SM5841A/B
Audio Multi-function Digital Filter

NRPC

NIPPON PRECISION CIRCUITS INC.

OVERVIEW

The SM5841A/B are digital filters for digital audio, fabricated in Molybdenum-gate CMOS. The SM5841A/B
feature selectable digital deemphasis, digital attenuation and soft mute functions. The serial data format uses
16-bit input words and 16-, 18- or 20-bit output words. They can operate from a standard 5V supply or a low-

voltage 3.2V supply. The SMS5841A/B are available in 22-pin SOPs.

FEATURES

m Filter configuration

* 2-channel, 4-times or 8-times oversampling
(interpolation) filter

* 3-stage interpolation (69-tap + 13-tap + 9-tap)

» IIR deemphasis filter for accurate gain and
phase response

+ Digital attenuator

+ Overflow limiter

 Crystal oscillation circuit built-in

m Filter characteristics (fs = sampling frequency)

¢ 0.20 £ 0.03dB passband (0 to 0.4535fs) ripple

* 53dB (min) stopband attenuation (0.5465fs to
7.4535fs in 8fs mode and 0.5465fs to 3.4535fs
in 4fs mode)

* Linear phase (zero group delay)

a Input/output
* 16-bit serial data input (2s-complement, MSB-
first, normal/IIS selectable)
e 16-, 18- or 20-bit serial data output (4fs L/R
alternating or 8fs L/R simultaneous, 2s-comple-
ment, MSB-first, stereo/bilingual mode select)
* DC offset (approximately 0.8%) correction
(SM5841B only)
* TTL-compatible
m 2561fs/384fs system clock selectable
m Supply voltage

* 5V normal-voltage operation

* 3.2V low-voltage operation
m Package: 22-pin SOP
m Molybdenum-gate CMOS process
m Filter functions

« lst-order noise shaper (ON/OFF selectable)

¢ Soft muting

 Digital attenuation

 Digital deemphasis (for 32, 44.1 and 48kHz)

APPLICATIONS

m CD playback systems
m DAT playback systems
s PCM playback systems
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ORDERING INFORMATION

Device Package
SM5841AS
22-pin SOP
SM5841BS
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SM5841A/B

BLOCK DIAGRAM
CKSL LRCI DIN BCKI
I 1
XTI B——»
XTO . System clock Input data interface
CKO o+
RSTB—» Timing controller Filter. and at.tcnuation
arithmetic block
MDT m—
MCK ﬁ Mode .and ALLENUALOT i cl:f:’[‘::l ” ® BCKO
—_— interface ‘
MLE ® —=m WCKO
Output data =
interface | bor
" DOR
Attenuator and mute control “ —8 DG
i
VSS VDD
PIN DESCRIPTION
Number Name o' Description
1 CKSL Ip Oscillator and input frequency select. 384fs when HIGH, and 256fs when LOW.
2 XTl | Oscillator input connection
3 XT0 (o] Oscillator output connection
4 CKO o Oscillator output clock (same frequency as XTI)
5 VsSs - Ground
6 NC - No connection
7 NC - No connection
8 MDT Ip Digital attenuator and mode set data
9 MCK p Digital attenuator and mode set clock
10 MLE Ip Digital attenuator and mode set latch enable
" RST Ip System reset
12 DG 0 81s lefi/right simutaneous or 4fs left/right alternating de-glitched output
Right-channel data output when in 8fs L/R simultaneous mode, and LR clock output in 4fs L/R
13 DOR 0 .
alternating mode.
14 DOL 0 Left-channel data output when in 8fs L/R simultaneous mode, and left/right-channel data output in
L/R alternating mode.
15 WCKO 0 Output word clock
16 vDD - 5V supply
17 NC - No connection
18 NC - No connection
19 BCKO (o} Output bit clock
20 LRCI Ip Input data sample rate (fs) clock
21 BCKI Ip Input bit clock
22 DIN Ip Data input

1. I=input, Ip = Input with pull-up resistor, O = output
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SM5841A/B

SPECIFICATIONS
Absolute Maximum Ratings
VSS = OV
Parameter Symbol Rating Unit
Supply voltage range Voo -0.3t07.0 v
Input voitage range Vin -03toVpp +0.3 v
Power dissipation Pp 250 mwW
Storage temperature range Tayg -4010 125 deg.C
Soldering temperature Tsid 255 deg.C
Soldering time tq 10 s
Recommended Operating Conditions
VSS = OV
Parameter Symbol Rating Unit
Supply voltage range Voo 321055 v
Operating temperature range Topr -20to 80 deg.C

NIPPON PRECISION CIRCUITS—3



SM5841A/B

DC Electrical Characteristics

Nonnal-voltage mode
Voo =451t0 55V, Vss =0V, T, = -20 to 80 deg. C unless otherwise noted

Rating
Parameter Symbol Condition Unit
min typ max
Vop = 50V,
Supply current b fsys = 256fs = 13 MHz, - - 40 mA
no load
XTI HIGH-level input voltage ViHi 0.7Vop - - v
XT| LOW-level input voltage Vit - - 0.3Vpp v
HIGH-level input voltage Vinz 24 - - v
See note 1.
LOW-level input voltage Vi - - 05 v
HIGH-level output voltage Vo Ig:e =no_tg.42 mA. 25 - - Vv
LOW-level output voliage Vor l&e:;t: ;‘ A - - 04 v
XTI HIGH-level input leakage
current hH Vin = Vop - 10 20 pA
XTI LOW-level input leakage
current I Vin=0V - 10 20 pA
HIGH-level input leakage current hu Vin = Vop. See note 1. - - 1.0 pA
LOW-evel input current e Vin = O V. See note 1. - 10 20 A
Notes

1. Pins LRCL, DIN, BCKI, CKSL, MDT, MCK, MLE and RST
2. Pins CKO, DOL, DOR, BCKO, WCKO and DG

Low-voltage mode
Vop =32 045V, Vis =0V, T, = =20 to 70 deg. C unless otherwise noted

Rating
Parameter Symbol Condition Unit
min typ max
Vpp = 34 V,
Supply current 0 fsys = 256fs = 11.5 MHz, - - 20 mA
no load
XTI HIGH-level input voltage Viui 0.7Vbp - - v
XTI LOW-level input voltage Vity - - 0.3Vpp v
HIGH-level input voltage Vit 24 - - v
See note 1.
LOW-level input voltage Viz - - 05 \Y
HIGH-level output voltage Vou [ S92 mA 25 - - v
LOW-level output voltage Vou '&ezng{: ;“A' - - 0.4 v
XTI HIGH-level input leakage _ _ _
current : o Vi = Voo 12 KA
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SM5841A/B

Rating
Parameter Symbol Condition Unit
min typ max

XTI LOW-level input leakage ~ _ _
current I VN=0V 12 uA
HIGH-level input leakage current I Vin = Vpp. See note 1. - - 1.0 pA
LOW-level input current I ViN = 0 V. See note 1. - - 12 pHA
Notes

1. Pins LRCI, DIN, BCKI, CKSL, MDT, MCK, MLE and RST
2. Pins CKO, DOL, DOR, BCKO, WCKO and DG

AC Electrical Characteristics

Vop =45t 55 V, Vss = 0 V, T, = =20 to 80 deg. C for normal-voltage operation.
Voo = 321045V, Vss =0V, T, = 20 to 70 deg. C for low-voltage operation.
Typical values are measured at fs = 44.1 kHz.

System clock

Crystal oscillator operation

Rating
Parameter Symbol Condition Unit
min typ max
384fs, CKSL = HIGH 4.0 16.9 19.3
Oscillator frequency fmax MHz
256fs, CKSL = LOW 40 11.3 13.0
External clock input operation
Rating
Parameter Symbol Condition Unit
min typ max
384fs, CKSL = HIGH 2.7 295 125
XTI HIGH-level clock pulsewidth town ns
256fs, CKSL = LOW 3% 43 125
384fs, CKSL = HIGH 217 295 125
XTI LOW-level clock pulsewidth tewL ns
256fs, CKSL = LOW 34 43 125
384fs, CKSL = HIGH 51.7 59.0 250
XTI clock pulse time tx ns
256fs, CKSL = LOW 7 88.6 250

System clock timing waveform

Over
0.7Vpp
0.5Vpp
Under
0.3Vpp

Serial input timing (BCKI, DIN, LRCI)

Rating
Parameter Symbol Unit
min typ max
IBCKI HIGH-level pulsewidth tBcwWH 50 - - ns
[BeKi LowHeval pusewiatn tacwL 50 - - ns
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SM5841A/B

Rating
Parameter Symbol Unit
min typ max
BCKI pulse period tacy 100 - - ns
DIN- setup time tos 50 - - ns
DIN hold time 1oH 50 - - ns
Last BCKI rising edge to LRCI edge teL 50 - - ns
LRCI edge to first BCKI rising edge T:] 50 - - ns
BCKI, DIN and LRCI input timing waveform
Reset timing
Rating
Parameter Symbot Condition Unit
min typ max
____ At power-on 1 - _ us
RST LOW-level pulsewidth tRsT
At other times 50 - - ns
Control input timing (MDT, MCK, MLE)
Rating
Parameter Symbol Unit
min typ max
MDT setup time tMps 40 - - ns
MDT hold time MDH 40 - - ns
MLE selup time tmes 60 - - ns
MLE hold time MCH 40 - - ns
MLE LOW-level pulsewidth tMEWL 40 - - ns
MLE HIGH-lavel pulsewidth tMEWH 40 - - ns
MLE pulse interval tMLEY 6 - - tsvs
MCK and MLE rise timg I - - 100 ns
MCK and MLE fall time t - - 100 ns

Note

tsys = system clock cycle time (1/384fs

when CKSL = HIGH and 1/256fs

when CKSL = LOW)
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SM5841A/B

Control input timing waveform

Output timing

Normal-voltage mode

Vop =4510 55V, Vs =0V, T, = =20 to 80 deg. C

falling-edge output

Rating
Parameter Symbol Condition Unit
min typ
Oscillator input to output delay txTo :gln;agggeedge o XTO 3 - ns
Oscillator input to clock output XTI faling edge to CKO _
delay tcko faling edge 7 ns
XTI faling edge to BCKO _
. . . loH rising edge 10 ns
Oscillator input to bit clock output
delay (CKSL = HIGH) 1 XTI fallng edge to BCKO | . o
bl falling edge
: XTI rising edge to BCKO 10 B ns
: : . oH rising edge
Oscillator input to bit clock output
delay (CKSL = LOW) 1 XT} faling edge 1o BCKO | o _ o
ol falling edge
BCKO falling edge to
. toghit fising-edge output 0 - ne
Bit clock output to data output and
word clock output delay N BCKO falling edge to 0 _ o
L falling-edge output
BCKO rising edge to
todH2 o 0 - ns
[Bit clock output 1o de-glitched rising-edge output
output delay i
a2 BCKO rising edge to 0 _ ns

Notes

All measurements with 15 pF load
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SM5841A/B

Low-voitage mode

Voo =32t045V, Vs =0V, T.=-20 to 70 deg. C

; Rating
Parameter Symbol Condition Unit
min typ max
Oscillator input to output delay txto :i(;filngfa:ggeedge to XTO 3 - 30 ns
Oscillator input to clock output XTI faling edge to CKO
delay foko faling edge 7 - 45 ns
XTI faling edge to BCKO
tsbH y 10 - 100 ns
Oscillator input fo bit clock output rising edge
dolay (CKSL = HIGH) t XTI faling edge to BCKO [ o ~ o0 N
bt falling edge
e XTI rising edge to BCKO 10 _ 100 ns
Oscillator input to bit clock output rising edge
delay (CKSL = LOW) XTI faliin
g edge to BCKO _
bt falling edge 10 100 ns
BCKO falling edge to
todH1 - 0 - 30 ns
Bit clock output to data output and rising-edge output
word clock output delay . BCKO falling edge 1o o ] % "
oLt falling-edge output
BCKO rising edge to
tbdH2 - 0 - 30 ns
Bit clock output to de-glitched rising-edge output
output delay BCKO risin
g edge to _
ootz falling-edge output 0 %0 ne
Notes
All measurements with 15 pF load
Output timing waveform
1sys tsys
TR ’@ww
(CKSL = 0.5Vpp
HIGH)
5YS
—XT - === ==~ A== mmmmm h Nhiadaintaintulafululy’ A e T~ -~ 0.5Vbp
(CKSL =
LOW)
tebH —o tsbl —ud r—
BCKO ~——=~==-~~-— ;[; ———————————— o= 15V
todHt __ |
poL TodL1 r—
DOR -~ —————————— - - - - - ——=——— - K- -~ ——-----————~—————=-== 15V
WCKO
baH2
tedz | r_
DG So-------o-----soioio----oioioioW------o-—- 18V

Note
The output timing shows the timing relationship between DOL/DOR/WCKO/DG and XTI and BCKO. It
does not show the timing relationship between outputs.
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SM5841A/B

Filter Characteristics

SM5841A 4-times interpolation filter

Frequency Rating (dB)
Parameter
f @fs = 44.1 kHz min typ max
Passband attenuation - 020 -
0 to 0.4535fs 0 to 20 kHz
Passband ripple -0.03 - 0.03
Stopband attenuation 0.5465fs to 3.4535fs 241 to 152 kHz 53 - -

4fs filter frequency characteristic (Deemphasis OFF)

Attenuation (d8)
8
D

—r

Irl

0.0 1.0 2.0 3.0 4.0
Frequency (fs)

4fs filter passband characteristic (Deemphasis OFF)

-0.20
0.00

g

5 sl — Py L NN

: \
0.40 \\
0.60 \

0.0 0.125 0.25 0.375 0.5
Frequency (fs)
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SM5841A/B

4fs filter band-transition characteristic (Deemphasis OFF)

) AN

) \
) \
. \

Attenuation (dB)

] \\ / \/ \
. N 4
0.440 0.465 0.490 0.515 0.540 0.565 0.615
Frequency (fs)
SM5841A 8-times Interpolation filter
Frequency Rating (dB)
Parameter
{ @fs = 441 kHz min typ max
Passband attenuation - 0.20 -
0 to 045357 0 to 20 kHz
Passband ripple -0.03 - 0.03
0.5465fs to 3.4535fs 24.1 10 152 kHz 53 - -
Stopband attenuation 3.4535fs to 4.5465fs 152 to 201 kHz 50 - -
4.5465fs o 7.4535fs 201 to 328 kHz 53 - -

8fs filter frequency characteristic (Deemphasis OFF)

Attenuation (dB}

—dll
9
B>
-
i . ey
N
—
—

100

#

120 : ]
0.0 20 4.0 6.0 8.0
Frequency (s}
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SM5841A/8

8fs filter passband characteristic (Deemphasis OFF)

0.00
o
h=X
§ 0[N~ - Pt N
Q
&

0.20 \

0.0 0.125 0.25 0.375 0.5
Frequency {fs)

8fs filter band-transition characteristic (Deemphasis OFF)

) N
N\
) \
\
) \ SN
\ YaVERYAAY

0.440 0.465 0.490 0.515 0.540 0.565 0.580 0.615 0.640
Frequency (fs)

Attenuation (dB)
8
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SM5841A/B

SM5841B 4-times Interpolation filter

Frequency Rating (dB)
Parameter.
: t ] @fs = 441 kHz min typ max
Passband attenuation - 0.20 -
0 to 0.4535fs 0 to 20 kHz
Passband ripple ~0.03 - 0.03
Stopband attenuation 0.5465fs to 3.4535fs 24.1 to 152 kHz 53 - -

4fs filter fraquency characteristic (Deemphasis OFF)

g 60 } /\A/-\ 1
z | VAV
- ]lr“l ' ' 'I'l
LK L
100 ll |l

Frequency (is)

4fs filter passband characteristic (Deemphasis OFF)

-0.20
0.00

g

‘g ~ S~ <

\
0.40 \\
0.60 \

0.0 0.125 0.25 0.375 0.5
Frequency (is)
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SM5841A/B

4fs filter band-transition characteristic (Deemphasis OFF)

Attenuation (d8)
-]

) \
\

) NAL_ \( \
" N
0.440 0.465 0.490 0.515 0.540 0.565 0615 0.640
Frequency (fs)
SM5841B 8-times interpolation filter
Frequency Rating (dB)
Parameter
f @fs = 441 kHz min typ max
|Passband attenuation - 0.20 -
0 to 04535fs 0 to 20 kHz
Passband ripple -0.03 - 0.03
0.5465fs 10 3.4535fs 24.1 to 152 kHz 53 - -
Stopband attenuation 3.4535fs to 4.5465fs 152 to 201 kHz 50 - -
45465fs to 7.4535fs 201 10 328 kHz 53 - -

8fs filter frequency characteristic (Deemphasis OFF)

Attenuation (dB)

]

8
—

—
N—\’\

100 [ \
ol M |
0.0 20 4.0 6.0 8.0
Frequency (fs}
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SM5841A/B

8fs filter passband characteristic (Deemphasis OFF)

0.00

Attenuation {(dB)
o
=]

0.20
0.0

0.126

0.25

Frequency (fs)

8fs fiRer band-transition characteristic (Deemphasis OFF)

0.37%

0.5

N

\

Attenuation (dB)
8

\ .

40

\

) \
. \ \
" A /\/ \{ /
0.440 0.465 0.490 0.515 0.540 0.565 0.615 0.640
Frequency (fs)
Deemphasis filter
Sampling frequency (fs)
Parameter
32 kHz 441 kHz 48 kHz
Passband bandwidth (kHz) 0 to 145 0 to 200 0217
Attenuation (dB) —0.40 to 0.35 -0.05 to 0.15 —0.30 to 0.05
Deviation from ideal characteristics
Phase, 8 (°) 21019 ~11to15 11014
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SM5841A/B

FUNCTIONAL DESCRIPTION

SM5841A/B Arithmetic Block

Deemphasis
IR fiter

is
Attenuator
fs

Input

1st FIR 2nd FIR 3rd FIR
2s afs 8fs
69th-order 13th-order oth-order
2x interpolator 2x interpolator 2x interpolator [ ° Output

Oversampling (Interpolation)

The SM5841A/B performs oversampling using a
three-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 53 dB in the 0.5465fs to 7.4535fs
(8fs mode) and 0.5465fs to 3.4535fs (4fs mode)
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. After initialization (system reset),
deemphasis is OFF.

The filter coefficients change according to the
selected sampling frequency, fs.

FSEL1 FSEL2 Sampling frequency
LOW Low 441 kHz
LOW HIGH 48 kHz
HIGH LOW 441 kHz
HIGH HIGH 32 kHz

After initialization (system reset), 44.1 kHz sam-
pling frequency is selected.
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SM5841A/B

Digital Attenuator (MDT, MCK, MLE)

The digital attenuator is used for the attenuation
and mute functions. An external attenuation coeffi-
cient is loaded into an attenuation register using
MDT, MCK and MLE, as shown in figure 1.

The 7-bit attenuation level set data is input on
MDT (MSB = LOW), MSB-first and clocked on
the falling edge of MCK.

Both the left and right channels are attenuated
simultaneously by an amount

Attenuation = 20 x log1g(1 — DATIV127) dB
where DATT is the contents of the attenuation
register. When DATT = 127, the attenuation is

infinite (mute function). The register is reset to O at
system resel.

DATT attenuation data

e N
B1 B2 B3 Bs Bs B? 88
MsB Ls8
wor | ] low [ a1 | a2 | | aa | a5 | a | a7 |

Figure 1. Auenuation data

When a new DATT attenuation coefficient is
loaded, the attenuation ramps up or down to the
level set by the new coefficient as shown in
figure 2. If another attenuation coefficient is loaded

Level 1

before this new level is reached, the gain ramps in
the direction of the latest set level. This occurs
because coefficents are temporarily stored in a dif-
ferent register.

Level 3 /

Figure 2. Attenuation level changes

Soft Mute

The oversampled output can be muted using the
MUTE flag. Muting is ON when MUTE is HIGH,
and OFF when MUTE is LOW.

When MUTE is HIGH, the maximum attenuation
coefficient 127 is loaded into the temporary-storage
register and the attenuation slowly changes to oo
dB.

When MUTE is LOW, the value in the tempo-
rary-storage register is the value just before MUTE
went LOW, If the external attenuation coefficient
changes, the attenuation slowly changes to that new
value.

The time taken to increase the attentuation from 0
(DATT = 1) to e dB (DATT = 127) is approxi-
mately 1024/fs, which is approximately 23.2 ms at
fs = 44.1 kHz.

Muting is set to OFF at system reset.

System Clock (XTI, XTO, CKO, CKSL)

The system clock has 256fs and 384fs sclectable
frequencies. The clock can be generated either
externally (input on XTI) or internally (crystal
oscillator between XTI and XTO).

The clock is output on CKO, where the frequency
is set by the level on CKSL as shown in table 1.

Table 1. System clock select

e Clock
KSL frequency Clock input
LOW 256fs  |External clock on XTI

OR

HIGH 384fs  [Crystal oscillator between XTI and XTO
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SM5841A/B

Mode Flags (MDT, MCK, MLE)

The mode flags are set by data on the serial data
interface pins (MDT, MCK and MLE).

Mode flag data on MDT is clocked on the falling
edge of MCK, and then shifted in a shift register on
the rising edge of MCK. Data should, therefore,
change on the falling edge of MCK.

B1 B2

g3

" The input data in the internal SIPO (serial-in, paral-

lel-out register) is latched into the mode register on
the rising edge of the MLE latch enable. Therefore,
data preceding the 8-bit input should be set to 1
(HIGH).

The mode flags set are selected by the state of Bl
and B2.

B4 BS 86 B7 B8

MDT | [ wen | ow [ B | 8RR | Fselr | Fseiz | oeem | mute

r=a r—A r=a
MCK [N I l l l I l | | | l I I [
WLE |
Figure 3. Mode flag setting 1
81 B2 B3 B4 Bs B6 87 B8
MDT I | HGH HGH | s | LReL [ omop | owis | owzo | nsoF
r-1 r-a r=-
MCK [ | I | l l | | I l | l [
MLE |

Figure 4. Mode flag setting 2
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SM5841A/8

Table 2. Mode flag description

B B2 Bi Mode Mode function select Default at
: flag Description HIL Function reset
BILL BIRR Output
3 BILL
LOW LOW Stereo
Bilingual output select LOW HIGH RR Stereo
4 BIRR HIGH LowW LL
HIGH HIGH Stereo
FSEL1 FSEL2 Frequency
5 FSEL LoW LowW 441 kH
HIGH | LowW Deomshacs 1 e
eemphasis filter
sampling frequency Low HIGH 48.0 kHz 441 WHz
6 FSEL HIGH Low 441 kHz
HIGH HIGH 320 kHz

LOW |Deemphasis OFF
7 DEEM |Deemphasis select OFF
HIGH [Deemphasis ON

LOW |Mute OFF
8 MUTE |Mute select OFF
HIGH |Mute ON

LOW [Normal serial input

3 IS Serial input format

Normal
select HIGH (IS serial input

LOW |Leftright = HIGHLOW
4 LRPL |LRC! polarity HIGHLOW
HIGH |Left/right = LOWMIGH

LOW [8fs LR simultaneous 8is LR
5 OMOD |Output mode .
HIGH {4fs LR alternating simultaneous
LOW | HIGH owie owao Output length
8 oWt LoW LOW 18-bit
Output bit word length . "
select Low HIGH 20-bit 18-bit
HIGH LOW 16-bit
7 OwW20
HIGH HIGH 18-bit

LOW |Noise shaper ON
8 NSOF |Noise shaper selsct ON
HIGH [Noise shaper OFF
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SM5841A/8

Audio Data Input (DIN, BCKI, LRCI, LRPL flags)

The input is in 16-bit, 2s-complement, MSB-first,
serial data format.

The HS flag selects the IIS serial input format. The
SM5841A/B supports IIS-format data at frequen-
cies above 32fs, including 64fs. Normal format is
selected at system reset.

Input timing

Serial input data on DIN is clocked into an SIPO
register on the rising edge of the BCKI bit clock,
and then converted into parallel data.

The SIPO output data for each channel is latched
into either the left-channel or right-channel input
register on the rising/ffalling edge of LRCL

The timing of the arithmetic and output circuits is
independent of the input timing. Accordingly,
phase differences between LRCI, BCKI and XTI do
not cause incorrect operation, and data input clock
jitter does not generate jitter in the output clock.

s

MSB LSB Msa LS8
Left-channel data ——] j«——— Right-channei data ——
oN | | ::: 12 ] ::: BEE f:: 12T [sTis] |
s T UL fUUUUT UL fUyuuL

LRCI
(LRPL = LOW)

LRC!
(LRPL = HIGH)

Figure 5. Normal data format (IIS = LOW)

s

MSB LSB
be——— Left-channel data ——

MSB LS8
[=—— Right-channel data —»

DN Je [ esTe T [Tl TelsPe] - 7T T0]
O I O O R 1

LRCI
(LRPL = LOW)

LRC}
(LAPL = HIGH)

Figure 6. IIS data format (IIS = HIGH)
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SM5841A/B

Data Output (DOL, DOR, BCKO, WCKO, DG, OMOD flag, OW16 flag,

OW20 flag)

The output is in 2s-complement, MSB-first serial
format. The output word length is 16-, 18- or 20-bit
selectable using the OW16 and OW20 mode flags.
18-bit format is selected at system reset.

Filter arithmetic data has DC offset compensation
added (SM5841B only) to reduce D/A converter
zero-crossing distortion for very-small input sig-
nals. The offset correction added is approximately
0.8%.

» 512 LSB for 16-bit output
» 2048 LSB for 18-bit output
« 8192 LSB for 20-bit output

Table 3. Output timing

The BILL and BIRR flags select the output
mode—LL, RR or stereo. LL (and RR) are mono
modes where both channels output the left-channel
(right-channel) signal. Stereo is selected at reset.

The output timing mode is selected by the OMOD
flag. 8fs simultaneous left/right output and 4fs
alternating left/right output are supported. 8fs
simultaneous is selected at system reset.

Left- and right-channel data is output serially on
either two pins (simultaneous or parallel channels)
or one pin (alternating or serial channels), selected
as shown in table 3.

Output mode
Parameter Symbol System clock select
8fs LR simultaneous 4fs LR alternating

KSL = HIGH 1192fs 1192fs

|Bit clock rate ta
KSL = LOW 1/256fs 1/256ks
CKSL = HIGH 241 241g

Data word length tow
CKSL = LOW 32tg 32tg

241g

oo LTI T UL

DOL or DOR 1 2 3 4

617819t

BCKO T i
—t] 'B f—
—{ tg
WCKO
Btg 18t
e |_
7.5tp 15tp 1.51g

Figure 7. 8fs data output timing (OMOD = LOW, CKSL = HIGH)

Note

In 18-bit mode, pulses 17 and 18 are output, and in 20-bit mode, pulses 17 to 20 are output.
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(256ts) l I

DOL or DOR

32tp

PR

BCKO

WCKO

oG |

26ty

Figure 8. 8fs data output timing (OMOD = LOW, CKSL = LOW)

Note

7.5tp

23tp

1.5tg

In 18-bit mode, pulses 17 and 18 are output, and in 20-bit mode, pulses 17 to 20 are output.

Left-channel data

24tg

[+ T=]_ Tref7[re] e ]20]

241g
Right-channel data

CTel Lelwlalls]

8CKO

WCKO

IR ENEN
| EEREEN

U Jr e

M. 1

-~ 1g

LT=T
ML

[— 6tg 18tg 61g 181
1.5tp f— 1.5tg —=
7.5tg 151 7.5 15tg

Figure 9. 4fs data output timing (OMOD = HIGH, CKSL = HIGH)

Note

In 18-bit mode, pulses 17 and 18 are output, and in 20-bit mode, pulses 17 to 20 are output.
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32tp
Left-channel data

oo _| [Tel [elwlululs]

32tp
Right-channel data

[ =] Lelslalals]

S H

U T

M

—! 1p
WCKO
[~— 6tp 26tp 6tg 26tp
DOR
DG
1.5t — — 1.5tg —= fe—
7.5tp 23tg 7.5t 2%

Figure 10. 4fs data output timing (OMOD = high, CKSL = LOW)

Note

In 18-bit mode, pulses 17 and 18 are output, and in 20-bit mode, puises 17 to 20 are output.

System Reset

The SM5841A/B must be reset at power-ON by
applying at LOW-level pulse on RST.

The following conditions occur at system reset.

1. The arithmetic and output timing counters are
reset on the next LRCI start edge after XTI has
stablilized.

2. All data flags are reset to LOW when RST goes
HIGH.

3. Mute attenuation is reset to OFF when RST
goes HIGH.

A power-ON reset pulse can be applied from a
controlling microprocessor, or by connecting a

300 pF capacitor between RST and VSS for sys-
tems where XTI and LRCI stablilize simulta-
neously. For others systems that do not use a
microcontroller, XTI and LRCI must stabilize
before RST goes HIGH. A larger capacitor can be
used to ensure that this occurs.

If the system clock becomes corrupted or develops
jitter such that the timing increases above *+3/8 x
(LRCI clock frequency), then the internal timing
will automatically reset on the next LRCI start
edge. This timing re-synchronization can generate
an output click noise.

NIPPON PRECISION CIRCUITS—22



SM5841A/B

Output Muting

When RST goes LOW, DOL and DOR go LOW,
immediately muting the output words. Muting is
released and timing re-synchronized on the third
LRCI rising edge after RST goes HIGH. The
BCKO and WCKO clock outputs do not stop.

Furthermore, when CKSL changes state, LRPL
changes state or the internal timing re-synchronizes,
as shown in figure 11, and output muting and
release occurs just as when RST goes LOW.

RT T | Low
LRl -] S

DOL l
DOR) LOW

Figure 11. System reset timing and output muting

TIMING DIAGRAMS

Input Timing (DIN, BCKI, LRCI)

481 5 10 15 20 25 30 35 40 45 481
vt JUULMNMMMAARTTIARATINARTURAUIARIT AL
MsB Lett channe! LsSB MSB Right channel LSB
o INERERNRAARNNRE ARNERNERRRRRRNN
LRCI —
(44.1kHz) _ |
Figure 12. Input timing 1 (IIS = LOW, LRPL = LOW)
1
12 3233 8485

{1.4112 MHZ)

MSB LSB
1 2 Left-channel data 1516

DIN

2y TS A A S AT L

MSB LSB
1 2 Right-channel data 1516

Hnnn

LRCI
(4.1 kHz)

Figure 13. Input timing 2 (IIS =

HIGH, LRPL = HIGH)
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Output Timing (DOL, DOR, BCKO, WCKO, DG)

/s

— T T T ]
’ e ———

AR A AL
BoKO [ULLUTUUL LUy LU | .
wo =TT L |
oor | | (TTTTTTITITIIIIILEE: | | (TTOTTIIIIIIIIIEE E
S M liinannnnnnnnnnnnaneell Binannnnnnnnnnnnnnnanstl M inn
. r N

Figure 14. 8fs output timing 1 (CKSL = HIGH, OMOD = LOW)

Note

In 18-bit mode, pulses 17 and 18 are output, and in 20-bit mode, pulses 17 to 20 are output.

- | l N ——
e
SO AR A
WCKO ____J J -
oo _| | [TTTTTTITIITIITEL T m
oo _| | T (T TTIITTI T m
oG | | |

Figure 15. 8fs output timing 2 (CKSL = LOW, OMOD = LOW)

Note

In 18-bit mode, pulses 17 and 18 are output, and in 20-bit mode, pulses 17 to 20 are output.
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[ 1/8fs

=

WCKO I I L

MsB LSB MsB LS8

boL (CTTTITTTTTITITT e | | (TITTTTITTIOo T e | (1T

DOR

oG | l

Figure 16. 4fs output timing 1 (CKSL = HIGH, OMOD = HIGH)

Note
In 18-bit mode, pulses 17 and 18 are output, and in 20-bit mode, pulses 17 to 20 are output.

— | 1 T 1
B
A A ST S
BCKO MANATAAMLaE L0 S [
weko [ || L L
oou__| | [TTTTTTTITITIITLEE: TTTTTITIIIIITE il
o | i

Figure 17. 4fs output timing 2 (CKSL = LOW, OMOD = HIGH)

Note
In 18-bit mode, pulses 17 and 18 are output, and in 20-bit mode, pulses 17 to 20 are output.
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APPLICATION CIRCUITS
Input Interface Circuits

16.9344 MHz
M)
g
XTi XTO
Sony XTAl 16.9344‘(:HZ cKo
441 2
CXD1125 LRCK LRCI SM5841
CXD1130 DATA DIN
CXD1135 =7 2.1168 MHz BCKI
PSSL SLOB CKSL
16.9344 MHz
-
XTH XTO
Sony XTAl 16.9344 MHz Ko
44.1 kHz
CXD2500 LRCK LRCI SM5841
DAt6 DIN
DA15 BCKI
PSSL CKSL
.9
Matsushita XCK 16“344 MHz X7l
AL — LRel SM5841
MN6617  smrpata DIN
SRCK BeKl (LRPL = HIGH)
SEL IPSEL CTKSL
Yamaha oA 16.9344 MHz XTI
441 kHz
YM3623 LR LRCH SM5841
Do DIN
2.1168 MHz
BCO BCKI
KSL

NIPPON PRECISION CIRCUITS—26



SM5841A/B

Output Interface Circuits

18-bit dual D/A converter (8fs L/R simultaneous output mode)

Data clock
Latch enable control
: Sample-and-hold Left-channel
—*] Datainput mpclrcult — output
Burr-Brown
PCM58P
bOL
DOR
SM5841 BCKO
WCKO
m —
Data clock
Latch enable conirol
L~# Dalainput Sarm(!:eir-;:}:i-hold —» gl;?;l:‘-tchannel
Burr-Brown
PCM58P
18-bit D/A converter
BCKO CLK
WCKO LL Analog Devices | Lefi-channel
SM5841 L& output
Dot DL AD1865 —— Right channel
DOR bR
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Please pay your attention to the following points at time of using the products shown in this document.

The products shown in this document (hereinafter “Products” are not intended to be used for the apparatus that exerts harmiul influence on
human lives due to the defects, failure or malfunction of the Products. Customers are requested to obtain prior written agreement for such
use from NiPPON PRECISION CIRCUITS INC. (hereinafter “NPC"). Custemers shall be solely responsible lor, and indemnify and hold NPC
free and harmless from, any and all claims, damages, losses, expenses or lawsuits, due 1o such use without such agreement. NPC reserves
the right to change the specifications of the Products in order to improve the characteristic or reliability thereof. NPC makes no claim or
warranty that the contents described in this document dose not infringe any inteliectual property right or other similar right owned by third
parties. Therefore, NPC shall not be responsible for such problems, even if the use is in accordance with the descriptions provided in this
document. Any descriptions including applications, circuits, and the parameters of the Products in this document are for reference to use the
Products, and shall not be guaranteed free from defect, inapplicability to the design for the mass-production products without further testing
or modification. Customers are requested not to export or re-export, directly or indirectly, the Products to any country or any entity not in
compliance with or in violation of the national export administration laws, treaties, orders and regulations. Customers are requested
appropriately take steps to obtain required permissions or approvals from appropriate government agencies.

NIPPON PRECISION CIRCUITS INC.

4-3, Fukuzumi 2-chome, Koto-ku,

Tokyo 135-8430, Japan

Telephone: +81-3-3642-6661
NIPPON PRECISION CIRCUITS INC. Facsimile: +81-3-3642-6698

hitp:/fwww.npc.co.jp/
Email: sales@npc.cojp

NC9251CE 2002.11
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