Ordering number: ENag61

CMOS LSI
No.3061 || LC78840M

Four-times or Eight-times Oversampling
Digital Filter

OVERVIEW PINOUT

The LC78840M is a four-times or cight-imes oversam-
pling digital filter for Broadcast Satellite (BS), Compact
Disc (CD) and Digital Audio Tape (DAT) applications.
The filter operates at 384fs, 392fs or 512fs, and has
tntemal deemphasis for fs = 32, 44.1 or 48 kHz. Qutput
data length 1s 18 or 16 bits for eight-times or four-times
oversampling, respectively.

The 1.C78840M features a double-rate mode for dubbing

CDs (o cassette tape, where the data rate is donbled and 18] ane
the data is processed with balf the oversampling of [17] xour
normal-rate mode. An external controllar can be used to I‘.] N
set the rate mode, outpat offset, deemphasis and attenua-
. 1__5] CLKOUT
ton.

. E TEST2
The LC78840M operates from a 5 V supply and 3| s0c2

available in 24-pin MFPs.

FEATURES

* Four-times or eight-times oversamplin
e 384fs, 392fs and 512fs opesation
+ Double-rate compatible
¢ Selectable deemphasis
¢ Digital attenuator

* Optonal output offset
¢ Two input and output forms
* 5V supply
* 24-pin MFP
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LC78840M

PIN DESCRIPTION

Humbar Hanw Description
1 BCLK Bit-clock Inpul
2 DATA Digital avdio dala inpul
3 LACK LR clock Input
4 ATT Aftenuaticn data input Nommaldouble-rale select in extamal sl
5 SHIFT Aftanuation dala shift clock inpul Deemphasls select input |
& vDD 6V supply
7 LATCH Allenvalion dala fakh clock Inpul. Deemphasis selack
a SPEED Fowr- or sight-times oversampling selsel Inpul
9 INPTYPE Inpul tormat selesl input
10 QUTTYPE Oulpul format select inpul
" INITA Inilializalion input
12 80C1 Input source and extemal set met
13 $OC2 laput source and exlemal a9t
14 TESTS Teat inpul 8
15 CLKouT Ciock outpul
% YN Crystai osollalor

Symbol Rallng Unit
Voo -03 o 70 L
Vi 03 fo Vpp + 04 v
Yo 0.3 1o Vpo + 03 v

Topr -3 1o 75 C
Teg -40 % 126 °G
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LC78840M

Recommended Operating Conditions

Ty = -3010 75 °C

Parsmater Symbol Rating Unit

Supply vollage Voo b y
Supply vollage range Voo 45 10 65 v
Electrical Characteristics
Yoo =3V, T, =25 "C

Parametar Bymbol Conditlon
LOW-lavet Input vollage Vi
HiGH-ovel input vollage Vi
LOW-avel outpul voliaga Vo lo = +¢ mA
HiQHJavel aulpul voltage Vou o = +4 mA
CLKOUT oulpul amplilode Vo '&Z‘:ﬁ;‘ MHz,
Power consumption Po
Oscslalor frequancy Ix

BCLK Inpul lrequancy

TEST1, TEST2 and TESTS mput
pull-down resistanca

Timing Characteristics
Vop =53V, T.=25°C

Parameler

BCLK Inpin pulsewidy

Unit

DATA inpul salup tme

DATA inpul hold me

LRCK input selup iime

LACK inpul hold bms

Eight-imes ovarsampling

b = 169344 MHz

CL = 50 pF

f = 16,5344 MAz

L!;Tmsl;ﬁﬁiﬁ‘_\guls '

t = 16,0544 MKz

SHIFT and LATCR 400 ¥y

SHIFT and LATCH Tat fivie

2(aj=|3d

2|8
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LC78840M

Raling
Parametar Symbol Condfilon Unit
min typ
ATT input selup time seT 500 -
ATT input hold Bma taoLn 500 -
nisrval timo Ynt
Audio Input

Audlo output

Program |nput

No. a3861—a4/11




LC78840M

Theoretical Filter Response

Normal-rate mode with elght-times Normal-rate mode with four-times
oversampling oversampling
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Double-rate mode with eight-times
oversampling
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In gormal-rate mode, 43rd-order, kit
order FIR filters are used 0 sucgessi

with two-times, four tigies and

Deemphasis is performed by the 1st-order IIR filter. The
least significant 4 bits of the 22-bit internal data are used
for noise shaping. The ouiput data length is 18 bils.

e Bis s ah
f1th-ordar FIR rdordor IR of “ o Otest  |—+
18-tk
daa
Attanuation gata

Figure 1. Nomal-rate mode eight-times oversampling filter

FF by bit AD of the input atienuation data. It adds 02AAH to tbe output data,

No. 3981—5/11



LC78840M

In double-rate mode, the filter operation 13 similar in output data with four-times oversampling as shown in
except that the 11th-order FIR filter is omited, resuling figure 2,

e Int-ordee LR » 4%d-order FIR ) Jrd-order FIR + "“P"

Note
fs is the double-rate input frequency,

Four-times Oversampling

In nommal-rate mode, 43rd- and Ilth-order FIR filters Deemphasi pecform
are used 0 successively generate data with two-times  least sign _panmlﬁé%?
and four-times oversampling, respectively, as shown in s
figure 3.

Ha 2 Als

]
=t 43¢d-order FIR 1el-pechor 1A 4] 1ith-orgder FIR

L

t
&-bit nolee
L1 I fre—
M-cider IR shaper YT
data

Note

figure 5. Note that the LC78840M should be re-initial-
ized if the input data format fails. This may occur during
channel selection if LRCK slips out of phase or if the
digital input phase relationships change.

s 13 gt A aitsliation, the’
requires XIN, BCLK apd LRCE, -

AV L —
IMTB

Figure 5. Initialization waveform
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LC78840M

Pin Functions
SPEED

Set SPEED LOW for eight-times oversampling, or
HIGH, for four-times oversampling.

INPTYPE

Set INPTYPE LOW for input data format A, or HIGH,
for fonnat B.

OQUTTYPE

Set QUTTYPE LOW for output data format A, or
HIGH, for format B.

TEST1, TEST2 and TEST3

These inputs have internal pull-down resistors and are
normally LOW. In external set mode, TEST1 and
TEST2 select the input source.

S0C1 and SOC2
The input sources selected by SOC1 and 50C2 arc
shown in table 1. External set mode is selected when
both inputs are HIGH.
External Set Mode

In this mode, the ATT dta is not used. Instea filc

Tabla 1, SOC1 and SOC2 modes

80¢1 $0C2 Funclion Jnpat
oW Low
LOW HIGH
HIGH Low
HIGH HIGH

CLKOUT

d _,Rﬁ"g mode! right-channel and
rﬁﬂ on m&,_« ARO and DATALO,

: hne! dam is output alwmalely on
vl ht—ch;ﬂ‘gpcl data only is output on

and TEST2 input source salect

Input source
shown in tables 2 o 3. 3848
Table 2. External set Inputs qGH o,
Inpust pin LOW 6121s
152% Ebla 4. ATT rate mods select
AT AT Rate mode
SHIFY Low Nomal rake
LATCH HIGH Double rale
Table 5. SHIFT an
Deemphaale Sampling frequency Applcation
OFF - -
ON la = 82 Kz BS, DAT
ON s = 441 KH2 cD
ON s = 48 Kz B9, DAT

No. 3881—7/M1




LC78840M

OPERATING INFORMATION

The input and output data formats for four- and eight- input and output take 48, 49 or 64 bit-clock petiods for
times ovessampling are shown in figures 6 to 10. Data 384fs, 392fs or 512fs operation, respectively.

o AL

AR, 4% 02 84 ncm__qz—«»-axv-

LRCK

1
romah ] bSCRE C ik IR RUERL
DATA |

fomecs ___ oA e P

Figure 6. Input data format

Note
For 392fs operadon, the LRCK mark-space rato can be 24:25 or,

BCLKO

b,

2

DATARC

—

Right ohannsl |
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LC76840M

DATALD S L GER EEEEIEHE 00 e 2

«Hn?[111&|1411:11411{1(:|t|s| r]e}s|4|a| afd

CATARD

BCLKO |'|_|'| ________________ n

LhcKo |
I Leit chanrwl
DATALO | wtfiiiizffid e aT7 8] 8] 4] ]2t
PATARO
Figure 10. Four-times oversamplipg,format
Notes

DESIGN INFORMATION

ATT Data Format

forpiay’is shown in figure 11. At initialization, the ATT
register data is set to 4000H.

Ao Adi Ai2 A13 Ald Al

XX

No. 3881—8/11



LC78840M

Attenuation data (A15 to Ad)

AlS to A6 are the 10-bit attenuvator multiplier coeffi- When AlS to A6 are all 0, A5 and A4 set further
cient, where the attenuation is given by the following attenuation using a barrel shifter, The attenvation levels
equation, are shown in wble 6.

AlS 1o A6
Uoaiiptier = 20 % log (—_-_256_) 4B

Table 6. Attenuation levals

ATT aitenuation dala .

Al | A4 AV | A12 | AN Al A9 A8

0 1 g 0 D 0 0 0

1] G 1 1 1 1

0 0 1 1 1 1

o0 0 1 1 1 1

Q 0 1 1 1 1

4] 0 1 1 1 1

O 0 1 % 1 1

{ L i 1 4 l

0 0 0 0 1] Y

0 D 0 0 0 0

o 0 0 0 0 0

0 0 0 0 0 0

o 0 0 0 0 0

000H, the LC78840M performs soft
ramps to infinite attenuation in 10244

A2 and A3 select the deemphasis setting, as shown in
mable 7.

Sampiing fraquency AppHeation
Is = 32 KHz B3, DAT
fo = 441 kHz ch
fa = 48 KHz B3, DAT

No. 3881—10/11



LC78840M

TYPICAL APPLICATION

A (ypical application with eight-times oversampling,
format A input and output data, and attenuation set by a
CPU, is shown in figure 12,

/ eeix
From DEP DATA
\ LRCK
/o

SHFT

LATCH

From CPU

\ INITB
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pr ful raﬁgonmbnlrly and indemnily and defend SANYO ELECTRIC GO, LTD., ita aihhates
@ﬁ drstribulors and all their officers and smployees, |0|mly and sevoraﬂy agalnst any

eﬁ»tm SANY0 ELECTRIC CO, LTD, its affilates, subsidiaries and distributors or any of
iﬂcers and employess jointly or severally.

including cirouil diagrams and circuit parameters) herein is for example only; it is not guarant-
sad for volume produgtion. SANYQ believes information harein 18 accurats and reliable, but no guarantees
are made or implied regerding ita use or any infringements of intellectuai property rights or other rights of
third patties,
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