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NIPPON PRECISION CIRCUITS LTD. 4-Time Oversampling Digital Filter for CD System

B GENERALDESCRIPTION

The SM5807 digital filter is manufactured using MOLYGATE (= v »— @) CMOS technology
developed bi NPC and is implemented in 4 times oversampling scheme with the stopband
(above 24.1 ) attenuation of more than 50 dB and the passband ripple of less than +0.05 dB.
Two channel filters are provided and the 4 times oversampled output signal of each channel can
be independently obtained. Because of this 4 times oversampling, the requirement of the analog
filter can be greatly relaxed, and also the serious data format reduces the size of hardware
required in the system design. Two types, D and E are available in different characteristics.

B FEATURES B PACKAGEDIMENSIONS
» Filter Structure All dimensions in millimeters
- 4 times oversampling .
- % channellirtl'lltersh FIR filter (61 + 13 \ 16-Pin DIP
- 2 stages linear phase ilter + 13 taps
- Overflow limiter el W W B e W B
- Internal crystal oscillator circuit S
- Clock bufter
« Filter Characteristics O
P = A —F A =+
IsSMS807DP,DS|SMS5807EP,ES
Passband ripple(0~20kHz) <10.05dB <10.05dB , 20.32MAX 7.62TYP
Stopband attenuation »50dB >454B i IJM
(above 24-1kHZ) [ 'ﬁ— 2 /——
Group delay time Constant linear phase f §! ‘:Z*I \
Input/O sl G| i | I8
* Input/Output 0.89+0.2 15102 4= 2 ]
- 16-bit serial data input and output (2’s 1 CAEL02 .&0,1 M s
_}:%rilplement,bl}'lSB first) 0-25_g05
- compatible P
« Power Supply 5+0.5V J6-RpRP
« 16-Pin plastic DIP/SOP 22
» Molygate CMOS technology s
M PRODUCT SELECT LIST S
Part Number PACKAGE
SMS807DP, EP 16-Pin DIP ~
SM5807DS, ES 16-Pin SOP by
B PIN CONFIGURATION # 3
(Top View) g [ D)
o P 9 e 2 T -4 F Ak
A 5 éé 8 :8 E.’JJ &: % S 04401 1.27+015 0635+0.15
S alaE A A A a +

—

=
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B THEORETICAL FILTER CHARACTERISTICS
1. SM5807DP,DS

(0~88.2kHz)
Parameter Characteristic
Passband 0~20kHz
Stopband Above 24.1 kHz
Passband Ripple +0.05dB
Stopband Attenuation s
(Ebove 24.1 kHz) 50dB(minimum)
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Figure 1 SM5807DP,DS Filter Transfer Characteristics
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Figure 2 SM5807DP,DS Passband Frequency Response
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Figure 3 SM58070P,DS Transitionband Frequency Response
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2. SM5807EP, ES

(0~88.2kHz)
Parameter Characteristics
Passband 0~20kHz
Stopband Above 24.1kHz
Passband Ripple 10.05dB
Stopband Attenuator
(24.1~40.0kHz) 45dB (minimum)
(40.0kHz) 50dB (minimum)
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Figure 4 SM5807EP,ES Filter Transfer Characteristics
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Figure S SMS5807EP,ES Passband Frequency Response
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Figure 6 SMS5807EP,ES Transitionband Frequency Response
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B BLOCKDIAGRAM

c el S
B (N
X REB 3 VoD
’j}
Timing Control i —— QDGR
! Multiplier/
Coefficient Accumulator DGL
ROM 17 g
<
s 5 5 DOUT -
= Register = I a WDCO
Shift ﬁ& ’ 3 =
16 Regi [=] @)
gister [ 16 = s BCKO
L
>
o —_—
LRCO
: )
Vss SOMD
B PIN DESCRIPTION
Pin No.| PinName | /O Function/Descriptions
1 XT I Crystal oscillator or clock input
2 XT o Oscillator o hen CKSL=H
Open, when CKSL=L
o <39 CKSL=H : 16.9349 MHz ~ 17.2872MHz Crystal Osc.or Clock 1o XT pin
3 | CKSL Ip | GR3IET . 8GGTIMIE or 80436 MV, Clock oo X7 pin P
4 CKO 0 Clock output (XT clock buffered output)
5 LRCI Ip Clock input (synchronized 44.1 kHz)
6 {DIN Ip | Serial data input
7 BCKI Bit clock input
8 Vs Ip | Ground, 0¥
a3 SCSL=H : System Clock = 192fs
9 SCSL Ip | SGSL-L: System Clock =196fs (fs:sampling frequency)
10 | DGR 0 Rch deglitch signal (176.4 kHz)
11 | DGL 0 Lch deglitch signal (176.4 kHz)
12 | DOUT 0 Serial data output
13 | WDCO 0 Output Control Clock (352.8 kHz)
14 LRCO 0o Qutput Control Clock (176.4 kHz)
15 | BCKO 0 Serial Qutput Bit Clock (8.4672 MHz or 8.6436 MHz)
16 Voo Power Supply (5V)
I : Input
o : Output

Ip: Input with pull-up resistor
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B ABSOLUTE MAXIMUM RATINGS

(V5s=0%)
Parameter Symbol Rating Units
Supply Voltage A\ -0.3~7.0 \%
Input Voltage Vi -0.3~V, +03 v
Storage Temperature Terg -40~125 ‘C
Power Dissipation | 250 mW
Soldering Temperature Tgn 255 °C
Soldering Time | . 10 Sec.

B RECOMMENDED OPERATING CONDITIONS

(Vo =)
Parameter Symbol Conditions Unit
Supply Voltage Voo 4.5~5.5 v
Operating Temperature Tor -20~70 °'C

B DCELECTRICAL CHARACTERISTICS
Ta=-20~70°C, V =4.5~5.5V, V:§=0v unless otherwise noted

. .. Limit
Parameter Pin Symbol Condition e Unit
MIN TYP MAX

Supply Current Voo Ip V=5V 10 20 mA

V, 0.7V A\’
Input Voltage (1) | XT 1H1 Db

Vo, 0.3V, v

Vv 2.4 v
Input Voltage (2) | (*1) Io

Vo, 0.5 v

A I~0.4mA 2.5 v
Output Volage (*2) o OH

VOL I°L=l.6mA 0.4 v
Input Leakage (*3) Iu Vm=OV 1.0 pA
Current (*4) I, Vo=Voo 1.0 HA
Input Current (*1) I, VOV 10 20 A

Pin-Group List

*1 TKSL, LRC], DIN, BCKI, STSC

*2 CKO, LRCO, BCKO, WDCO, DOUT, DGL, DGR
*3 (XT, at CRSL=L)

*4 CKSL.,, LRCI, DIN, BCKI, SCSL, (XT, at CKSL=L)
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B ACELECTRICAL CHARACTERISTICS

1.XT
a. Crystal Oscillator (Ta=-20~70"C, VDD=4.5-5.5V, V,=0%
Parameter Symbol Limit Unit
MIN | TYP | MaAX
Frequency fosc 20 MHz
b.External Clock (Ta=-20~T0°C, V,,=4.5~5.5V, V,.=OV)
Parameter Symbol Limit Unit Condition
MIN | TYP | MAX
Clock Pulse Width tew 50 nSec CRST-L
25 nSec CRSLC=H
100 TKSL-=
Clock Pulse Period 1y nSec L
50 nSec CKSL=H
XT

tew

i te

y

Figure 7 XT Waveform
2. Serial Input Timing (DIN, BCKI, LRCI)

(Ta=-20~70°C, V,,=4.5~5.5V, V,,=OV)

]
Parameter Symbol Limit Unit LR ‘ | Y (1
MIN | TYPE | MAX ; L ;
BCKI Pulse Width Gow 100 nsec s L
BCKI Pulse Period sy 200 nsec bis ) ! o
DIN, LRCZ ' N\ e
. 1y 75 nsec : T :
set-up time [P .
DIN, LRCZ ; ’ :
holdine ti L, 75 nsec Figure 8
O Cing time Input Timing Waveform
3.Serial Output Timing
(Ta=-20~70°C, V,,,=4.5V, V4 ,=OV)
Parameter Symbol Limit Unit Remarks
MIN TYP | MAX
BCKO Pulse Width oncw 40 nSec
BCKO Pulse Period loncy 100 nSec
. o 0 25 nSec LRCO, WDCO
Output Delay Time DOUT, DGL, DGR
Lo 25 nSec outputs
© tonew torcw
]
BCKO® R Sty Al ity 2l ———-15V

|
TRTO Lo

Wpeo | T T N _ _
DOUT !

Figure 9 Output Timing Waveform

DGL | - ——— — — A= === - - ———— === B

DGR L

thin
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B INTRODUCTION

Basic Filter Structure

The SM5807 consists of two channel filters implemented in two times oversamFling two
stages cascaded linear (Phase FIR filter as shown in Fig 10. The 44.1KHz sampled signal.is
two times oversampled in the 61-tap first filter stage and is converted to a 88.2KHz sample
si;nal. It is further two times oversampled in the 13-tap second filter stage and becomes
176.4KHz sampled signal which is 4 times oversampled as compared with that at the input.
Fig.11 illustrates sampled signal spectrum of the output of channel filter (see Fig.10).
Fig.11(a) shows the output spectra of the first filter which provides -50dB or -45dB attenu-
ation at and above 24.1KHz. However, the in’Pﬁlt signal spectrum of +24.1KHz centered

on 88.2KHz sampling frequency still exists. The second filter which further doubles the
sampling frequency for fi terin%[the output of the first filter provides -50dB or -45dB for
the signal band between 64.1KHz and 112.3KHz as shown in Fig.11(b). The combined
filter characteristics are illustrated in Fig.11(c).The SM5807 was designed based on this
oversampling technique and their filter characteristics are illustrated in page 2 through 3.

Input 1st DF 2nd DF Output
O 61-tap 13-tap E——
2X . 2X
oversampling 88.2 kHz oversampling 176.4 kHz

4 times oversampling
Figure 10 Block Diagram of the Channel Filter.

-50dB
or
-45dB
24.1 kHz 64.1 kHz 88.2kHz 112.3kH:z
(a) 1st DF Output Spectra
-50dB
or
-45dB
64.1 kHz 112.3kHz
(b) 2nd DF Output Spectra
Combined
-50dB
or
-45dB
24.1 kHz 64.1 kHz 112.3 kHz

(¢) Combined Output Spectra

Figure 11 Signal Spectra
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M FUNCTIONAL DESCRIPTION
1.System Clock
The system clock frequency, 8.4672 MHz (=192fs) or 8.6436MHz(=196fs) is selected by

SCSL logic level. SCSL=H (or open), fsc=192fs where fs=44.1kHz
SCSL=L, fsc=196fs where fs=44.1kHz
Clock Generation
ST H (or open) L
CKSL H (or open) L H L
Clock Source Crystal oscillator Crystal Oscillator Crystal Oscillator Crystal Oscillator
or external clock or Systern Clock or External Clock or External Clock
XT/XT
Input Frequency 384fs=16.9344MHz 192fs=8.4672MHz 392fs=17.2872MHz 196fs=8 6436 MHz
CKO
Clock Output 384fs=16.9344MHz 192fs=8.4672MHz 392fs=17.2872MHz 196fs=8.6436MHz
System Clock
(Internal) 192f5=8.4672MHz 192fs=8.4672MHz 196f5=8.6436MHz 196fs=8.6436MHz

2. Serial Input (data and bit clock)
The serial input data is entered at at the rising edge of serial input bit clock, BCKI. The data
can be changed at the falling edge of BCKI. After the 16 bits data have been entered, they
are latched in the internal register by the LRCI clock.

BCKI A > ' [ S »

. !
! 1
I ]

KA A X

Figure 12 DCKI and DIN Waveforms

3. Input Data Format
The format is 2’s complement, MSB first.

4. Starting of Data Process
The data process starts at the rising edge of LRCI clock.

5. Serial Output (data and bit clock)
The Lch and Rch serial data are delivered to pin DOUT alternately and therefore using one
DAC for conversion is implementable. For using two DAC’s, additional gates are required
(see Fig.15,b). The serial output bit clock is available at pin BCKO.

BCKO=8.4672MHz  (SCSL=Horopen system clock: 192fs)
BCKO=8.6436MHz.  (SCSL=L system clock: 196fs)

6.0Output Data Format
The format is 2’s complement, MSB first.
7. Deglitch Signals
The 176.4kHz, 25% duty cycle deglitch signals are available at pins DGL and DGR for Lch
and Rch respectively.
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H TIMING DIAGRAMS
« Input
(1) SCSL=H or Open
48 1 15 18
ser VUV LUV AN L UL UL, v Il ki
Lech
CDEROEC I T O 806 6a000

DIN T P2 T3] 4] 5]6 [7]8]9] oufizl:

l l

LRC! ! )
(441 kHz

(a)

(2) SCSL=L

BCKI

DIN

LRC —
141 kHz —_I l - |

» Qutput

(1) SCSL=H or Open
192 24 48 72 96 t 20 114 168 192
BCKO [ I i UL i LI LT | i BURRARNLI AN AR i
LRCO _F—“'—\_-—J T . A e
WDCO 1 1 ] L J 1 I 1 ! i L
pout [1 i HIHHIN AT TN [T
Leh st Reh Ist Lch 2nd Reh 2nd Leh 3rd Reh 3rd Leb ath Ken qth
DeL o —
DGR | - | —
©
(2) SCSL=L
4 19 T3 98 122 14 171 gh
LT SO e e e i e
tRCO T, L j ! L
wnoo 7] n 1 f H I 1 I J L I J I L
o ] 1 1 i ! 1 1 DL HHINNENE IS
Leh 1st Reh Ist Leh zna Reh Znd Leh 3rd Raon 314 Lehace Retodst
DGLL J L J ! SR -
IY5 B I L _J L — S
(3) SOMD=L
BCKO memmmwmmmmwwmmmmwmmmwmmmmmmmmwmmmmmmmmmm
FROO 7 [ OO T ] L
2ot SO O 11111141 1 O 1111111 111111 L ———
vouT 1 Iln I AT 1”“‘[‘ 10 IR nll i T IHIHEINIINN
R«‘h st Lr Re LL‘r ath Ren trh
poL I~ T

veR ____ [

Figure 13 Serial Input and Output Timing Diagrams
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B APPLICATION DIAGRAMS

1. Input Connection

-H X'TAL
~
| gﬂ (16.9344MHz)
D16(DATA) DIN XT XT
SONY D14(C210) s TTeanin—] BCK! —
CXD1125
CXD1130 LRCK 34.1kHz LRCI
CXD1135
XTAI CKO
PSSL SLOB 16.9344MHz
NE (a)
DOUT DIN
TOSHIBA BCK T BCKI
R z
TC9200F SM5807
CHCK _D()m— LRCI
L7TMO | 16.9344a Mz XL o
(b) X'TAL
U;' (16.9344MHz)
DO DIN XT XT
MITSUBISHI DSCK z1168MHz | BCKI
M50421P SM5807
LRCK ik ] LRCT
X1 BCKO
DASEIL DFPAS 8.4672MHz
a2 ©
SRDATA DIN
MATSUSHITA
SRCK BCKI
MN6617 SM5807
R/L { >0 weer
SEL IPSEL XCK 16.9344MHz XT
|
NI (o)) X'TAL
:}: (17.2872MHz)
DOO 1 DIN XT XT
NEC BCLK 3 1609MI, | BOKI
u#PD6350G SM5807
LRCK 44.1kHz LRCI
D016 XTAL BCKO
PSLL (DASL) DSLL,DSLH, OBSL 8.6436MH:z SCSL
(e

Figure 14 Application Circuits - Input Connection
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4-Time Oversampling Digital Filter for CD System

2. Output Connection

a.1DAC
BCKO DATA CLOCK
WDCO LATCH ENABLE (BURR-BROWN)
R, CONTROL
SMEBBO7” . pour DATA INPUT
DGL PCMsé
DGR
__} Deglitch control
(@
b.2 DAC’s DATA CLOCK
LATCH ENABLE (BURR-BROWN)
CONTROL
DATA INPUT Leh
BCKO PCMSs6
LRCO
‘Y8MBBO7- . pouT
DAL —
DATA CLOCK
DGR
LlJ LATCH ENABLE (BUR.R BROWN)
CONTROL
~ DATA INPUT Rech
PCMsé6
} Deglitch control
)]
v - » CLOCK
Low
! LATCH our pass |-t r
SCSL DATA An1sse FILTER
[REO +
SMs807 oom'
4
DATA
ncL LOW
peR LATCH ouT PASS [—ROHT o
FILTER
CLOCK AD1856
L OPTIONAL Analog Devices
DEGLITCH
SIGNALS
(©)

Figure 15 Application Circuit - Output connections
-11-



