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NIPPON PRECISION CIRCUITS LTD.

SM5844AF

Asynchronous Sample Rate Converter

OVERVIEW

The SM5844AF is a digital audio signal,
asynchronous sample rate eerter LSI. It reads 16
or 20-bit word length input data, and writes 16, 18,

or 20-bit word length output data. It also features a=

built-in  digital
attenuatar

deemphasis filter and digital

The SM5844AF operates from avssupply and is
available in 44-pin QFPs.

FEATURES

Functions

Left/right-channel processing (stereo)

Input sample rate (fsi) ranges

e 24 t0 48 kHz (256fsi mode)

e 27 to 55 kHz (384fsi mode)

Output sample rate (fso) range

* 20to 100 kHz

Sample rate caersion ratio (fso/fsi)

* 0.5to0 2.0 times

Asynchronous input and output timing (clock

inputs)

System clock inputs (input and output clocks

independent)

« 256fsi or 384fsi input system clock

« 256fso or 384fso output system clock

Deemphasis filter

 lIR-type filter

e 44.1, 48 or 32 kHz

Digital attenuator

¢ 11-bit data for 1025 ie=ls

¢ Smooth, incremental attenuation change

¢ +12 dB gain shift function

Direct mute function

Through mode operation

¢ Input to output direct

Output data clocks (LRCO, BAK

¢ External input (skee mode)

¢ Output system clock generated internally
(master mode)

CMOS-level input/outputs

5V (standard) single supply

44-pin QFP

Molybdenum-gate CMOS process

APPLICATIONS

Digital audio equipment, sample rate eersion

(audiovisual amplifiers, CD-R, BT, MD and 8

mm VTRS)

Commercial recording/editing equipment, sample

rate comersion

Input data jitter elimination
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PACKAGE DIMENSIONS
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Filter Characteristics and Con verter

Efficienc y

Interfaces

20-bit internal data erd length

Deemphasis filter characteristics (IIR filter)

e +0.03 dB gain ddation from ideal filter
characteristics

Corverter noise leels

e <-110 dB internally-generated noise

» -98 dB (16-bit output);110 dB (18-bit output)
and -122 dB (20-bit output) wrd rounding
noise

Anti-aliasing LPF characteristics (4 FIR filters)

with automatic output/input sample rate

corversion ratio selection

e Up corverter LPF (1.0 to 2.0 times)

e Down corverter LPF 1 (48.0 to 44.1 kHz or
0.92 times)

« Down corverter LPF 2 (44.1 to 32.0 kHz or
0.73 times)

e Down corverter LPF 3 (48.0 to 32.0 kHz or
0.67 times)

» Output S/N ratio (theoreticablues)

SIN ratio
Output signal w ord
length 16-bit input w ord 20-bit input w ord
length length
16 bits 94.8 dB 97 dB
18 bits 97.5dB 106 dB
20 bits 97.7dB 109 dB

» Input data format
» 2s-complement, L/R alternating, serial
¢ Normal format (non IIS)

Mode Word length Front/_rear Data
packing sequence
1 16 hits
Rear
2 MSB first
3 20 bits Front
4 Rear LSB first

= Output data format

e 2s-complement, MSB first, L/R alternating,

serial

« Continuous bit clock

Mode Word length IS selection F”’””Teaf
packing
1 16 bits
2 18 bits Normal (non Rear
3 20 bits 1S)
4 20 bits
5 16 bits
Front
6 18 bits IS
7 20 hits
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BLOCK DIAGRAM
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PIN DESCRIPTION

Number ! Name 1102 Description
1,2 DI Ip Data input
3,4 BCKI Ip Input bit clock
5 LRCI® Ip Input word clock (fsi)
6 ICLK I Input system clock input
7 ICKSL Ip Input system clock (ICLK) select. 384fsi when HIGH, and 256fsi when LOW.
Input format select
8,9 IEM1 Ip IFM1 IFM2 Word length Data sequence Data position
LoOwW LoOwW 16 bits
Rear packed
LOW HIGH MSB first
10,11 IEM2 Ip HIGH LowW 20 bits Front packed
HIGH HIGH LSB first Rear packed
12,13 VDD - 5V supply pin
14,15 DMUTE Ip Direct mute pin
16 MCOM Ip Interface switch control pin. MDT, MCK and MLEN control when HIGH. FSI1, FSI2 and DEEM
control when LOW.
When MCOM is LOW: Deemphasis frequency
17 MDTIESI1 Ip \é\;r::r;nl;dlﬁ(zmljl?)HlGH: Microcontroller interface | Set pins |
FSI1 FSI2 fsi
Low HIGH 48.0 kHz
18 MCK/ESI2 I \t:\ilth(jQCkMﬁv(l)CMK;s HIGH: Microcontroller interface x Low 44.1 kHz
HIGH HIGH 32.0 kHz
to.20 | MLENDEEN | 1p | ct OO Deamanass OMOFF conol (OBEN)
Output format select
When IISN = HIGH (normal mode)
OW20N OW18N Word length Data position
21,22 OWLSN Ip Low LOW 20 bits Front packed
Low HIGH
HIGH Low 18 hits Rear packed
HIGH HIGH 16 hits
When 1I1SN = LOW (IIS mode)
OW20N OWI18N Word length Data position
Low Low '
23,24 0W20N Ip oW o 20 bits S mode
HIGH Low 18 bits Front packed
HIGH HIGH 16 hits
25, 26 IISN Ip IIS output mode select. Normal mode when HIGH, and 11S mode when LOW.
27 STATE 0 Internal operation status output (for operation check)
28 TSTIN Ip Output dither control. Dither ON when LOW, and OFF when HIGH.
29 TST2N Ip Test pin. Test mode when LOW. Normal operating mode when HIGH.
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Number ! Name 1102 Description
30, 31 RSTN Ip Reset pin
32,33 VSS - 0V ground pin
3, 35 SLAVE Ip aFGKHO, and LRCO mode set. Outputs (master mode) when LOW, and inputs (slave mode) when
36, 37 THRUN Ip DOUT through mode set. Normal mode when HIGH, and through mode when LOW.
38 0CKSL Ip Output system clock (OCLK) select. 384fso when HIGH, and 256fso when LOW.
39 0CLK | Output system clock input
40 LRCO? 110 Output word clock input/output (fso). Input/output mode set by the level on SLAVE.
41, 42 BCKO 110 Output bit clock input/output. Input/output mode set by the level on SLAVE.
43, 44 DOUT 0 Data output

1. Pins which have the same name are connected internally. Accordingly, circuit connections can be made to either pin or to both pins.
2.1 =input, Ip = Input with pull-up resistor (HIGH-level pins can be left open), O = output, I/0 = input/output
3.fsiis the input word clock (LRCI) frequency, and fso is the output word clock (LRCO) frequency.

SPECIFICATIONS

Absolute Maxim um Ratings

Vgg= 0V

Parameter Symbol Rating Unit
Supply voltage range Vop -0.3t07.0 \
Input voltage range Vin -0.3toVpp +0.3 v
Storage temperature range Tstg =40 to 125 °C
Power dissipation Pp 550 mWw
Soldering temperature Tsid 255 °C
Soldering time tsiq 10 S

Recommended Operating Conditions

VSS: ov
Parameter Symbol Rating Unit
Supply voltage range Voo 4.75105.5 \
Operating temperature range Topr —20to 70 °C

NIPPON PRECISION CIRCUITS—5
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DC Electrical Characteristics
Vpp = 4.75 10 5.5/, Vgg= 0V, T, = -20 to 70°C

Ratin
Parameter Symbol Condition - g Unit
min typ max

Current consumption Iop Vop =50V! - - 80 mA
HIGH-level input voltage?® Vi 0.7Vpp - -
LOW -level input voltage?®? Vi - - 0.3Vpp v
AC-coupled input voltage? Vac 0.3Vpp - - Voo
HIGH-level output voltage* Vou lop =-1.0 mA Vpp =05 - -
LOW -level output voltage* VoL o, = 1.0 mA - - 0.4 v
HIGH-level input current? by Vin=Vop - 10 20 HA
LOW -level input current>® e V=0V - 10 20 HA
Input leakage current® ILH Vin=Vpp - - 1.0 HA
Pull-up resistance’ Ry 250 500 1000 kQ

1.ICKSL = LOW, OCKSL = LOW, fic = 13.0 MHz, fac ¢ = 13.0 MHz, no output load

2.Pins ICLK and OCLK.

3.Pins DI, BCKI, LRCI, ICKSL, IFM1, IFM2, DMUTE, MCOM, MDT/FSI1, MCK/FSI2, MLEN/DEEM, OW18N, OW20N, IISN, TSTIN, TST2N, RSTN,
THRUN, OCKSL and SLAVE.

4.Pins DOUT, BCKO, LRCO and STATE.

AC Electrical Characteristics
Vpp = 4.75 10 5.5/, Vgg= 0V, T, = -20 to 70°C

ICLK input
Condition Rating )
Parameter Symbol - Unit
ICKSL System c lock min typ max
LOW -level clock : LOW 256fsi 30 - - s
pulsewidth cwt HIGH 384fsi 10 - -
HIGH-level clock ; Low 256fsi 30 - - 0s
pulsewidth cuH HIGH 384fsi 10 - -
LOW 256fsi 80 - 162
Clock pulse cycle tey - ns
HIGH 384fsi 47 - 106
OCLK input
Condition Rating i
Parameter Symbol - Unit
0CKSL System c lock min typ max
LOW -level clock ‘ Low 256fs0 15 - - 0s
pulsewidth cut HIGH 384fso 10 - -
HIGH-level clock i Low 256fs0 15 - - 0s
pulsewidth cuH HIGH 384fs0 10 - -
Low 256fs0 39 - 200
Clock pulse cycle tey ns
HIGH 384fso 26 - 130
ICLK and OCLK timing
>0.7Vpp
oK 0.5Vpp
}» <0.3Vpp
towH | towe
tey
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BCKI, DI, LRCI inputs

Rating
Parameter Symbol - Unit
min typ max
BCKI LOW -level pulsewidth taewet 50 - - ns
BCKI HIGH-level pulsewidth taowH1 50 - - ns
BCKI pulse cycle tacy1 100 - - ns
DI setup time ths 50 - - ns
DI hold time toH 50 - - ns
Last BCKI rising edge to LRCI edge taL1 50 - - ns
LRCI edge to first BCKI rising edge fLg1 50 - - ns
BCKI, DI, LRCI timing
tecyr

teL1- LB
LRCl —— mmmmmm < —————————————————— 0.5Vbp
BCKO, LRCO (Inputs when SLA VE = HIGH)
Rating
Parameter Symbol Unit
min typ max
BCKO LOW-level pulsewidth tscwe2 78 - - ns
BCKO HIGH-level pulsewidth taowh? 78 - - ns
BCKO pulse cycle! tscys 156 - - ns
Last BCKO rising edge to LRCO edge taL2 78 - - ns
LRCO edge to first BCKO rising edge tig2 78 - - ns

1. BCKO clock inputs exceeding 64fso cannot be detected, and will cause incorrect operation.

NIPPON PRECISION CIRCUITS—7

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/5807863/SM5844AF.html

SM5844AF

BCKO, LRCO timing

tBcy2

tBCwH tBcwL2

MDT, MCK, MLEN inputs

Rating
Parameter Symbol - Unit
min typ max

MCK and MLEN rise time & - - 100 ns
MCK and MLEN fall time! t - - 100 ns
MDT setup time tvps 50 - - ns
MDT hold time LY 50 - - ns
MLEN setup time twcs 50 - - ns
MLEN hold time twch 50 - - ns
MLEN LOW-level pulsewidth twEwL 50 - - ns
MLEN HIGH-level pulsewidth tEWH 50 - - ns

1.t and t; are the input waveform transition times measured between 0.1Vpp and 0.9Vpp levels.

MDT, MCK, MLEN timing

MDT >>< ******** 0.5Vbp

tMDs tMDH

tmes tmcH

tMEWL tMEWH 1
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DEEM, DMUTE inputs

Rating
Parameter Symbol Unit
min typ max
Rise time t - - 100 ns
Fall time t - - 100 ns
DOUT, BCKO, LRCO input/outputs
SLAVE = LOW (outputs), ¢ = 15 pF
Rating
Parameter Symbol Condition Unit
min typ max
LRCO pulse cycle tocy - 1lfso - ns
LRCO LOW-level pulsewidth tLocL - 1/2fs0 - ns
LRCO HIGH-level pulsewidth tLocH - 1/2fs0 - ns
OCKSL = LOW - 1/64fso -
BCKO pulse cycle tsocy ns
OCKSL = HIGH - 1/48fso -
OCKSL = LOW - 1/128fso -
BCKO LOW-level pulsewidth tsowL ns
OCKSL = HIGH - 1/96fso -
OCKSL = LOW - 1/128fso -
BCKO HIGH-level pulsewidth tsowH ns
OCKSL = HIGH - 1/96fso -
- Erom OCLK fall to BCKO 10 _ 70 ns
OCLK to BCKO delay time rise
(OCKSL = LOW) From OCLK fall to BCKO
tSbLl 10 - 70 ns
fall
ona Erom OCLK fall to BCKO 15 _ 80 ns
OCLK to BCKO delay time rise
(OCKSL = HIGH) From OCLK fall to BCKO
tSbLZ 15 - 80 ns
fall
a1 Erom BCKO fall to DOUT 0 _ 20 ns
BCKO to DOUT and LRCO delay rise
time
ot From BCKO fall to DOUT 0 _ 20 ns
fall
SLAVE = HIGH (inputs), ¢ = 15 pF
Rating
Parameter Symbol Condition Unit
min typ max
oot E;(e)m BCKO fall to DOUT 10 _ 100 ns
BCKO to DOUT delay time
btz ]fa:lom BCKO fall to DOUT 10 _ 100 ns
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DOUT, BCKO, LRCO timing

OCLK - — - )

— ~— tsbL1, tsbL2 — [+—— tsbH1, tsbH2
T

tBOWH tBowL
teocy
o N\ NN
— [=— tbdH, thdL N
DOouT <>< 7777777 - — —
— ~— thdH

tLocH

tLrRoOY
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Filter Characteristics

Anti-aliasing filter frequenc y characteristic
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FUNCTIONAL DESCRIPTION

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

Mode IFM1 IFM2 Word length Data position Data Common f eatures

sequence

1 Low Low 16 bits
Rear packed
2 LOW HIGH MSB first Non IS
L/R alternating

3 HIGH LOW 20 bits Front packed Bit serial
4 HIGH HIGH Rear packed LSB first

Atten uator and Deemphasis Selection

The attenuator is set using the microcontroller
interface.When the attenuator is used, deemphasis
settings also need to be set using the microcontroller
interface. The microcontroller integce comprises
MDT, MCK and MLEN, and is used to receiall
input serial data.

Table 1. Attenuator and deemphasis function

selection
Function set method

(MCOM = Low) (MCOM = HIGH)
Deemphasis
ONJOEF DEEM FDEEM
Deemphasis
frequency (fsi) FSI1, FSI2 FFSI1, FFSI2
select
Attenuator data set N/A (no attenuation) 11 bits (al to all)
Test mode select Ieversible FTSTL, FTST2

(test mode 1)

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

When MCOM is LAV, the logic leels on FSI1,
FSI2 and DEEM select thewee function.

NIPPON PRECISION CIRCUITS—12
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Microcontr oller Interface (MCOM, MDT, MCK, MLEN)

When MCOM is HIGH, MDT (data), MCK (clock) latched into the mode gester on the rising edge of
and MLEN (latch enable clock) intade pins are the latch enable clock MLEN.

used. The mode rgister addressed is determined by the 1st
Input data on MDT is synchronized to the MCK bit of the 12 data bits before MLEN goes HIGH. If
clock. Data is read into the input stage shiffiseer  this bit is LON, then the data is read into the
on the rising edge of MCKAccordingly, the input  attenuation data géster as shen in figure 1. If this
data should change on thelling edge of MCK. bit is HIGH, then the data is read into the mode flag
Input data enters an internal SIPO (serial-to-paralletegister as shan in figure 2 The function of each bit
converter rgister), and then the parallel data isin the mode flag gister is described in table 1.

B1 B2 B3 B4 B8 B9 B10 B11 B12
MDT | | LOW | a0 | al | a2 | | a6 | a7 | a8 | a9 | al0 |
MSB T LsB
-=1 - - -=q

MCK and MLEN can also follow the dotted lines.

Figure 1. Attenuation data format (B1 = \\Q

B1 B2 ** B5 B6 B7 B8 B9 B10 B11 B12

MCK and MLEN can also follow the dotted lines.

Figure 2. Mode flag data format (B1 = HIGH)
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Table 2. Mode flag description

Mode function select
B1 Bit Mode flag geosdeet
Parameter LOW/HIGH Select
B2 to B5 Not used
TST2N = LOW
B6 FTST1 Test mode select 1 FTST2 FTST1 Mode Low
Low Low 0
Low HIGH 1
B7 FTST2 Test mode select 2 HIGH Low 2 Low
HIGH HIGH 3
Input/output sample rate ratio check after every
Low
output
B8 FRATE Input/output rate LoOwW
Input/output sample rate ratio check for high
HIGH
accuracy after every 2048 outputs
HIGH
Low Normal operation (no shift)
B9 F12DB Attenuator LoOwW
HIGH +12 dB gain shift
B10 FESIL Deemphasis filter fs FFSI2 FFSI1 fsi Low
select 1
Low Low
44.1 kHz
LOW HIGH
is fi HIGH Low 48.0 kHz
B11 FESI2 SD;ggp;ams filter fs Low
HIGH HIGH 32.0 kHz
’ Low Deemphasis filter OFF
B12 EDEEM (D)e;\lelrg[::hFams control Low
HIGH Deemphasis filter ON

Deemphasis (DEEM, FSI1, FSI2 pins or FDEEM, FFSI1, FFSI2 flags)

The digital deemphasis filter is an IIR filter wittarvy ~ Table 4. Deemphasis fs select (FSI1, FSI2 pins or
iable coeficients to &ithfully reproduce the gain and FFSI1, FFSI2 flags)

phase characteristics of standard analog deemphasis
filters MCOM = LOW (MCOM = HIGH)
: fs
The filter coeficients are selected by FSI1 (or FFSI1 FSIL (FFSI1) FSI2 (FFSIZ)
flag) and FSI2 (or FFSI2 flag) to correspond to the LOW LOW
sampling frequencies fs = 44.1, 48.0 and 32.0 kHz. 44.1 kHz
HIGH Low
Table 3. Deemphasis ON/OFF Low HIGH 48.0 kHz
When MCOM = LOW | When MCOM = HIGH Deemphasis HIGH HIGH 32.0 kHz
DEEM = HIGH FDEEM = HIGH ON
DEEM = LOW FDEEM = LOW OFF
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Atten uation (MDT , MCK, MLEN)

The digital attenuator cdéfients are read in as When the leading bit is 0 (B1 = M), the folloving
serial data on the microcontroller inteee. Data on 11 bits are read into the attenuatiogiséer and used
MDT is read into the internal shift giester on the as an unsigned irger in MSB first format. See
rising edge of MCK, and then 12 bits are latchedfigure 3.

internally on the rising edge of MLEN.

B1 B2 B3 B4 B8 B9 B10 B11 B12
MDT | | Low | a0 | al | a2 | | a6 | a7 | a8 | a9 | al0 |
MSB T LsB

MCK and MLEN can also follow the dotted lines.
Figure 3. Attenuation data format (microcontroller irdeH)

Although the attenuation data comprises 11 bits,
ly 1025 leel lid as gven by the followi Gain = 20><|09EDATTHdB]
only @els are wlid as gven by the following. 01024

10 . whenF12DB = LOW
_ (10-1i)
DATT = z a x2

| =

0 = 20x log P T dg]

The gain of the attenuator foalues of IATT from [ 256

001H to 400H are gen by the follaving equations. _

Note that when the F12DB flag is HIGH, the gain is whenF12DB=HIGH

shifted by +12.0412 dB.
After a system reset initialization,ADT is set to
400H and the F12DB flag is M@ corresponding to
0 dB gain. (The F12DB flag is described in table 2.)

Table 5. Attenuator settings

F12DB = LOW (default) F12DB = HIGH
Attenuation data D ATT
Gain (dB) Linear expression Gain (dB) Linear e xpression
000H —00 0.0 —00 0.0
001H —60.206 1/1024 —48.165 1/256
! ! ! ! !
100H -12.041 256/1024 0.0 256/256
! ! ! ! !
3FFH -0.0085 1023/1024 12.032 1023/256
400H (to 7FFH) 0 1.0 12.041 4.0
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Atten uator operation

A change in the attenuation dat®ATXI causes the
gain to change smoothly from its pieus \alue
towards the ne setting.The nev attenuation data is
stored in the attenuation datgister and the current
attenuation leel is stored in a temporary gister
Consequentlyif a nev attenuation Ieel is read in
before the préously set lgel is reached, the gain
changes smoothly from the curreaiwe tavards the
latest setting as st in figure 4.

The attenuation counter output changes, and hence

the gain changes, by 1 stegesy output samplelhe
time talen to reduce the gain from 0 dB (or 12 dB) to
-0 dB is (1024/fso), which corresponds to
approximately 23.2 ms when fso = 44.1 kHz.

Level 1 Level 5

0dB - —

|
|
|
Gain |
|
|
|

e .
Lﬁ At 4" Levgj Time

Figure 4. Attenuator operationample
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Direct Mute (DMUTE)
Direct m ute ON/OFF

Table 6. DMUTE operation

DMUTE Function

Normal data is output from the next output word (mute

LOW 1 oF)

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

Reset mute

Table 7. RSTN mute operation

RSTN Function

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

Normal data is output from the 3073rd output word

HIGH (mute OFF)

Internal operating status (ST ATE)

Internally, all functions are performed using 20-bit automatically selected for output. Output data is in
serial data, and the cegrsion rate and filter type are 20-bit front-paclked format.

Table 8. Bit function

Output bit position Content
(Output data cycle/input data cycle) — 9
Ex.
1st 18t h
Lstto 181 00.1111111111110111 0 1.0 times
01.11111222111101112 0 2.0 times (1/2 conversion rate ratio)
00.01111111111101122 0 0.5 times (2.0 conversion rate ratio)
19th DAl Selected filter type
DAL DAO Filter Mode
0 0 Up converter 1
20th DAO 1 0 44,1 to 48 kHz 2
0 1 32t0 44.1 kHz 3
1 1 32 to 48 kHz 4

Note that whenTHRUN is LOW, LRCO and BCIKO are not guaranteed to be synchronized to thETBT
output.
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System Cloc k
Input system ¢ lock (ICLK, ICKSL) Output system ¢ lock (OCLK, OCKSL)

The input system clock can be set to run at eithefhe output system clock can be set to run at either
256fsi or 384fsi, where fsi is the input frequgrmn  256fso or 384fso, where fso is the input freqyent
LRCI. LRCO. In through mode, OCLK and OCKSLVea

Note that ICLK and LRCI should bewiiied from a no function and are not used.
common clock source or PLL to maintain Note that in slkee mode, a suitable clock must be

synchronism. input on OCLK.The clock on OCLK should ideally
have a protection circuit to pwent incorrect
Table 9. ICLK system clock operation for times when the clock on ICLK is
halted.
ICKSL ICLK system c lock rate alted
HIGH 384fsi Table 10. OCLK system clock
LoOwW 256fsi SLAVE OCKSL OCLK system c lock rate
HIGH 384fso
LOw
Low 256fs0
HIGH X Not used

Output data interface and output ¢ lock selection (LRCO , BCKO, DOUT, SLAVE)

Table 11. Output mode description

Function
THRUN SLAVE
Mode Description LRCO, BCKO state
Output word clock (LRCO) and output bit clock
Low Master mode (BCKO) are divided from OCLK. Outputs
HIGH
HIGH Slave mode Output word clock (LRCO) and output bit clock Inputs?

(BCKO) are supplied externally.

Output word clock (LRCO), output bit clock
LOwW X Through mode (BCKO) and output data (DOUT) are the Outputs
same as LRCI, BCKI and DI, respectively.

1.The number of BCKO input clock cycles should not exceed 64 per word. Correct operation is not guaranteed beyond these limits.

System Reset (RSTN) Through Mode (THR UN)

At power-ON, all device functions must be res@he  T450e 12. THRUN operation
device is reset by applying a M@level pulse on

RSTN. At system reset, the internal arithmetic| THRUN Mode Description

opgratlon, output timing coun'Fer and internal flag Direct commections are made: LRCI

register operation are synchronized on thet rI}RCI LOW | Through mode | to LRCO, BCKI to BCKO, and DI to

rising edge. Note that all flags are set to theiaulés DOUT.

(all LOW). ,
HIGH Normal mode Sample rate converter operation

A powerON reset signal can be applied from an
external microcontrollerFor systems where ICLK
and LRCI are stable at ywer ON, initialization can
be performed by connecting a 0.001 pF capacitor
between RSTN and/SS. Otherwise, a capacitor
value should be chosen such that RSTN does not go
HIGH until after LRCI and ICLK hee stabilized.
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Internal Arithmetic Timing A uto-reset Output Timing Calculation

The clock on LRCI should pass throughytle for ~ The output timing is calculated to maintain the
every 384 (ICKSL = HIGH) or 256 (ICKSL = L®) desired ratio between the output dayale and the
ICLK clock cycles to maintain correct internal input data gcle.

arithmetic sequence. If the number of ICLYcIes is

different, increases or decreases, oy §itter is  Fijlter Characteristic Selection

present, déce operation could befatted.

Corversion rates from 0.5 to 2.0 times are supported

There is a fied-value tolerance within which the . i )
using the folleving 4 filter types.

internal sequence and LRCI clock timing are not

adwersely afected. The ratio between the output sample rate and input
sample rate is measured automatically and the most
Table 13. Clock tolerance suitable filter type for this ratio is selected
ICKSL Allowable clock variation automatically
HIGH (384fs mode) +8/-6 cycles Table 15. fs ratio and filter selection
LOW (256fs mode) +4/-3 cycles Mode Filter fs ratio (fso/fsi) Selects rang e
. 1 Up converter 1.0t02.0 >0.97
Whenever the allovable tolerance isxeeeded, the
internal sequence is automatically reset so that the 2 | 48.01044.1kHz 0.91875 0.865 t0 0.97
in@ernal sequence matche_s _t_he LRCI_cIoW&_Jen |3 401 10 32.0 kHz 0.72562 0.711 to 0.865
this occurs, there is a possibility that click noise will
be generated. 4 48.0 10 32.0 kHz 0.66667 <0.711
Output Format Contr ol (OW18N When the selected fs ogersion ratio and the actual
OW20N IISN) sample rate coersion ratio do not coincide, the
H

following phenomenon are generated.

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

clock. Condition Affect

Table 16. fs ratio mismatch

Table 14. Output format selection Actual sample rate conversion The audio band high-pass

ratio is lower than the selected develons aliasing noise
Inputs Output f ormat filter conversion ratio P ¢ '
Mode
IISN [OW20N |OW18N Word IS Front/rear Actual sample rate conversion

length | selection | packing The audio band high-pass is cut

ratio is higher than the selected off

HIGH | HIGH | 16 bits filter conversion ratio

HIGH | LOW | 18 bits Rear . ) ) )
HIGH . Non IIS Note: An output noise may be generated if the fs conversion ratio

LOW | HIGH | 20 bits changes at a rate greater than 0.057%/sec.

Low LOW | 20 bits
HIGH | HIGH | 16 bits
LOW | HIGH | LOW | 18 bits IIS
Low X 20 bits

Front

~N| o o & w| o -
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TIMING DIAGRAMS
Input Timing Examples (DI, BCKI, LRCI)

Audio data input timing (rear -packed 16-bit w ord, IFM1 = LOW, IFM2 = LOW)

1/fs

|[«—————— Left-channel data ——— [«~—————— Right-channel data ———=

MSB LSB MSB SB
16

L:
o T 2] [l 2]
fffff LT Telelel

O | B JUT U T

wo [ 1

Audio data input timing (rear -packed 20-bit w ord, IFM1 = LOW, IFM2 = HIGH)

1/fs

Left-channel data ————f
MSB LSB MSB

LSB
DI l|2| |18|19|20 1.2 20
,,,,,,,,,, 1 . ‘ L.

O | B JUT U T

Right-channel data ————

wo [ -

Audio data input timing (fr ont-pac ked 20-bit w ord, IFM1 = HIGH, IFM2 = LOW)

1/fs {

[«———— Left-channel data ——— [«———— Right-channel data ———

e TNUTTTUTT T
wa [T I

All data bits after the LSB (20th bit) are ignorédcordingly, more than 20 BCKlycles are required.
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Audio data input timing (rear

-packed 20-bit w ord, LSB fir st, IFM1 = HIGH, IFM2 = HIGH)

1/fs
f«——— Left-channel data [«—— Right-channel data
LSB MSB LSB MSB
DI |18|19|20 1 .2 20
iiiiiiiiiiiiiiiiii T T o -

BCKI

LRCI

Output Timing Examples (DOUT , BCKO, LRCO)

Audio data output timing (rear -packed 16-bit w ord)

1/fso
Left-channel data | Right-channel data ————
MSB LSB ‘MSB LSB
- - --r-—n—n— - Tem—m—a - -
DOUT | 1 | 2 | | ! ! | 15 | 16 1 | 2 | ! ! ! 15 16
Iy N IS EN E I E Lo _
| | | | | | | | | | | | | | |
[ | | | | | | [ | | | | | | .
[ | | | | | | [ | | | | | | [
| | | | | | | | | | | | | | |
- = T ------ -9 9 ~ -— M rT--——-—-—---- -9 9 17 -
BCKO ! ! L ! ! Lo !
[ T I [ O [ T [
| | |
| | |
| | |
. | |
LRCO

Audio data output timing (rear -packed 18-bit w ord)

1/fso
Left-channel data | Right-channel data ————|
MSB LSB ‘MSB LSB
—-———— - --T—_I---"----- - -———- -
DOUT | 1 | 2 | ! ! | 17 | 18 1 | 2 | ! ! ! 17 18
a1 [N ISR SN SN S R I |
[ | | | | | | [ | | | | | | [
| | | | | | | [ | | | | | | [
[ | | | | | | [ | | | | | | .
| | | | | | | | | | | | | | |
e T e T e -9 9 ~ - M rT--——-——-—---- -9 9
BCKO ! I Fob g ! I [
[ AN B [ [ R BRI S I [

Audio data output timing (rear -packed 20-bit w ord)

1/fso
Left-channel data | Right-channel data ————
MSB LSB ‘MSB LSB
1 - --—T—TI--—----- - -———- -
DOUT | 1 | 2 | | ! ! | 19 | 20 1 | 2 | ! ! ! 19 | 20
oL [ SR S SR S Lo _
[ | | | | | | [ | | | | | | |
[ | | | | | | [ | | | | | | .
[ | | | | | | [ | | | | | | [
| | | | | | | | | | | | | | |
- = T ------ -9 9 ~ -— M rT--——-—-—---- -9 9 17 -
BCKO ! ! L ! ! Lo !
[ T I [ O [ T [
| | |
| | |
| | |
. | |
LRCO
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Audio data output timing (fr  ont-pac ked 20-bit w ord, OW18N = LOW, OW20N = LOW)

1/fso

(«— Left-channel data ———— | [«— Right-channel data
MSB LSB MSB LSB

LRCO

Audio data output timing (IS mode , front-pac ked 16/18/20-bit w ord selected b y OW18N and

OW20N)
| 1/fso ‘
[«—— Left-channel data [«—  Right-channel data

MSB LSB MSB LSB
-T--r-- -— ——Tmmmmm—m T — == - - R R R e e
DouT :[ | 1 - 17 118 119 1 20 ! | 1 - 17 118 1 19 I 20 ! | |
[ A _ T _ Y
I | | | | | | | [ | | | | | | | | |
[ | | | | | | | [ | | | | | | | | |
[ | | | | | | | [ | | | | | | | | |
| | | 1 | | | | [ | | 1 | | | | | i

-9 -9 9 9 *~ -9 -9 9 =9 T

BCKO [ [ !
. e R - Jood ood ood ood ool

Data is output in 20-bit units.
State Data Output Timing
State data output timing (IISN = HIGH)

[«———————— State data —————=

1/fso |
MSB LsB ‘

State data output timing (ISN =LO W)

f(e————————— Statedata ————*|

1/fso |
MSB LSB ‘
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Delay Time

tinpuT IS the time when the serial input data has beelbeen read out completely (on the rising edge of
read in completely (on the rising edge of LRCI). LRCO).The delay between input and output igegi
toutpyuT IS the time when the serial output data hady toytput— tinput = (49 * 2)/fsi.

I L

Serial data input —{

49 +2
tinput
LRCO
» Serial data output ——‘
e 1/fso ——]
toutput
tinpuT
|
|
I
touTpPuT —tiNPUT 1
|
|
|
|
|
|
AANTLN A A
V) v v v
|
|
toutput
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TYPICAL APPLICATIONS
Input Interface Cir cuits

Digital audio interface receiver (PD0052)

4
vcoout |24 ICLK
ICKSL
LRCK LRCI
BCK BCKI
DIR DATA ol SM5844AF
PDO0052 T
MODE 7;77 MCOM
EMP MLEN/DEEM
MDT/FSI1 1IFM1 —
ak aaik a8k MCK/FSI2 1Fm2 ——
ANY
[N|
v
AN %
[N|
Vi
AN

4>

4%

Digital audio interface transceiver(YM3613)

OCKSL 4T

OCLK 384fs 16.9344 MHz oA
LRCO WCI
BCKO BCI
DOUT DIN
SMsB44AF | Y,v'?slgn

OW18N

OW20N SEL

THRUN

SLAVE ﬁ
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APPLICATION NOTE

Delay in the sla ve mode When tbdH2, tbdL2 is maximum 100ns, ideal timing
the delay (tbdH2, tbdL2)of may not be attained for the folling devise,

In the sl d
nhe siae mooe depending on the OCLKycle (example 1).

DUQOT from BCKO is MIN= 10ns, MAX= 100ns
which is ratter wide width. Please use considering the timing in the feifg

As specified inAC Electrical Characteristics, and examples in the slee mode.
BCKO is prohibited from inputting longer than
64fso.

(example 1) OCLK= 39ns(fs= 99.84kHz), OCKSL= L(256fs), BCKO(64fs0)= 156ns, OW20N= L, OW18N=H
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NIPPON PRECISION CIRCUITS INC. reserves the right to make changes to the products described in this data sheet in order to
improve the design or performance and to supply the best possible products. Nippon Precision Circuits Inc. assumes no responsibility for
the use of any circuits shown in this data sheet, conveys no license under any patent or other rights, and makes no claim that the circuits
are free from patent infringement. Applications for any devices shown in this data sheet are for illustration only and Nippon Precision
Circuits Inc. makes no claim or warranty that such applications will be suitable for the use specified without further testing or modification.
The products described in this data sheet are not intended to use for the apparatus which influence human lives due to the failure or
malfunction of the products. Customers are requested to comply with applicable laws and regulations in effect now and hereinafter,
including compliance with export controls on the distribution or dissemination of the products. Customers shall not export, directly or
indirectly, any products without first obtaining required licenses and approvals from appropriate government agencies.

NIPPON PRECISION CIRCUITS INC.

4-3, Fukuzumi 2 chome
m P ‘ Koto-ku, Tokyo 135-8430, Japan
Telephone; 03-3642-6661

NIPPON PRECISION CIRCUITS LTD. Facsimile: 03-3642-6698

NC9308DE 2000.09
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