Ordering number : EN4521

CMOS LSI

LC78681E
SA////WYO Digital Signal Processor for

Compagt Disc Players

Overview output selectable

The LC7868LE is a CMOS LS| providing digital signa * ON-CNiP .RAM
processing (DSP) and servo control for compact disc
players and other audio devices, including laser disc
players and equipment using compact disc video
(CD-V) and compact disc interactive (CD-I) formats.
Functions include the demodulation of EFM (eight-to-
fourteen modulation) signals from optical pickups,
deinterleaving, detection and correction of error signals,
and signal processing for digital filters as well as other
features that can help reduce player cost. The LC78681E
also processes commands from the microprocessor for th
servo system. Direct interface is also possible with |
Sanyo LC7883K and LC78835, which are serial |
D/A converters with on-chip digital filters.

Functions

« HF signals that are input are dliced at an gu”ratel )
converted to EFM signals, and undergo ph
comparison with VCO for PLL playback' at an.aver:
of 4.3218 MHz.

* Through external connection of a 6.9344
oscnlator al reqm red timing Sgﬁals C

when”the appropriate command is mput from the

mlqroprocr (8-bit serial input).

. Featur% on-chip digital out.

Can perform the desired track counting. High-speed

access is possible.

Uses zero cross-muting.

* Fully supports double-speed dubbing.

 Supports al types of D/A conversion.

 Features on-chip digital level meter and peak meter
functions.

* Supports bilingual function.

the disc motor.
Performs detectio

Features

« Compact and space-saving 64-pin QFP package

« Silicon-gate CMOS design (low power dissipation)
 Single 5V power supply (suitable for portable sets)
« DEMO pin for improved operability in adjustment

all SA /O products described or contained herein do not have specifications that can handle

ppllcatlons that require extremely high levels of reliability, such as life-support systems, aircraft’s
'C@ntrol systems or other applications whose failure can be reasonably expected to result in serious
phygmal “apd/or material damage. Consult with your SANYO representative nearest you before using
any SANYO products described or contained herein in such applications.

B SANYO assumes no responsibility for equipment failures that result from using products at values that
exceed, even momentarily, rated values (such as maximum ratings, operating condition ranges, or other
parameters) listed in products specifications of any and all SANYO products described or contained
herein.

SANYO Electric Co.,Ltd. Semiconductor Bussiness Headquarters

TOKYO OFFICE Tokyo Bldg., 1-10, 1 Chome, Ueno, Taito-ku, TOKYO, 110-8534 JAPAN
O3098HA (OT)/D2593JN B8-0235 No. 4521-1/23



LC78681E

Package Dimensions
unit: mm
3159-QFP64E
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Equivalent Circuit

EFMQO
EFMO

1E

-

Slice level
control

1

]

%] EFM demodul
FSEQ and syno g

1

O

RAM address i
generator 1

EFMIN

C2FCLK

Intagpolation and []LRsY
muting

(bilingual function) {J carF

Tafid C2 errgt

CLV+ Constant linear
velocity digital ;
cLv- [ servocontrolier correctioh
v/ F—od

ne

PW,SBCK qubcode‘;py
SBSY.SFSY redundangy check

Level meter and| 1 Digital out DouT

peak meter

WRQ.SQOUT [ ——Mi

] 1 D/A converter
Crystal oscillator and output interface

timing generator I i
}
e ]

EFLG
FSX
XIN
X0UT
CcK2
CONT
TEST?7

WCLK
LRCLK
DACLK
DFOUT

A01437
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Pin Assignment

ROMOUT

>
12
m
12}

DFOUT
LRCLK

NC

—o0 C2FCLK

(oo

FSX o
WRG o-—50
RWC o—91

SQOUT 0—52

COINo—53
TECK o.54
HES o055
M/L o—56

TAEER ol 57 LC78681E
16M o— 58
4.2M0—58

CONT o—60

TEST5 o—61

TS5 o062
XINo—63
XouT 0—540

Top view

A014E69

Parameter Conditions Ratings Unit
Vgg—0.3107 \Y
Vgg—0.3t0 Vpp + 0.3 \Y
Vgg—0.3t0 Vpp + 0.3 \Y
300 mw
-30to +75 °C

—40 to +125 °C

Maximum supply voltage

Maximum input voltage

Maximum output voltagé

rd

Allowable power disgip:

Operating tempergiture

Storage tempg;&tufé

No. 4521-3/23




LC78681E

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

Ratings
Parameter Symbol Conditions - Unit
min typ. max
Supply voltage Vbp Vbp
Vi (1 TEST1to 5, Al, FZD, HFL, DEMO, MIL,
@ | REs
Input high level voltage Vin (@) SBCK, RWC, COIN, CQCK, cs
Vig (3) EFMIN
Viy (4) TES
_— TEST1 to 5, Al, FZD, HFL, DEMO, MI/L,
i@ RES
Input low level voltage ViL(2) | SBCK, RWC, COIN, CQCK, CS
ViL(3) EFMIN
VL (4) TES
Data setup time t set up COIN, RWC: Figure 1
Data hold time t hold RWC: Figure 1 ns
High level clock pulse width tweH SBCK, CQCK: Figures 1, 2 ang 3 ns
Low level clock pulse width twal CQCK, SBCK: Figures 1, 2 &nd"3 ns
Data read access time trAC Figures 2 and 3 400 ns
Command output time trwe RWC: Figure 1 ns
Sub-Q read enable time tsoE Figure 2, no RWC gignal 11.2 ms
Subcode read cycle tsc Figure 3 136 ps
Subcode read enable tse Figure 3 ns
Crystal oscillator frequency X'tal Xine XouT 16.9344 MHz
. fop (1) Al 20 MHz
Operating frequency range
fop(2) | EFMIN iy =1 Vpp 10 MHz
Electrical Characteristics at Ta=25C, V
Ratings
Parameter - Unit
min typ max
Current drain 17 30 mA
ZD, TES, BBCK, COIN,
A v 5 PA
FRWC, MIL: V) = Vpp
Input high level current —
25 75 HA
Input low level current -5 HA
Vpp -1 \%
‘ AoH
& #| BOUT: Igyy = —12 mA Vpp - 0.5 v
Output high levelvattage s OH Db
LASER, SQOUT, 16M, 4.2M, CONT,
WCLK, TEST7, LRCLK, WRQ, C2F,
DFOUT, DACLK, SFSY, LRSY, SBSY, Vpp-1 \%

CK2, PW, ROMOUT, C2FCLK:
lon =—0.5 mA

Continued on next page.
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Continued from preceding page.

Ratings
Parameter Symbol Conditions - Unit
min max
AO, PDO, EFMO, EFMO, CLV*, CLV-,
Ve (1 FOCS, FSEQ, PCK, TOFF, TGL, THLD,
o @ JP*, JP~, EMPH, EFLG, FSX, V/P:
|o|_ =1mA
VOL (2) DOUT: IOL =12mA
Output low level voltage LASER, SQOUT, 16M, 4.2M, CONT,
WCLK, TEST7, LRCLK, WRQ, DFOUT,
VoL (3) DACLK, SFSY, CK2, PW, ROMOUT,
C2FCLK, C2F, LRSY, SBSY:
|o|_ =2mA
VOL (4) FST: |o|_ =5mA
| 1 PDO, FST: Vgu =V,
Output off leakage current orr (D OH Db
IOFF (2) PDO, FST: VOL = VSS
tset up

A006B46

Figure 2 Subcode Q Output

twen

A01439
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SFSY

SBCK

PW

Pin Description

tsc

tse

No. Name /10
1 TEST1 | LS| test input. Normally unconnected.
2 AO o
3 Al | LPin for input of the on-chip VCO output fror gtector output (PDO) is phased
output with the EFM signal, set so that fi Qﬂ
4 PDO o 7
5 Vss — GND
6 EFMO o _ ] )
7 EEMO o) ] lComB!,e entary EFM signal QUE ut is made from EFMO and EFMO via the
r slice lgix rol.
8 EFMIN | g
9 TEST2 |
10 CLV+ o
11 CLV- o
12 VIP o}
13 FOCS o
14 EST o Focus sgrvo i
— Generation
15 FzZD |
16 HFL : Generatbs ick pulsé:
17 TES 16, 32/ 64, or 12
18 PCK :

2, 64, or

rates kick pulse, JP*, or JP- according to track jump command. Jumps the specified number of tracks (1, 2, 4,

2.

igﬁél output to D/A converter. Outputs latch signal and signals for left-right switching and sample holding.

Sl test input. Normally unconnected.

Signal output to D/A converter. Outputs latch signal and signals for left-right switching and sample holding.

Not connected.

Signal output to D/A converter. Outputs latch signal and signals for left-right switching and sample holding.

LSl test input. Normally unconnected.

Continued on next page.
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Continued from preceding page.

No. Name 110 Description

38 LRSY O

39 CK2 O

40 ROMOUT (0] For output of CD-ROM interface signals.

41 C2FCLK (o]

42 C2F (o]

43 DOUT o Digital OUT output

44 SBSY (0] Subcode block synchronization output

45 EFLG (0] C1 and C2 single and double error correction flag.

46 PW (6] ) o )

47 SESY o) :iI;ﬁthil;::lzgosdBeéime synchronization signal. P, Q, R, S, T, U,

48 SBCK |

49 FSX (0] 7.35 kHz synchronization signal output

50 WRQ o]

51 RWC | WRQ goes high when Q subcode data passes the CR£Z;: eck. Th aﬁg&& g fvconneci;_ﬁs_(m and sending of CQCK,

52 SQouT o) data is reaq from SQOUT. Set MSB—first/LSB—firstt_ oW dat qésired. .
Command is generated by sending output synch setting microprocessor RWC

53 COIN | to high.

54 CQCK |

55 RES I Set to low at powerup.

56 M/L | Same as for pins 50 to 54.

57 LASER o) Permits control via serial control fro

58 16 M (6] 16.9344 MHz output pin

59 42M (0] 4.2336 MHz output pin.

60 CONT o Permits control via serial coqgrbl;sﬁom the;

61 TESTS | LSl test input. Normally U[}ﬁ%gﬁected..

62 [ I Chip select pin. The LC?é6§l is al #i-chip pull-down resistor).

63 XN | &
16.9344 MHz crystat ogtillator ct

64 XouT o] i )

Functional Description

A01440
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PLL Clock Regeneration Circuit (pin 4: PDO, pin 3: Al, and pin 2: AO)

AAA
wr

VCOoOo

e
—

PDO —— L.P.F

LAS210

A014414

A PLL comprising aVCO can be made with an LA9210.
lagging.

positive when the VCO phaseis

VCO Half-Frequency Clock (pin 18: PCK)

This pin monitors a signal generated by dividing' the V CO:frequ
4.3218 MHz.

Focus start
Track jump
Mute control
Disc motor contrgt .
Other control cgmimands

: 2-byte command

A01442
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2. 2-byte Commands

HEEEEEEE

Over 1 pus ;

AQ01443

MSB LSB RES = low
00001000
10100010
00001010
10001010 O
0000000O00O

1. Laser Control

COIN

LASER

A01444

2. Focus Start

No. 4521-9/23
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COIN

(0)

(1) O

()]

0)

(1) (0

1)

Focs

FZD

Notes. 1.

A04446

F Coil

!

A041448

110: CLV*, pin 11: CLV-and pin 12: V/P)

Command

RES = low

DISC MOTOR START (accelerate)
DISC MOTOR CLV (CLV)

DISC MOTOR BRAKE (decelerate)
DISC MOTOR STOP (stop)

O

Accelerate High Low
Decelerate Low High
CLv * *

Stop Low Low

No. 4521-10/23
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5
>
=

AAA
vy

<
=
E-

i
_’I'___

r

AML

DISC MOTOR bead

command is effective only in the CLV mode.

1. CLV Mode

during phase control.

Internal mode

Rough servo (velocity too low)

Rough servo (velocity too high) High
Phase control (PLCK locked) Low
2. CLV Control Gain Switching
MSB LSB RES = low
10101000
10101001 O

Command RES = low

Internal brake on

Internal brake off O

Internal brake control

M signal density per frame can be counted to determine the status of disc deceleration. When
r/EFM signals, CLV-falsto low, and the WRQ pin simultaneously goes high to indicate that

No. 4521-11/23



LC78681E

senhnhnhhigigh L
06H command

a1 T

CLV-

WRG

Notes: 1.
2, y to f ’st refocus and then input
3. gnal playback state (e.g., damaged disk

puncti jith a mi croprocessor.

Track Jump Circuit .
(pin 16: HFL, pin 17: TES, pin 20: TOFF, pin 21: AP+ and pin 26: JP-)
1. Internal Track Count

The following two modes are available.

RES = low

MSB LSB
00100010
00100011

No. 4521-12/23
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2. Track Jump Commands

MSB LSB Command RES = low

Standard track jump

New track jump
1 TRACK JUMP IN #1
1 TRACK JUMP IN #2
1 TRACK JUMP IN #3
2 TRACK JUMP IN

4 TRACK JUMP IN
16 TRACK JUMP IN
32 TRACK JUMP IN
64 TRACK JUMP IN
128 TRACK JUMP IN
1 TRACK JUMP OUT
1 TRACK JUMP OUT #2
1 TRACK JUMP SUT #3
2 TRACK JUM¢ ouT
4 TRACK JUMP ouT

P P OO0 O O O O O O O O O O O O O O O O OfkF
O O O|0|lO0O O O O O OO O O OO o o o o o o o|o o
O O O/lolo O P OO O P OO O O FrPr OO0 O Fr O ok
O O O|R|[F P P P P P P P P P PP PFPPPPPPloOoO
P R ROl P PP PR R R PR OOOOOOOOO|o o
P P PP P OFr OO0 O O0OOFR R OR OOOO OO O
O p R|rR|IFPr OO OFrR OOFR ORFR OOOTUP OO FrR OlO0CO
O » R|OlP P OO FP OFP OFRP PP PFP OOZFPFPr OLFPFRP O FR|F O

JP-

JP+

BKEA

TGL

1

THLD

AD1449

Note: Of the drsc moto ontrol outputs, the TOFF pin islow in the CLV mode, and high in the Start Stop, and Brake
modes. TQISF«_;an also be independently switched on or off by the microprocessor. However, disc motor control
is enabled orily'in the CLV mode.

No. 4521-13/23
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3. Track Jump Modes

The relationship between accel eration pul ses, decel eration pulses, and brake periods is shown in the following table.

Standard track jump mode New tr{a‘ék']ﬁmp mode
Command
a b c a

1 TRACK JUMP IN (OUT) #1 | 233 ps 233 us 24 ms 233 ps

1 TRACK JUMP IN (OUT) #2 | 0.5-track jump 233 us 24 ms 0.5-track jump

1 TRACK JUMP IN (OUT) #3 | 0.5-track jump 233 us Does not occur 0.5-track jump

2 TRACK JUMP IN (OUT) There are no a, b, or c periods. 1-track jum

4 TRACK JUMP IN (OUT) 2-track jump 466 ps 24 ms 2-track jugi‘ )

16 TRACK JUMP IN (OUT) 9-track jump 7-track jump 24 ms 9-trac|g,'j‘fj_‘r P

32 TRACK JUMP IN (OUT) 18-track jump 14-track jump 24 ms 18-t (:Kiump

64 TRACK JUMP IN (OUT) 36-track jump 28-track jump 24 ms

128 TRACK JUMP IN (OUT) | 72-track jump 56-track jump 24 ms ")
TOFF goes high after 256 tracks are 256 tracrl_ég e

256 TRACK CHECK jumped. The a and b pulses are not 24 ms re;hot
output.

TRACK JUMP BRAKE There are no a or b periods. 24 ms

Notes: 1. The actuator drive signals are not generated for the 256-track Check. Instedd issuanéeg
is in the track-count mode and the tracking servocontroller is off.
. The servocontroller register is automatically reset after one a, b, and-c

A01450
MSB Command RES = low
11 "Teack Count In
11 rack Count Out
11 2-byte COMMAND RESET O

| L L
[+ ] [ 2]
s /

Tréick Count Jr/ Input of desired Two-byte Command Reset Brake command
Out cofmand track number

Track count //L
WRG 5
/7‘ A01451

Rises at (track count) / 2 Falls at track count

No. 4521-14/23
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Notes: 1. Thefall of RWC when the desired number of tracksisinput in binary format starts the track count.
2. During track counting, TOFF is high and the tracking servocontroller is turned off. For this reason, issuance

of afeed motor signal is required.
3. The Track Count In and Track Count Out commands cause the WRQ signal to change from the Q subcode
standby monitor when normal to the track count monitor. WRQ goes high at hal tl.}é%rack count and low

4,

5.

Error Flag Output (pin 45: EFLG and pin 49: FSX)

l Ci

FSX I

One correction

Two corrections

Uncorrectable

No error

A01452

the rising edge of SBCK. When SBE&¥K
frame, and the rlsmg edgg of this:s

A01454

No. 4521-15/23
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Q Subcode Output Circuit
(pin 50: WRQ, pin 51: RWC, pin 52: SQOUT, pin 54: CQCK, pin 56: M/L and pin 62: CS)

MSB LSB Command RES = low
00001001 ADDRESS FREE
10001001 ADDRESS 1

Q subcode data can be read from the SQOUT pin by clocking the CQCK pin.

Of the 8-bit subcode data, the Q signd is effective for operations such as song_

reenable data updating and resets WRC low. CQCK should start to oscillét
high. Data can be read in L SB-first format when M/L islow and in M_SB_ i

CD-V applications.)

The order of data
output remains

unchanged wheth
MI/L is high or |6\

FLAME

ZERO

AMIN (PMIN)*/PKMIN

ASEC (PSEC)*/PKSEC

AFLAME (PFLAME)*/PKFLAME

LVM data/PKM data

LVM data/PKM data

No. 4521-16/23



LC78681E

we | L

\ sobit | 1663t

S S S G 6.5 S G
!

ADR AFLAME

Q subcode data
RWC

Notes: 1. The WRQ pin normally indicates Q subcode standby status, but provides di
(See the sections on track counting and internal braking.)

2. The LC78681E is active when CS is low, with output from SQOUT. SQOU

CGount mode or internal braking.
'CS pin'is high.

Reading Level Meter (LVM) and Peak Meter (PKM) Datas”

MSB LSB RES = low
00101011
00101100 O
00101101
00101110 O

1. Level Meter (LVM)

(AT ME) that dete(;tég after generation of the maximum value. (Relative timeis normal operation.)

e lIssuing a Peak Metef Mask Set command causes values larger than the maximum value aready in memory to be
ignored, even when this command is issued in the Peak Meter mode. This is canceled by the Peak Meter Mask Reset
command (used in peak searches for songs in memory).

No. 4521-17/23
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Mute Control Circuit

MSB LSB Command RES = low
000000O01 Mute 0dB
00000010 Mute -12dB
00000011 Mute o dB

data where the upper seven bitsareall 1 or al 0.

Bilingual Function

MSB LSB Command
00101000 STO CONT
00101001 Lch CONT

00101010 Rch CONF

< Theleft and right channels are output to the left and right
issued.

« Left channel datais output to both the left and right

» Right channel data is output to both the left an“
issued.

Deemphasis Control (pin 29: EMPH)

MSB LSB RES = low
10001000 f
1000101 INT and CD-ROM XA Reset O

Issuing the CD-ROM

L

LS8

DFOUT ot K:z&quIiaXizX“xTcX::XaX7XsX5X4XaXi£;X "o X15X15X14X13X12X11X10X X X X X 13888

A01470

No. 4521-18/23
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Output for CD-ROM (pin 39: CK 2, pin 37: LRSY, pin 40: ROMOUT: pin 42: C2F and pin 41: C2FCLK)

Data from the ROMOUT pin which is synchronized with the LRSY signal is output in MSB-first format. Because this
data has not been processed by either the interpolation, previous-value hold, or digital fllterlng Circuits, it is suitable for
CD-ROM IC input. CK2 isa2.1168 MHz clock, and data is output on its rising edge. C2F ﬂags B*-b|t units of data, and
is synchronized to C2FCLK.

LCB8951 and LC78681 Interface

{(
LRSY ) LCH

ROMOUT Xox y
Rl
caFcLk I__Ss_]
Va—
cer [ MsBC2flag { LSB C2flag

A01458

Digital Audio Out Circuit (pin 43: DOUT)

he signal is output after interpolation

RES = low
O
O
* Thedigital out pin can be fixed'| gw by i
d.at 0 byigsuing the UBIT OFF command.
Command RES = low
CONT set Low
CONT and CD-ROM XA Reset O
Command RES = low
OSC ON O
OSC OFF
Double-speed mode
Normal mode ©)
; VCO 8 M O
01100= 01 VCO 16 M

No. 4521-19/23



LC78681E

A clock to serve as a time base can be obtained by connecting a 16.9344 MHz crystal to Xy and Xg1. The OSC OFF
command stops oscillation of the crystal and the VCO. The double-speed mode can also be enabled through the use of
commands. The relationship between the crystal and VVCO is shown below.

1 | I —
63 54
X‘tal
16.9344MHz
I cin
VCO playback speed Mode 8M y lg'l
Normal speed mode Double spe: d;f*ﬁode " Double speed mode

After reset O : —
Al pin external input (8M VCO) 8.6436 MHz
Al pin external input (17M VCO) 17.2872 MHz
Al pin external input (LA9210) 8.6436 MHz
PCK monitor output 4.3218 MHz 8.6436 MHz

Recommended crystal oscillator constants

Manufacturer

Cin/Cout

CITIZEN WATCH CO., LTD.

Constant linear velocity servg

Muting control

6 pF to 10 pF (Cin = Cout)

STOP

BRAKE CLv

-12db

Q subcode address gt

Address free

Laser control

oo

CONT Low
(e} . OFF
Standard New

No. 4521-20/23
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The states shown above in boxes are set directly when RESis low.

+5V

Yy
vy

N*
H

Audio Output for Calibration (pin 27: DEMO)

l min 30ss

RWC

@ Wrign focus is pulfed in and the FZD pin has gone to zero.
® When the RES gin is low or the RWC pin is high

’ l

Therefore, when setting
DEMO high, RWC must

be low

FOCs

® DEW; pin is low

FST

Setting this pin high sets muting to' 0'dB arieé
issues no command, and activatés-focusings:
output can be obtained without'thie microp

No. 4521-21/23
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Description of Block Operation

1. RAM Address Control

The LC7868L1E incorporates an 8-bit x 2-kbyte RAM buffer, allowing address control to be %d_to remove from the
EFM demodulation data such timing variations, or jitter, that are caused by variations in‘disc miot rspeed The buffer
can absorb up to +4 frames of jitter. The buffer controller constantly monitors buffer, Space andaxjjuas the CLV
servocontroller divider ratio to keep the data write address in the middle of the buffer (i. ero) If the #4-frame
limit is exceeded, the write address is forced to +0, and the output is muted for 12& ram (ecausmhe resyhigig error
cannot be handled by normal error processing algorithms.

Position Division ratlo r processi;
—4 or less Force to 0 ;
-3 589
-2 589
-1 589
+0 588
+1 587
+2 587
+3 587
+4 or more Force to 0

Cland C2Error Correction

C1 flag g grﬁr correction and flag processing
No errors Flag reset
1 error Flag reset
2 errors Flag set
3 errors or more Flag set

C2 flag

No errors
1 error

2 errorg®

Error correction and flag processing

Depends on C1 flags*!
Depends on C1 flags*?

Flag reset
Flag reset

Notes: 1. If the err;jrp05|t|0n

SR
in the C2 Stage match the C1 flags, correction is carried out and the flags are reset. However, if there are seven
made because of the danger of erroneous correction), and the C1 flags are taken as the C2 flags without

No. 4521-22/23
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ris of the described products as mounted in the customer’s
states that cannot be evaluated in an independent device,

ation may be reproduced or transmitted in any form or by any means, electronic or
ing photocopying and recording, or any information storage or retrieval system,
out the prior written permission of SANYO Electric Co., Ltd.

prodﬁ@t/té(}ﬁnology improvement, etc. When designing equipment, refer to the “Delivery Specification”
for the SANYO product that you intend to use.

W Information (including circuit diagrams and circuit parameters) herein is for example only; it is not
guaranteed for volume production. SANYO 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.

This catalog provides information as of December, 1998. Specifications and information herein are
subject to change without notice.
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