Ordering number: ENa861 —l

CMOS LSI

| No.aser |/ LC78840M

Four-times or Eight-times Oversampling
Digital Filter

OVERVIEW PINOUT
The LC78840M is a four-times or eight-times oversam-
pling digital filter for Broadcast Satellite (BS), Compact E S :| BoLK
Disc (CD) and Digital Audio Tape (DAT) applications. BoLe Lt 22 FoLro
The filier operates at 384fs, 392fs or 512fs, and has paTa [2] 23] Lrcko
internal deemphasis for fs = 32, 44.1 or 48 kHz, Qutput LACK E E DATALO
data length is 18 or 16 bits for eight-times or four-times att [« [21] patARo
oversampling, respectively. SHIFT | 5 20| TESTY
The LC78840M features a double-rate mode for dubbing voo [o] | oo B TESTE
CDs to cassette tape, where the data rate is doubled and warcn [7] 18] ano
the data is processed with half the oversampling of SPEED E El XOUT
normal-rate mode. An external controller can be used to INPTYPE E E ity
set the rate mode, output offset, deemphasis and attenua-
tion. . outrvee {10 18] cikour
INITB E E TEST3
The LC78840M operates from a 5 V supply and is soct E 5] soce
available in 24-pin MFPs.
FEATURES
¢ Four-times or eight-times oversampling PACKAGE DIMENSIONS
* 384fs, 392fs and 512fs operation L
* Double-rate compatible Unit: mm
¢ Selectable deemphasis 3155-MFP24
* Digital attenuator
* Optional output offset ‘ 0.8
* Two input and output formats
* 5 V supply I
* 24-pin MFP T 1] 1ol.2 120
—afju— 0.15
AFAAA 2‘2‘ : 2.5 max
127} b— —ofl—0.4 — -—0.920'1 T
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LC78840M

PIN DESCRIPTION

Number ~ Namo Description

1 BOLK Bit-clock inpul

2 DATA Digital audio data inpul

3 LACK LR clock input

4 ATT Attenuation data input. Normaldouble-rate select in external set moda

5 SHIFT Attenuation dala shift clock inpul Deemphasis select input in external set mode

& VoD 5 V supply

7 LATCH Atienuation data laich clock inpul. Desmphasls select input in external set mode

] SPEED Four- or eight-imes oversampling select input

9 INPTYPE lnput format selec! input

10 QUTTYPE Oufput format select input

" INITB Initialization input

12 SOC1 Input source and exiemal sel mode select input 1

13 S0C2 Input source and external set mode select input 2

14 TEST3 Test input 8 ‘

15 CLKOUT Clock output

16 XIN Crystal oscillator input

17 ' Xout Crystal oscillator output

8 GND Ground

19 TEST2 Test input 2. Input source select 2 in external set mods

20 TEST1 Test input 1. Input source select 1 in extemal set mode

21 DATARO Right-channel data output

2 DATALO Left- and right-channel allemating data output tor four-times oversampfing, and lef-channel data
outpuy, for eighttimes cversampling

23 LRCKO Left- and righi-channe! clock output

24 BCLKO Bit-clock output

SPECIFICATIONS

Absolute Maximum Ratings

Parameter Symbel Rating Unit
Supply vollage range Voo 03t 70 v
Input voltage range Vi =03 fo Vpp + 03 v
Output vollage rangs Vo —0.3 1o Voo + 0.3 v
Operaling temperalure range Topr =30 to 75 °C
Storage temperature range Tag ~40 1o 125 ¢
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LC78840M

Recommended Operating Conditions

Ty = -3010 75 °C

Parameter Symbol Rating Unit
Supply voltage Yoo 5 v
Supply voltage range Voo 45 o 55 v
Electrical Characteristics
Vb =5V, T.=25"C
Rating
Parameler Symbol Conditlon — - - Unit
LOW-level input voltage Vie -0.3 - 08 v
HIGH-lovel input voltage Vi 22 - Voo + 0.3 v
LOW-level output voliage Voo fo = 4 mA - - 0.4 v
HIGH-level output voltage Vou b = £4 mA 30 - - v
CLKOUT output ampiitude Vo fé‘;‘g"i‘? MHz, 1 - - Voo
Power consumption Po ;m: 76.19.;410 h.?l-{sz Vo - 250 300 mW
Oscillator frequency Ix - 16.9344 25 MHz
BCLK input frequency fecx - - 31 MHz
T B HEEERE
Timing Characteristics
Voo=5V, T.=25°C
Rating
Parameter Symbol Conditlon Unit
min typ max
BCLK input pulsewidth we 100 - - ns
DATA input setup time ios 20 - - ns
DATA input hold fime ion 20 - - ns
LRCK input setup time tiRs 50 - - ns
LRCK inpul hold time tRH 50 - - ns
BCLKO outpul pulsewidth twao Eight-times oversampling 40 - - ns
E;:ALO and DATARO oulput setup toso = 16.9844 MHz o5 _ _ ns
E::ALO and DATARO oulput hold oro CL = 50 pF 25 _ _ ns
Program inpul relerence time tpR fx = 16,9344 MHz 250 - - ns
LATCH input pulsswidth twir fx = 16.9344 MHz 50 - - ns
SHIFT and LATCH rise time Ik - - 200 ns
SHIFT and LATCH fall time ] - - 200 ns
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LC78840M

Rating
Parameter Symbol Condflon Unit
min typ max
ATT input selup time tseT 500 - - ns
ATT input hold time ' tioLn 500 - - ns
Interval time Nt 1000 - - ns
Audio Input
twa t wp————
Bk~ N____ A X A5V
t pg ——wte—1 pH
DATA )[(— _;l( )14
tLRH trs
LRCK

Audio output

BCLKO

DATALO
DATARC

LRCKO

Program input

ATT

lsb

t Howo

SHIFT

FH

LATGH

10%
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LC78840M

Theoretical Filter Response

Normal-rate mode with eight-times
oversampling
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Double-rate mode with eight-times
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FUNCTIONAL DESCRIPTION

Eight-times Oversampling

In normal-rate mode, 43rd-order, 11th-order and 3id-
order FIR filters are used to successively generate data
with two-times, four-times and eight-times oversam-
pling, respectively, as shown in figure 1.

Normal-rate mode with four-times

oversampling
.
i
) (1IN \IA\
T

0 1 2 3 4
Sampling kraquency (lo)

Double-rate mode with four-times
oversampling

T i
T /
g%
Al
. f V\\B |

Sempling kequency (is)

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 output data length is 18 bits.

fs 2s 2ia o o8 [Apitnoiss| 18 8is
———#{ 43rd-order FIR # 1st-crder IR 11th-order FIR 3rd-arder FIR shaper Offeet W
data

Attenuation data

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

Note

The offset is set ON or OFF by bit A0 of the input atienvation data. It adds 02AAH to the output data.
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LC78840M

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

] fa 2s als
=l 1st-order IR A3rd-order FIR | Jrd-order FIR \y

4-bit noise 4s

shaper

—
18-bit
data

Attenuation data

Figure 2. Double-rate mode eight-times oversampling filter

Note
fs is the double-rate input frequency,

Fourstimes Oversampling

In normal-rate mode, 43rd- and 11th-order FIR filters Deemphasis is performed by the 1st-order 1IR filter, The
are used to successively generate data with two-times least significant 6 bits of the 22-bit internal data are used

and four-times oversampling, respectively, as shown in for noise-shaping. The output data length is 16 bits.
figure 3.

fs 2s 2ls 4y 4ls bl noie afs Als
~——»{ 43rd-order FIR » 1st-order IIR »| 1ith-order FIR &rd-order FIR + shaper Offset -ig-’.b'rt
data
™
Attenuation data
Figure 3. Normal-rate mode four-times oversampling filter
In double-rate mode, the filter operation is similar output data with two-times oversampling as shown in

except that the 11lth-order filter is omitted, resulting in figure 4.

fs fs 2is 2is
——» tst-order IR #| 43rd-order FIR # rd-order FIR

6-bil noise als

shaper

——
16-bit
data

Allenuation data

Figure 4. Double-rate mode four-times oversampling filter

Note
fs is the double-rate input frequency.

Initialization

Initialization is required at power-on and when the input figure 5. Note that the LC78840M should be re-initial-
source is changed. At initialization, the LC78840M ized if the input data format fails. This may occur during
requires XIN, BCLK and LRCK, stable Vpp, and INITB channel selection if LRCK slips out of phase or if the
set LOW for more than one cycle of LRCK, as shown in digital input phase relationships change.

45V
Voo 7

asv | —

INITB /

Figure 5. Initialization waveform
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L.C78840M

Pin Functions
SPEED

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

INPTYPE

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

OUTTYPE

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

TEST1, TEST2 and TEST3

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

SOC1 and SOC2

The input sources selected by SOC1 and SOC2 are
shown in table 1. External set mode is selected when
both inputs are HIGH.,

External Set Mode

In this mode, the ATT data is not used. Instead, the
selection of input source, deemphasis and normal- or

Table 1. SOC1 and SOC2 modes

soe1 s0c2 Functon Jnput

LOW LOW 3841s

LOW HIGH input source select 30218

HIGH Low 5121s

HIGH HIGH External sel mode -
CLKOUT

The output frequency is 0.5fx for a 392fs input source,
or 0.25fx, for 384fs or 512fs input sources.

DATARO and DATALO

In eight-times oversampling mode, right-channel and
left-channel data is output on DATARQ and DATALO,
respectively. In four-times oversampling mode, left-
channel and right-channel data is output alternately on
DATALO, and right-channel data only is outpui on
DATARO.

Table 3. TEST1 and TEST2 input source select

double-rate is by the Iogic level controls on inputs, TEST! TEST2 Input source
shown in tables 2 w 5. Low LowW 304ls
Table 2. External set inputs LOW HIGH a921s
Input pin Function HIGH LOW 512fs
:{.Eg.::; aSI:cIjecsl%gga.uis::uglJnaPlace of S0Ct Table 4. ATT rate mode select
ATT Selects rale mode. See lable 4. ATT Rate mode
l.s):'ll!gl Solecls deemphasis. See table 5. Low Noma rale
HIGH Double rate
Table 5. SHIFT and LATCH deemphasis select
SHIFT LATCH Deemphasis Sampling frequency Application
LOwW LOW OFF - -
LOW HIGH ON fs = 92 ¥Hz BS, -DAT
HIGH LOwW ON Is = 44.1 kHz co
HIGH HIGH ON fs = 48 KHz Bs, DAT
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LC78840M

OPERATING INFORMATION

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

I 48, 49 or 64 BcLK———-l
LRCK | |

' | |
Format A | rn:sb|15[14i1c112|11|10|9|al7I6]5I4|3|2|lsti m:sb|1sl1411e|1z]1 1|1o]9|a|7|a|5|4 |a|2||sb:

DATA | I

Format B mfab|15|14|13|12|1111o|9[a| 7[e[s]4a]2]e0 meoftslidfidizlifio{e|a]7[e]6]4 ]3] 2]sb |

Figure 6. Input data format

Note
For 392fs operation, the LRCK mark-space ratio can be 24:25 or 25:24.

BCLKO Il”l”l

! 48, 49 0r 84 BOLKG—————|

woo | l ] | r“

| | |

DATALO _| n':sb|1711s|15[14]13|12111|1c]9|a|7|s|5[4|a|2||.-.r.§ niablﬂpspslupa{wp:|1o|9|a|7|s|5|4[a|21|s1§

DATARO ‘ rrisbl17|16|15[14|1al12111l10|BIBI7|6|5I4Is|2|lsti nisb]ﬁ|1s|15|14|13|12|11l1o|9ka|7|e|s|4ia|z||s§

Figure 7. Eight-times oversampling, format A output data format

BOLKO ”I”I”

tcko | ] | _ [

I Lefl channel I Right channel

DATALO _| msbligi i fif o] a7 ] 6] 5] 4T af2isb LS CREET 1]1:{9]9]7|e[5]4]a[2]mi
DATARO ' nisb|15|14|t:112]1 1|1c19‘e|7|e|5|4]3|2jm§

Figure 8. Four-times oversampling, format A output data format

No. 3861—8/11



LC78840M

LACKO | | | | ]
DATALO nisb[17|16|15114|13[1q11|1o|9|e]7|e|5|4 |3|2|I55 nisb|17|1q15|14[1a|1q11|1q9]a[_vJs]s[4|3|2I|st§
LGN E TG 0U OO0 E D ST G L b A D U RE N R T

Figure 9. Eight-times oversampling, format B oulput data format

Beixo m._ 1 O 1 {1 O — T
teko ] ‘ ‘ Lr \I__

l Left channel

Right channel
DATALO | n§=b|1s]14|13|1q<.1|1o|9|a|7|s|5|4|3|2|hb: n-_.’ah]1sl1¢l13]1z|1 1,[1o|9|a|7|e|s|4lalzilst§
DATARO lrEsbI1511¢|13I1Zi1 1|10|a|817|6|5|4|3[2||st§

Figure 10. Four-times oversampling, format B output data format
Notes

1. The delay from data output to LRCKO is one BCLKO period.
2. For 392fs operation with 8-times oversampling, LRCKO has opposite phase for both A and B output formats,

DESIGN INFORMATION

ATT Data Format

Normal-rate or double-rate mode, deemphasis and filter format is shown in figure 11. At initialization, the ATT
attenuation can be set by data input on ATT. The data register data is set to 4000H.

Ad AS AS A A8 A9 A0 Al Al2 A13 Ald Al5

AD Al A2 A3
Txx_waxxxx meT

Iptic -Atlenuation data: 1

Figure 11. ATT data format
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LC78840M

Attenuation data {A15 to A4)

Al5 to A6 are the 10-bit attenuator multiplier coeffi-
cient, where the attenvation is given by the following
equation,

Omalsplier = 20 % log (ﬂzstc;_ﬁtﬁ) dB

Table 6. Attenuation levels

When Al5 to A6 are all (), AS and A4 set further
attenuation using a barrel shifter. The attenuation levels
are shown in table 6.

ATT attenuation data .
Attenuatlon {dB)
A5 Al4 A13 A2 A1 Ao A9 A8 A7 A6 A5 A4
0 1 0 0 0 0 0 0 0 0 0 0 0
0 0 1 1 1 1 1 1 1 1 1 1 0.034
0 0 1 1 1 1 1 1 1 1 1 0 0.034
0 0 1 1 1 i 1 1 1 1 0 1 0.034
0 0 1 1 1 1 1 1 1 1 0 0 0.034
0 0 1 1 1 1 1 1 1 0 1 1 0.068
0 0 1 1 1 1 1 1 1 0 1 0 0.068
i N i { 4 L 1 ) ! 1 i 4 4
0 0 0 0 0 0 0 0 0 1 0 0 48.18
0 0 0 0 0 0 0 G 0 0 1 1 50.66
o o 0 0 0 0 0 0 0 0 1 0 84,19
¢ 0 0 0 0 0 0 0 0 .0 0 1 80.21
0 0 0 0 0 0 0 0 0 0 0 0 o

When the atienuation data is changed from 400H to
00CH, the LC78840M performs software mute and
ramps to infinite attenuation in 1024/fs seconds.

Options (A3 to A0)

Al is the speed flag. When Al = 0, normal-rate mode is
selected, and when Al = 1, double-rate mode is select-
ed. -

A0 is the offset flag, When A0 = 0, no offset is selected.
Table 7. A2 and A3 deemphasis select

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

A2 A3 Deemphasls Sampling frequency Application
0 0 OFF - -
0 1 ON fs = 32 kHz BS, DAT
1 0 ON fs = 44.1 kHz cD
1 1 ON fs = 48 kHz BS, DAT
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LC78840M

TYPICAL APPLICATION

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

\ INTB

g

L

/ BeLk J_L.’_ — 24] BGLKO
FromDSP| DATA Lr; E : LACKD
— — To DAC
\LHCK IFa % DATALOD
/AT [4] 21] DATARO
= m
SHIFT 5 20
5V L i
E 19
LATCH 7] LC78ss0M PO
From CPU s ) 10 pF
— 03] & —
——E tMa 10pF
E
-
brrd

b I
~

Figure 12. Digital filter

8 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 fallure 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:

@ Acocept full responsibility and indemnify and defend SANYQ ELECTRIC €O, LTD,, its affiliates,
subsidiaries and distributors and all their officers and employees, jointly and severally, against any
and all claims and litigation and afl damages, cost and expenses associatsd with such use:

@ Not impose any responsibility for any fault or negligence which may be cited in any such claim or
litigation on SANYO ELECTRIC €O, LTD, its affiiates, subsidiaries and distributors or any of
their officers and employees jointly or severally.

B |nformation {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 guarantess
are made or implied regarding its use or any infringements of intellectual property rights or other rights of
third parties, .
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