_ function by setting' DSCREN to 1. 

Data request received from the host computer. 

Seek the spccified block using subcode. 

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

When a block slightly ahead of the desired block is located, 
PLAY function and read out a continuous data stream. 
Set DECEN to 1 to enable the decoders write-on mod . Error cb 
cannot be performed until at least one block o ta has been.written to 
the buffer. Write-only mode is maintained until this one-block write is 
complete. 

4 Use of sync hunt mode (SYDEN-1, SYI 0)'is recom ended. When the LC8950 hunts a real sync fromJbta stre . this -ks indicated as a NOSYNC-0 ensuring that the d4Rt4ily s c i,zed. Protected 
sync mode (SyDEN—SYIEN-1) s) tild then bet. 

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

at least one block, enable 
to I immediately after the 

Continuing PLAY mode, check t registers (HEADO to HEAD3) immediately after eac ecoder interrupt to see if the desired block has been decoded. Also dthe header error flags in STAT I. 
if the desired blo has no een located, wait for the decoder interrupt at 
the next block and check aga 

When the desired block is cated, read STATO to check the block for fatal errors. If -C-1.c,p1( is • 1-1ORT, ILSYNC, UCEBLK, and ERABLK are all 0, the current blot: valid data. 

In t e decoder • tected sync mode (SYDEN—SYIEN-1). the LBLK and SBLK ags do not set t 1 on errors, so they do not require checking. If the 
Y N C Usitt s e t e host does not need to be irrformed of blocking errors ipimed1 ,. long as the header is checked successively. 

If W HORT is 1, decoding of the current block is aborted as it is not possible 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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Perform repeated-error c 
seek the next block. 

Give priority to real-time 
passed to the host together 

Seek and re-read the block cont 

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 DBCL and 
DBCH. Write to DTTRG to enable data transfer. The host-interface contro 
signals are used to send the data as described in section 12.3 Dva 
Transfer. 11. 
Process the decoder interrupt, the transfer-complete interrupt and 
command-received interrupt. These interrupts may be processed a 
chronously and in order. Note that the INT pin generates only 
interrupt signal, even when two interrupts occur at the same 
controller should read 1FCTRL to ascertain whether another terrupt i 
pending after the processing of the current interrupt is complited. 

When the desired number of blocks have been read out. 41,able 
operations and decoder interrupts, and set the Ctkequipin e n t t_ 

If the host generates a status request command suspend decoding, and 
write the status byte to the SBOUT register. an ansfet-  the %-quired sta- 
tus information. 

The error handling procedures can signed to meet he needs of the 
application. Typical responses s include. 

ong jspecified and then 

cks containing errors are 
status. 
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C Fatal Error Check 

Error 
Block? 

Error Block 
Transfer Mode 

Set? 

( No Transfer to ) 
Host  

WSHORT? 

Real-Time Error Detection and Correction in Mode 1 

NOSYNC.1 
or ILSYNC.1? 

ERABLK? 

CRCOK? 

No Error Status B ocking Error 
Status 

(break-induced) 

Trinsfer Host 

Sanyo LC8950 Real-Time Error Correction 8, Host Interface Processor 

Figure 29. Fatal Error Checking 
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C START 
ROUTINE ) 

Fatal Error Check 

Additional 
Seek Needed? 

Set Host Wait 
(if required) 

EXIT 
ROUTINE 

DECEN=I 
SYD 
PR 

for decoder interrupt 

Read Decoder-
Related Registers 

atal Error Check 

Addonal 
Sect Needed? 

Additio 
Correction 

coded,  

Enors 
S liii 

Present? 

Internal Status= 
Residual Error 
(break-induced) 

Internal Status= 
Repeated-Error 

Correction 
(break-induced) 

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. 

Figure 30. Repeated Error Correction 
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DECEN=0 
SYIEN=SYDEN=i 
DSCREN=1 
AUTORQ=MODER 
FORMRQ=Any 

Identical to Mode 1 Real-Time 

System Initialization 

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

Identical to Mode 1 Real-Time Error Correction 

Sanyo LC8950 Real-Time Error Correction & Host Interface Processor 

Real-Time Error Detection and Correction in Mode 2 

Figure 31 ing 

Figure 32. Real Time Error Correction in Form 1 
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Data Transfers in Modes 1 and 2 

MODEUMODE2-FORM1: 2047 
MODE2-FORM2: 2323 

Set DACL, DACH toTransfer 
Start Address is Buffer 

( RETURN 

MODEl: PTL, H +4 
MODE2: PTL, H +12 

Figure ata Transfers 

Sanyo LC8950 Real-Time Error Correction & Host Interface Processor 
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APPENDIX C: CONFIGURATION EXAMPLAt 

Sanyo LC8950 Real-Time Error CorrectiOrTUTosarite-rface Processor 

Design Manual 96 

CONFIDENTIAL #161 PROPERTY OF, SEGA 



Figure 34. Typical LC8950 Controller • 
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Sanyo LC8950 Real-Time Error Correction & Host Interface Processor 

• Figure 36. SCSI System Configuration 
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APPENDIX D: APPLICATION NOTES 

'AR 

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

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

The access time of the SRAM devices interfaced to I/O 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. 

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 r 
Monitor-only mode should not be used. 

3. MCK Output during RESET 

The clock signal output at MCK stays LOW le the 
LOW. If one or more of the peripheral devices req 
the LC8950's RESET pin is LOW, the 1C89 
inputs on peripherals should be separ 
RESET should be set to first, folio 

put is held 
lses while 
the RESET 

se, the LC8950's 
th peripheral. 

4. Controlling SRAM Chip-Sele 
Figure 37 RAO to RA15, R and ROE Ti k  g shows the timing relation- ships.  between the RAM re address outp s, RAO to RA15, and the write and output enable signals. 

When the read address o o RA15 are being decoded and applied to the chip select inputs 'c" wo or more SRAM chips, RWE should be delayed by at lea + 40 ns, where t is the address decoder delay time. 
There may poi hen RWE and ROE are both active. If this over- lap disrupts the operati the RAM buffer, RWE should be delayed by 40 to 60 ns. 

• 
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Figure 3 7. LC8950 RAO to RA15, RWE and ROE Timing 
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APPENDIX E: LC8950 AND L08951 FUNCTIO 

4 

— 

Sanyo 1C8950 Real-Time Error Correction & Host Interface Processor 

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

Section 8 — Pin Descriptions 

C4LR — C2 error flag pointer strobe input 

It is no longer necessary to provide this input as the LC8951 reads in C2POtiata using internal timing based on BCK. As a result, the minimal signal connections to the CD equipment are as follows. 

LACK, BCK, SDATA, C2P0 
LACK, BCK, SDATA 

Pin 35 should be tied to VDD  Or Vss. 

C2P0 — C2 error flag pointer input 

Erasure connection algorithm only 
Detect-and-correct algorithm only 

[...] The data at C2P0 are read in at the rising edge of t 
present) oi-T.:1 

RCS — RAM chip select 

The LC8951 uses this pin differently from the 
the CS pin decreases the power cons 
used for this purpose, the pin shou e left op 

Section 11.11 — CTRLO (R10 durin rites) 

in. Tying it to 
M buffer. If not 

8117 8I16 BITS 8112 8111 BITO 

OECEN • EOIRO AUTORO ERAMRO WRRO ORO PRO 

The LC851 does not A.ise the ED bit. Instead, it automatically includes EDC decoding is when aoy other ty of decoding is requested—that is. when at least one of the4lowes-  hree b (WRRQ, QRQ and PRQ) is non zero and decod- ing is enabl CEN 

1 during writes) 

heck Request 

8I17 8116 
_ 

8115 8I14 BIT 3 8I12 6I11 8110 

SYIEN SYDEN OSCREN COwREN MOORO FORmR0 MBCKRO SHOREN 

T Is bit, defined for the LC8951 only, enables/disables the mode check func-on. If 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. 
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RMOD 3, 2, 1 and 0 — Raw Mode Byte 

These four bits, defined for the LC 
nary check on the raw mode byte in 

RMOD3 BIT7 + 8IT6 + BIT5 + 
RMOD2 = 6IT2 + EF 
RMOD1 BIT1 + EF 
RMODO BITO + EF 

n the results of a prelimi- 
be decoded. 

Sanyo LC8950 Real-Time Error Correction & Host Interface Processor 

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) 

BrI7 81T6 8I15 8114 8113 
, 

8172 , BIT1 
r- 

SITO 

RMODO RMOD2 RMOD1 RMODO MODE NO 1,z - mi d 
.p •. 

WLONG MK ' VALST 

where + denotes a logical OR and is the byte's error flag (from C2P0). 
If RMOD3-0, the other three pits uniquely determine the mode (0 to 7); 

otherwise, they er three bits of a mode in the range 081-1 to 
OFFH. If all f ever, there is an additional interpretation: the 
mode byte c 
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RMOD3 RMOD2 RMOD1 RMODO 

Mode 0 
Model 
Mode 2 
Mode 3 
Mode 4 
Mode 5 
Mode 6 
Mode 7 
Mode$ x 0 or$ x 8 
ModeSx 1 orSx 9 
ModeSx 2 orSx 

Mode x6 or Vx E 
Mode S x7 or S x F 
or mod ,o el<rar 

T e two 
in 

Sanyo LC8950 Real-Time Error Correction & Host Interface Processor 

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

NOCOR — No Correction 

The LC8951 sets this bit to 1 if EC processing is Jot  pOssible for the current block. Such processing is blocked ir 
an illegally synchronized block 
a data block specified in software a1tk.4.  Aórm 2 

• a Mode 2, form 2 data bloVc automatically detected during processing 
a Mode 2 submode b r automatically detected during processing 
a mode mismatch detected by the mode check function (MCHQRQ= 1) 
a mode byte error detected by the mode check function (MCIQRQ— 1) 

NOCOR is inv4aiTJ LO Var PRQ—QRQ-0. 
This usake repres 

formerly otiy applica 

R6 For 

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

ts, defined for the LC8951 only, contain a preview of the FORM bit de byte for the next block to be decoded. 
RFORM1: Error flag (from C2P0) for the byte 
RFORM2: Form bit from byte 
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RFORM1 RFORMO 

Form 1 
Form 2 
Error 

12.4 — Reset 

A reset triggered by pulling the RESET pl 
output. 

Section 12.5— Decoder Modes 

no longer affects the MCK clock 

Sanyo LC8950 Real-Time Error Correction & Host Interface Processor 

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

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

Section 12.3.3 —Transfer start delays 

Revision of the output timing for the 101 to 108. RDE, RWE. and E 
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 ext 1 
See appendix F. AC Characteristics. s  
As a result, SRAMs with access times of 120 ns or less may be ciiretly con-
nected to the LC8951. 

Pull-up resistors 

All data bus pins joining the LC8951 e ex t SRAM (IQi to 108 plus ERA) 
and the host (HDO to HD7) have 20 pull-up resk. ors. ie  INT pin has a simi- 
lar 20 kfl pull-up resistor and provi es open-drain akitput. 

/ 
, - CRCK, 

ERABLK 
HEADO to 3, 

STAT1 
Decoder Mode 

— Invalid Invalid No decoding 
1 0 Invalid Raw Monitor only mode 
1 1 Valid Decoded Write only mode 

/ 1 Valid Decoded Real-time correction mode 
1 Valid-  Decoded Repeated correction mode 

fter WReRQ-0 or DECEN-0, the first one block should be ignored. 

kRQ-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 C2P0 pin) into the RMOD and RFORM bits of the 
STAT1 register, but does not store the data block in the RAM buffer or subject it 
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The duration of the decoder interrupt (active low at the INT pin) depends on 
the decoder mode. 

--WRRO÷PRO+ORO MODE FORM ACTIVE (ps) 
0 X X About 2750 (Same as LC89 
1 0 X About 1800 
1 1 0 About 1800 
1 1 1 About 1500 

The last three values are considerably longer than tho 

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

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 
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Sanyo LC8950 Real-Time Error Correction & Host Interface Processor 

APPENDIX F: L08950 AND L08951 AC CHARAC 

• 
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Figure 38. LC8950/LC8951 Command Write 
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Figure 39. LC8950/LC8951 Data Read with WAIT Control 
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Number Figure 

Range 

Unit Characteristic LC8950 LC8951 - 
min max min max 

1 38 ENABLE to HwR (Host Write) setup 30 — 30 — 

2 38 CM0 to HWR setup 15 — 15 — .,./,/ ns / 

3 38 HWR low period SO — SO — 

4 38 HWR to °TEN change — 105 — 105 ns 

5 38 HRW to STEN ch:..nge — 105 — los eR 
6 38 H00-7 to HWR inactive 50 — SO as 

44 
 

7 38 HWR inactive to End of Data 20 — 20 . — s 

8 38 HWR high period SO — so 1 — 
9 38 HWR inactive to ENABLE inactive 0 — 

.. x 

0 „ — s 

10 38 HWR inactive to CM D inactive s 

44  

— 5 ns 

11 39_40 ENABLE to HRO setup 30 — 
k as 

12 39 CMD to HRO setup 15 15 
... — as 

13 39 67- 

1 
67+50 

* 
4  6T-MII' 

te 2 
61+50 as DTEN to WAIT inactive 

14 39 07EN to HRO setup 0 — 0 — as 

15 39 50 

. 2 
6T-50 
Note 2 — ns HRO period 

16 39 
R 6T ,. 

No — 
67-50 
Note 4 —  ns HRD law period ••, 

17 39 NM) to valid del.& setup with WAI active 
/ 

. 120 — No max as 

18 39.40 HRO.to invalid data setup' - .. ' • 5 .100 5 ' .100 as 

19 "39 101+180 
Note 1 

— 
107+180 

 
Note 1 — as HRD inactive to the se nd WAIT inactive 

20 39 HRO high period 
i
, ' A' 50 — 50 — as 

21 

r 

39 6
N
T

o

+
t 

 't
e
a
l
° 

— 
6T+180 
Note 2 

— 
 

ns HRD inactive to the second HR aye transition 

22 39.40 HRO irractive And of data 5 60 5 60 as 

23 39 H , ;- 1144 tO en., ata 0 — 0 — as 

24 39 67+50 
Note 2 

— 
67+ 
Note 

50  

2 
— 

 
ns RD active t next HAD active 

. 25 . 1 67-20 
Note 2 

67+50 
61-20 
Note 2 

61+50— as 
-2 - 

39 - AIT inactiv , the ext vvAir inactive 

H •--, • o W ctive- Setup 80 — 80 — ns 
/ I  
7 9 

45MISX;Io — 

Note 3 
101+160 

_ 

Note 3 
1014.160 as I-IFID active o valid data setup with WAIT active 

3 S  
1. 

WAIT active period 
Note 3 

10T+30 
Note 3 

107+30 as 

39 Valid data to WAIT inactive -SO — -SO — as 

3 
z.,  

39 WAIT inactive to HRD inactive 50 — SO — ns 

Sanyo LC8950 Real-Time Error Correction & Host Interface Processor 

TABLE 12. TABLE 12. AC Electrical Characteristics 
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Sanyo LC8950 Real-Time Error Correction & Host Interface Processor 

Number Figure 

Range 

Unit Characteristic LC8950 LC8951 

min max mm n max 

31 39 — 120 — 120 
- 

ns HRO active to OTEN inactive 

32 39.40 1-TR-6 to EOP setup — 120 — 120 ns 

33 39.40 HRO inactive to ENABLE inactive 0 — 0 — 

34 39.40 HRO inactive to CMP active 5 — 5 — n 

35 39.40 HRO inactive to EOP inactive — 120 — 120 

36 40 CMO inactive to HRO active 15 — 15 — s 

37 40 DITIZI active to V-TAlf inactive 5 25 s . 25 ' 

38 40 WAIT period 61-20 — 61-20 ns 

39 40 WAIT inactive to HRO active 0 — 0 — s 

40 40 HRO to WAIT setup — 80 — 80 

41 40 HRD active period 21 — 21 ', — s 

42 40 HFIO to valid data setuP — 120 ' ns  — 

43 40 HRO inactive to WAIT inactive 2T+10V4T-7 , , 41-75 ns 

44 40 Valid data to end of data 0 — 
-, 

0 — ns 
44 40 HRO active to OTEN inactive 6T- — 6 ,7,54 — ns 

Notes: 

1. Only if WAIT—LOW occurs. WT—LOW does not pear if the second 
HRD falling edge exceeds thes imes. 
Minimum time for which WAIT LOW does no occur. 
Assume both HEW LOW and HIGO 50 ns. 
If the HRD LOW pulse 41cIth, 50 < tm-u5 < 120 ns, the host cannot read the 
valid data on HDO to,4061HDF_. 
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Sanyo LC8950 Real-Time Error Correction & Host Interface Processor 

Reset Timing 

De ption 
6 

Rating 
min. max. 

Unit 

width 100 — 
Da a old — 50 

3 !ata delay — 50 
4'St data hold — 50 

Host data delay — 50 
R 'M data hold — •50 

AM data delay _ 50 ns 
8 DOUT hold — 100 
9 DOUT hold delay — 100 
10 STEN, DTEN hold — 100 
11 EOP hold — 100 
12 INT hold — 100 

Figure 41. LC8950/LC8951 Reset Timing 
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Read cycle 

rrS 

00-07 
ipso) 

00-07 
tovn 

See table 1 

13 AS setup 
14 RS hold 
15 CS set 
16 CS, 
17 RD, WR puls 
18 RD WA pulse width 

at cess 
old 

out delay 
D. t HIGH Z 
Write Ota setup 
/rite ta hold 

Notes 

21 
22 
23 

10 
30 
5 

50 
50 " 

ns 
120 

10 
5 
10 80 
30 
20 

ntervals #13 and #14 are not absolute values, but intervals d to protect #19 and #20. In itself, #18 does not ensure validity of the values pins DO to D7. 

he maximum is 80 ns for.the LC8951. 

Figure 42. LC8950/LC8951 Host Interface 

Sanyo LC8950 Real-Time Error Correction & Host Interface Processor 
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CI 0- 

RAO - RA15 

ROE 

161-168 ERA 
(RCMP IN) 

Will cycle 

RAO - RAIS 

AWE 

- 
ERA 
(RCMP OUT) 

IT6E 

See table 12 for 

o 

ristics. 

Descriptio 

Read cycle 

ng t 
Unit 

45 
55 , 

Sanyo LC8950 Real-Time Error Correction & Host Interface Processor 

Read cycle • 

Data setup for ROE 
Data h ROE  

25 
0 

21-50 
11 
-10 
5 30 

2T-30 
1T 1T+30 

1T+35 
3T-30 

35 

1 
2 
3 
4 
5 
6 
7 
8 
9 

ns 

Pirls .101 tp 108 may be directly connected to SRAMs with access times of 
120 ns orless: ERA, to SRAMs with access times of 100 ns or less. 

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

stands for one execution cycle—that is, the inverse of the crystal fre-
quency. For most implementations it will be 60 ns. • Figure 43. LC8950 SRAM Interface (Preliminary) 
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3T.-30 1 Read/write cycle 
2 
3 
4 
5 
6 
7 
8 
9 
10 

35 

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

RAO - RAI 

Cs.'• 

ROE 

ERA 
100 - 
(RCMP NI 

Write cyclo 

RAO - RA S 

Cs 

RWE 

-0- 

ERA 
- 157 

(RCMP CPO) 

See table 12 for AC ch 

Description' it 

J CS pin is PIN62. the LC8950 DOUT pin. 

or one execution cycle—that is. the inverse of the crystal fre-
quency. For most implementations it will be 60 ns. 

The numbers on these timing charts are totally independent of those on 
the preceding page. 

5 
1T 

2T-25 

30 
21 
10 
80 
5 

130 
95 

ns 

Figure 44. LC8951 SRAM Interface 
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Overview 
'The LC89510 is an error correction LS! for CD-ROM/CD-I 
It is an advanced pin-compatible version of the LC8951. 

Function & Features 
*On chip 12byte status FIFO 
*On chip SRA1(8kbi 0 for erasure correction 

CD Equipment 
incorporating 

DSP Serial Digital 
Data Stream 

System L 
Controller r 

Hardware and 
Circuitry Common 

to All CD Equipment . Dedicated Hardware 

0 
11111111111111111111111111111I8hII1IIIIIIIIIII 

/ 

L C 8 9 5 10  
Error Correcttion LSI for CD-ROM/CD-I 

Specifications and information herein are subject to change without notice. 
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XTAL 0 

TESTI 1 

TEST2 1 
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PIN OUTS 

Pin Numbers. Names and Functions 

RAM writ 0 12 RWE 

Pin Name I/O 

GND 

RA6 0 

RA7 0 

Function 

Ground 

3 

RA8 0 4 

RA9 0 5 

6 RA10 0 

7 RA11 0 

8 RA12 0 

9 RA13 0 

10 RA14 0 

11 RA15 0 

Data buffer RAM and erasure flag RAM 
address outputs • 

13 GND 

14 ROE 0 

15 ERA I/O 

16 108 I/O 

Ground 

RAM ou 

Erasure fl 

Pin # 

1 

2 

ut/output 

01 23 

17 107 I/O 

18 106 

20 104<;„ r, 
21 

22 

;GND 

25- XTfkLCK  

CSEL 

30 LMSEL 1 

Ground 

Clock input 

Clock output 

Test inputs. 

Normally held LOW. 

Serial data clock phase select 

Serial data byte order control 
(LSB/MSB first) 

7v.61,% 

• 

6 

Data bar RAM input/output. 
(LC 1 has 20 MI pull-up resistors on-chip.) 



• 
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Pin # Pin Name I/O Function 
- 

31 VOD — Positive power supply connection 
32 LFICK I 44.1 KHz lef t & right channel separator strobe 

A 

33 SDATA I Serial data input 
34 BCK I Buffer input clock 
35 C4LR I C2 error flag pointer strobe 
36 C2P0 I C2 flag pointer 
37 MCK 0 Master clock output 
38 DO I/O 

Controller data input/out 
 (1C8951 has 20 kci pull-up resistor 
9,

.51 

39 01 I/0 

40 02 I/O 

41 GND — / Ground 

42 D3 I/0 

roa Cont r dta Input/ put. 
(LC8 has 20 kfl pull resistors on-chip.) 

43 D4 I/0 

44 05 I /0 

45 06 I/0 

46 07 I/O 

47 AS I Register s 

48 RD I ápontrollerdata read 

49 oiler data write WR 

. 50 CS I Co j erchiPselect 

51 troller interrupt 

52 GNI) — Ground 

53 t LC8950 chip reset 
RESET 

/ , Host interface enable 4friuz•• 0 

I Host data write input , 
Ar' I Host data read input 

, HAD 

I Host command/data select 

58 0 Data transfer WAIT signal/DRO signal 
WAIT 

/ 59 0 Data enable output 
OTEN 

60 0 Status enable output 
STEN 



Pin # Function Pin Name I/O 

61 EOP 0 End-of-process flag output 

62 0 GOUT 

( RCS) 

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

63 HOE 0 Host data erasure flag tristate Output 

64 Ground 

65 

66 

67 

68 

GN 0 

H07  

HD6 

H05 

HD4 

69 
Host data Input/output 

H03 

70 

71 

72 

H02 

HD1  

HDO 

73 VDD ection 
74 SELDRO t (WAIT 

Positiv 

Data tra 

control/DR 

77 

78 

r RAM and erasure flag RAM 
s outputs 

79 

80 RA5 
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: ZSTEN output. 

This regis 

last byte. 

t 

that STENTRG register is set to O. 

to 1 automatically at that HOST-CPU read 

valid at STENCTL=1. 

Additional Registers Description 

[R14 ]CIRL2 (Contro12) 

ERAMS L(Erasure RAM Lelect) 

:On—chip RAM used 

1:On—chip RAM not used 

( 0 is set at RESET) 

• 

STENCTL (STEN CONTROL) 

: ZSTEN output LOW at that 

1 : ZSTEN output LOW at 

STENTRG (STEN TRIGGER) 

TATS data ' set by micon. 

r is set to 0. 
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WRITE 

RS AR No. ,ta 
i 
I 6IT7 BITS BITS BIT4 I BITS BIT2 i 

BIT1 1 BITO 

- % 0000 RO SBOUT II msb — — —.. 1 ' Aeo- 
11 0001 RI IFCTRL I.;  CIMIEN DTEIEN DF.C.E...-N r/CAEDBKI/DTWAI I /STWAIIDOU — • 

0010 R2 DBCL P.1 B. Bs B. 1 B, 131  

0011 RS DBCII I Bu  Ble -, 4 
0103 R4 DACL - A7 As A. A. A3  A 

0101 R5 I DACii Aas As. A A• Au  s A4 
0110 RS DTTRG 11 

0111 R7 DTACX 
:. , r 

1000 R8 W.AL A, AS /2;., 7 
de" , 

A 
At  AG 

1001 R9 WAH Au As. =';- Au  Au Au  Asis A. A. 

1010 R10 DECEN " ' 1RQ AUTORp ERAMRQ .WRRQ QRQ PRQ 
CTRLO 

1011 RU CTRI..1 SYF....N SYDM+I D - 7N MODRQ FORNEUZQ NeCICRQ SI-D1REN 
1100 R12 ?TL 7

#.1- As  A. As As  A1  
1101 R13 PTH 

.; , 
A , A .  

4%;.• 
AU  All Asp A. A4 

1110 R14 CTRL! DIAMSL STEtC IL STENTRG 
1111 R15 i 'zt., 

Don't care. 
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