NPC

NIPPON PRECISION CIRCUITS INC.

SM5840FS/FP
AUDIO MULTI-FUNCTION DIGITAL FILTER

OVERVIEW

The SMS840FS/FP is an 8-times oversampling
digital filter for digital audio, fabricated using
NPC’s Moly-Gate® CMOS process. It is intended
for use in CD and PCM playback systems.

The SMS840FS/FP features selectable digital
deemphasis, attenuation, mute and noise shaping
functions. The serial data format consists of 16- or
18-bit input words, supporting the Philips IIS stan-
dard, and 18- or 20-bit output words in 2s comple-
ment form, supporting interface to a wide range of
D/A converters.

The SM5840FS/FP operates from a 5 V supply and
is available in 22-pin SOPs-and 18-pin DIPs.

FEATURES

» Two. channel 8-times oversampling digital filter

» Three-stage interpolation filters, consisting of
69-tap, 13-tap and 9-tap FIR filters

 IIR deemphasis filter for accurate gain and phase
response

» Noise shaper

* 256fs system clock

* 19 X 14-bit multiplier/24-bit accumulator

« Digital attenuator

* Less than +0.03 dB passband ripple

* Greater than 55 dB stopband attenuation

«. Linear phase (no group delay)

* 16- or 18-bit serial input data

« 18- or 20-bit serial output data

» TTL-compatible inputs and outputs

* Moly-Gate® CMOS process

* 5 V supply

* 22-pin SOP and 18-pin DIP

PINOUTS 22-pin SOP
wis [1] — |z] ow
an %m
WD 20| LRCI
ol B2~
0 D[Bn [17] ne
~ges B,
oeem [0 o= [14] oo
= o

EEERRE FE

NIPPON PRECISION CIRCUITS 217



- SM5840FS/FP

PACKAGE DIMENSIONS

'18-pin DIP (Type B)
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"18-pin DIP (Type A)
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SM5840FS/FP

BLOCK DIAGRAM
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PIN DESCRIPTION

il -

Number
Name Description
sop ow
‘ 4 = Input word length select input. 18 bits when LOW and 16 biss when HIGH. Interal
[ e
2 2 o |system clock inpur
£l 3 WD Output word lengh select input. 20 bils when LOW and 18 bits when HIGH
4 4 .CKO |Buflered, sysiem clock output i3
5 5 vss | Ground
:_; - NC }mm
7 - NC [No connecion
8 6 AT Atieruation enable inpul. OFF when HIGH and ON when LOW. Intemal pull-up resistor
9 7 DEEM | Deemphesic ensble input. OFF when LOW and ON when HIGH. itemal pubup resishr
10 s WOTE  [Sont mue enable input. OFF when HIGH and ON when LOW. ltemal pulbup ressior
# s =T |Device reset input. intemal pul-up resistor
12 10 BCKO Ovtput bit clock
13 1 DOR Right-channel data output R
14 12 poL Lehtchannel data output B
= - oo vt word cock R
16 14 VoD [s V supply '
7 | - NC Mo connecton o
18 - NC I"“ connection 7 amemy -
19 15 NG [No comecton -
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SM5840FS/IFP

Number
Name Description
SoP DIP
2 16 LRCI Input word clock. Internal pull-up resistor - r—
2 17 BCKI Input bit clock. Intemal pulkup resistor o :
» 18 DN Input data. Intemal pull-up resistor s e
SPECIFICATIONS
Absolute Maximum Ratings
Vis=0V
Parameter Symbol Rating Unit
'&mww Voo 03 w70 v
[irput vorage: range _ Vi -03 10 Voo + 03 v
Power dissipation Pp 20 mW
Operating lemperature range Tor -2 0 80 deg. C
[hqlww Tay e —40 b 15 deg. C
I&lﬁqm Taw 25 dog. C
Isoiderng me [ 10 s
Recommended Operating Conditions
Vg;:OV.T.:ZS(hg.C
Parameter Symbol Rating Unit
voltage Voo 50 v
[Supply voage range Voo 451 55 v
DC Electrical Characteristics
Voo =4510 55V, Vss =0V, T, = =20 to 80 deg. C unless otherwise noted
Rating
Parameter Symbol Condition Unit
min typ max
Vm*““-
[Supply current loo |fevs = 2565 = 13 MHz, - 40 mA
no load
ICKI and OW20 LOW-level input Var _ 0.3Voo v
ICKI and OW20 HIGH-level input _ _
2 Vin “ U.ﬁ_lw .\'
DEEM, ATT, MUTE, IWi8, BCKI, p
DIN, LRC! and RST LOW-level Va2 : - 05 v
input voltage
DEEM, ATT, MUTE, W18, BCKI,
DIN, LRCI and RAST HIGH-evel Ve 24 - - v
input voltage
CK) clock input voltage Vi M“m,,m 0.3Vpo - - Voo
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SM5840FS/FP

) ) ] 7Rating ]
Parameter Symbol Condition - Unit
min typ “max
DOL, DOR, BCKO, CKO and : ~ _ _ - :
WCKO LOW-level output vokage Vo lou = 1.6 mA 04 v
DOL, DOR, BCKO, CKO and : _ : _ _ -
WCKO HIGH-evel ; Vou low = 04 mA 25 v
CKI LOW-evel input current " Vi=0V - 10 20 pA
CKI HiGH-level input current L Vi = Vpo - 10 2 HA
OW20 LOW-eve! input leakage - - :
current LT} Vi=0V - - 1.0 pA
ATT, TW18, OW20, DEEM, MUTE, 7 ) .
LRCI, DN, BCKI and RST kx Vi = Voo - - 10 pA
HIGH-level input leakage current
DEEM, ATT, MUTE, W18, RST, ) ] } ]
LRCI, DN, BCKl, and RST 2 vi=0V - 10 20 HA
LOW-level input current
AC Electrical Characteristics
System clock
Voo =451t0 55V, Vss =0V, T, =-20 to 80 deg. C
} ; Rating ]
Parameter Symbol - Unit
min typ " max
CKI LOW-evel dock puisewidth tow K-J - 500
CKI HIGH-evel clock pulsewidth tows 3» - 500
CKI clock cycle time ik 7% - 1000
System clock timing waveform
o
o *”_—\IL_)F . 0.5Voo
Under
l low , tow 0.3Vop
! ]
Reset timing
Voo =450 55V, Vss =0V, T, = -20 to 80 deg. C
) ) ) 'Rating :
Parameter Symbol Condition - - Unit
min typ max
) Al power-on 1 - - s
RST LOW-level pulsewidth tasT -
At other times 50 - - ns
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SM5840FS/FP

'BCKI, DIN, LRCI input timing
0V, T.=-20to 80 deg. C

Vw = 4.5 to 5.5 V, Vss

) ) ‘Rating .
Parameter Symbol — - Unit
min typ max
BCKI LOW-level pulsewidth taowt 50 - - ns
BCKI HIGH-level pulsewidth facwH 50 - - ns
BCK! puise period fecy 100 - - ns
DN setup tme s 50 - - ns
DN hold Sme oH 50 - - ns
Last BCKI rising edge o LRC| edge tay 50 - - ns
LRCI edge 1o first BCKI rising edge T 50 - - “ns
'BCKI, DIN, LRCI input timing waveform
tacy
tacw tacwH—*
BCKI 15V
SUE UMY U S —
DN A\ 15V
ta '
LRCt 15V
ATT, DEEM, MUTE control input timing
Vop =4510 55V, Vss =0V, T, = =20 to 80 deg. C
] ) 'Rating ]
Parameter Symbol - Unit
min typ max
ATT, DEEM and MUTE rise time t - - 100 ns
ATT, DEEM and MUTE fal time ¥ - - 100

Note

Rise times and fall times are measured between 10% and 90% of Vpp.
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'SM5840FS/FP

‘Output timing
Voo = 4510 55V, Vss = 0V, T. = —20 10 80 deg. C

: : Rating i
Parameter Symbol - 7 Unit

(CK! faling edge ¥ CKO faling edge
(CKI fafling edge 1o BCKO falling edge
(CKI falfing edge 1o BCKO rising edge

BCKO falling edge 1o DOL, DOR or WCKO
ffalling edge

BCKO fafing edge to DOL, DOR or WCKO
rising edge

Note
All measurements with 15 pF capacitive load
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10 -
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8 (8|8|s|f

£
o
'
8
]

‘Output timing waveform

15V

WCKO

15V

Filter Characteristics

8-times oversampling mode

Parameter ' Rating

Passband 0 © 0.4535%
Stopband : 05465fs 0 7.453k
Passband attenuation level 0.125 +0.03 dB

Stopband attenuation > 55 dB

Group delay time Constant
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SM5840FS/FP

7Frequency characteristic without deemphasis
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SMS840FS/FP

Transition characteristic without deemphasis
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' SM5840FS/FP

FUNCTIONAL DESCRIPTION

SM5840FS/FP Arithmetic Block

- - L — -

1st FIR 2nd FIR ats l - . ard FIR

IR fiker
- s - | s | | efs

69th-order 13th-order - . Sth-order

Input ——w — Deemphas ——o Output
2x inmerpolator 2x imerpolator s ON ais 2x interpotator
7 Deemphasis OFF

The SMS5840FS/FP performs oversampling using a
multi-stage FIR interpolation filter. Each filter stage
interpolates the signal by a factor of two, giving an
overall interpolation factor of eight. Sampling noise
components are attenuated by the interpolation fil-
ter to greater than 55 dB in the 0.5465fs to 7.4535fs

stopband.

Digital Deemphasis

The deemphasis filter is in cascade with the over-
sampling filters. It is implemented using an IIR
filter, and reproduces the deemphasis gain and
phase characteristics more faithfully than conven-
tional analog deemphasis filters. Deemphasis is
enabled when DEEM is HIGH, and disabled when
DEEM is LOW.

The deemphasis filter coefficients are designed for
use at fs = 44.1 KHz.

Digital Attenuator

The digital attenuator is used for the 12 dB attenua-
tion and mute functions. Both channels are
attenuated by an amount set by the value in the
attenuation register. The attenuation is given by

Attenuation = -20 log;o(1 — DATT/127) dB

where DATT is the contents of the register. The
register length is 7 bits, so DATT can have any
value between 0 and 127. Note that a value of 127
gives infinite attenuation, where the output is
muted. The register is set to 0 (no attenuation) on
reset.

When the attenuation register is changed, the
attenuation does not change instantly, but ramps to

“the new attenuation setting. This prevents unwanted

spurious response in the audio output

12 dB attenuation

When ATT goes LOW, DATT ramps smoothly
from O to 96, causing the attenuation to change
from 0 dB to 12 dB. When ATT goes HIGH,
DATT ramps smoothly from 96 to 0, causing the
attenuation to change from 12 dB to 0 dB.

If ATT changes state while DATT is still changing,
the attenuation changes in the new direction.

The time taken to increase attenuation from 0 dB to
12 dB is 768/fs. This corresponds to approximately
174 ms at a 44.1 kHz input sampling rate.

‘Mute

‘When MUTE goes LOW, DATT ramps smoothly

to 127, causing the attenuation to change to
infinity. When MUTE goes HIGH, DATT ramps
smoothly to 0 (or 96 if ATT is LOW), causing the
attenuation to change to 0 dB (or 12 dB if ATT is
LOW).

If MUTE changes state while DATT is still chang-
ing, the attenuation changes in the new direction.
MUTE has precedence over ATT. Therefore, if
MUTE is LOW, changing the state of ATT has no
affect.

The time taken to increase attenuation from 0 dB to
infinity is 1024/fs. This corresponds to approxi-
mately 23.2 ms at a 44.1 kHz input sampling rate.
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SM5840FS/FP
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Figure 1. Mute and attenuation timing

Selectable Input Word Length

When IW18 is LOW, input word length is 18 bits,
and when HIGH, 16 bits.

For 16-bit input source data to the DSP, the DSP
can process the data to round it up to 18 bits to
reduce the requantization noise in the digital filter.

‘Noise Shaper and Selectable Output
Word Length

When OW20 is LOW, output word length is 20
bits, and when HIGH, 18 bits. This enables the
SM5840FS/FP to be used with 18- or 20-bit DACs.

The on-chip noise shaper further reduces requan-
tization noise. The noise shaper does not work
when 18-bit input and 20-bit output word lengths
are selected (IW18 and OW20 both LOW).

‘System Clock

The system clock is input on CKI and output on
CKO. Because the inverter in the CKI input circuit
has a feedback resistor, the clock input can either
be DC coupled or AC coupled.

Table 1. Clock values

Clock ~ Symbol Value
(CKI input frequency o = (1K) 256fs
CKO output equency % x5 |
imemal system dock period Tsvs a

‘Note
ta is the period of CKI.

o b D>,

1
KO = <}

Figure 2. Internal system clock

‘Audio Data Input

The SM5840FS/FP can read only 64fs IIS format
input data. 32fs IIS format data cannot be read.
Serial input data in this format must be 16- or
18-bit, 2s-complement and msb-first. The input
word length is selected by TWIS.

The data is input to DIN. Each bit is shifted into an
input data shift register on the mising edge of the
BCKI bit clock for conversion to parallel data. The
contents of the shift registers are latched into the
input registers on alternate transitions of the LRCI
word clock. Left-channel data is shifted in when
LRCI is LOW and right-channel data is shifted in
when LRCI is HIGH.

The timing of the input stage is independent of the
timing of the arithmetic circuitry. Hence, the phase
relationship between the BCKI and LRCI clocks
and the system clock does not affect functional
operation, provided that the phase relationship
remains constant (that is, the frequency ratio of the
clocks is constant). This ensures that a certain
amount of jitter in the input clock does not affect

output signal timing.
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SM5840FS/FP

& Ui
Left-channel data Right-channel data

oW |HERRRRRRREEER (11
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Figure 3. Input timing (W18 = LOW)

1617 3132 1 2

TMWMWMIMTWJ Uit

I
Left-channel data | ‘Rg

ow HHIIIIIIIH]II TTTT

16-bit data msb

-channes data

LRCI —
(ts)

Figure 4. Input timing (IW18 = HIGH or open)

Audio Data Output

The audio output data is in bit-serial, 2s comple-  table 2. Thus, regardless of the number of output
ment, msb-first format. The output word length is bits, the data can be synchronized to the falling

18- or 20-bit, as selected by OW20. edge of WCKO.
The BCKO output carries the output bit clock, |20 2 Output timing
generated within the SM5840FS/FP. The data out- Parameter Value
puts, DOL and DOR, change on the falling edge of | ot dock _ ppo—y
BCKO. The number of bit periods per output word il
depends on the setting of OW20 as shown in  Bit periods per word, tow 3218
212 2021 N3 12
System
osoa U In U
i
sco __ [UUITUUIUUUUTUUTUIn [N
Bon HERRRRERRRERNAN 111
msb 20-bit data Isb msb
WCKO
(8ts) .
6ig 26tg
tow = 321p

Figure 5. Output timing (OW20 = LOW)
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mets 1858 data w® —
wexo =
(Bts)
—eas 2mp -
tow = 328
Figure 6. Output timing (OW20 = HIGH or open)
System Reset

The SM5840FS/FP must be reset following
power-on by applying a LOW-level pulse to the
RST pin. On the first rising edge of LRCI after
RST is released, the arithmetic and output timing
counters are reset.

A power-on reset can be effected either by a signal
from the controlling microprocessor or by connect-

ing a capacitor of approximately 300 pF between
RST and VSS. Note that in both cases, CKI and

LRCI must stabilize before RST goes HIGH. A
larger capacitor can be used to ensure that this
occurs.

The device must also be reset if either LRCI and/or
CKI are interrupted or drift apart as shown in
figure 7. In this example, NX and NS represent the
number of CKI clock periods and LRCI clock
periods, respectively, since the first rising edge of
LRCI following the rise of RST.

i

o | msnmwmtéu-ﬂrm JEE 1

HEHHABH R

FTDIR AN b

Figure 7. Reset after CKI halt
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 SM5840FS/FP

'When RST goes LOW, the DOL and DOR outputs
immediately go LOW. The BCKO and WCKO
outputs do not stop. See figure 8.

T

(]

wo L]

“iternal
reset

()

‘Figure 8. Output timing on reset

"APPLICATION CIRCUITS

These circuits show signal formats and interconnec-
tion only. The system designer must also consider

the timing relationships.

'16-bit CD Decoder Interface

HIGH —— W18
DAAB DIN
CLAB 282204 MH2 BCKI
Philips WSAB 441 kHz LRCI
SAA7310 SM5840FS/FP
CD decoder EMPHA DEEM
—a ATT
From
controlier [__. WOUTE
XN cxi ST
ram oo s
'18-bit DAC Interface
HIGH —» IDF3
OW20 fe—— HIGH tow ——f DF2
LOW —f IDF1
WCKO ws1 Phiips
SM5840FS/FP SAA7350
DoL SDH BS DAC
DOR SDt2
BCKO SCXI
K 11.2896 MHz XSIS1
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