NPC SM5804

NIPPON PRECISION CIRCUITS LTD. 4fs Digital Filter for CD Players

B GENERAL DESCRIPTION

The SM5804 Series is manufactured using MOLYGATE (% ¥ #"— } ® YCMOS technology developed by NPC and

is implemented in 4 times oversampling digital filter technique with high stopband attenuation and low passband ripple
for CD player applications. This device contains digital filters for two channels and the 4 times oversampling output
can be obtained from each channel so that the last stage lowpass filter can be simplified. The input and output data can
be externally selected to be either serial or parallel which reduces system design restrictions. The SM5804 series has
four types, Type A through Type D, classified by the filter characteristics and input data timing,

B FEATURES B PACKAGE DIMENSIONS
» Filter Structure ; . L
- Dual channel filters | hAnARARAd R +
4 times oversampling L AR AT e A e
- Two cascaded linear phase FIR filters (80taps + 15taps) = {?} ‘ =
- 18-bit filter coefficients and 25-bit accumulator = =" of
(less round-off error) = =
- 16 X 18-bit multiplier = ‘ OB |
- Overflow limiter : "
» Filter Characteristics WUHUWWUW Um
Type A TypeB, C, and D el | 3
Passband ripple :
(0~ 20KHa) <$0.09dB <30.015dB
Stopband | 24.1~ 64.1KHz 290dB >70dB
attenuation 64.1KHz ~ 270dB 270dB

- Compensated 3rd order Bessel filter N PIN CONFIGURATION

(for type C only) . 5i:::eBBsEBRR R, TOP VEW
- D/A converter aperture time error correction Al AL E LRI E [ 4 L R
. xR =] w
- Linear phase B .o

......

* Input/Output
- 16-bit serial or parallel input and output modes
- MSB first-in/out or LSB first-in/out modes
- 2’s complement or offset binary input and output format I~ ©
« Power Supply 5V +10% .
+ TTL Compatible (Input and Output) . ] e
» 60-Pin Flat Package
* MOLYGATE CMOS Technology
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NIPPON PRECISION CIRCUITS LTD.

B THEORETICAL FILTER CHARACTERISTICS
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M THEORETICAL FILTER CHARACTERISTICS
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NIPPON PRECISION CIRCUITS LTD.

B THEORETICAL FILTER CHARACTERISTICS
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B THEORETICAL FILTER CHARACTERISTICS
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NIPPON PRECISION CIRCUITS LTD.

B PIN DESCRIPTION  Serial Input: PISL = H, Parallel Input: FISL = L, Serial Output: POSL. = H, Parallel Output: POSL =L

PIN PIN NAME FUNCTION PIN PIN NAME FUNCTION
NO. INSERIAL |[IN PARALLE]L NO. INSERIAL |[IN PARALLEL,
SIMD Serial input mode select Co1 Serial output control clock 1
1 X5 Parallel data input (BITS) 31 3 Paralle] data output (BIT4)
2 SIEB Bch serial input enable co2 Serial output control clock 2
X4 Paralle] data mput (BIT4) R 3 Parallc] data output (BIT5)
3 SIEA Ach serial input enable Co3 Serial output control clock 3
X3 Parallel data input (BIT3) 33 N Paralle] data output (BIT6)
4 BCKI Sertal bit clock input CO4 Serial output control clock 4
X2 Parallel data input (BIT2) 34 Nul Paralle] data output (BIT7)
SID Serial data input NC
5 X1 Parallel data input (LSB) 35 Y8 Parallel data output (BIT8)
6 44CI «— 44.1 KHz synchronization clock input 36 e 5 Parallel data outpat (BTT9)
o ABSL =H .. 44CI H/L = Ach/Bch NC
7 | ABSL « ABSL=L... 44CI H/L = Bch/Ach 37 VI0 | Parallel dawa output (BITI0)
Test pin for manufacturer use only NC
8 TEST1 “« (normally open) 38 Yii1 Parallel data output (BIT11)
NC
9 | TEST2 - " 39 12 Paralle] data output (BIT12)
R NC
10 4SSL - Normally open (see page 11 for details) 40 n Parallel data ouiput (BIT13)
—_— CKSL = H ... external clock NC
11| CKSL - CKSL =L ... extemal OSC. 41 14 Parallel data ourput (BIT14)
NC
12 Vss “« GND pin 42 v13 Parallel data output (BIT15)
CKSL'=H ... clock input NC
13 XT « CKSL =L ... extemal OSC input 43 Y18 Parallel data output (MSB)
— CKSL=H... open — YOFB = H... serial output mode
14 XT « CKSL =L ... extemal OSC input 44 POSL « YOFB=L.. parallel output mode
15 CKO - Clock output 45 VoI - @ =H..2's com-plemem output data
POSB =L ... offset binary output data
J— System clock 96fs ... SCSL = H Power supply (+5V)
16 SCSL «— —_— 46 Vo «—
System clock 98fs ... SCSL=L
JR— XOFB =H ... 2's complement input data
17 2FS « Open a1 XOFB < XOFB = L ... Offset binary input data
U POMD=H...Normal paraliel output mode PR PISL=H ... Serial input mode
18 POMD “«— —_— 3 48 PISL « .
POMD-=L....Simultaneous parallel output moddg PISL =L ... Paralle] input mode
19 SOMD «— SOMD = L ... Serial output mode 49 NC «
——— LSBO = H ... MSB first serial output NC
20 LSBO « i . 50 :
LSBO =L ... LSB first serial output X16 Parallel data input (MSB)
NC
21 NC « 31 X15 Parallcl data input (BIT15)
NC
2 NC - 32 X14 Parallel data input (BIT14)
NC
23 NC < 53 X13 Parallel data input (BIT13)
NC
2 NC < 54 X12 Parallel data input (BIT12)
NC
25 DGA — Ach deglitch control output 55 X1l Parallel data input (BIT11)
NC
26 DGB « Bch deglitch control output 56 X10 Parallel data input (BIT10)
27 SODA Ach serial data output 57 NC
¥i Parallel data output (LSB) X9 Parallel data input (BIT9)
28 SODB - Bch serial data output 58 NC
Y2 Parallel data output (BIT2) X8 Parallel data input (BIT8)
Connected to VDD intemally NC
» Ne < open extemally 5 X7 Parallel data input (BIT7)
—— LSBI = H ... MSB first serial input
30 | BCKO Serial bit clock output 6 | LSBl ISBI=L... LSB first serial input
Y3 Parallel data output (BIT3) X6 Parallel data input (BIT6)




SM5804

B ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Rating Unit
Supply Voltage VDD -0.3~7.0 v
Input Voltage Vin 0.3 ~ Vbp +0.3 v
Storage Temp. Tste -40 ~ +125 °C

Power Dissipation Pw 250 mW
Soldering Temp. | Tsip 255 °C
Soldering Time tsuo 10 Sec

Bl RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Condition Unit
Supply Voltage Vop 45~55 v
Oper. Temp. Range | Topr -20 ~ +70 °C

B DC ELECTRICAL CHARACTERISTICS atTa=
-20°C ~ +70°C, VDD=4.5 ~ 5.5V, Vss=0V ,

B AC ELECTRICAL CHARACTERISTICS

(1) XT Pin at Ta = -20°C ~ +70°C, VDD=4.5 ~ 5.5V, Vss=0V

a. Crystal Oscillator or External Clock
(CKSL=L, 4SSL=L)

Parameter Symbol MIN TYP MAX Unit
OSC frequency fosc 18 MHz
b. Crystal Oscillator or External Clock
(CKSL=L, 4SSL=H or open, or
CKSL= H or open, 458L.=L)
Parameter Symbol MIN TYP MAX Unit
OSC frequency fosc 9 MHz
.c. External Clock
(CKSL=H or open, 4SSL=H or open)
Parameter Symbol MIN TYP MAX Unit
Clock pulse width |  tcw 110 ns
Clock pulse period | ey 220 ns
tew tew
F= ' —
| { |
a | |
Input Pulse  vipl :

N

toy

unless otherwise noted
Parameter Pin  |Symbol| Condition MAX | TYP|{ MAX |Unit
Supply Current Vopo | Iop Vop=5V 30 45 [mA
Volsae (D) | xT Vml 0.7VoD v
Input Voltage (1) Vol 0.3Vopj V
Input Voltage (2) | *1 V2 24 M
it ta
put Voltage ( vi2 05 | V
Vou Iox = 0.4mA 25 v
Output Voltage *2
VoL | IoL=16mA 04 |V
*3 | W ViN=OV 01 |pA
Input Leak Current
*4 Iy VIN = VbD 0.1 |[pA
Input Current *1 I ViN=0V 10| 20 |pA
%1 [X1~X16.44CI, XOFB, ABSL, PISL. TEST1, TEST2,CKSL.,
POSL.POMD, SOMD,SCSL.LSBO.YOFB. 2FS, 4SSL
%2|CKO.DGA,DGB.Y1~Y16
%3/XTat CKSL=H
44| X1=X16.44C1 XOFB ABSL,PISL. TEST1, TEST2,CKSL.2FS.
POSL.POMD,SOMD,SCSL.LSBO.YOFB.4SSL.XTat CKSL=H
(2) Serial Input Timing SID, BCKI, SIEA, SIEB, 44CI)
Parameter Symbol | MIN | TYP | MAX | Unit |Commen]
BCKI pulse width | tacw 100 ns
BCKI pulse period | tscy 200 ns
SID, STEA, SIEB ts 25 o
44Cl setup time note
SID, STEA, STEB, s 25 o
44CT hold time

Note: For STEA SIEB, SIMD = H or open
For 44CI, SIMD =L

tBcw tecw

L R—
or SIEA I |
44CI [ Tt
SID 15 : taH ! -
| | |

Timing waveforms when SIMD = H or open
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NIPPON PRECISION CIRCUITS LTD.

B INTRODUCTION
« Basic Filter Structure
The SM5804 series consists of two channel filters

implemented in two times oversampling two Ist DF 2nd DF Ot
stages cascaded linear phase FIR filter as shown in O—— 80tap Y 15-tap ——O
Fig. 1. The 44.1KHz sampled signal is two 1 4.1kH, | 2% Ovemampling | 8% | 2.x Oversampling | 17 6-4kHz
times oversampled in the 80-tap first filter stage Atmes
over sampling

and is converted to a 88.2KHz sampled signal. It
is further two times oversampled in the 15-tap
second filter stage and becomes 176.4KHz
sampled signal which is 4 times oversampled as

Figure 1 Block Diagram of the Channel Filter

compared with that at the input. dB :

Fig. 2 illustrates sampled signal spectrum of the -90dB or i

output of channel filter (see Fig. 1) in various 1048 S1ikHz 611kHz & 1& SkHs 1123 kHz
. . . -3 z E z e 4 2.0 A

configurations. Fig. 2(a) shows the output spectra (a) 15t DF Output Spectra

of the first filter which provides -90dB or -70dB

attenuation at and above 24.1KHz in Type A or

Type B, C and D configuration respectively. dB \

However, the input signal spectrum of $24.1KHz 0B | /
centered on 88.2KHz sampling frequency still 64 1kHz 1123kHz
exists. The second filter which further doubles the (b) 2nd DF Output Spectra

sampling frequency for filtering the output of the
first filter provides -70dB attenuation for the
signal band between 64.1KHz and 112.3KHz as

T0dRB
dB ‘

=

shown in Fig. 2(b). The combined filter 904 SPETR TS TS

characteristics of Type A and Type B, C and D are .

illustrated in Fig. 2(c) and (d) respectively. A () Type A Combined Quiput Spectra

simple 3rd order active lowpass filter may be used

as a postfilter following the SM5804 second filter B \

stage. The SM5804 series are designed based on

this oversampling technique and their filter -70dB : —
24.1kHz 64.1 kHz 123Kz

characteristics are illustrated in page 2 through 5.
* Block Diagram . )
Fig. 3 is SM5804 series filter block diagram. Two Figure 2 Signal Spectra
channel filters, Ach and Bch operate independently
and their inputs and outputs can also be
independently selected to operate in serial or Input serial
parallel mode. ) ° o Output
» Application Examples perallel) | Lot DF= 20d DF =] P
As the input and output can be independently
selected for serial/parallel mode, the external DAC
which follows the SM5804 can also be connected
in various ways. Six examples are illustrated in

(d) Type B, C, & D Combined Output Spectra

=15t DF 2nd DF ™1 serial

Figure 3 Block Diagram of MS5804

Fig. 4.
(1 Seral input/Serial output/2DAC’S (2) Serial input/Parallel output/1IDAC (3) Serial input/Parallel output/2DAC’S
SM DAC SM SM DAC
5804 DAC 5804 5804 ‘a[cb
(4) Parallel input/Serial output/2DAC’S (5) Parallel input/Parallel output/1IDAC (6) Parallel input/Parallel output/2DAC’S

o bac e e sm -
Q 5804 5804 5804
paC Jach}—{ orc_]

Figure 4 Applications
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B FUNCTIONAL DESCRIPTION

(1) Serial/Parallel mode select
Input and output data can be independently selected to either serial mode or parallel mode through PISL and POSL
respectively.
Input: PISL = H (or open) Serial Input
PISL=L Parallel Input
Output: POSL = H (or open) Serial Output
POSL=L Parallel Output

(2) 2’s Complement/Offset binary code select

Input and output data format can be independently selected to either 2°s complement or offset binary through XOFB

and YOFB.

Input: XOFB = H (or open) 2’s complement
XOFB =L offset binary

Output: YOFB = H {or open) 2’s complement
YOFB =L offset binary

(3) Ach and Bch Data synchronization

One frame of the input sampled data (consisting of Ach and Bch data) is processed simultaneously. Therefore,
synchronization of the Ach and Bch input data pair is necessary to avoid phase difference between two channels

due to the different sampling time slot. Pin ABSL is provided to synchronize Ach and Bch data to either rising or
falling edge of the synchronization clock (44CI, 44.1KHz) to prevent channel phase difference. However, if SIEA
and STEB are used for serial input mode, ABSL pin can be ignored.

24CT 44C1
(441kHz ) f I | | | (44.1KHZ-)_] t I l ’ l_
Inputdata _ J_ B X AX B XA X B) Inputdaa _ L AXB YAXBYXA)

(a)m=ﬂoropen

() ABSL =L

Figure 5 Clock and Data Timing Waveforms

(4) Phase Relation between 44CI and XT clocks

The system clock XT must stay "high" for 30ns before and 5ns after the rising transition (when ABSL=H) or the
falling transition (when ABSL=L) of the synchronization clock 44CI. i.e. The shaded area of the Fig. 6 must fall

within the "high" cycle of clock XT.

(5) Serial input mode (PISL = H or open)
The following steps/conditions apply to serial
input mode operation.
(i) Connect input data line to Pin SID.

(ii) Read timing is selected by applying "H" or "L" voltage

level to Pin SIMD.
¢ When SIMD =H or open

44C1
(ABSL=H)
|
44C1
(ABSL=L) | 30ns Sns XT falling edge inhibit interval
Ve
« | 701 |

Figure 6 44CI and XT Clocks Timing Waveforms

In this mode, serial input bit clock, BCKI, and Ach and Bch serial input enables SIEA and SIEB are involved.
The data is clocked into the shift register at the rising edge of BCKI while STEA and SIEB are at "L". Itis
therefore required that changing of data state must take place at the falling edge of BCKI. Data will be
transferred and latched in parallel into other registers at the falling edge of SIEA or SIEB after the 16-bit data

has been read.
+ WhenSIMD=L

In this mode, serial input bit clock, BCKI, and 44CI clock are involved. The data is clocked into the shift
register at the rising edge of BCKI and the change of data state is allowed at falling edge of BCKI. Data will
be transferred and latched in parallel by the 44CI clock at either rising or falling edge of the clock.

(iii) MSB first-in/LSB first-in select

MSB first-in or LSB first-in is selected by using the LSBI pin as follows:

LSBI=Hor open, MSB first-in
LSBI=L, LSB first-in

NOTE: In serial input mode, X7 through X16 pins are not used. However, any interference to these pins does not
eftect performance and accuracy of the device.

-9
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(6) Parallel input mode (PISL = L)
The following steps/conditions apply to parallel input mode operation.
(i) Connect input data lines to Pin X1 through X16 (X1 =LSB, X16 = MSB).
(ii) Connect 44.1KHz (50% duty cycle) synchronization clock to Pin 44CL.

Yo A T B )

N
e 7

X1-X16
44C1 (44.5KHz)

Ach latched output

ABSL = H or open

Bch latched output X

> Data processing starts
Figure 7 Input, Output and Clock Timing Waveforms.
(iii) Read timing
Ach and Bch parallel data are read at the second falling edge of the system clock, XT (approx. 4MHz) after the
transition of the synchronization clock, 44CI1. See Fig. 8.

System clock (4MHz, |

Latch output

Figure 8 Sync clock, System Clock and Output Timming Waveforms.
(7) Data processing starting timing
When the input data is in parallel or serial mode with SIMD = L, the data processing starts at

the rising edge of 44CI for ABSL = H or open, or the falling edge of 44CI for ABSL =L
When the input data is in serial mode with SIMD = H or open, the data processing starts at the rising edge of SIEB.

(8) Serial output mode (POSL = H or open, SOMD = L)
The following conditions apply to serial output mode operation.
(i) Serial output data for Ach andBch are available at SODA and SODB respectively. Serial output data is
synchronized to the falling edge of the output bit clock running at the same frequency of system clock.
(ii) MSB first-out/LSB first-out select
MSB first-out or LSB first-out mode can be selected by Pin LSBO.
MSB first-out LSBO = H or OPEN
LSB first-out LSBO=L
In the serial output mode, Y10 ~ Y16 pins are not used and stay at high impedance state.

(9) Parallel output mode (POSL =L)
The following conditions apply to parallel output mode operation.
(i) Parallel data outputs are available at Yi~Y16 pins (Y1 =LSB, Y16 = MSB)
(ii) Pin POMD provides the options for the number of DAC to be connected.
PMOD =Horopen One DAC application
PMOD=L Two DAC’s in phase conversion application. See Fig. 1, page 14 for circuit connection.

{10) DAC control signal
DGA, DGB as well as CO1 - CO4 are used as control signals for DAC.
The following pin combinations are defined for different selected output modes.
In serial output mode, use Pin C01~C04, DGA and DGB.
In parallel output mode, use Pin DGA and DGB.
Refer to the operation mode table, Table 1 on page 11 for details.

(11) Input and Output time delay
See page 11 for details.
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NIPPON PRECISION CIRCUITS LTD.

B TIMING DIAGRAMS

¢ Input Timing
(1) Parallel input timing (ABSL="“H")

44C1
aBst ! !
| 1
X1-X16 N Ach DATA X Beh DATA x
I 1 |
_ (@)
(2) Serial input timing (SIMD=“H")
49 1 5 10 15 20 25 30 35 40 45 49
BCKI ‘! H HIllllnﬂnﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ[_
(21609MHz) (Ach) (Beh)
SID Tig I112I3p151617fﬂ9110111112I13[14 Tishis] 838080008 RRBEE TsTie]
1 | [} |
STER | | | :
T 1 N | 5
SIEB |
* | I

I (b)
(3) Serial input timing (SIMD="H")

32 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 1

BCKI ] ] ]
(14112MHz ) (Ach) (Beh)
I OBG80805000000000008080G0008000E00
SIEA j ﬁ I
SIEB

' _ © i

(4) Serial input timing (SIMD="“L”, ABSL=“H")

- TypeA&B
48 1 5 10 15 20 25 30 35 40 45 48
oK LU U U U UL U WU U U UL UL LTI
(2.1168MHz) (Ach) (Bch)
SID 1]2]3]4] 56 7] 8] 9 no[na]azlaafua]1s[1e] 1]2]3[a[se]7]8]sro[11]12[13]14]15]16) I
44CI ] (d)
- TypeC&D
481 5 10 15 20 25 30 35 40 45 48
BCKI Lrl”HH”UUUUUUUUUUUUUUUUUUUUUUUUUUU“UUUUUUUUUUUUUUU L
(2.1168MHz) (Ach) : (Bch)
SID 16 T1T2[3]a]s]6]7]8] o[rof1if12[13]1a]1s[16 [1]2]3]4]s]6]7[8] o]to]11]r2usluaas]16
44C1 [

_ ©

Figure 11 Input Data Timing Diagrams
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* Output Timing

(5) Parallel output timing (POMD="H")

1 TIO i
i T, T,
e iy |
Yi~Yi6 [ Ach 1st Y Bch 1st X Ach 2nd Y Beh 2nd Y Ach 3rd J Beh 3rd Y Ach 4th Y Beh dth I
[}
DGA L ]l L I 1 | l [ 1
I v
DGB o 12 Ta 1 f | f ] [ |
) T
~ 1, T, (@
(6) Parallel output timing (POMD=“L")
\ TID )
T
- — —
Yi-Yle —JawtC Beh ist ) T Bch 2nd Yol Beh 3:rd Yast) Beh ath X
i
en L mn n n n
DGB :mq 11 l, f L J | J L
[ T, eV (b)
Time
TO T1
System Clock T2 T3 T4 TS Té6 T7 T8 T9 T10
96fs (4.2336MHz) 2.83 2.83 1.30 1.30 | 413 1.30 1.06 | 4.61 0.35 0.35 | 5.67
98fs (4.3218MHz) 2.89 2.78 1.39 127 | 4.16 1.30 1.16 | 451 046 | 035 | 5.67
(7) Serial output timing (SOMD=L, SCSL=H, system clock=4.2336 MHz)
Ach 15t Ach 2nd Ach G Ach 1:h
SODA M Sstaasaaansaanan OO AaasEEmasasssmSE IO I
SODB M LS ARNRLERSERES e Ean s AR eRaEE EE et B EaaEEsssaeneans
BCKO  nannnnnann A AR ANAARNN AN AN AN AN AUV ATUUUUUUAR 12386\ H 2 )
[NOR! 1 g L @ titkHz !
o2 at g g J T ¢ sevnHe)
03 T 1 L I
[NeE! S (Y O N SN B S L SE S L TN S P
DG A S S| I
DG B 1 1 1
©

Figure 12 Output Data Timing Diagrams
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NIPPON PRECISION CIRCUITS LTD.

B SYSTEM APPLICATION DIAGRAMS

= Input connection

(1) Serial input
(SgNY) Toshiba DOUT SID
CXD1125 ESTQINRBMHZ gégl TC9200F  pek |ianeMHz | BCKI

SM5B04C.D 44.1kH SM5804
LRCK 40T CHCK z 44CT
4.2336 MHz CK 8M|8.4672MHz XT
PSSL SLOB C4M XT P/SSE SIMD ABSL
a
I (@ 4 Hyn v ®) P
HO 17 28m2MmH:
(NEC) DOO 1 SID XT XT
2PD6350G BCLK 2.1609MHz BCKI
M SIEA SM5804
SOER STEB

é— DAST XTAL 8.6436MHZ CKO
PSSL DSLL  DSLH OBSL 4SSI. SCSL
I © b

(2) Parallel input
16
(SONY) DA16 X16
CXD1125 { !
DAO1 X1
LRCK 441 kHz ricl SM5804
4.2336MHz XT
PSSL SLOB C4M PISL

IR @ i

Figure 13 Application Circuits - Serial/Parallel Input Connections

« Output connection
(1) Serial output  In serial output mode, system clock must be 96fs = 4.2336 MHz (fs = 44.1KHz)

DATA INPUT
SODA DATACLOcK  (BumBrown)
SODB | PCM 78
SM5804 - " LATCH ENABLE
BCKO CONTROL
— CO4
| SOMD
| e DATA INPUT (Burr Brown)
: urr-Brown
| DATA CLOCK PCM 78
LATCH ENABLE
(a) ——| CONTROL
| (2) Parallel output (in-phase conversion)
T Bit 1
| 11[ 6 16 . (Burr-Brown)
‘ - Bit 16 PCM 78
| SMEB04
| DGA CK
DGB Bit 1
POSL POMD YOFB g‘ 16 (Burr-Brown)
o 8 Bit 16 PCMT8

(b) Deglitch Control
Figure 14 Application Circuits - Serial/Parallel Output Connections
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