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NIPPON PRECISION CIRCUITS INC.

 

Asynchronous Sample Rate Converter

 

OVERVIEW

 

The SM5849AF is a digital audio signal, asynchronous sample rate converter LSI. It supports 16/20/24-bit
word length input data, 16/20/24-bit word length output data, 2kHz to 100kHz input sample rate range, and
4kHz to 200kHz output sample rate range. It also features a built-in digital deemphasis filter and digital attenu-
ator.

 

FEATURES

 

Functions

 

■

 

Left/right-channel processing (stereo)

 

■

 

2 to 100kHz input sample rate range (fsi)

 

■

 

4 to 200kHz output sample rate range (fso)

 

■

 

0.45 to 2.2-times variable sample rate conversion
ratio (fso/fsi)

 

■

 

Asynchronous input and output timing (clock
inputs)

 

■

 

System clock inputs (input and output clocks inde-
pendent)
• 256fsi or 384fsi input system clock select
• 256fso or 384fso output system clock select

 

■

 

Deemphasis filter
• IIR-type filter
• 44.1, 48 or 32kHz

 

■

 

Digital attenuator
• 11-bit data, 1025 levels
• Smooth attenuation change
• +12dB gain shift function

 

■

 

Direct mute function

 

■

 

Through mode operation
• Direct connection from input to output

 

■

 

Output data clocks (LRCO, BCKO)
• Slave mode: external input
• Master mode: output system clock generated

internally

 

■

 

Dither round-off processing
• Dither round-off ON/OFF selectable

 

■

 

3.3V single supply

 

■

 

80-pin QFP

 

■

 

Silicon-gate CMOS process

 

Filter Characteristics and Converter Efficiency

 

■

 

24-bit internal data word length

 

■

 

Deemphasis filter characteristics (IIR filter)
• ±0.03dB gain deviation from ideal filter charac-

teristics

 

■

 

Anti-aliasing LPF characteristics
• Output/input sample rate conversion ratio auto-

matic filter select (6 FIR filters)
- Up converter LPF 

1.0 to 2.2 times
- Down converter LPF I

0.92 times: 48.0 to 44.1kHz
- Down converter LPF II

0.73 times: 44.1 to 32.0kHz
- Down converter LPF III

0.67 times: 48.0 to 32.0kHz
- Down converter LPF IV

0.5 times: 48.0 to 24.0kHz
- Down converter LPF V

0.45 times: 48.0 to 22.1kHz
• ±0.00005dB passband ripple
• > 110dB stopband attenuation

 

■

 

Converter noise levels
•

 

≤

 

 

 

−

 

110dB internal calculation (quantization)
noise

•

 

−

 

98dB (16-bit output), 

 

−

 

122dB (20-bit output),
and 

 

−

 

146dB (24-bit output) word rounding
noise

 

■

 

Output S/N ratio (theoretical values)

 

Output  signal  
w ord length

S/N ratio

16-bit input 
w ord length

20-bit input 
w ord length

24-bit input 
w ord length

 

16 bits 94 .8dB 97 .7dB 97 .7dB

20 bits 97 .7dB 109 .5dB 109 .7dB

24 bits 97 .7dB 109 .7dB 1 1 0 d B
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Interfaces

 

■

 

Input data format
• 2s-complement, L/R alternating, serial
• IIS/non-IIS format

 

■

 

Output data format
• 2s-complement, MSB first, L/R alternating,

serial
• Continuous bit clock

 

APPLICATIONS

 

■

 

Digital audio equipment-interface sample rate
conversion (AV amplifiers, CD-R, DAT, MD and
8mm VTRs)

 

■

 

Commercial recording/editing equipment sample
rate conversion

 

ORDERING INFORMATION

 

M o d e W ord length Data posi t ion Data 
s e q u e n c e

 

1

16 bits

Right justifie d M S B  fi rst

2 Right justifie d LSB fi rst

3 Left justifie d M S B  fi rst

4 IIS M S B  fi rst

5

20 bits

Right justifie d M S B  fi rst

6 Right justifie d LSB fi rst

7 Left justifie d M S B  fi rst

8 IIS M S B  fi rst

9

24 bits

Right justifie d M S B  fi rst

1 0 Right justifie d LSB fi rst

1 1 Left justifie d M S B  fi rst

1 2 IIS M S B  fi rst

 

M o d e W ord length IIS selection Data posi t ion

 

1 16 bits

No r ma l
(non IIS)

Right justifie d2 20 bits

3 24 bits

4 24 bits

Left justifie d
5 16 bits

IIS6 20 bits

7 24 bits

 

D e vice P a ck ag e

 

S M 5 8 4 9 A F 80-p in  QFP
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PINOUT

PACKAGE DIMENSIONS

 

(Unit: mm)

 

80-pin QFP
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PIN DESCRIPTION

 

N u m b e r N a m e I/O

 

1

 

Descr ipt ion

 

1 V D D – Supply vol tage

2 DI Ip Digital input signal

3 B C K I Ip Bit clock input

4 L R C I Ip W ord clock input

5 V S S – G r o u n d

6 I C L K I System c lock input

7 I C K S L Ip System c lock select. 384fs clock when HIGH, and 256fs c lock  when  LOW .

8 I F M 1 Ip

Input format select

9 I F M 2 Ip

1 0 I W L 1 Ip

Input word length select

1 1 I W L 2 Ip

1 2 N C – No connect ion (must  be open)

1 3 N C – No connect ion (must  be open)

1 4 N C – No connect ion

1 5 N C – No connect ion (must  be open)

1 6 N C – No connect ion (must  be open)

1 7 N C – No connect ion (must  be open)

1 8 N C – No connect ion (must  be open)

1 9 N C – No connect ion (must  be open)

2 0 V S S – G r o u n d

2 1 V D D – Supply vol tage

2 2 D M U T E Ip Direct  mute pin. Mu t ing  ON when  HIGH.

2 3 M C O M Ip Microcontroller control select. Microcontrol ler control  when HIGH.

2 4 M D T / F S I 1 Ip
W h e n  M C O N  =  H I G H : Microcontroller interface data input  (MDT)
W h e n  M C O N  =  L OW : Deemphas is  fi lter fs select 1 (FSI1)

2 5 M C K / F S I 2 Ip
W h e n  M C O N  =  H I G H : Microcontroller interface clock  (MCK)
W h e n  M C O N  =  L OW : Deemphas is  fi lter fs select 2 (FSI2)

2 6 M L E N / D E E M Ip
W h e n  M C O M  i s  H I G H : Microcontroller interface latch enable  (MLEN)
W h e n  M C O M  i s  L OW : Deemphasis  funct ion se lect  (DEEM)

2 7 N C – No connect ion (must  be open)

2 8 N C – No connect ion (must  be open)

2 9 N C – No connect ion (must  be open)

3 0 N C – No connect ion (must  be open)

3 1 N C – No connect ion (must  be open)

3 2 N C – No connect ion (must  be open)

3 3 N C – No connect ion (must  be open)

3 4 N C – No connect ion (must  be open)

3 5 N C – No connect ion (must  be open)

3 6 N C – No connect ion (must  be open)

3 7 N C – No connect ion (must  be open)

I F M 1 I F M 2 Data posi t ion

L O W L O W Right justifie d

L O W H I G H Right justifie d 1

1. Data is in LSB first  sequence

H I G H L O W Left justifie d

H I G H H I G H IIS

I W L 1 I W L 2 Data length

L O W L O W 16 bits

L O W H I G H 24 bits

H I G H L O W 20 bits

H I G H H I G H 24 bits
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3 8 N C – No connect ion (must  be open)

3 9 N C – No connect ion (must  be open)

4 0 V S S – G r o u n d

4 1 V D D – Supply vol tage

4 2 O W L 2 Ip

Output  word length select

4 3 O W L 1 Ip

4 4 I ISN Ip IIS output mode select. Nor ma l  mode  when  HIGH,  and  I IS  mode  when  LOW .

4 5 S TAT E O Status output

4 6 T S T 2 N Ip IC test mode pin 2. Tes t  mode  when  LOW . Leave HIGH or open circuit for normal  operation.

4 7 D I T H N Ip Output dither control pin. Di ther  when LOW , and norma l  mode  when  H IGH.

4 8 R S T N Ip Reset input. Rese t  when  LOW .

4 9 T H R U N Ip Through  mode se t . Norma l  mode when HIGH,  and  th rough  mode when LOW .

5 0 S L AV E Ip Slave mode set . Slave  mode  when  H IGH,  and  mas te r  mode  when  LOW .

5 1 N C – No connect ion (must  be open)

5 2 N C – No connect ion (must  be open)

5 3 N C – No connect ion (must  be open)

5 4 N C – No connect ion (must  be open)

5 5 N C – No connect ion (must  be open)

5 6 N C – No connect ion (must  be open)

5 7 N C – No connect ion (must  be open)

5 8 N C – No connect ion (must  be open)

5 9 N C – No connect ion (must  be open)

6 0 V S S – G r o u n d

6 1 V D D – Supply vol tage

6 2 O C K S L Ip Output  system c lock select. 384fs  when HIGH,  and 256fs  when LOW .

6 3 O C L K I Output  system c lock input

6 4 V S S – G r o u n d

6 5 L R C O O W ord clock output

6 6 B C K O O Bit clock output

6 7 D O U T O Data output

6 8 N C – No connect ion (must  be open)

6 9 N C – No connect ion (must  be open)

7 0 N C – No connect ion (must  be open)

7 1 N C – No connect ion (must  be open)

7 2 N C – No connect ion (must  be open)

7 3 N C – No connect ion (must  be open)

7 4 N C – No connect ion (must  be open)

7 5 N C – No connect ion (must  be open)

7 6 N C – No connect ion (must  be open)

7 7 N C – No connect ion (must  be open)

7 8 N C – No connect ion (must  be open)

7 9 N C – No connect ion (must  be open)

8 0 V S S – G r o u n d

 

1. Ip = input pin with internal pull-up resistor

 

N u m b e r N a m e I/O

 

1

 

Descr ipt ion

O W L 1 O W L 2 Data length

L O W L O W 16 bits

L O W H I G H 24 bits

H I G H L O W 20 bits

H I G H H I G H 24 bits1

1. Data is in left justified  sequence.
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SPECIFICATIONS

 

Absolute Maximum Ratings

 

V

 

SS

 

 = 0V

 

Recommended Operating Conditions

 

V

 

SS

 

 = 0V

 

DC Electrical Characteristics

 

V

 

DD

 

 = 3.0 to 3.6V, V

 

SS

 

 = 0V, T

 

a

 

 = 

 

−

 

40 to 85

 

°

 

C

 

P arameter S y m b o l Rat ing

 

1

 

1. Ratings also apply at supply sw i t ch  ON and  OFF.

 

Uni t

 

Supply  voltage ra n g e V

 

D D

 

−

 

0.3 to 4.0 V

Input voltage ra n g e V

 

IN

 

V

 

S S

 

 

 

−

 

 0.3 to V

 

D D

 

 

 

+

 

 0.3 V

Storage  temperature ra n g e T

 

stg

 

−

 

55 to 125

 

°

 

C

P ow er dissipation P

 

D

 

4 0 0 m W

 

P arameter S y m b o l Rat ing Unit

 

Supply  voltage ra n g e V

 

D D

 

3.0 to 3.6 V

O p e rat ing temperature ra n g e T

 

opr

 

−

 

40 to 85

 

°

 

C

 

P arameter S y m b o l Condi t ion
Rat ing

Unit
m i n typ m a x

 

Cur rent  consumpt ion I

 

D D

 

No output  load – 7 0 1 0 0 m A

HIGH- level input vol tage

 

1

 

1. P ins  ICLK and  OCLK.

V

 

IH1

 

2.0 – – V

L O W -level input vol tage

 

1

 

V

 

IL1

 

– – 0.8 V

HIGH- level input vol tage

 

2

 

2. P ins  D I ,  BCKI ,  LRCI ,  ICKSL,  IFM1,  IFM2,  IWL1,  IWL2,  DMUTE,  MCOM,  MDT/FSI1 ,  MCK/FSI2 ,  MLEN/DEEM,  OW L 1 ,  OWL2,  I ISN,  DITHN,
T S T 2 N ,  R S T N ,  T H R U N ,  S L AV E ,  O C K S L .

V

 

IH2

 

2.0 – – V

L O W -level input vol tage

 

2

 

V

 

IL2

 

– – 0.8 V

HIGH- level output vol tage

 

3

 

3. P ins  STAT E ,  L R C O,  BCKO ,  D O U T.

V

 

O H

 

I

 

O H

 

 = 

 

−

 

1 . 0 m A V

 

D D

 

–0.4 – – V

L O W -level output vol tage

 

3

 

V

 

O L

 

I

 

O L

 

 =  1 .0mA – – 0.4 V

HIGH- level input current

 

2

 

I

 

IH

 

V

 

IN

 

 = V

 

D D

 

– – 1.0 µ A

L O W -level input current

 

2

 

I

 

IL

 

V

 

IN

 

 = 0V – – 9 0 µ A

Input leakage current

 

1

 

I

 

L H

 

V

 

IN

 

 = V

 

D D

 

– – 1.0 µ A

I

 

L L

 

V

 

IN

 

 = 0V – – 1.0 µ A
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AC Electrical Characteristics

 

Input clock (ICLK)

Output clock (OCLK)

 

ICLK and OCLK timing

 

P arameter S y m b o l
Condi t ion Rat ing

Unit
S y s t e m  c lock m i n typ m a x

 

H IGH- level clock pulsewidth t

 

C W H 1

 

256fsi 17.5 – –
ns

384fsi 11.7 – –

L O W -level clock pulsewidth t

 

C W L 1

 

256fsi 17.5 – –
ns

384fsi 11.7 – –

Clock pulse cycle t

 

C Y 1

 

256fsi 39.0 – 2 0 0 0
ns

384fsi 26.0 – 1 3 0 0

 

P arameter S y m b o l
Condi t ion Rat ing

Unit
S y s t e m  c lock m i n typ m a x

 

H IGH- level clock pulsewidth t

 

C W H 2

 

256fso 8.7 – –
ns

384fso 5.8 – –

L O W -level clock pulsewidth t

 

C W L 2

 

256fso 8.7 – –
ns

384fso 5.8 – –

Clock pulse cycle t

 

C Y 2

 

256fso 19.5 – 1 0 0 0
ns

384fso 13.0 – 6 5 0

0.5VDD
ICLK

OCLK

tCY2tCY1,

tCWH2tCWH1, tCWL2tCWL1,
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Serial inputs (DI, LRCI, BCKI)

 

P arameter S y m b o l
Rat ing

Unit
m i n typ m a x

 

BCKI  H IGH- level pulsewidth t

 

B C W H 1

 

5 0 – – ns

B C K I  L OW -level pulsewidth t

 

B C W L 1

 

5 0 – – ns

BCKI pulse cycle t

 

B C Y 1

 

1 0 0 – – ns

DI setup t ime t

 

D S

 

5 0 – – ns

DI hold t ime t

 

D H

 

5 0 – – ns

Last  BCKI r is ing edge to LRCI edge t

 

B L 1

 

5 0 – – ns

LRCI edge to first BCKI r is ing edge t

 

L B 1

 

5 0 – – ns

0.5VDD

0.5VDD

DI

BCKI

LRCI

tDS tDH

tBCWH1 tBCWL1

tBCY1

0.5VDD

tLB1tBL1
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Serial inputs (LRCO, BCKO: SLAVE = HIGH)

 

Note: B C KO clock inputs exceeding 64 fso cannot be detected, and wi l l  cause incorrect operation.

 

P arameter S y m b o l
Rat ing

Unit
m i n typ m a x

 

B C K O HIGH- level pulsewidth t

 

B C W H 2

 

3 9 – – ns

B C K O  L OW -level pulsewidth t

 

B C W L 2

 

3 9 – – ns

B C K O pulse cycle t

 

B C Y 2

 

7 8 – – ns

Las t  BCKO r is ing edge to  LRCO edge t

 

B L 2

 

3 9 – – ns

LRCO edge to  fi rs t  BCKO r is ing edge t

 

L B 2

 

3 9 – – ns

0.5VDDLRCO

BCKO 0.5VDD

tBCWH2 tBCWL2

tBCY2

tLB2tBL2
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Microcontroller interface (MCK, MDT, MLEN)

Reset input (RSTN)

 

Note: t

 

C Y

 

 is the system clock input cycle t ime.
t

 

R S T

 

 = approximately 3.8

 

µ

 

s  when t

 

C Y

 

 = 59ns.

 

P arameter S y m b o l
Rat ing

Unit
m i n typ m a x

 

M C K  L O W -level pulsewidth t

 

M C W L

 

5 0 – – ns

M C K  H I G H - l evel pulsewidth t

 

M C W H

 

5 0 – – ns

MDT se tup  t ime t

 

M D S

 

5 0 – – ns

MDT ho ld  t ime t

 

M D H

 

5 0 – – ns

M L E N  L O W -level pulsewidth t

 

M LW L

 

5 0 – – ns

M L E N  H I G H - l evel pulsewidth t

 

M LW H

 

5 0 – – ns

MLEN se tup  t ime t

 

M L S

 

5 0 – – ns

MLEN ho ld  t ime t

 

M L H

 

5 0 – – ns

 

P arameter S y m b o l
Rat ing

Unit
m i n typ m a x

First HIGH-level pulsewidth after supply ON tH R S T – 6 4 0 – tC Y

RSTN pu l sewidth tR S T 6 4 – – tC Y

MCK

MDT

MLEN

tMDS tMDH

0.5VDD

0.5VDD

0.5VDD

tMCWL tMCWH

tMLWL tMLWH

tMLS tMLH

RSTN

tHRST tRST

VDD
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Serial outputs (DOUT, BCKO, LRCO)

SLAVE = LOW, CL = 15pF

SLAVE = HIGH, CL = 15pF

P arameter S y m b o l Condi t ion
Rat ing

Unit
m i n typ m a x

LRCO pu lse  cyc le tL O C Y – 1/fso – ns

L R C O  L O W -level pulsewidth tL O W L – 1/2fso – ns

L R C O  H I G H - l evel pulsewidth tL O W H – 1/2fso – ns

B C K O pulse cycle tB O C Y

O C K S L  =  L OW – 1/64fso –
ns

O C K S L  =  H I G H – 1/48fso –

B C K O  L OW -level pulsewidth tB O W L

O C K S L  =  L OW – 1/128fso –
ns

O C K S L  =  H I G H – 1/96fso –

B C K O HIGH- level pulsewidth tB O W H

O C K S L  =  L OW – 1/128fso –
ns

O C K S L  =  H I G H – 1/96fso –

B C K O to  DOUT and  LRCO de lay 
t ime

tB D H 1 B C K O fa l l  to  DOUT, LRCO r ise – 5 – 2 0 ns

tB D L 1 B C K O fa l l  to  DOUT, LRCO fall – 5 – 2 0 ns

P arameter S y m b o l Condi t ion
Rat ing

Unit
m i n typ m a x

B C K O to  DOUT de lay t ime
tB D H 2 B C K O fal l  to DOUT r ise 0 – 5 0 ns

tB D L 2 B C K O fal l  to DOUT fall 0 – 5 0 ns

DOUT

BCKO

LRCO

tBOCY

0.5VDD

0.5VDD

0.5VDD

t      BDH t       BDL

tBOWL tBOWH

tBDH1, tBDL1
tBDH2, tBDL2

tLOWH tLOWL

LOCYt
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Filter Characteristics

Anti-aliasing filter frequency characteristic

Deemphasis filter frequency characteristic
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FUNCTIONAL DESCRIPTION

Input Data Interface (DI, LRCI, BCKI, IFM1, IFM2, IWL1, IWL2)

Attenuator and Deemphasis Selection

The attenuator is set using the microcontroller inter-
face. When the attenuator is used, deemphasis set-
tings also need to be set using the microcontroller

interface. The microcontroller interface comprises
MDT, MCK and MLEN, and is used to transfer all
input serial data.

MCON should not be switched after a power-ON
reset.

When MCOM is HIGH, serial data received on
MDT, MCK and MLEN sets the attenuation data and
control flag data.

When MCOM is LOW, the logic levels on FSI1,
FSI2 and DEEM select the device function.

Table 1. Input data format (IFM1, IFM2, IWL1, IWL2)

M o d e I F M 1 I F M 2 I W L 1 I W L 2 W ord length Data posi t ion Data 
s e q u e n c e

1 L O W L O W

L O W L O W 16 bits

Right justifie d M S B  fi rst

2 L O W H I G H Right justifie d LSB fi rst

3 H I G H L O W Left justifie d M S B  fi rst

4 H I G H H I G H IIS M S B  fi rst

5 L O W L O W

H I G H L O W 20 bits

Right justifie d M S B  fi rst

6 L O W H I G H Right justifie d LSB fi rst

7 H I G H L O W Left justifie d M S B  fi rst

8 H I G H H I G H IIS M S B  fi rst

9 L O W L O W

L O W  o r  H I G H H I G H 24 bits

Right justifie d M S B  fi rst

1 0 L O W H I G H Right justifie d LSB fi rst

1 1 H I G H L O W Left justifie d M S B  fi rst

1 2 H I G H H I G H IIS M S B  fi rst

Table 2. Attenuator and deemphasis function select

Funct ion

Funct ion  se t  method

External  pins
( M C O M  =  L OW )

Microcont roller interface
( M C O M  =  H I G H )

D e e m p h a s i s  O N / O F F D E E M F D E E M

Deemphasis f requency ( fs i )  select FSI1,  FSI2 FFSI1 ,  FFSI2

Attenuator data set N/A (no attenuation) 11 bits (B0 to B10)

Test  mode select N/A ( test  mode 1) F T S T 1 ,  F T S T 2



SM5849AF

NIPPON PRECISION CIRCUITS—15

Microcontroller Interface (MCOM, MDT, MCK, MLEN)

When MCOM is HIGH, the microcontroller inter-
face is active, comprising MDT (data), MCK (clock)
and MLEN (latch enable clock) interface pins.

Input data on MDT is synchronized to the MCK
clock. Data is read into the input stage shift register
on the rising edge of MCK. Accordingly, the input
data should change on the falling edge of MCK.
Input data enters an internal SIPO (serial-to-parallel
converter register), and then the parallel data is

latched into the mode register on the rising edge of
the latch enable clock MLEN.

The mode register addressed is determined by bit D1
of the 12 data bits before MLEN goes HIGH. If this
bit is LOW, then the data is read into the attenuation
data register as shown in figure 1. If this bit is HIGH,
then the data is read into the mode flag register as
shown in figure 2. The function of each bit in the
mode flag register is described in table 3.

Figure 1. Attenuation data format (D1 = LOW)

Figure 2. Mode flag data format (D1 = HIGH)

MCK

MDT

MLEN

D1

MSB LSB

D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12
�����
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�����
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�����
�����

�����
�����
�����
���������
���������
���������

�����
�����
�����

1 12

B0 B1 B2 B3 B4 B5 B6 B7 B8 B9 B10"L"

MCK

MDT

MLEN

D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12
����
����
����

����
����
����

�����
�����
�����
��������
��������
��������
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1 12

"L" "L" "L" "L" FTST1 FTST2 FRATE F12DB FFSI1 FFSI2 FDEEM"H"
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Deemphasis (DEEM, FSI1, FSI2 pins or FDEEM, FFSI1, FFSI2 flags)

The digital deemphasis filter is an IIR filter with vari-
able coefficients to faithfully reproduce the gain and
phase characteristics of analog deemphasis filters.

The filter coefficients are selected by FSI1 (or FFSI1
flag) and FSI2 (or FFSI2 flag) to correspond to the
sampling frequencies fs = 44.1, 48.0 and 32.0kHz.

Table 3. Mode flag description

D 1 Bit M o d e  fl ag
Mode funct ion select Reset  

m o d eP arameter L O W / H I G H Select

H I G H

D2 to  D7 (Not used) Test  mode select
IC test  mode flags .
Not used for normal  operation.
D2 to D7 should be set  LOW .

L O W

D 8 F R AT E Input/output rate

H I G H
Set the input/output sample rate ratio for each 
output  sample

L O W

L O W
Set the input/output sample rate ratio with high 
accuracy every 2048 output  samples

D 9 F 1 2 D B Attenuator
H I G H +12dB gain shif t

L O W
L O W No gain shift (normal  operation)

D 1 0 F F S I 1
Deemphas i s  fi lter fs 
select 1

fsi select

L O W

D 1 1 F F S I 2
Deemphas i s  fi lter fs 
select 2

L O W

D 1 2 F D E E M
Deemphasis  contro l  
O N / O F F

H I G H Deemphas i s  fi l ter ON
L O W

L O W Deemphas i s  fi l ter  OFF

F F S I 2 F F S I 1 fsi

L O W L O W
44.1kHz

L O W H I G H

H I G H L O W 48.0kHz

H I G H H I G H 32 .0kHz

Table 4. Deemphasis ON/OFF

D E E M
( M C O M  =  L OW )

F D E E M
( M C O M  =  H I G H ) D e e m p h a s i s

H I G H O N

L O W O F F

Table 5. Deemphasis fs select (FSI1, FSI2 pins or 
FFSI1, FFSI2 flags)

M C O M  =  L OW  ( M C O M  =  H I G H )
fs

FSI1 (FFSI1) FSI2 (FFSI2)

L O W L O W
44.1kHz

H I G H L O W

L O W H I G H 48 .0kHz

H I G H H I G H 32 .0kHz
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Attenuation (MDT, MCK, MLEN)

The digital attenuator coefficients are read in as
serial data on the microcontroller interface. Data on
MDT is read into the internal shift register on the ris-
ing edge of MCK, and then 12 bits are latched inter-
nally on the rising edge of MLEN.

When the leading bit is 0 (D1 = LOW), the following
11 bits are read into the attenuation register and used
as an unsigned integer in MSB first format. See fig-
ure 3.

Although the attenuation data comprises 11 bits,
only 1025 levels are valid as given by the following.

The gain of the attenuator for values of DATT from
001H to 400H are given by the following equations.
Note that when the F12DB flag is HIGH, the gain is
shifted by a fixed +12.0412dB.

After a system reset initialization, DATT is set to
400H and the F12DB flag is LOW, corresponding to
0dB gain. (The F12DB flag is described in table 3.)

Figure 3. Attenuation data format (microcontroller interface)

MCK

MDT

MLEN

D1

MSB LSB

D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12
�����
�����
�����

�����
�����
�����

�����
�����
�����
���������
���������
���������

�����
�����
�����

1 12

B0 B1 B2 B3 B4 B5 B6 B7 B8 B9 B10"L"

DATT ai 2
10 i–( )×

i 0=

10

∑=

Gain 20
DATT
1024

---------------- 
 log× [dB]=

20
DATT

256
---------------- 

 log× [dB]=

when  F12DB  =  LOW

when  F12DB  =  HIGH 

Table 6. Attenuator settings

 

D 1 At tenuation data 
D AT T

F 1 2 D B  =  L OW (default) F 1 2 D B  =  H I G H

Gain (dB) Linear  express ion Gain  (dB) Linear express ion

 

L O W

0 0 0 H

 

−∞

 

0.0

 

−∞

 

0.0

0 0 1 H

 

−

 

60 .206 1 /1024

 

−

 

48 .165 1/256

 

↓ ↓ ↓ ↓ ↓

 

1 0 0 H

 

−

 

12 .041 256 /1024 0.0 256 /256

 

↓ ↓ ↓ ↓ ↓

 

3 F F H

 

−

 

0 .0085 1023 /1024 12 .032 1023 /256

400H ( to  7FFH) 0 1.0 12.041 4.0
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Attenuator operation

 

A change in the attenuation data DATT causes the
gain to change smoothly from its previous value
towards the new setting. The new attenuation data is
stored in the attenuation data register and the current
attenuation level is stored in a temporary register.
Consequently, if a new attenuation level is read in
before the previously set level is reached, the gain

changes smoothly from the current value towards the
latest setting as shown in figure 4.

The attenuation counter output changes, and hence
the gain changes, by 1 step every output sample. The
time taken to reduce the gain from 0dB (or 12dB) to

 

−∞

 

dB is (1024/fso), which corresponds to approxi-
mately 23.2ms when fso = 44.1kHz.

 

Mute (DMUTE)

 

Direct mute

 

Other mute operations

 

The direct mute function is also invoked at the fol-
lowing times.

 

■

 

When the reset input (RSTN) changes.

 

■

 

When the fs setting changes, for deemphasis,
using either FSI1, FSI2 inputs or FFSI1, FFSI2
flags.

 

■

 

When the ICKSL, IFM1, or IFM2 setting changes.

 

■

 

When the ICLK input system clock stops.

Figure 4. Attenuator operation example

Level 3

Level 1

Level 2

Level 4

Level 5

Time

Gain

 ∆t 

0 dB

— ∞

 

Table 7. DMUTE operation ON/OFF

 

D M U T
E Funct ion

 

L O W
Nor mal data is output from the next output word (mute 
O F F )

H I G H 0 data is output from the next output word (mute  ON)

 

Table 8. Other mute operations

 

Input Funct ion

 
R S T N  =  L OW

0 data is output from the next 
output  word (mute  ON)

R S T N  =  H I G H
Nor mal data is output from the 
3073rd output  word (mute OFF)

FSI1, FSI2 input sett ings 
c h a n g e d  ( M C O M  =  L OW) .
FFSI1, FFSI2 input sett ings 
c h a n g e d  ( M C O M  =  H I G H )

0 data is output from the next 
output  word (mute ON).
No r mal data is output from the 
3073rd output  word (mute OFF)ICKSL, IFM1, IFM2 input  

set t ings change.

ICLK input system clock stops.
0 data is output from the next 
output  word (mute  ON)

ICLK input system clock 
restar ts.

No r mal data is output from the 
3073rd output  word (mute OFF)
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Internal Operating Status (STATE)

 

Internally, all functions are performed on 24-bit
serial data, and the conversion rate and filter type are

selected accordingly. The output format is 24-bit
left-justified.

Note that when THRUN is LOW, LRCO and BCKO
are not guaranteed to be synchronized to the STATE
output.

 
Input System Clock (ICLK, ICKSL)

 

The input system clock can be set to run at either
256fsi or 384fsi, where fsi is the input frequency on
LRCI.

Note that ICLK and LRCI should be divided from a
common clock source or PLL to maintain synchro-
nism.

 

Output System Clock (OCLK, OCKSL)

 

The output system clock can be set to run at either
256fso or 384fso, where fso is the output frequency
on LRCO. In through mode, OCLK and OCKSL
have no function and are not used.

Note that even in slave mode, a suitable clock must
be input on OCLK. A malfunction prevention circuit
uses this clock so that operation continues when the
ICLK stops.

 

Table 9. Status data description

 

Output bit  posit ion Conten t

 

1 to 20

(Output data cycle/input data cycle) 

 

−

 

 129
Ex.
1st  20th
0 0 . 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1  

 

⇒

 

 1.0 t imes
0 1 . 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1  

 

⇒

 

 2.0 t imes (1/2 conversion rate ratio)
0 0 . 0 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1  

 

⇒

 

 0.5 t imes (2.0 conversion rate ratio)

2 1 Not  used.

2 2 D A 2

Selected fi lter type

2 3 D A 1

2 4 D A 0

D A 2 D A 1 D A 0 Filter type C o n vers ion f requency (exam pl e )

0 0 0 1 Up  conver ter

0 0 1 2 48 to 44.1kHz

0 1 0 3 44.1 to 32kHz

0 1 1 4 48 to  32kHz

1 0 0 5 96 to 48kHz, 48 to 24kHz

1 0 1 6 96 to 44.1kHz, 48 to 22.05kHz

 

Table 10. ICKSL and input system clock

 

I C K S L ICLK sys tem clock rate

 

H I G H 384fsi

L O W 256fsi

 

Table 11. SLAVE, OCKSL and output system clock

 

S L AV E O C K S L O C L K  s y s t e m  c lock rate

 

L O W
H I G H 384fso

L O W 256fso

H I G H

 

×

 

Not  used
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Output Data Interface and Output Clock Selection (LRCO, BCKO, DOUT, SLAVE)

Output Format Control (OWL1, OWL2, IISN)

 

The output is in MSB-first, 2s-complement, L/R
alternating, bit serial format with a continuous bit
clock.

 

Output Timing Calculation

 

The output timing is controlled to maintain the
desired ratio between the output data cycle and the
input data cycle.

 

Output round-off processing

 

The internal processor data length and output data
length are different, making output data round-off
processing necessary. The SM5849AF supports
selectable normal round-off processing and trigono-
metric function dither round-off processing

 

*

 

.

 

*

 

TPDF: Triangular Probability Density Function

 

Table 12. Output mode description

 

T H R U N S L AV E
Funct ion

M o d e Descr ipt ion L R C O , B C KO state

 

H I G H

L O W Mas te r  mode
Output  word clock (LRCO) and output bi t  c lock 
( B C KO) are d iv ided f rom OCLK.

Outputs

H I G H Slave  m o d e
Output  word clock (LRCO) and output bi t  c lock 
( B C KO) are suppl ied externally.

Inputs

 

1

 

1. The  number  o f  BCKO input clock cycles should not exceed 64 per  word. Correct operation is not guaranteed beyond these l imits.

L O W

 

×

 

T h r o u g h  m o d e
Output  word clock (LRCO), output bit  clock  (BCKO) 
and output  data (DOUT) are the same as LRCI,  
BCKI and DI,  respect ively. DMUTE is  valid.

Outputs

 

M o d e

Inputs Output  fo r m a t

I ISN O W L 2 O W L 1 W ord 
length

IIS 
select ion

Data 
posi t ion

 

1

H I G H

L O W L O W 16 bits

No r ma l
(non IIS)

Right 
justifie d

2 L O W H I G H 20 bits

3 H I G H L O W 24 bits

4 H I G H H I G H 24 bits

Left 
justifie d

5

L O W

L O W L O W 16 bits

IIS6 L O W H I G H 20 bits

7 H I G H

 

× 24 bits

D I T H N Output  round-off  pro c e s s i n g

H I G H Nor mal round-off

L O W Dither round-off
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Filter Characteristic Selection

Conversion rates from 0.45 to 2.2 times are sup-
ported using the following 6 filter types.

The ratio between the output sample rate and input
sample rate is measured automatically and the most
suitable filter type for this ratio is selected automati-
cally.

When the selected fs conversion ratio and the actual
sample rate conversion ratio do not coincide, the fol-
lowing phenomenon occur.

System Reset (RSTN)

At power-ON, all device functions must be reset. The
device is reset by applying a LOW-level pulse on
RSTN. At system reset, the internal arithmetic opera-
tion, output timing counter and internal flag register
operation are synchronized on the next LRCI rising
edge. Note that all flags are set to their defaults (all
LOW).

A power-ON reset signal can be applied from an
external microcontroller. For systems where ICLK
and LRCI are stable at power ON, initialization can
be performed by connecting a 0.001µF capacitor
between RSTN and VSS. Otherwise, a capacitor
value should be chosen such that RSTN does not go
HIGH until after LRCI and ICLK have stabilized.

Through Mode (THRUN)

Synchronizing Internal Arithmetic Timing

The clock on LRCI should pass through 1 cycle for
every 384 (ICKSL = HIGH) or 256 (ICKSL = LOW)
ICLK clock cycles to maintain correct internal arith-
metic sequence. If the number of ICLK cycles is dif-
ferent, increases or decreases, or any jitter is present,
device operation could be affected.

There is a fixed-value tolerance within which the
internal sequence and LRCI clock timing are not
adversely affected.

Whenever the allowable tolerance is exceeded, the
internal sequence start-up may be delayed or fail.
When this occurs, there is a possibility that a click
noise will be generated.

Table 13. fs ratio and filter selection

Filter
m o d e fs ratio (fso/fsi) Selects  range

C o n version 
f requency
(exam pl e )

1 1.0 to 2.2 ≥ 0 .969697 Up  conver ter

2 0 .91875 0.864865 to 
0 .969697 48.0 to 44.1kHz

3 0 .72562 0.711111 to 
0 .864865 44.1 to 32.0kHz

4 0 .66667 0.627451 to 
0 .711111 48 to  32kHz

5 0 .50000 0.492308 to 
0 .627451

48 to 24kHz,
96 to  48kHz

6 0 .459375 ≤ 0 .492308 48 to 22.05kHz,
96 to 44.1kHz

Table 14. Mismatch condition and response

Condi t ion 1

1. An output  no ise may be generated if the fs conversion rat io changes at
a rate greater 0.119%/sec.

R e s p o n s e

Actual  sample rate conversion 
ratio is low er than the selected 
fi lter conversion ratio

The audio band h igh-pass 
d evelops al iasing noise.

Actual  sample rate conversion 
ratio is higher than the selected 
fi lter conversion ratio

The audio band high-pass is cut 
off.

Table 15. Through mode function description

T H R U N M o d e Descr ipt ion

L O W T h r o u g h  m o d e
Direct  connect ions are made: LRCI 
t o  L R C O, BCKI  to  BCKO , and DI to 
D O U T. DMUTE is  valid.

H I G H Nor m a l  m o d e Sample  rate conver ter operation

Table 16. ICLK and clock tolerance

I C K S L Allow a b le clock variation

HIGH (384 fs  mode) +8 to −6 cycles

L O W (256 fs  mode) +4 to −3 cycles
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TIMING DIAGRAMS

Input Timing Examples (DI, BCKI, LRCI)

Audio data input timing (right-justified 16-bit word, IFM1 = L, IFM2 = L, IWL1 = L, IWL2 = L)

Audio data input timing (right-justified 24-bit word, IFM1 = L, IFM2 = L, IWL1 = H, IWL2 = H)

Audio data input timing (left-justified 20-bit word, IFM1 = H, IFM2 = L, IWL1 = H, IWL2 = L)

All data bits after the LSB (20th bit) are ignored. Note that more than 20 BCKI cycles are required.

Audio data input timing (IIS-format 24-bit word, IFM1 = H, IFM2 = H, IWL1 = L, IWL2 = H)

Audio data input timing (right-justified 24-bit word, LSB first,
IFM1 = H, IFM2 = H, IWL1 = L, IWL2 = H)

LRCI(fsi)

BCKI(48fsi)

DI 16151413121110987654321 16151413121110987654321

1 24 25 48

LSB MSBMSB LSB

LRCI(fsi)

BCKI(48fsi)

DI

1 24

2423222120191817161514131211109

25 48

87654321 87654321 2423222120191817161514131211109

LSBMSBMSB LSB

LRCI(fsi)

BCKI(48fsi)

DI

1 24

20191817161514131211109

25 48

87654321 87654321 20191817161514131211109

LSB MSBMSB LSB

LRCI(fsi)

BCKI(64fsi)

DI

1 32 33

87654321 2423222120191817161514131211109

MSB LSB

64

242322212019181716151413121110987654321

LSBMSB

LRCI(fsi)

BCKI(64fsi)

DI

1 32

2423222120191817161514131211109

33

87654321 87654321 2423222120191817161514131211109

MSB LSBLSB MSB

64
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Output Timing Examples (DOUT, BCKO, LRCO)

Audio data output timing (right-justified 16-bit word, IISN = H, OWL1 = L, OWL2 = L)

Audio data output timing (right-justified 24-bit word, IISN = H, OWL1 = L, OWL2 = H)

Audio data output timing (left-justified 24-bit word, IISN = H, OWL1 = H, OWL2 = H)

Audio data output timing (IIS-format 24-bit word, IISN = L, OWL1 = L, OWL2 = H)

Audio data output timing (right-justified 24-bit word, IISN = H, OWL1 = L, OWL2 = H)

LRCO(fso)

BCKO(48fso)

DOUT 16151413121110987654321 16151413121110987654321

1 24 25 48

LSB MSBMSB LSB

LRCO(fso)

BCKO(48fso)

DOUT

1 24

2423222120191817161514131211109

25 48

87654321 87654321 2423222120191817161514131211109

LSBMSBMSB LSB

LRCO(fso)

BCKO(64fso)

DOUT

1 32

2423222120191817161514131211109

33

87654321 87654321 2423222120191817161514131211109

LSB MSBMSB LSB

64

LRCO(fso)

BCKO(64fso)

DOUT

1 32 33

87654321 2423222120191817161514131211109

MSB LSB

64

242322212019181716151413121110987654321

LSBMSB

LRCO(fso)

BCKO(64fso)

DOUT

1 32

2423222120191817161514131211109

33

87654321 87654321 2423222120191817161514131211109

LSB MSBMSB LSB

64
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State Data Output Timing

State data output timing

IISN = H

IISN = L

Delay Time

tINPUT is the time when the serial input data read in
is completed (on the rising edge of LRCI). tOUTPUT
is the time when the serial output data read out is

completed (on the rising edge of LRCO). The delay
between input and output is given by tOUTPUT − tIN-

PUT = (55 ± 5)/fsi.

LRCO(fso)

BCKO(64fso)

STATE

1 32

2423222120191817161514131211109

33

87654321

LSBMSB

64

LRCO(fso)

BCKO(64fso)

STATE

1 32

2423222120191817161514131211109

33

87654321

LSBMSB

64

tOUTPUT

tINPUT

tOUTPUT

 55 ± 5Serial data input

 1/fs 

t input

 1/fso Serial data output

toutput

INPUT— t
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TYPICAL APPLICATIONS

Input Interface Circuit

Digital audio interface receiver (CS8414)

Output Interface Circuit

Digital audio interface receiver (CS8404)

MLEN/DEEM

ICLK

ICKSL

LRCI

MCOM

IFM2

BCKI

DI

SM5849AF

3.3V

Level Shifter
(5V to 3.3V)

(256fsi)

Co/F0

MCK

SEL

FSYNC

CS12/FCK

SCK

SDATA

M3

M2

M1

M0

DIR
CS8414

5V

IWL1

IWL2

IFM1

TRNPT/FC1

FSYNC

M2

M1

SCK

SDATA

DIT
CS8404

5V

Level Shifter
(3.3V to 5V)

12.288MHz (128fso)   5V

OCKSL

LRCO

OWL1

BCKO

DOUT

OWL2

IISN

THRUN

SLAVE

SM5849AF

3.3V
M0

24.576MHz (256fso)   3.3V

External Clock

OCLK MCK

3.3V

PRO



SM5849AF

NIPPON PRECISION CIRCUITS—26
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