Ordering number : EN 3 4818

CMOS LS

LC7861KE

Digital Signal Processor for
Compact Disc Players

Preliminary

Overview

The LC7861KE is a CMOS LSI that implements the signal
processing and servo control required by compact disk
players, laser disks, CD-V, CD-I and related products.

The LC7861KE provides several types of signal
processing to reduce the cost of CD player units, including
demodulation of the optical pickup EFM signal, de-
interleaving and error detection and correction. It also
processes a rich set of servo system commands sent from
the contro} microprocessor. It can directly interface to the
dedicated serial inputs provided by the Sanyo LC78815
and LC78816 D/A converters.

Functions

-

Input signal processing: The LC7861KE takes an HF
signal as input, digitizes (slices) that signal at a precise
level, converts that signal to an EFM signal, and
generates a PLL clock with an average frequency. of
4.3218 MHz by comparing the phases of that signal and
a VCO output.

Precise reference clock and necessary internal timing
generation using an external 16.9344 MHz crysta)
oscillator

Disk motor speed control using a frame phase difference
signal generated from the playback clock and the
reference clock

Frame synchronization signal detection, protection and
interpolation to assure stable data readout

EFM signal demodulation and conversion to 8-bit
symbol data

Subcode data separation from the EFM demodulated
signal and output of that data to an external
MiCTOProcessor

Subcode Q signal output to a microprocessor over the
serial interface after performing a CRC error check
Demodulated EFM signal buffering in internal RAM to
handle up to +4 frames of disk rotational jitter
Demodulated EFM signal reordering in the prescribed
order for data unscrambling and de-interleaving

Error detection, correction, and flag processing (dual
error correction scheme: C1 plus dual C2 correction)

The LC7861KE sets the C2 flags based on the CI1 flag
and a C2 check, and then performs signal interpolation
or previous value hold depending on the C2 flag. The
interpolation circuit uses a quadruple interpolation
scheme. The circuit holds the previous value for up to
four consecutive C2 flags.

Support for command input from a control micro-
processor: commands include track jump, focus start,
disk motor start/stop, muting on/off and track count
(8-bit serial input)

Built-in digital output circuits

Arbitrary track counting to support high-speed data
access

Zero cross muting

Support for double speed dubbing

Complete support” for CD-ROM products. The
LC7861KE directly interfaces with the Sanye LC89510
and-can also handle CD-ROM XA applications.

Output signals for use by external D/A converters to
improve the output data continuity by oversampling and
digital filtering

Features

Compact and space-saving 64-pin QIP package
Silicon-gate CMOS design (low power dissipation)
Single 5 V power supply (suitable for portable sets)
DEMO pin for improved operability in adjustment

Package Dimensions (3159-QFP64E)

unit: mm
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LC7861KE

Equivalent Circuit Block Diagram
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Specifications
Absolute Maximum Ratings at Ta = 25°C, Vgg =0V

Parameter Symbo! Conditions Ratings Unit
Maximum supply voltage Vpp max Vgg—0.310 +7.0 N
Input voltage VlN VSS -0.3to0 VDD +0.3 Vv
Cutput voltage Vout Vgg~03to Vpp +0.3 v
Allowable power dissipation Pd max 300 mw
Operating temperature Topr =30 t0+75 °C
Storage tempaerature Tstg -40to +125 °C

Allowable Operating Ranges at Ta =25°C, Vgg=0V

Paramater Symbol Conditions min typ max Unit
Supply voltage Voo Voo 4.5 55 v
Vig (1) | TEST1 to 5, AL, FZD, HFL, DEMQ, DFOFF, M/L, ARES 0.7 Vpp Voo v
Input high levl votage Viq (2) | SBCK, RWC, COIN, TGCK, TS 2.2 Voo v
Vig (3) | EFMIN 0.6 Vpp Voo v
ViH (4) TES 08 Vpp Voo v
Vi (1) | TEST1 1o 5, Al, FZD, HFL, DEMO, DFOFF, MA, RES Vss 0.3 Vpp v
ViL{2) | SBCK, RWC, COIN, TGCK, T3 Vsg 0.8 v
Input low levet voltage
Vi3 |EFMIN Veg 0.4 Vpp v
Vil |TES Vag 0.2 Vpp v
Data setup time tsatup | COIN, RWGC: Figure 1 400 ns
Data hold time thotd AWC: Figure 1 400 ns
High level clock pulse width twoH SBCK, CQCK: Figures 1, 2 and 3 400 ns
Low level clock pulse width twol, SBCK, TQCK: Figures 1,2 and 3 400 ns
Data read access lime tRac Figures 2 and 3 0 400 ns
Command output time tawe RWC: Figure 1 1000 ns
Sub-Q read enable time tsqe Figura 2, nc AWC signal 11.2 ms
Subcode read cycle tee Figure 3 136 ps
Subcode read enable isq Figure 3 400 ns
Crystal osciflator frequency X'tal Xin: XouT 16.9344 MHz
i fop (1) Al 2.0 20 MHz
Operating frequency range
fop (2) TEFMIN: Vi 2 1 Vpp 10 | MHz

Electrical Characteristics at Ta=25°C, V4g=0V, Vpp =5V

Paramater Symbol Conditions min typ max Unit
Supply current oo 17 30 mA
o (1) Al, EFMIN, FZD, TES, SBCK, COIN, TQCK, RES, 5 pA
Input high level current " HFL, AWC, MIL: Viy = Vpp
hw(2) | TEST11e 5 DEMO, TESTA, &S: V|y=Vpp =55V 25 75 pA
Ineut fow lavel ' | Al, EFMIN, FZD, TES, SBCK, COIN, TGCK, RES, ) yA
putlow level curren L THFL, RWC, MIL: Vi = Vg -
AO, PDO, EFMO, EFMO, CLV+, CLV-, FOCS, FSEQ,
Vou (1) | PCK, TOFF, TGL, THLD, JP*, JF—, EMPH, EFLG, Vpp —1 v
FSX, VIP: lgy =—1 mA
Vou (2) | DOUT: oy = -12 mA Vpp - 0.5 v
OQutput high level voltage oH (2) — OH 0D
LASER, SQOUT, 16M, 4.2M, CONT, SMP, SMP1,
Voo (3 | SMP2. LRCLK, WRQ, C2F, DFOUT, DACLK, SFSY, v ; y
o (3 | {RsY, sBSY, CK2, PW, ROMOUT, G2FCLK: oo~
IOH = —0.5 mA

Continued on next page.
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Continued from preceding page.

Parametar Symbol Conditiens min typ max Unit
AQ, PDO, EFMO, EFMO, CLV*, CLV-, FOCS, FSEQ,
Voo (1) | PCK, TOFF, TGL, THLD, JP+ JP-, EMPH, EFLG, 1 v
FSX, VP IOL =1 mh
VOL (2) DOUT: |o|_ =12 mA 0.5 v
Output low level voltage LASER, SQOUT, 16M, 4.2M, CONT, SMP, SMP1,
Vo, (3) SMP2, LARCLK, WRQ, DFOUT, DACLK, SFSY, CK2, . 0.4 y
oL | pw, ROMOUT, C2FCLK, CF2, LRSY, SBSY: '
|OL=2I“A
VoL (4) [F8Tilg =5mA 0.75 v
| 1 PDO, FET: V=V 5
Qultput off leakage current orr (1 OHZ 70D kA
IOFF (2) PDO, FST: VOL = VSS ~5 IJ-A
Wave Form
tset up thold
RWC 7 Xr 4
tawe
Cack \ ? '__\_7 v/
1 tweL
coIN X X X XX
1
“+taet up thold
ADDGA4E
Figure 1 Command Input
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Pin Functions

No. Name l{e] Description
1 TEST1 ! LS8! test pin. Normally laft open.
2 AQ 8]
3 Al i Inputs for the LAS210 internal VCO oulput. {8.6436 MHz)
500 5 Set up PDO so that the frequency increases when the EFM signal and the phase oulput are positive.
4
5 Vss — GND
6 EFMOD o .
7 EFMO o Supply an HF signal with a 1 to 2 Vp-p tevel to EFMIN. EFMC and EFMO output EFM signals with opposite phases
that passed through an amplitude limiter circuit. Thase are used for slice leve! control.
8 EFMIN l
9 TEST2 ! LS| test pin. Normally left open.
10 CLV+ o )
Disk motor centrol cutput.
11 CLv- 0
12 ViP 0 Outputs a high level during CLV rough servo and a low level during phase centrol.
13 FOCS s}
T4 FST o FOCS outputs a high level when the focus servo is off. Tha lens is lowered by FST, and when FOCS is high the lens is
P =5 I raised gradually. FOCS is eset when an FZD inpul occurs. These are used for focus pull-in.
1
16 HFL |
7 TES I PCK is the 4.3218 monitor pin.
18 PCK O It outputs a high leve! when the synchronization (positive FS) detected from the EFM signal matches the counter
19 FSEQ 0 synchronization (interpolation FS). (The output is latched for a single frame.)
20 TOFF (o]
21 TGL o The LC7861KE outputs a kick pulse from JP* and JP=in response 1a.:@ track jump command. A track jump of the
22 THLD [o) specified number of tracks (1, 4, 16, 32, 64, and 128) is parformad.
23 TEST3 | LS| test pin. Normally left open.
24 VDD —_ +HV
25 JP+ e}
26 JP- e}
27 DEMO | Sound output function forend groduct adjustment manufacturing steps.
28 TEST4 | LS| test pin. Normally left open.
29 EMPH © De-emphasis is required when high,
30 DFOFF | Digital filter on/off swilch. Filtering is turned off on a high level input,
3 SMP2 e}
32 SMP1 o
33 LACLK G| Outputs for an external D/A converter. These include a latch signal, an L/R switching signal, and a sample and hold
34 SMP o] signal.
35 DFOUT @)
36 DACLK (o]
37 DFIN o] LSl test pin. Normally left open.
38 LRSY e}
39 CK2 (e}
40 ROMOUT e} CD-ROM application output signafs
41 C2FCLK e}
42 C2F o}
43 DOUT e} Digita! output
44 SBSY o Subcode block synchronization signaf
45 EFLG 0 C1, C2, single and double error corraction monitor pin
45 PW O
SFSY is the subcode frams synchronization signal. The P, Q, R, S, T, U, V and W subcodes can be read out by
47 SFSY O .
applying 8 clock cycles to SBCK.
48 SBCK |
49 FSX o] 7.35 kHz synchronization signal output
50 WRQ o]
51 RWC 0 WRQ goes high when the subcodse Q data passes the CRC check. An external controller can read out data from
SQOUT by monitoring this pin and applying a CQCK signal. Set ML to low when data is required LSB first.
52 SQOUT O

Continucd on next page.
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Continued from preceding page.

No, Name 10} Description
Tha control microprocessor can send commands 1o the LC7881KE by setting RWC high and then sending command
53 COIN | date synchronized with CGCK. Itis also possible to read out the TOC memory data by sending GQGK from the
SQOUT pin by command switching.
54 CQCK 1
55 RES | This pin must be set low briefly after power is first applied.
56 ML |
57 LASER (o] Qutput pin controllable by serial data sent from the microprocessor.
58 16M (o] 16,9344 MHz output pin
59 4.2M (o] 4.2336 MHz output pin
60 CONT o] Output pin controllable by serial data sent from the microprocessor.
61 TESTS l LSl test pin. Normally lett opan.
62 (3 | Chip select pin. The LC7B61KE becomas active when this pin is low. (A pull-down rasistor is built-in.)
63 XiN | \ .
Cennections for a 16.9344 MHz crystal osciltator
B4 XouT o

Pin Applications

1. HF signal input circuit; Pin 8;: EFMIN, pin 7: EFMO, pin 6; EFMO
An EFM signal (NRZ) with an optimal slice level can be acquired by inputting the HF signal to EFMIN.

-

2. PLL clock generation circuit; Pin 4;: PDO, Pin 3: Al Pin 2: AO

{>0
N
1y

VCOOo

=

¥oD
=3
28 e
PDO :L_gﬂ EFM{NRZ1)
LAS210 | — E

A VCO can be constructed by combining the LC7861KE with the Sanyo LA9210. The PDO pin swings in the
positive direction when the VCO phase lags.
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3.

1/2 VCO; Pin 18: PCK
PCK is a monitor pin that outputs an average frequency of 4.3218 MHz, which is the VCO frequency divided by two.

Synchronization detection monitor; Pin 19: FSEQ
Pin 19 goes high when the frame synchronization (a positive polarity synchronization signal) from the EFM signal

read in by PCK and the timing generated by the counter (the interpolation synchronization signal) agree. This pin is a
synchronization detection monitor. (It is held high for a single frame.)

CLV servo circuit; Pin 10: CLV*, pin 11: CLV-, pin 12; V/P

MsSB LSB Command RES = low
00000 1O00O DISC MOTOR START (accelerate)

00000101 DISC MOTOR CLV (CLV)

0000110 DISC MOTOR BRAKE (decelerate)

000001 1 1 DISC MOTCR STOP (stop) o

The CLV* pin provides the signal that accelerates the disk in the forward direction and the CLV- pin provides the
signal that decelerates the disk. Commands from the control microprocessor select one of four modes; accelerate,
decelerate, CLV and stop. The table below lists the CLV+ and CLV- outputs in each of these modes.

Mode CLV+ CLV-
Accelerate High Low
Decelerate Low High
CLV b -
Stop Low Low

Note: *In CLV mode the LC7861KE detects the disk speed from the HF signal and provides proper linear speed
using several different control schemes by switching the DSP internal modes. The PWM period is 7.35 kHz,
the 1/64 duty period is 1.114s, and V/P outputs a high level during rough servo and a low level during phase

control,
internal mode CLV# CLV- Ve
Reugh servo (velocity too low) High Low High
Rough servo {velocity too high) Low High High
Phase control (PCK locked) PWM PWM Low
Low speed (no HF signal) 1/64 duty Low High

DISK MOIOR

CLy-

CLY+

aAjA

Note: After a CLV servo control command, the TOFF pin will be at the low level only for CLV mode, and will be
high for all other modes. Controlling the TOFF pin by microprocessor command is only possible in CLV mode.
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6. Subcode P, Q, and R to W output circuit; Pin 46; PW, pin 44: SBSY, pin 47: SFSY. pin 48: SBCK
PW is the subcode signal output pin, and all the codes, P, Q, and R to W can be read out by sending eight clocks to
the SBCK pin within 136 s after the fall of SFSY. The signal that appears on the PW pin changes on the falling
edge of SBCK. If a clock is not applied to SBCK, the P code will be output from PW. SFSY is a signal that is output
for each subcode frame cycle, and the rising edge of this signal indicates standby for the output of the subcode
symbol (P to W), Subcode data P is output on the fall of this signal.

SFSY j l | R

PW o JrX a YR Y s Y r Yu Y v Yw X oY e

SBSY is a signal output for each subcode block. This signal goes high for the S0 and S1 synchronization signals. The
fall of this signal indicates the end of the subcode synchronization signals and the start of the data in the subcode
block. (E1AJ format)

7. Subcode Q output circuit; Pin 50: WRQ, pin 51: RWC, pin 52:SQOUT, pin 54::CQOCK, pin 56: M/L, pin 62; TS

MSB LSB Command AES =low
[V ] 1001 ADDRESS FREE
10 1001 ADDRESS 1 O
10 1110 OSCON O
10 1101 OSC OFF

Subcode Q can be read from the SQOUT pin by applying a clock to the CQCK pin.

Of the eight bits in the subcode, the Q signal is used for song (track) access and display. The WRQ will be high only
if the data passed the CRC error check and the subcode Q format internal address is 1*. The control microprocessor
can read out data from SQOUT in the order shown below by detecting this high level and applying TQTK. When
CQCK is applied the DSP disables register update internally. The microprocessor should give update permission by
setting RWC high briefly after reading has completed. WRQ will fall to low at this time. Since WRQ falls to low
11.2 ms after going high, CQCK must be applied during the high period. Data can be read out in an LSB first format
if the M/L pin is set low, and in an MSB first format if that pin is set low.

Note: * That state will be ignored if an address free command is sent. This is provided to handle CDV applications.

— When ML is high

— When ML is low
CONT ADR
TNO
This order INDEX(POINT) *
:hogzgn: wlni:h MIN Note: * Mtems in parentheses refer to the read-in area.
the high/low SEC
:Jlllalfep‘i:'r:.lhe FLAME
ZERO
AMIN (PMIN) *
ASEC (PSEC) *
AFLAME (PFLAME) *
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CONT "= ADR AFLAME

JL

Normally, the WRQ pin indicates the subcode Q standby state. However, it is used for a different
monitoring purpose in track count mode. (See the item on track counting for details.)

The LC7861KE becomes active when the TS pin is low, and data is output from the SQOUT pin. When
the TS pin is high, the SQOUT pin goes to the high impedance state.

The “OSC OFF' command turns off the VCO and the crystal oscillator.

. Servo command function; Pin 51: RWC, pin 53:COIN, pin 54: CQCK, pin 62: TS

[nstructions can be input to the LC7861KE by setting RWC high and sending commands in synchronization with the
CQCK. The LC7861KE is basically upwardly compatible with the earlier LC7860K and LC7863K with respect to
the control microprocessor. The commands can be classified as follows. New commands not supported by the earlier
LC7860K and LC7863K are marked with a “ (" in the command table,

Focus start

Track jump

Mute control 1-byte commands
Disc motor control

Other control commands

Track count ] 2-byte command

* One-byte commands

LsB MSB

* Two-byte commands

RWC

_ L L

COIN

—X0C00000OC 000000

Commands are executed starting at the fall of the RWC signal.
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9. Focus servo circuit; Pin 13: FOCS, pin 14: FST, pin 15: FZD, pin 57: LASER

Commands
MSB LSB Command RES = low
00003000 FOCUS START #1
10100010 FOCUS START #2
00001010 LASER ON _
10001010 LASER OFF ‘ 0
00000000 NOTHING

When a focus start instruction (either FOCUS START #1 or FOCUS START #2) is input as a servo command, first
the charge on capacitor C1 is discharged by FST and the objective lens is lowered. Next, the capacitor is charged by
FOCS, and the lens is slowly raised. FZD falls when the lens reaches the focus point. When this signal is received,
FOCS is reset and the focus servo turns on. After sending the command, the microprocessor should check DRF to
confirm focus before proceeding to the next part of the program. If focus is not achieved by the time C1 is fully
charged, the microprocessor should issue another focus command and iterate the focus servo operation.

« LASER control

e HH L

R C AR RR R uyyyyuy
\\\\
ASER Luj I

I
= Focus start {Values in parentheses are for the LASER START #2 command. The only difference is in the FST low
period.)

RWC ~_j 1
COIN 06000000

(0} (1) (0¥ (0) {0) (1) {0) {1}

F$T '
l—[ = S0ms(240ms)

ot e
=1 T

— An FZD falling edge will not be accepted during the period that FST is low.

— After issuing a focus start command, initialization will be performed if RWC is set high. Therefore, do not
issue the next command during focus start until the focus coil drive S curve has completed,

— When focus cannot be achieved (i.e., when FZD does not go low) the FOCS signal will remain in the high
state, so the microprocessor should initialize the system by issuing a NOTHING command.

— When the RESET pin is set low, the LASER pin is set high directly.

— Focus start using the DEMO coil executes a mode #1 focus start.

FE —n W W
A > F Coil
-5Y
— M — 5V
15 ik) 14
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10. Track jump circuit; Pin 16: HFL, pin 17: TES, pin 20: TOFF, pin 21: TGL, pin 22: THLD, pin 25: JP*, pin 26: JP-

MSB LsB Command RES = low
TRACK JUMP {eatlier version)
TRACK JUMP (new command)
TRACK JUMP BRAKE
TOFF
TON O

T I N I i | e N e = = = =]

QIO O O O 0 0 0 O O 0o 00 0 0O O|l=a O =-=a -
|0 O 0 O 0 O 0 O 0 0 0 o0 0 o0 0 ol o o|lao o
QIO O = O = 0 0 0 0 = 0O 0O = 0 0|0 C Q|- =

1 TRACK JUMP iN #1

1 TRACK JUMP IN #2

1 TRACK JUMP iN #3

4 TRACK JUMP IN

16 TRACK JUMP IN

32 TRACGK JUMP IN

84 TRACK JUMP IN

128 TRACK JUMP IN

1 TRACK JUMP QUT #1
1 TRACK JUMP QUT #2
1 TRACK JUMP QUT #3
4 TRACK JUMP OUT

16 TRACK JUMP OUT
32 TRACK JUMP OUT
84 TRACK JUMP QUT
128 TRACK JUMP OUT

Ol 4 a4 a4 4 4 a a4 o000 00 0 Ola a ale o
a2l a2 O 4 0 0 0O 0 = 4 0O -4 O 0 QO O 2 410 O
== O O O =2 O = O = O 0 0O = O = O|= = Ol O

O|l= = OO 2 a8 A g a0 0 A ag alae e ol o

256 TRACK CHECK

JP-+) | [

JP¥H(=) I |

BKEA

TGL I

L
—

THLD I I

When the LC7861KE receives a track jump instruction as a servo command, it first generates accelerating pulses
(period a} and next generates deceleration pulses (period b). The passage of the braking period (period ¢) completes
the specified jump. During the braking period, the LC7861KE detects the beam slip direction from the TES and HFL
inputs. TOFF is used to cut the components in the TE signal that aggravate slip. The jump destination track is
captured by increasing the servo gain with TGL. In all the disk motor control operations, the TOFF pin only goes low
during CLV mode, and will be high during the start, stop, and brake operations. Note that the TOFF pin can be
turned on and off independently by microprocessor issued commands. However, this function is only valid when disk
motor control is in CLV mode. The table lists the relationships between accelerating pulses, deceleration pulses and

the braking period.
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Standard track jump mode New track jump mode
Command
a b ¢ a b [

1 TRACK JUMP IN (OUT) #1 | 233 s 233 us 100 ms 233 us 233 ps 100 ms
1 TRACK JUMP IN (OUT) #2 | 0.5-track jump 233 us 100 ms 0.5-frack jump a period 100 ms
1 TRACK JUMP IN (OUT) #3 | 0.5-track jump 233 ps Does not oegur 0.5-frack jump a period Does not cccur
4 TRACK JUMP IN {OUT) 2-track jump 466 ps 100 ms 2-frack jump a period 100 ms
16 TRACK JUMP IN {OUT) | &-track jump 7-track jump 100 ms @-frack jump a period 100 ms
32 TRACK JUMP IN (OUT) 18-track jump 14-track jump 100 ms 18-track jump 14-track jump 100 ms
64 TRACK JUMP IN {QUT) 36-frack jump 28-tfrack jump 100 ms 36-track jump 28-track jump 100 ms
128 TRACK JUMP IN (QUT) | 72-track jump 56-track jump 100 ms 72-track jump 56-track jump 100 ms

TOFF goes high after 256 tracks are TOFF goes high after 256 tracks are
256 TRACK CHECK jumped. The a and b pulses are not 100 ms jumped. The a and b pulses are not 100 ms

output, output,
TRACK JUMP BRAKE There are no a or b periods. 100ms There are na a or b periods. 100 ms

Note: 1. Asindicated in the table, actuator signals are not output during the 256 TRACK CHECK function. This is
a mode in which the TES signal is counted in the TRACKING LOOP OFF state. Therefore, feed motor
forwarding is required.

2. The servo command register is automatically reset after the track jump sequence (a, b, ¢) completes.
3. If another track jump command is issued during a track jump operation, the content of that new command
will be executed starting immediately.

4. The maximum braking time (period ¢) has been changed from the 17 ms of the earlier LC7861NE to 100 ms
in the LC7861KE.

T.Coil

TE—— 4
”

%

20
Slip detactor

BKEA

11. Track counting circuit; Pin 16: HFL, pin 17: TES, pin 20: TOFF

MSB LSB Command RES = low
11140000 TRACK COUNT IN
11111000 TRACK COUNT QUT
11111111 TWO-BYTE COMMAND RESET Q
10001t 100 TRACK JUMP BRAKE

The LC7861KE will count the specified number of tracks when the microprocessor sends an arbitrary binary value in
the range 16 to 254 after issuing either a track count in or a track count out command. The TOFF pin will output a
high level during the track count operation and the tracking loop will be tumed off. Therefore, feed motor forwarding

is required.
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e | L l | L L

Command

Track count
infout command  Desired track Two byte command reset  geaya command
count binary input

Track count //L

WRG #
- o
Rises at track count/2. Falls when the track count completes.

Note: 1. When the desired track count is input in binary, the track count operation is started by the fall of RWC.

2. When a track count in/out command is issued the function of the WRQ signal switches from the normal
mode subcode Q standby monitor function to a track count monitor function. This signal goes high when
the track count is half completed, and goes low when the count finishes. The control microprocessor should
monitor this signal to determine when the track count completes,

3. If atwo-byte command reset command is not issued, the track count operation will be repeated. That is, to
skip over 20,000 tracks, issue a track count 200 command once, and then count the WRQ signal 100 times.

4. After performing a track count operation, use the brake command to have the pickup lock onto the track.

The track count operations in items 10 and 11 basically count the TES signal from the LA9210. The following two
clocks are provided internally in the LC7861KE as track counting clocks. To use the earlier track count function,
initialize the LC7861KE with a 23H command when power is first applied.

MSB LsSB Command RES = low
NEW TRACK COUNT FUNCTION
00100010 {using the TES/HFL combination) ©

EARLIER TRACK COUNT FUNCTION

Gero00011 (diractly counis the TES signal)

The earlier track count function uses the TES signal direcily as the internal track counter clock.

To reduce counting errors resulting from noise on the rising and falling edges of the TES signal, the new track count
function prevents noise induced errors by using the combination of the TES and HFL signals, and implements a more
reliable track count function. However, dirt and scratches on the disk can result in HFL signal dropouts that may
result in missing track count pulses. Thus care is required when using this function.

12. Adjustment process sound output function; Pin 27;: DEMO

Aus min

—’I‘-—I(—
w1

wo ]

\ Set directly

cLv / / / /X ¥ Constant linear velocity mode Conditions under which FOCS goes low

@ When focus is pulled in and the FZD pin has gone to zera.
® When the RES pin is low or the RWC pin is high

MUTE ]///X 0de 1

Therefore, when setting
DEMO high, RWC must

be low
F
ocs ——J |— @ DEMO pin is low

=50 ms

FsT  n—

By setting this pin high, muting can be set to 0 dB, the disk motor can be set to CLV, and a focus start operation can
be performed, even without issuing any commands from the control microprocessor. Also, since the LASER pin
becomes active, if the mechanism and servo systems are complete, sound can be produced without the presence of a
MiCTOpProcessor.
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13. Reset circuit; Pin 55: RES

When power is first applied, this pin should be briefly set low and then set high. This will set the muting to —es dB
and stop the disk motor.

Constant linear velocity servo START STOP BRAKE CLv
Muting control 0dB —12db
Q subcode address conditions Address free

Lasar control ON (low) QFF {highy)
Track jump mode New
Track count mode Standard New
+5V
| 55
+
i

14. De-emphasis ON/OFF, Pin 29: EMPH

The preemphasis on/off bit in subcode Q control information is output from the EMPH pin. De-emphasis should be
performed when this signal is high.

15. Error flag output; Pin 45: EFLG, pin 49: FSX

L c1
[ 1

C2

X

Single

corection | . [ |
Double JL L
reci ML M
vt PR Il I N N N [ O A [ A

"-No error

The FSX signal is generated by dividing the crystal oscillator clock, and is a 7.35 kHz frame synchronization signal.
The etror correction state for each frame is output from EFLG. The playback OK/NG state can be easily determined
from the extent of the high level that appears here.

16. Crystal clock oscillator; Pin 63: Xy, pin 64: Xgyt

mMsB LSB Command RES = low
10001110 OSCON O
10001101 0SC OFF

t1 000001 DOUBLE SPEED MODE

11000010 NORMAL MODE O
011000400 VCO M O
01100001 VCQ 16M
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17.

The clock that is used as the time base is

generated by connecting a 16.9344 MHz crystal 3
oscillator between these pins. This oscillator can

be turned on and off under command control.

(The OSC OFF command turns off both the VCO
and crystal oscillators.)

Also, the LC7861KE can be set up to handle

double speed operation under command control.

The table lists the relationships between the

crystal and VCO oscillators.

3

0

=

l

nl

64
Rd

o
1

il

Ceramic resonator

16. 9344MHz 16.93 MHz
lCout ICin

0—5

;l;Cout

VCOQ playback speed Mode 8M Mode 16M
Normal speed mode Double speed mode Nermal spead mode Double speed mode
After reset ) — - —
Al pin external input (8M VCO) B.6436 MHz /
Al pin external input (17M VCO) - — | 17.2872 MHz 17.2872 MHz
Al pin external input (LA9210) B.6436 MHz 17.2872 MHz /
PCK monitor output 43218 MHz 8.6436 MHz 4.3218 MHz 8.6436 MHz
Crystal Clock Oscillator Recommended Values
Manufacturer Oscillator Cin/Cout
CITIZEN WATGH CO., LTD. USA-309 5 pF 10 12 pF
HC-49/U-8 .
(Crystal) (16.9344 MHz) {Cin = Cout)
Rd = 100 ©2 {+20%)

TDK CO., LTD FOR16.93M2G | Gin = Cout =15 pF(£20%)
(Ceramic resonator) Rd=470 (£20%)

FCRIBOIMCE | o \Cout 30 pF (built i)

Note: Since the conditions on the circuit board actually used will vary, the values of the load capacitances Cin and Cout must be verified on the circuit

board actually used.a

D/A converter interface; Pin30: DFQFF, pin 34: SMP, pin 33: LRCLCK, pin 35: DFOUT, pin 36: DACLK, pin 32:

SMPI, pin 31: SMP2

Data for the D/A converter is output MSB first from DFOUT synchronized with the falling edge of DACLK.

DACLK

L0

45

LRCLK(1LS) I L

LRCLK | L I
SMP1 I 1

SMP2 ] 1
A ] 1 | L
DFOUT 0

M5B LCH

Note: DACLK = 4,2336 MHz (when DFOFF is low}
DACLK = 2.1168 MHz (when DFOFF is high)

Lse

M5B RCH

JECAB0E000060800 0 Pefrefwf ef e s e XeY Y XafzY )

Lse
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19.

MsB LsB Command ‘ RES = low
0t100010 IS ON
01100011 IS OFF O
16001000 CDROM XA
10001011 CONT AND CD-ROM XA RESET O

When a CD-ROM XA command is issued, data that is neither interpolated nor muted will be output from the
DFOUT and DOUT pins. (This command is used for CD-ROM XA application.) The CD-ROM XA reset command
also functions as a pin 60 CONT reset, so caution is required.

- CD-ROM outputs; Pin 39: CK2, pin 37: LRSY, pin 40: ROMOUT, pin 42; C2F, pin 41: C2FCLK

Data is output MSB first from the ROM QUT pin in synchronization with the LRSY signal. This data is appropriate
for input to a CD-ROM LSI, since it is not interpolated, previous value held, or processed by the digital filter circuits.
CK2is a 2.1168 MHz clock, and data is output on the CK2 rising edge. C2F is the flag information for data in 8-bit
units, C2FCLK is the synchronization signal for that flag.

LC8951 and LC7861 Interface

648 01 27 8 30WHRVKISEIIBIGO N 2D AU N RN KI5I6 I W LOL LR LIS BE O

Uy iU Ui s i U U UL

LRSY ] i LcH 1 (. RCH |

P
LsB Msp LsBe
:XEX_; G@ﬁﬂﬂ@ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ £30200000008088080
C2FcLK —L_]JJ | S | 1_5_] I L_
e
CF S8 ﬂ MSB C2 i o]
u) MSBC2flag | LSB C2 flag || MSB 2 flag 4 LSB C2 flag |
Mute control circuit
MSB LsB Command RES = low
0000000 1 MUTE: 0 dB
00000010 MUTE: -12 dB
0000001 1 MUTE: = dB O

An attenuation of 12 dB (MUTE ~12 dB) or full muting (MUTE e dB) can be applied by issuing the appropriate
command from the table. Since zero cross muting is used, there is no noise associated with this function. Zero cross
is defined for this function as the top seven bits being all ones or all zeros.

20. 4.2M and 16M pins; Pin 59; 4.2M, pin 58: 16M

21.

The 16.9344 MHz external crystal oscillator 16.9344 MHz buffer output signal is output from the 16M pin. That
frequency divided by four (a 4.2336 MHz frequency) is output from the 4.2M pin. When the oscillator is turned off

both these pins will be fixed at either high or low. These frequencies do not change when a double speed command is
issued.

Digital output circuit; Pin 43: DOUT

This is an output pin for use with a digital audio interface. Data is output in the EIAJ format. This signal is a signal
that has passed through the interpolation and muting circuits. This pin has a built-in dnver circuit and can directly
drive a transformer.
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22. CD-ROM XA; Pin 60: CONT

The LC7861KE switches to CD-ROM XA mode when an 88H command is issued and data that has not passed
through the interpolation circuit is output from the DFOUT pin. The LC7861KE returns to normal mode when an

8BH command is issued, and interpolated data is output. Note that the 8BH command also functions as a CONT pin
{(pin 60} reset.

MsB LSB Command RES = low
10001000 . CD-ROM XA ON
10001011 CD-ROM XA OFF C

23. CONT pin; Pin 60: CONT

MSB LSB Command RES = low
00001110 CONT Low
100019011 CONT AND CD-ROM XA RESET Q

Pin 60 will goes high when this command is issued.

24. Other pins; Pin 1: TEST], pin 9: TEST2, pin 23: TEST3, pin 28: TEST4, pin 37: TESTS, pin 61: TESTS

These pins are used for testing the LSI’s internal circuits. Since the pins TEST1 to TEST 5 have built-in pull-down
resistors, they can be left open in normal operation.

Circuit Block Operating Descriptions

1.

RAM address control

The LC7861KE incorporates an 8-bit x 2k-word RAM on chip, This RAM s used as a buffer memory, and has an
EFM demodulated data jitter handling capacity of +4 frames. The LC7861 KE continuously checks the remaining
buffer capacity and controls the data write address to fall in the center of the buffer capacity by making fine
adjustments to the PCK side of the CLV servo citcuit and the frequency divisor. If the #4 frame buffer capacity is
exceeded, the LC7861KE forcibly sets the write address to the 10 position. However, since the errors that occur due to
this operation cannot be handled with error flag processing, the IC applies muting to the output for a 128 frame period.

Position Divisien ratie or processing
4 or less Force to 10
-3 580
-2 580 Increasa ratio
-1 589
10 588 Standard ralio
+1 587
+2 587 Decrease ratio
+3 587
+4 or more Force to 10

C1 and C2 error correction

The EFM demodulated data is written to internal RAM to compensate for jitter, and the LC7861KE performs the
following processing with a constant timing based on the crystal oscillator clock. First, the L.C7861KE performs C1
error checking and correction in the C1 block, determines the C1 flags, and writes the C1 flag register. Next, the

LC7861KE performs C2 error checking and correction in the C2 block, determines the C2 flags, and writes data to
internal RAM,

C1 flag Error correction and flag processing
No errors No correction required . Flag reset
1 arror Corraction - Flag reset
2 errors Correction - Flag set
3 arrors or mora Correction not possible - Flag set
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C2flag Error correction and flag processing
No arrors No correction raquired - Flag reset
1 enot Correction - Flag reset
2 errors Depends on C1 flags**
3 arrors or more Depends on C1 flags*2

Note: 1. If1ha positions of the errors determined by the C2 check agree with the thase specified by the C1 flags, the correction is performed and the
flags are cleared. However, if the number of C1 flags is 7 or higher, C2Z correction may fail, In this case correction is not performed and the C1
flags are taken as the C2 flags without change, Error correction is not possible if one errar position agrees and the other does not.
Furthermore, if the number of C1 flags is 5 or under, the C1 check result can be seen as unrefiable. Accordingly, the flags will be set in this
case. Cases where the number of C1 flags is 6 or more are handled in the same way, and the C1flags are taken as the G2 flags without
change. When there is not even one agreement between the arror positions, etror correction is, of course, impossible, Hare, if the number of
C1flags was 2 or under, dala that was seen as corract after C1 carrection is now seen as incorrect data. The flags are set in this case. The
other C1 flags are taken as the C2 flags without change.

2. When data is determined to have three or more errors and be uncorraciable, correction is, of course, impossible. Here, if the number of C1
flags was 2 or under, data tha! was seen as correct aftar C1 correction is now seen as incorrect data. The flag is set in this case. The other C1
flags are taken as the C2 flags without change.

M No products described or contained hersin 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.

M 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:

@ Mot impose any responsibility for any fault or negligence which may be cited in any such claim or
litigation on SANYQO ELECTRIC CO., LTD, its affiliates, subsidiaries and distributors or any of
their officers and employees jointly or severally,

M Information (including circuit diagrams and circuit parameters) herein is for example only; it is not guarant-
eed for volume production. SANYQ 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
third parties.
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