uPRC ~° SMS5840A/B

NIPPON PRECISION CRCUITS LTD. ‘For Digital Audio Multi-function Digital Filter
77 BOVERVIEW
The SM5840 is a digital oversampling filter fabricated using NPC's proprietary Molybdenum gate

CMOS technology. It is designed for use in digital audio playback systems, and supports 32.0, 44.1

and 48. 0 kHz input sample rates and four- or eight-times oversampling. In addition to the
oversampling filters, the SM5840 also incorporates digital de-emphasis, attenuation and soft mute
functions for improved system performance and simpler design. Input and output data are in 2's
complement, MSB-first, bit-serial form. The input data word length is 16 bits, and the output data
word length is 16, 18 or 20 bits selectable. A separate serial interface is used to set the mode
control flags and the attenuation coefficient. The SM5840 can operate from a standard 5 V supply or-—~
from a low-voltage supply with a rating as low as 3.2 V. It is available in 18-pin plastic DIPs and |
22-pin SQOPs.

M FEATURES
- Selectable 4- or 8-times oversampling
» Three-stage stereo digital oversampling filter consisting of 69-, 13-, and 9-tap FIR filters
* First-order noise shaper
» Selectable attenuation, digital de-emphasis, and soft mute functions
+ 19 bit X 14 bit multiplier with 24-bit accumulation
» 1IS bus compatible input
« TTL-compatible inputs and outputs
+ 0.8% DC offset (SM5840B only)
» Low voltage operation
« Molybdenum gate CMOS process

M APPLICATIONS
- CD playback systems
« DAT playback systems
- PCM playback systems
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B FILTER CHARACTERSTICS
SM5840A 4— interpolation filter

Passband 0~0.45351s
Stopband ' 0.5465~3.4535fs
Passband ripple 0.125 = 0.03dB
Stopband attenuation Greater than 55 dB
Group delay time Constant
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Fig. 1 SMB840A 4fs Frequency Characteristics
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Fig. 2 SM5840A 4fs Passband Characteristics
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SM5840A,/B

Attenuation [dB)

Attenuation [dB]

Attenuation [dB]

SM5840A 8-times interpolation filter

6 SMB840A 8fs Transition Characteristics
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" Passband 0~0.4535fs
Stopband 0.5465~7.4535fs
Passband ripple 0.125 = 0.03dB
Stopband attenuation Greater than 55 dB
Group delay time Constant
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SM5840B 4-times mterpolatlon filter

Passband 0~0.45351s
Stopband 0.5465~3.45351s
Passband ripple 0.20 £ 0.03dB
Stopband attenuation Greater than 55 dB
Group delay time Constant
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Fig. 7 SM5840B 4fs Frequency Characteristics
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Fig. 9 SM5840B 4fs Transition Characteristics
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SM5840A /B

Attenuation [dB]

Attenuation [dB]

Attenuation [dB]

Passband ~0.4535fs
Stopband 0.5465~7.4535fs
Passband ripple 0.20 = 0.03dB
Stopband attenuation Greater than 55 dB
Group delay time Constant
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De-emphasis Filter

R
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" Passband (kHz) 0~145 0~20.0 0~21.7
Deviation from Attenuation + 0.001dB
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Fig. 13 Passband Characteristics with De-emphasis On
PTION

HMPIN DESC

S

. Clock
CRSL | i freaueney HIGH, and 256fs if it is LOW.
XTI i |Crystal oscillator connection or external clock input
XTO o |Crystal oscillator connection
CKO o Oscillatoroutputclock.'l_'hefreqmyatthispinisthesameasthe
frequency on the XTI pin.
Vss — | Ground
NC -
NC -
MDT ip |Mode set serial data input These signals are used to set the
MCK ip |Mode set bit clock mode flags and the attenuator
MLE ip |Mode set latch enable register.
RST ip |Device reset
DG o |Deglitch output
DOR o 8fs LR-parallel output mode :ﬁgilt-f:hannel data output
4fs LR-alternate output mode : left,“right-channel clock output
DOL o 8fs LR-parallel output mode :left-channel data putput
4fs LR-alternate output mode : left/right-channel data output
WCKO 0 |Output word clock
VoD — | Positive supply (5 V standard)
NC -
NC -
BCKO o |Output data bit clock
LRCI ip |Input data word clock. LR input data multiplexed clock
BCKI ip |Input data bit clock
DIN ip |Input data

ip : Input pin with internal pull-up resistor

0 : Output pin
-8



SM5840A /B

"EBLOCK DIAGRAM

CKSL LRCI DIN BCKI
- O - -~y I}
- =: hd T ke
g Filter and attenuation
. . - s .
RST O—  Timing controller SR arithmetic block
| 1
MDT O— . —(C) BCKO
o: int\effat:edata '_ control = Output data —Q Weko
— . —( DOL
! T l interface DOR
Attenuator and mute control + —QO DG
a m ,\l}____(L ---------------------- o
Vss Voo
M Absolute Maximum Ratings B DC Characteristics
(Vss=0V) (Standard supply voltage operation : VoD = 4.5~55V,
= Vss =0V, Ta=-20~80%C)
e smws&%g

-0.3~7.0
Viy |—03~Vop+03| V

TstG — 40~125 C VDD IDD (Note. 1) mA
Pw 250 %71 VIHI 0.7VoD
;Z; TSLD 255 VIL1 O.SVDD V
tsLD 10 sec ViH2 2.4
(*x1)
ViL2 0.5
Vi Ior=-0.4mA| 2.
(=2 oH [[oH = 5 v
B Recommended Operating Conditions voL [IoL =1.6mA L 04
ILH Vv = VDD 10 20
Vss =0V XTI
( ). L [Vn=0V 10| 20 |[zA
(x1)] ILH [VIN= VDD 1.0
V=0V uA
(Low voltage operation : VDb = 3.2~4.5V, Vss =0V,
Ta=-20~80°C)

(Note. 2)

VIH1 0.7Vop
XTI
VIL1 0.3VoD v
VIHZ 2.4
(*1)
ViL2 0.5
(2 Vou (Ion=-0.2mA| 25 v
<Pin) voL [loL = 0.8mA 0.4
LRCL DIN, BCKI, CKSL, MDT, MCK, Inpu yrp L VN = VoD 10
MLE, RST e L [Vmn=0V 10 (A
- (x1)] LH [Vmn= VDD 1.0
CKO, DOL, DOR, BCKO, WCKO, DG o0 w VooV 0 (22
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B AC Characteristics
1. XTI Pin

a. Crystal oscillator operation
(CKSL=H System clock =

=32~55V, Vss=0V, Ta

patiisis

45~55V 2.0
Low 3.2~45V 2.0 185

b. External clock input
(CKSL = H : System clock

i

PP T T P

3.4~5.5V, Vss =0V, Ta=—20~80%C)

s

OVER
. 0.7Vop
XTI 0.5Vop
tewn tewL ' 0.3Vop
tx




SM5840A,/B

2. Audio data input timing
BCKI, DIN, LRCI Pin
(Vop = 3.2~5.5V, Vss =

QV, Ta =-20~80°C)
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b. MDT, MCK, MLE Pin
(Standard supply voltage operation : Vop = 4.5~5.5V, Vss =0V, Ta = - 20~80°C)

(%1) Tsys is the system clock period ;1,384fs for CKSL =H, 1,/256fs for CKSL =L.

X 1.5V
tMDS tMDH
1.5V
N
tMcs tMCH
1.5V
EWL tMEWH
i ' tMLEY




SM5840A /B

i

| XTI }—=>XTO ¢t txTo 3 20 ns

| XTI | —>CKO { texo 7 30 ns

[XTI|>BCKOt | tsbH | 10 60

[ XTIy —>BCKOJ | tsbL | 10 60 o 15pF
XTI1—BCKO+t | tsoH | 10 60

[XTI{—>BCKO{ | tsbL | 10 60 os

[ BCKO | »OUT + | tbdH | O 20
BCKO | —>OUT ¢ | tbdl 0 20 ns

| XTI {>XTO 1
{ XTI | —>CKO | teko 7 45 ns
XTI | —BCKO * tsbH 10 100
5 ns
XTI | - BCKO | tsbL 10 100 15pF
XTI $ —BCKO 1 tsbH 10 100
XTI | >BCKO { | tsbL 10 100 B
BCKO | —>OUT ¢ | tbdH 0 30 N
| BCKO {—OUT | tbdL 0 30
TSYS TSYS—
XTI £ A 0.5Vop
(CKSL=H) —/ \
Loty
@RSL=L) ,
BCKO ; / 15V
hN /
tbdL
r
DOL eni 15V
DOR thdH | '
DG H
WCKO /'/ 15V
.

-11 -
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Il FUNCTIONAL DESCRIPTION
The configuration of the SM5840 arithmetic block is shown in figure below.

& & De- emphasis &

g‘ E e IR filter ' %
gt [EE |2 |2E 3§ @ |28 e 3
a—3 & s 8 De- emphasis 2 g 5 s—0Os
5 g 3 g @ oN 4 < ge ©

£ £ o No—0— -

«~ ™~ De-emphasis ~

OFF
Fig. 14 Arithmetic Block Configuration
1. Oversampling

The SM5840 performs oversampling using a multi-stage FIR interpolation _filter. Each filter stage
interpolates the signal by a factor of two. The overall interpolatioh factor of the device is
selectable to be either four or eight times the input sample rate. Alias and noise components are
suppressed by the interpolation filter to below -55 dB in the stopband. Note that in 4-times

oversampling the last filter is bypassed.

2. Digital De-emphasis
The de-emphasis filter is in cascade with the oversampling filters. It is implemented as an IIR
filter, and faithfully reproduces the standard de-emphasis gain and phase characteristics. The de-
emphasis filter is enabled by setting the DEEM flag and disabled by clearing it. Device reset
resets the DEEM flag and selects the 44.1 kHz coefficients. The de-emphasis filter coefficients
are selected by the FSEL1 and FSELZ flags to match the currently selected operating sample rate,

as shown below.




- SM5840A B

The attenuation applied to both audio channels is determined by an internal attenuation
coefficient DATT. The attenuation is given by "Attenuation = 20XL0G10(1 - DATT/127) [dB]". When
DATT = 0, no attenuation is applied. When DATT = 127, the attenuation is infinite and the output is
muted. DATT is initialised to O by a device reset. The attenuation register is written using the
MDT, MCK, and MLE pins, as in the case of the mode flag input. See figure below.

(Attenuation coefficient: DATT)

Bt B2 B3 B4 B5 B6 B7 B3
(MSB) (LSB)

(L)Y| al| a2| a3| a4| a5| a6 | a7

Fig. 15 Setting Attenuation Data

The first bit must be LOW to indicate attenuation data input. The remaining 7 bits define the new
value of the attenuation register. The attenuation can be changed by writing a new value into the
attenuation register. The attenuation coefficient ramps toward the new value and stops when this
value is reached. This is shown in figure below. A new value can be written to the attenuation
register before the attenuation coefficients as reached the previously written value. The resulting
transition is shown between settings 4 and 5 in the below figure.

‘Setting 1

(reerecveccacans

Setting 2 Setting 4 Time

‘Fig. 16 Attenuation Level Transitions Setting

13 -
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4. Soft Mute

The output of the SM5840 can be muted by setting the MUTE flag. When set, the attenuation
coefficient ramps to a value of 127, smoothly increasing attenuation to infinity. When the MUTE flag
is reset, the attenuation coefficient ramps back to the value in the attenuation register. The final
attenuation will be either the attenuation before mute was applied, or a new value if the
attenuation register was written while MUTE was set. The -time taken to increase attenuation from
zero to infinity is approximately 1024/fs. This corresponds to 23.2 ms for a 44.1 kHz input sample
rate.

5. System Clock

The system clock can be selected to be either 256 or 384 times the input sample rate. The clock
signal can be supplied by the internal oscillator circuit by connecting a crystal between pins XTI
and XTO, or an external clock signal can be input on pin XTI. The system clock is output on CKO for
use by other devices. Note that for a 384fs system clock, the output bit clock is 192fs, while it is
256fs if a 256fs system clock is selected. Clock selection is summarized in Tb. 1.

Tb.l  System Clock Selection

384fs 256fs

External clock or X'tal osillatar

2 X txx txt

txt is the period of the clock on pin XTI

- 14



| SM5840A /B

The mode flags control the operation of the SM5840. They are divided into two groups of six flags,
with each group of flags input serially on the MDT pin as an 8-bit word. Mode flag input is
indicated if the first bit of this word is HIGH. The second bit selects which group of six flags is
to be written, and the remaining 6 bits are the values of the flags. Each bit is clocked into the
input shift register by the rising edge of MCK. The contents of the shift register are latched into
the internal mode register on the rising edge of MLE. Fig. 17 and Fig. 18 show the mode flag input
timing. The dotted lines in the figures show allow able signal levels of MLE and MCK. Tb.2
summarises the effects of all mode flags.

Bl B2 B3 B4 BS B6 B7 BS
| ](H)l @ [ i BIRRIFSELIIFSELZIDEEMIMUTE

MLE
Fig. 17 Mode flag Timing 1
Bl B2 B3 B4 B5 B6 B7 B8
H @] #s LRPL[OMODI ow16| owzo[ NSOF
MLE

Fig. 18 Mode flag Timing 2

Th. 2 Mode flag summary

3| BLLL 'Qutput mode ) L H |
"4 | BIRR selection BILL L | Stereo | RR Stereo
H LL Not used, )
"5 | FSEL1 | De-emphasis filter ,LFSEL,Z I:
"H | L sampling b Lt | g
6 | FSEL2 | frequency FSEL1 - -
H [Not used| 32.0 17
1 _ . L |De-emphasis off O
7 | DEEM |De-emphasis H |De-emphasis on
- | - L |Mute off O
8 | MUTE | Mute T Mute on 7
3| ms Serial input . {Normal sedal input O
format H|0S .
-1 . L |Lch/Rch = High /Low @)
4| LRPL | LRCI polarity H |Lch/Rch = Low “High ]
= | L |8fs LR-parallel O F
- u 5| OMOD |Output mode H _[4fs LR-alternate é
6| OW16 | ow1é
Output word L H 18 bits 18
- - length select L 18 16 |
71 OW20 ow20 H 20 [Not wsed,
SR E . L |Noise shaper on [e)
8 | NSOF |Noise shaper H |Noise shaper off

15 -
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7. Audio Data Input

The bit-serial audio input data is in 16-bit, 2's complement, MSB-first format. If the IIS mode
flag is set, IIS bus timing is selected, otherwise standard serial data timing is used. Input timing
is shown in Fig. 19 and Fig 20. The data is input on the DIN pin. Each bit is shifted into the input
data shift register on the rising edge of the BCKI bit clock. The contents of the shift register are
latched into the left- and right-channel input registers on alternate transitions of the word clock,
LRCI. If the LRPL flag is set, data is latched into the left channel on the rising edge of LRCI, and
into the right channel on the falling edge of LRCI. The reverse takes place if the LRPL flag is
reset. LRPL is reset by a device reset. 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 do not affect functional operation. But when the XTI or LRCI clock disturbs, this
device must be reset.

16 —
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DIN .1 2 |14t15|13 1|z]| [14|?$
o USRS SULAAT

LRCI -
(LRPL=L) __|
LRCI —
(LRPL =H) A
Fig. 19 Input Timing, Standard Format (IS flag=1L)
1/1s
: Lch DATA ;| Rch DATA
'(MSB) (LSB)Y  (MSB) (LSB):
DIN 1|2 I14I15 he 1|2 141516
s LI L. UL
LRCI
(LRPL=1) |
LRCI _
(LRPL=H)

Fig. 20 Input Timing, IS Format (IIS flag = H)

-17 -
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8. Data Output
The audio output data is in bit-serial, 2's complement, MSB-first format. The output word length
is selected by the OW16 and OW20 flags, as shown below.

(1) The output word length is dnitialized to 18 bits by a device reset. Data can be output in one of
two formats. 8fs LR-parallel format is selected if OMOD is reset, and 4fs LR-alternate format is
selected if OMOD is set. In the 8fs LR-parallel format, left- and right-channel data is output on
both the DOL and DOR output pins. In the 4fs LR-alternate format, left- and right-channel data is
output alternately on the DOL output only. The 8fs LR-parallel format is selected by a system reset.
The deglitch output signal goes LOW before the start of each word, and returns high 9 bit periods
later. It is provided for use by the DAC output sample-and-hold circuits to latch the analog output
signal. Figures C to F show the timing for the four combinations of output format and clock
frequency. In all of these, clock pulses and data for bits 17 and 18, shown as dotted lines, are
present in 18-bit output mode. Clock pulses and data for bits 17 to 20 are present in 20-bit output
mode. The output bit clock frequency is 256fs if CKSL is LOW, and 192fs if CKSL is HIGH

(2)DC Offset (SM5840B only) )

In the SM5840B, a DC offset is added to the signal data before it is output. This reduces zero-
crossing distortion for small input signals. The amount of DC offset is approximately 0.8 percent,
and varies according to the output word length.

(3) Output Mode

Output mode is selected by the BILL and BIRR flags, as follows.

(BILL = 0, BIRR = 0 Normal stereo mode)] The left- and right-channel output signals correspond to
the left- and right-channel input signals.

(BILL = 1, BIRR = 0 Left-channel mono mode (LL)) Both left- and right-channels output data
corresponds to the left-channel input signal.

(BILL = 0, BIRR =1 Right-channel mono mode (RR)] Both left- and right-channels output the data
corresponding to the right-channel input signal.

The mono modes are designed for use in bilingual playback systems, where one input channel is sent
to both output channels. Normal stereo mode is selected by a device reset.

1/192fs

B H 1,/192fs
CKSL=L 1,/256fs 1,/2561s
KSL =H 24Tsys (x 1) 24Tsys
oW CKSL=L 32Tsys 32Tsys

(x 1) Tsvs is system clock frequency.

— 18 —
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24TB
System clock _Ll_l_l_U_LrLﬂ_l_L _I_LI_LI_LI_U_U_LI_LI_LI—LI_LI_LI_L
Dol DOR 1]2]3]4 [16]17118l18i20f (! | [1] 2
BCKO ,II_H.J_I_L U [T
TB jo—to—:TB
WCKO | _' 18TB
-l 6TB
7.5TB 15TB "15TB
Flag. 8fs Output Timung (OMOD flag =L, CKSL = H)
- 32TB

System clock IIlIHIIIl llllIlIlllllI U_‘I‘IIII
DOL  DOR 1[2]3 [15]16] 17 18] 191 20} () L[] 2]

BCKO 15 I_U_U_ _ﬂ []

]

]
—

-
===
-

*TB
WCKO : 26TB
—l 6TB
i 75TB 23TB 15TB
Flag. 8fs Output Timing (OMOD flag L, CKSL L)

(*) bit output mode the dotted lines.
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"1

24TB

24TB

-J

18TB

18TB

o
—t
Sere==o -
¥l
2] o
o] o]
el o
e
fhsl 5
~ —
= =
)ﬁll'! [ dahaiade
]
:m- mnn
2IE] -
i
e
i _ﬂ_m
.M o ?-.
=1

||||||||

1.5TB
15TB

DG

—
.
f
.

15TB

7.5TB

7.5TB

'4fs Output Timing (OMOD flag

H, CKSL = H)

Flag. 23

*
h indade ]
3 ]
'
'
At

T
1

32TB
6 7p8u9

(Rch DATA)

RE

32TB
1

‘DOL

26TB

6TB

15TB
23TB

L

26TB

—
]
»
.

7.5TB

23TB

7.5TB

'BCKO

'WCKO

CKSL=L)

=H,

4fs Output Timing (OMOD flag

‘Flag. 24

(%) 18 or 20 bit output mode at the dotted lines.
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The SM5840 should be reset following power-on, switching CKSL and when input clocks are disturbed
by applying a LOW-level pulse to the BST pin. A power-on reset can be effected either by a signal
from the controlling micro processor, or by connecting a capacitor of approximately 300 pF between
BST and VSS. The following events take place on the rising edge of BST. All mode flags are reset to
logic-0. The corresponding modes are shown in Tb. 2. The attenuator register is set to zero that is,
no attenuation is applied to the signal. The timing circuitry is set so that arithmetic and output
timing counters will be reset to zero on the next start edge of LRCI.

The value of capacitance for power-on reset must be determined by depending on the time from
the power on to the stability of input clocks.

- 21 -
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'EMTIMING CHART

1. Input timing (DIN, BCKI, LRCI)

48 1 5 10 15 20 25 30 35 40

sext _I_I 45 48 1
(2.1168MHz)" JUUUU““”““U“H”Uuh“““”“”“u”UUUU“” UUUUUH“HUMU“U“U““UUUUI
DIN , HENERRERRRANENN BLLLETTTITIITTT
'LRCI [
(44.1kHz) —

Fig. A Example 1 (IS flag=L, LRPL flag=L)
giimﬂﬁyfylﬂJLHIUIQH}ﬂIUIHIU1ﬂUlﬂjlﬂIUIIUl£U1ﬂIU1IU1ﬂU%ﬂ
DIN EHEEREEEEEREEEEEHHEEENEENEREERRRHE
LRCI
(44.1kHz) L

Fig. B Example 2 (IS flag=H, LRPL flag =H)

2. Output timing (DOL, DOR, BCKO, WCKO, DG) (%) The number of bits in the DOL, DOR and BCKO

data and clock outputs depends on the output
word length selected by the OW16 and OW20 flags.

‘BCKO
'WCKO |
T IS
TS | T | 0

i .

Fig. C Example 1 (CKSL =H, OMOD flag =L)

- 22 —
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=
=g

WCKO ___l
LSB

ég
E:::15
=N=N

DOR lI‘SIBI|lIHIHHHLISilB??*TE ﬂTHHIlIlHIHHﬁ’i |
G| [ N ||

Fig. D Example 2 (CKSL =L, OMOD flag=L)

|

=,
gs

- *
BCKO MNUUAAAIANEREE £ : ANARATAAMARMANESEE £ ¢ A
WCKO | L

| MSB (Rch)

)

DG l | I' : | L_

TFig. E  Example 3 (CKSL: H, OMOD flag = H)

?
" gé

Beko i+ (AARAMARMAINE S A
WCKO | [ | |
MSB

(Leh) 1o o | B ®Reh) 15 5

| (TTOTTTTTTTO e HIIHHIIHIIIII

B

DG | | | | |
Fig. F Example 4 (CKSL =L, OMOD falg = H)
- 23
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W APPLICATION CIRCUITS (These circuits show signal interconnection only. Timing relationships
should also be taken into consideration when designing a system.)

i o

1. Input interface

( SONY ) DATA[~ -| DN XTo
CXD1125 C210 BCKI

CXD1130 2.1168MHz

CXD1135 LRCK 44.1kHz LrA
PSSL  SLOB XTAI Tessan | KO

moom

( Toshiba ) DOUT . DIN
TC9200F -
, BCK 1.4112MHz
CHCK 44 1kHz
17MO "
(YAMAHA) DO DIN
YM3623 BCO BCKI
L/R yrST LRCI
OA 16.9344MHz XTI
( Matsushita ) SRPATA — DIN i |
MN6617 SRCK BCKI
R/L A1k LRCI
XCK
SEL IPSEL 16.9344MHz Xt
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SM5840A /B

This circuit shows the SM5840 used in 18-bit 8fs LR-parallel output mode with two 18-bit

DAGCs.
( BURR-BROWN )
DATA CLOCK
LATCH ENABLE
CONTROL
~={ DATA INPUT S/H [—Lch
DOL PCM58P
DOR
_SM5840  scxo|—9p
DATA CLOCK
DG .
LATCH ENABLE
CONTROL
1 La{ DATA INPUT = S/H [—"Rch
: PCM58P
i
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NIFPON PRECISION CIRCUITS LTD.

M PACKAGE. DIMENSIONS (Unit : mm)
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SM5840A /B

/ —

04+0.1 |

« 22 pin SOP
139203 02+0.1
AAAAAAAAARE
{O OJ%S g
HEHHHEEHEHG
: 0.8
E s




U[RPC SM5840A /B

NIPPON PRECISION CIRCUITS LTD.

% NOTE: 1. All specifications of this device subject to change without notice.
2. This data sheet does not provide a guarantee in relation to the implementation of
_ industrial proprietary. or any other rights.
3. If any questions about COCOM regulations, please contact us.

NIPPON PRECISION CIRCUITS LTD.

SHUWA SAKURABASHI BLDG. 5-4, HATCHOBORI 4 CHOME,
CHUO KU, TOKYO, 104 JAPAN

TEL 03-3555-7521 FAX (3-3555-7528
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