Ordering number: EN4001B

CMOS LSI

| Nodoois j/ LC7867E
| Digital Signal Processor

for Compact Disc Players

OVERVIEW PINOUT

The LC7867E is a digital signal processor (DSP) and
servocontroller for compact disc players. It performs
most of the signal processing and decoding lor replay of
audio compact discs and other compact-disc formats,
including compact disc video (CD-V), compact disc

interactive (CD-I) and compact disc read-only memory TESTY o
(CD-ROM). =

PDO —
The LC7867E functions include bit detection, EFM £ el
(eight-to-fourteen  modulation) demodulation,  signal EFUN ] LC7867E
decoding and deinterleaving, error detection and correc- T =
tion, and disc motor servo control. The LC7867E inter- ‘o =

faces dircctly to 16-bit siereo DACs and [eatures an Fo =
ElAJ-format digital audio serial outpul and an output
interface for non-audio applications such as CD-ROM.

The LC7867E is controlled by an external microproces-
sor through a serial interface. The microprocessor con-
trols functions such as track counting, track jumping,
laser focusing, disc motor operation and audio _mgting.

The DSP has a DEMO input which controls the auio- PACKAGE DIMENSIONS

matic operation mode used during unit calibration 1o

produce audio output withoul microprocessor interven- Unit: mm

tion. 3159-QIP64E

The LC7867E operates from a 5 V supply and is

available in 64-pin QIPs. ' 17.2
ml _.r 14.0 — 8
- 1.0 [+X:] o] i)

FEATURES o

» Disc motor servocontroller ° =|| =

» Laser focusing and tracking servocontrollers = =

» Track count and track jump functions N = =

= 16-bit stereo DAC serial interface = =

* CD-ROM serial interlace LE O =

*» ElAJ-format digital audio serial interface o Kij

. J WIIDUTTU0TTRITH e

* Subcode bits and Q subcode outputs ° MLH._ ﬂ-l L_

= Error detection and correction

» Signal interpolation or previous-value hold if error

correction fails

« ¥4 frames jitter tolerance

» Single crystal for reference clock and all Liming sig-
nals

* DEMO mode for automatic operation

* Supports double-speed dubbing

= 5V supply

* 64-pin QIP
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TOKYO OFFICE Tokyo Bldg., 1-10,1 Chome, Ueno, Taito-ku, TOKYO, 110 JAPAN /
20393JN No. 4001—1/20
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BLOCK DIAGRAM
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PIN DESCRIPTION
Number Name Dascription
1 TESTH Test input 1
2 AO 8.6436 MHz PLL outpul
3 Al 86438 MHz PLL input
4 PDO Phase detector output
5 VsS Ground
6 EFMO .
EFM signal complamentary outputs
7 EFMO
8 EFMIN HF signal input
9 TEST2 Test input 2
10 CLV+
Disc motor control outpuls
i1 CLv-
12 viP Disc motor control mode indicalor oulput
13 FOCS
Focus sarvocontroller outpuls
14 FST
15 FZ0 Focus sarvacontroller input
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Number Narhe Description
16 HFL
Track count and track jump circuit inputs
17 TES
18 PCK 43218 MHz PCK monitor outpul
18 FSEQ Frama sync datector output
20 TOFF
21 TGL Track count and track jump circuil oulputs
22 THED
23 TESTA Test input 3
24 VoD 5 V supply
2% JP+
Track jump kick-pulse oulputs
26 JP—
7 DEMO Automalic operation control inpul
28 TEST4 Test input 4
29 EMPH Disc preemphasis indicator output
30 " NC No connection
31 SMP2
az SMP1
33 LRCLK
- Stereo, 16-bit DAG serial interface dala, clock and control outputs
34 SMP
35 DFOUT
36 DACLK
a7 TEST6 Test_oulput 6
a8 LRSY CD-ROM interface clock oulput
39 CLK2 CD-ROM interface clock output
40 ROMOUT CD-ROM interface data output
A1 C2FCLK CD-ROM interface C2-flag clock output
42 GCeF CO-ROM interface C2-lag cutput
43 bDouT ElAJ-format digital audic serial oulput
4 SBSY Subcode block synchronization oulput
45 EFLG Error detection and corection error flag output
46 PW Subcode data output
47 SFSY Subcode frame synchronizalion output
48 SBCK Subcode data clock input
43 FSX 7.35 KHz synchronization oulput
50 WRQ Q subcode stalus ouput
51 RWC Q subcode read and command wrile control inpul
52 SQOUT Q subcode data outpul
53 COIN Command input
54 CacK Q subcode and command clock input
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Number Name Descriplion
55 RES Active-LOW reset input
56 ML Q subcode output msb-firstistefirst select input
57 [ASER Laser contral output
58 16M 16.9344 MHz clock output
59 42M 42336 MHz clock output
60 CONT General-purpose outpul
61 TESTS Test input §
62 S Active-LOW chip select input
63 XIN
168344 MHz crystal connactions
64 Xout
SPECIFICATIONS

Absolute Maximum Ratings

Te=25°C, Vss =0 V
Parameter Symbol Ratlng Unlt
Supply voltage range Voo Ve = 03 to 7 v
Input voltage range Vin Vs ~ 03 1o Vpp + 0.3 v
Qutput vollage range Vout Ves — 03 1o Vpp + 0.3 v
Powar dissipalioa Po 300 mw
Oparaling temperature range Topr -Vt 75 °G
Storage lemperature range Tayg 40 10 125 °C
Recommended Operating Condliions
T.=25 'C.V55=OV
Rating
Parameter Symbol Condition Unit
min typ max
Supply vollage Voo Vop 45 - 55 v
TEST1 10 5, Al FZD, HFL, _
Vibn DEMO, MA, RES 0.7Voo Voo v
SBCK, RWC, COIN, CQCK,
HiGH-level input voltage ViHz 5 22 - Voo v
ViHa EFMIN 0.6Vpp - Voo v
ViHe TES 0.8Vpp - Voo v
TEST1 to 5, Al FZD, HFL,
Vi DEMO, ML, FIES Vss - 0.3Vpp v
SBCK, RWC, COIN, CQCK,
LOW-lavel inpul vollage Viz [ Vss - 08 v
ViLa EFMIN Vss - 0.4Vpp v
ViLe TES Vss - 0.2Vop v
. COIN, RWC, Command B
Data setup time Isotup input timing 40q - ns
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- Rating
Parameter Symbeol Condition Unit
min typ man
Data hold time theld ﬁn“::,r?g’ Command input 400 - - ns
SBCK, CQCK, Command
HIGH-level clock pulsewidth g o . Subeode @ 400 - - s
oulpul liming
SBCK, CQCK, Command
LOW-level clock pulsewidth 19l r:upht"m';gg Slsjzcbzg:eo 400 - - ns
oulput liming
Dala read access fime faac g:m: ooul:::p;:“i':;"r'g' 0 - 400 ns
Command ou'put time Rwe :?:{fg Command input 1000 - - ns
Subcode Q read output enabla time tsaE f:b;o\;sce; (:igz::put timing, - 1.2 - ms
Subcode Q read output cycle lee Subcade output timing - 136 - us
Subcode read output enable lss Subcode ouput timing 400 - - ns
Crystal (X'tal} frequency - xal XIN, xouT - 169344 - MHz
|op| Al 290 & 20 MHz
Operating frequancy range
fop2 EFMIN, Vi 2 1 Vgp - - 10 MHz
Electrical Characteristics
Raling
Parameter Symbol Condition Unlt
min typ max
Currenl consumption ) - 17 30 mA
Al, EFMIN, FZD, TES,
(T SBCK, COIN, TGCK, RES, - - 5 HA
RWC, ML Viy = Voo
HIGH-level input current
TEST1 10 5,
Iz DEMO, TS: 25 - i) HA
Vin=Vpp=55YV
Al, EFMIN, FZD, TES,
LOW-leve! input current M SBCK, COIN, COCK, RES, -5 - - pA
RWC, ML: Viy = Vsg
AO, PDO, EFMO, EFMO,
CLV*, CLV-, FOCS, FSEQ,
Voni PCK, TOFF, TGL, THLD, Yoo — 1 - - v
JP*, JP-, EMPH, EFLG,
FSX, VIP. lgy = -1 mA
Vou DOUT: loy = —12 mA Voo - 05 - - v
HIGH-level output vollaga
UASER, SQOUT, 16M,
4.2M, CONT, SMP, SMP1,
SMP2, LRCLK, WRQ,
Vouy C2F, DFOUT, DACLK, Voo — 1 - - v
SFSY, LRSY, SBSY,
CKz, PW, ROMOUT,
C2FCLK: Iy = 05 mA
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‘ Rating
Parameter Symbol Conditlon Unit
min typ max

AO, PDO, EFMO, EFMO,
CLv*, CLV-, FOCS, FSEQ,
VoL PCK, TOFF, TGL, THLD, - - 1 A
JP *, JP-, EMPH, EFLG,
FSX, VIP: 1o, = 1 mA

VoLz DOUT: lp. = 12 mA - - 05 v

LOW-level oulpul voltage LASER, SQOUT, 16M,

4.2M, CONT, SMP, SMP1,
SMP2, LRCLK, WRQ,

VoL C2F, DFOUT, DACLK, - - 04 v
SFSY, LRSY, sSBSY,
CK2, PW, ROMOUT,
C2FCLK: Iy = 2 mA

Vols FST: lop = 5 mA - - 0.75 v
. orF PDO, FST: Vo = Voo - - 5 HA

Output off leakage current
orr2 PDO, FST: VoL = Vss -5 - - pA

FUNCTIONAL DESCRIPTION

Threshold Level Control (EFMIN, EFMO, EFMO)

The 1 to 2 V., HF signal from the optical pickup is
input on EFMIN. It is converted 10 an NRZ signal by a [ Emo Ly
zero-crossing Schmitt-trigger. The EFMIN signal DC

level is adjusted 10 ensure zero crossings are delceted _<!— EFMO | g $
+ t i $

correctly using the threshold level contro! circuit shown
in figure I,

Hi—

HF signal —t T

Figure 1. HF input circuit

Clock Regeneration PLL {PDO, Al, AQ)

A PLL comprising a VCO can be built with an LA9210 nected such thal a positive output causes an increase in
as shown in figure 2. PDO goes positive when lhe VCO VCO frequency.
phase lags the NRZ EFM signal. PDO should be con-

a2
=

VCoOo AD |2 $ 1/2
60 i L

PCK
LAG210 Voo l
PDO POO | 4 Ph
bl—

Figure 2. PLL circuit
VCO Half-frequency Clock (PCK) Frame Sync Detector Output (FSEQ)

The VCO output frequency is divided by two and outpul FSEQ is laiched HIGH for one frame when the frame
on PCK. sync recovered from the EFM signal malches the sync
liming gencrated by an internal counler.
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Constant Linear Veloclty Servocontroller (CLV+, CLV-, V/P)

The disc motor accelerates when CLV+ is HIGH, and
decelerates, when CLV- is HIGH. These outputs are set

microprocessor as shown in table 1. The disc motor
control circuit is shown in figure 3.

by the motor mode commands issued by the

Table 1. Motor mode commands

Code Command CLV+ CLY-
0 0 0 0 0 1 0 0 Accelerale HIGH LOW
0 0 0 0 0 i 0 1 CLy Sea labla 2. See table 2.
0 0 0 0 0 1 1 0 Decelerate LOwW HIGH
0 0 0 0 0 1 1 1 Stop LOW LOwW
CLv-| 11
J_ i < (
CLV+ | 10
J_ . 4 < (
Di ¢
5C MO R J;

Figuwre 3. Disc molor conlrgl circuit

In CLV (constant lincar velocity) mode, the LC7867E
calculates the disc speed from the EFMIN signal and

switches beiween the internal modes, shown in table 2,
to maintain correct disc linear velocily.

Table 2. Constant linear velocity modes

Intemal mode Conditlon CLV+ CcLv- vip
Velocity too low HIGH Low HIGH
Rough servo
Velocity too high LOW HIGH HIGH
Phase control Velocity is correct. PCK is locked to PYWM PWM LOW
EFMIN,
Low-speed rotation No EFMIN signal 1/84 duty cycle Low HIGH

Notes

1. TOFF is always HIGH, except when the CLV ser-
vocontrol command is in CLV mode.

2. The TOFF outpul command is only valid in CLVY
mode.

When the correct velocity is reached, phase-contro)
mode is activated. In phase-control mode, CLV+ and
CLV- are pulsewidth modulated at 7.35 kHz (o con-
stantly fine tune the disc speed.

In low-speed rotation mode, the 1/64 duty cycle period
is 1.114 s.
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Subcode Output Circult (PW, SBSY, SFSY, SBCK)

SBSY outputs a cycle for every subcode block as shown of synchronization and the start of EIAJ-lTormat data
in figure 4. It is HIGH during the SO and S1 within the subcode block.
synchronization cycles. Its falling edge indicates the end

F—s0—+]-—s1 —~}—s2fes3fst—fms5—bems8 - . — 50650750l 1 ]2 —
' I

SBsY

s ULl L L

Figure 4. Subcode block synchronization

The rising edge of SFSY indicates that subcode bits P 10 subcode bits from PW are clocked on the falling edge of
W are ready for output. The falling edge starts the 136 SBCK. When SBCK is stalic, PW has the P bit value as
ps period during which the subcode bits are output. The shown in figure 5.

stesy | . | 1

SB0K | VN S I T A

w o XeX o XA X s X E X v X7 X wX o X

Figure' 5. Subcode output

Q Subcode Channel Output (WRQ, RWC, SGOUT, CQCK, M/L, CS)

The LC7867E exiracts a 98-bit subcode block from the access and display. The data format is shown in
Q subcode channel over 98 conseculive (rames, one bit figure 6.
per frame. The Q subcode channel daia is used for track

M/L I5 HIGH
M/L Is LOW

CONT ADR

TND

INGEX (FOINT)

MIN

Data ovlpyl order SEC

when M/ Is HIGH
or LOW FRAME

ZERO

AMIN (PMIN)

ASEC (PSEC)

AFRAME (PFRAME)

Figure 6. Q subcode channel data format

Note
Items in parentheses apply in disc lead-in area
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The signal waveforms duririg the period when the
microprocessor is reading channel data arc shown in
figure 7.

WRQ I

I

S I I I Y I I I O

XXX

CONT

sQouT l{ X X X X
f 1

RWC

ADR — - -

—————— AFRAME '—-I

Figure 7. Q subcode outpul waveforms

Note

* WRQ usually indicates the state of the subcode Q. However, in track counl mode its function changes. (See the

Track Count Circuil section.)

*+ When CS is LOW, the LC7867E chip is selcected and the output appears on SQOUT. When TS is HIGH, SQOUT is

high impedance.

The subcode dala is ready to be read when WRQ goes
HIGH. WRQ goes HIGH only when the block CRC is
correct and the subcode address equals 1. The subcode
address is ignored if the Address Free command has
previously been issued.

The Address Free command is used in CD-V applica-
tions. It is one of only twoQ subcode address com-
mands as shown in table 3.

Table 3. O subcode addrass commands

Code Command

o{ojojoj1|clelt Address Free*

fljojofjoj1jo]ol1 Address 1°

. New command

When WRQ goes HIGH and CQCK slarts 1o oscillate,
the microprocessor reads the data from SQOUT on the
falling edge of CQCK. CQCK should start to oscillate in
the 11.2'ms period during which WRQ is HIGH. CS
should be held LOW when data is output, as SQOUT is
in the high-impedance state when CS is HIGH. The daia
bit order is msb first when M/L is HIGH, and Isb first,
when M/L is LOW. '

When CQCK is activated, the DSP disables internal
register updating and holds WRQ HIGH. When the
microprocessor finishes reading data, it briefly sets
RWC HIGH to re-enable register updating and rescls
WRQ LOW. (See the Track Count Circuit description
for WRQ operation in track count mede.)

No. 4001—9/20



LC7867E

Servocontroller (RWC, CTOIN, CQCK, TS)

A command 'is issued to the DSP on COIN, on the The LC7867E command set is compatible with those of
falling edge of CQCK, when RWC is HIGH and TS is exisling LC7860N and LC7863 devices. All commands
LOW. The command is executed on the falling edge of except the track counl commands are 1 byte long. The

RWC. Note that the LC7867E interface is active only 1- and 2-byte command input waveforms are shown in
when CS is LOW. ‘ figures 8 and 9, respeclively,
AWC | 1

com X X XXX XXXX

Figure 8. 1-byle command input

wx  IUuuy ERERER RN RNNY

com X X X XXX XXX AX XXX XXX

Figure 9. 2-byic command input

Focus Servocontroller (FOCS, FST, FZD,
LASER) '

The focus servo commands, focus start waveforms and
focus servo circuit are shown in table 4 and figures 10
and 11, respectively,

Table 4. Focus servo commands

Code Command
ojofoloft]ofolo Focus Stan 1
tjert1jojojolijfo Focus Start 2°
ofojofolt1joltie Laser ON*
1100 (0)1({0]1]0 Laser OFF"

. New command
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RWC I

1

OO 0000004

COmN
o M © @ © {1y o (1
FS5T L__I
——! I-— %50 ms (240 ms)
FOCS [ {
FZD |_.

Figure 10. Focus start waveforms

Notes

1. Ilems in parentheses apply to the Focus Start 2 command.
2. HIGH-t0-LOW 1ransitions on FZD while FST is LOW are ignored.

Focus error

l ~ Focus ¢oit
=

Figure 11. Focus servo circuit

When a Focus Start command is issued, the pickup lens
is first lowered as C1 discharges through FST and then
raised as C1 gradually recharges. FZD goes LOW when
the focal point is reached, resetting FOCS and urning
ON the focus servocontroller.

After the Focus Start command, the microprocessor
checks the DRF signal from the LA9210M to verify that
focus has been reached. If C1 fully charges before focus
has been reached, the command should then be reissued
lo repeat the focus servo operation. If focus has not been

reached after several retries, the Nothing command
(00000000) should briefly be issued to reinitialize the
servoconuoller,

Nole that a new command should not be issued until the
focus operation has completed because the focus ser-
vocontroller is reinitialized when RWC goes HIGH.

The CASER output can be independently set using the
Laser ON and Laser OFF commands. The laser control
wavelorms are shown in figure 12,
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-

uuuyuuy

COIN X0X1X0X1XUX0X0X0X

XoX 1 Xo X1 XXX oX1 X

CASER

L

—

Figure 12. Laser control waveforms

Track Jump Circult (HFL, TES, TOFF, TGL, THLD, JP+, JP-)

Table 5. Track jump commands—continued

When one of the track jump commands, shown in {able
5, is issued, the track jump servocontroller gencrales
output pulses for a, & and ¢ periods as shown in figure
13. Acceleration pulses are generated during a period,
then deceleration pulses, during & period. The motor
decelerates during ¢ period. The a, b, and ¢ periods for
the commands are shown in table 6.

The specified jump finishes by the end of ¢ period.
During ¢ period, the direction of pickup movement.is
detected and tracking is controlled by TES and HFL,
The portion of the tracking-error signal causing internal
slip is reduced. TGL is active during the jump to
increase the servo gain, '

Table 5. Track jump commands

Code Command
1jo)j130]0|0f0}0 Standard Track Jump Mode®
tjoftjojojolo]1 New Track Jump Mode”
110]10q10|1]14(0]0 Track Jump Brake*
o0 jofot (1§11 TOFF*
tjofojoj1i]1]1 TON*
ajojogt1jofo]o|1 t-rack Jump In 1
gro|oft]jojoj1]o 1-track Jump In 2

Code Command
ojotiq1jojolof1 1-frack Jump In 3"
olof{o|1 O 04T |1 4-track Jump In
gjojopi ot |ole 16-yrack Jump In
04041 |1 |00 LOT0O 32-irack Jump In*
glo(oj1joj1]ol1 64-track Jump In
Olejotopr}j1q1 128-track Jump In*
grojo|1(1]0j0i 1-track Jump Out 1
olojotrt1 1101140 1-track Jump Out 2
gloft1 11 (1]o0f0oi1 1-track Jump Out 3°
orojojri1joft]1 d-lrack Jump Out
o{ojot{iyt1]|0]|0 16-track Jump Out
oio|1|1t1]o]o]|o0 32-wrack Jump Qut
ojojo|tjty1|o]1 64-track Jump Out
Ololo1 11|11 128-lrack Jump Out®
ojofjojriol1|r]o 256-track Check

New command
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IP—{4) | - l

JP{~) | I

BKEA

S
—

Table 6. Track jump pericds

Figure 13. Track jump wavelorms

Standard track Jump mode

New track [ump mode

Command
a perod b perlod ¢ perlod 8 perlod b perlod ¢ period

1-track Jump In {Oul) 1 233 ps 233 ps 17 ms 233 s 233 ps 17 ms
1-track Jump In {Oul) 2 0.5-1rack jump 233 ps 17 ms 0.5-track jump 0.5-track jump 17 ms
1-track Jn{mp n (Out) 3 0.5-track jump 233 us Does not occur | ¢.5:track jump 0.5-track jump Does not occur
4-track Jump In (Ouy 2-track jump 466 _us 17 ms 2-Irack jump 2-track jump 17 ms
16-track Jump In (Out) 9-track jump 7-frack jump 17 ms Q-track jump 9-track jump 17 ms
32rack Jump In (Out) 18-track jump 14-tack jump 17 ms 18-track jump 14-rack jump 17 ms
84-track Jump In (Out) 36-rack jump 28-Irack jump 17 ms 36-track jump 28-lrack jump 17 ms
128-track Jump In (Ouy) T2-rack jump §6-track jump 17 ms Cannol be used

TOFF goes HIGH after 256 Iracks
256-track Check are jumped, The & and b pulses 17 ms Cannol be used

are not outpul.
Track-jump Brake Thera are no a and b pariods. 17 ms There are no a and b periods. 17 ms

The servo command register is auiomatically reset after
one a, b, and ¢ track jump sequence. When a new track
jump command is issued while a previous command is
still being processed, the new command is executed
immediately.

The actuator drive signals are not generated for the
256-track Check command. Instead, a pickup-motor
drive signal is required because the TES signal is in

track-count mode and the tracking servocontroller is
wrned OFF.

Of the wacking control outputs, only TOFF is LOW in
CLYV disc molor control mode, and HIGH in Accelerate,
Decelerate and Stop modes. TOFF can also be indepen-
dently set by the microprocessor. The wracking control
circuit is shown in figure 14,
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| Tracking coll

Tracking etro

TGL

>

HFL

TES |17

Figure 14, Track jump circuit

Track Count Clrcuit (HFL, TES, TOFF)

A Track Count In or Track Count Qut command [ol-
lowed by a binary number between 16 and 254 starts
track counting for that number of tracks. Counting starts
on the falling edge of RWC.

The track count commands and track count wavelorms
are shown in lable 7 and figure 15, respectively.

Table 7. Track count commands

Code Command

Track Counl In*

Track Count Our

Two-byte Command Reset*

. New command

[ L L

Awe J ]_J ]

Commang / \ / \ / \ / \
Track Count Daesirad Two-byte Brake
In‘QOut command Irack number Command Raest command
Track count _,——/—_——"—I
Rises al {selting frack counl)/2 —— . Falls attrack count
WRQ l |

Figure 15. Track count waveclorms

The track count commands also cause WRQ o change
mode. WRQ goes HIGH at hall the wack count, and
LOW again, at the end of the count. The microprocessor
monitors WRQ to detect count complelion,

When a 2-Byte Command Reset command is not issued,
track count slarts again. For example, 1o advance 20,000
tracks, the microprocessor can set the track count num-
ber 10 200 and wait 100 WRQ pulses. The Track Jump
Brake command brings the pickup to the track when
counting is [inished.

During track counting, TOFF is HIGH and the tracking
servocontroller is turned OFF, therefore, a pickup-motor
drive signal is required.

The track counling method described here and in the
previous section uses the LA9210 TES signal. The
LC7867E’s internal track counter can be initiatized
using the commands shown in table 8.

Standard track counting is activated by initializing the
clock with the 23H command al power-up.

Table 8. Track counter commands

Code Command RES

New Track Count using LOW

ojojifofoyopito TES and HFL*

ojoj1tofofo]1

—

Standard Track Counl' -

. New command
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The new track counting method uses the TES signal for
the inlernal track counter. This method, which also uses
the HES signal, climinates miscounting due 1o noise at
the rising and falling edges of the TES signal. However
care should be exercised when adopting this method
since dirt or scratches on the media can cause HFL
signal dropout, with subsequent loss of the Lrack counter
signal.

Audlo Output For Calibration {DEMO)

When DEMO goes HIGH, the signal processor selects
both 0 dB muting and CLV disc motor control mode,
issues a Focus Start T command and tumns TASER ON
as shown in figure 16. The EFMIN signal and audio
output are obtained without microprocessor intervention,

30 us min ‘
AWC

DEMO
CLv X Constan! linear velotily mode
MUTE 4 0do

FOCS ‘

FST

— L—ESOms

Figurc 16. DEMO wavcform

Reset Circult (RESET)

The operating conditions after a LOW-to-HIGH transi-
tion on RESET are shown in table 9. RESET should be

momentarily held LOW aller power-ON, A Lypical
power-ON reset circuit which provides this delay is
shown in figure 17.

Table 9, Reset modes

Functional bllock (Reset n'sog:e ;:‘;l\:ign ';:‘:Zterse type)
‘I Disc mo'or control Accelerate, Decelerale, @ CLV
Muling conlrol 0 dB, -12 dB,
Soniil:lli): :de address [EEEN. Address Free
Laser conrol ON,
Disc index RAM Aclive,
Track count diraclion n, Out,
Track jump mode New
TOFF output B ofF
Crystal oscillator Eﬂ OFF
Speed moda Double-speed,
VCO trequency £l 16M
CONTI oulplt G HIGH
5V

AES |

55

1 |

Figure 17. Power-ON resel circuit

Deemphasls Control {EMPH)

The preemphasis ONOFF bit in the Q subcode data is
output on EMPH. Decmphasis is required when EMPH
is HIGH.
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Error Flag Output (EFLG, FSX)

The 735 kMz FSX frame synchronization signal is
divided down from the reference clock. The error cor-
rection status of each frame is output on EFLG, as

shown in figure 18, where the number of HIGH pulses
in each FSX period indicates the quality of the replay
signal.

i ¢ c2 i
Fsx T | L
One correction I_I r__l
Two correctlons ] l I | J I I I
p— A s I s I s s B

Figure 18. Error flagging wavelorms

Crystal Osclilator (XIN, XOUT)

The reference clock requires a 16.9344 MHz crysial
connected to XIN and XQUT as shown in figure 19.
The oscillator can be enabled or disabled using oscillatos
commands issued by the microprocessor. The oscillator
commands arc shown in table 11.

83 64

XIN XOUv

16,9344 MHz
crystal

lcin I,th

Figure 19. Crystal oscillator
Table 10. Clock crystal oscillalor components

Manutacturer Crystal Cin/Coul
CSA-309 8 1o 15 pF
CITIZEN WATCH (16,9344 MHz) (Cr = Coud

The VCO [requency sct by the VCO 8M command js
8.6436_MHz in normal-speed mode, and that by the
VCO 16M command, 17.2872 MHz in both normal- and
double-speed modes.

Table 11. Oscillator commands

Code ' Command
1j{ojojopiftj1y0 Qscillator ON*
110701011 |01 Oscillalor OFF*
11140100001 Double-speed Mode®
t11]o]ojojof1]o0 Normal Mode®
of1]1]ojojojolo VCO 8M*
oft]1]ojojofo]1 VCO 16M*

. New command

The oscillator OFF command halts oscillation of both
the VCO and crysual oscillalor
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DAC Interface (SMP, LRCLK, DFOUT, DACLK, SMP1, SMP2)

The DAC input data is output serially, msb first, {rom
DFOUT, and the DAC clock, from DACLK as shown in

figure 20.

45

35

25

15

10

DACLX

L _] |

| |
= g & 3
3} = = &
& o B

LACLK {IIS})

Figure 20. DAC interface waveforms
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-
2
o
i
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Aight channel

msb

Left channel
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CD-ROM Interface (CLK2, LRSY, ROMOUT, C2F, C2FCLK)

Dala which has not been prc;cesé;ed by either the inter- channels, C2F (lags 8-bit wnits of dala and is
polation, previous-value hold or digital filtering circuits synchronized to C2FCLK. The CD-ROM oulput
is clocked rom ROMOUT on the falling edge of the - wavclorms are shown in [igure 21.

2.1168 MHz bit clock on CLK2. LRSY marks alternaic

. .

é
%

(%]

1

kb

2.0:0:0:0.0.0:0.0.0.0.00:0.0.0\

X

Right channel

31 32 33 34 35 36 37 3B ¥ 40 4% 42 43 a4 45 456 47 O
msb C2 llag

L >

Left channel

7 8 9 10 11 32 12 14 15 16 17 18 19 20 21 22 23 24

46 47 0 1

C2F

LRSY

C2FCLK ] ] [ ]
msb C2 flag X Isb C2 flag

_
ﬁOMOUT i o\

Figure 21. CD-ROM oulput waveforms
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Mute Control Circult

The mute commands arc shown in Lable 12, Muling
switches at zero crossings of the audio signal to prevent
switching noise on the audio output. A zero crossing is
judged to be any data value where the upper seven bils
are all 1 or all 0.

Table 12. Mute commands

Code Command
ojojojojojofa|1 MUTE 0 dB
ofofojojojof1|o MUTE -12 dB
ojojojojojo]1]1 MUTE < dB

Reference Clocks (4.2M, 16M)

The 16.9344 MHz reference clock is buffered and output
on 16M. It is also divided by four to generate a 4.2336
MHz clock that is output on 4.2M. When the oscillator
is disabled using the OSC OFF command, Lhese outpuls
are held either HIGH or LOW. The reference clocks
have the same frequency in both normal and
double-spced modes.

Digital Audlo Output (DOUT)

The digital audio signal aller inlerpolation and muling is
output in EIAJ format on DOUT, This signal is buffercd
intemmally and can direcdy drive a transistor.

CD-ROM XA

The CD-ROM XA ON command places the LC7867E in
CD-ROM XA mode, and uninterpolated data is output at
DFQUT. The CD-ROM XA OFF command resiores
normal mode, outputting interpofated data.

Note that the CD-ROM XA OFF command uses pin 60
(the same as that used for RESET).

Table 13. CD-ROM XA commands

Contro!l Output (CONT)

The Cont and Reset commands, shown in table 15, set
CONT HIGH and LOW, respeclively.

Table 15. Qutpul control commands

Code ‘ Command

otojojoftrij1¢0 Cont

1]0|G {0110 1|1 ] CONT RESET and COROM XA QFF

Test Inputs (TEST1 to TESTSH)

TESTI1 to TEST5 have internal pull-down resistors. The
test inputs can be lelt open during normal operatlion.

Test Output (TEST6E)

This output should be left open during normal operation,

RAM Address Control

The LC7867E dincorporates a 2 Kbyte RAM bufler to
remoye timing variations, or jilter, from the EFM data
signal causcd by variations in the disc motor speed. The
buffer can absorb up to 4 [rames of jitter. Data is input
o the bulfer at a frequency synchronized to the EFM
dala signal and removed at a frequency divided down
from the reference clock.

The buffer controller continuously monitors buffer free
space and adjusts the CLV servocontroller divider ratio
to keep the daia wrile address in the middle of the
buffer, or zero, as shown in lable 16, If the +4 frames
limit is exceeded, the wrile address is [orced to the
middle of the buffer. The output is muted for 128 frames
because the resulting error cannot be handled by normal
error processing algorithms.

Codo Command ES Table 16. RAM address control
tlojojoji1jo]oio0 CD-ROM XA ON' — P X
riie aqdress 1o
ilololololilol CD-ROM XA OFF" LOW read address CLY serr::aiodlvislon ;!\l:tlor:i ::dmotor
ditference {frames) P
New command < -4 Ferce address dilference to 0
TOFF Output -3 589 Increase
When the disc motor is stopped, the TOFF pin HIGH -2 569 Increase
command has priority. -1 589 Increase
Table 14. TOFF oulput commands +0 588 Siandard ratio
Code Command RES + 587 Decrease
olojoOfol111]1]1 TOFF pin HIGH' LOW +2 587 Decrease
1jojojoel1{11]1 TOFF pin LOW" - +3 507 Dacrease

* New command

> 4 Force address dilierence 10 0
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C1 and C2 Error Correction

After EFM demodulation and buffering, each 32-symbol
frame is passed through the C1 and C2 decoding and
error correction stages. The C1 stage sets the C1 flag for
each symbol, as shown in table 17, and the C2 stage
processes the frame and sets the C2 flags, as shown in
table 18.

Table 17. C1 error processing

C1 emors detected Emor correctlon C1 flag
No errors No comaction Resal
1 Corraction Rese!
2 Correttion Set
23 Not possible Set
Table 18, C2 error processing
C2 emors delected Error correctlon C2 flag
No errors No corraction Reset
1 Correction Reset
2 Depends on C1 flags
23 Depends on C1 flags

When the C2 stage detects two errors, either the errors
are corrected and the flags reset, the Nags are set or.the
C2 flags are sct o maich the C1 flags.

® The errors are corrected and the flags reset if

= C1 flags are set for both C2 error positions. Note
that errors cannot be corrected if even one emor
position is different.
® The wo C2 [lags are sct either if

* five or less C1 flags are set and C1 flags maich the
C2 error positions, or il
* two or less C1 flags are set and the flags do not
match the C2 error positions.
® The C2 flags are set to mawch the C1 flags either if

« seven or more CI flags are sel and C1 flags match
the C2 error positions, or if

« six or more C1 flags are set and the flags do not
maich the C2 error positions, or if

= three or more C1 flags are set and the flags do not
maich one of the C2 error positions.

When the C2 stage detects three or more correctable
errors, the errors are corrected. However, if two or less
C1 flags are sci, the three C2 flags are set because an
error can still occur which passes the C1 check.

The C2 flags are uscd by the interpolation circuil to
determine whethero inlerpolate or mute the signal. The
interpolator uses 4-interpolation, where the immediately
preceding value is held if the C2 (lag is set four times in
a row.

. third parties.

B No products described or contained herein are intended for use in surgical implants, life-support systems,
aerospace equipment, nuclear power control systems, vehicles, disaster/crime-prevention equipment and
the like, the failure of which may directly or indirectly cause injury, death or property loss.

B Anyone purchasing any products described or contained herein for an above-mentioned use shall;

@ Accept full responsibility and indemnify and defend SANYO ELECTRIC CO., LTD, its affiliates,
subsidiaries and distributors and all their officers and employees, jointly and severally, against any
and all claims and litigation and all damages, cost and expenses associated with such use:

@ Not impose any responsihility for any fault or negligence which may be cited in any such claim or
litigation on SANYQ ELECTRIC CO, LTD, its affiliates, subsidiaries and distributors or any of
their officers and empioyees jointly or severally.

B Information (including cicuit diagrams and cirouit parameters) hersin is for example only; it is not guarant-
eed for volume production. SANYC believes information herein is accurate and reliable, but no guarantees
are made or implied regarding its use or any infringements of intellectual property rights or other rights of
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