ASAHI KASEI

[AK4112A]

AKM

AK4112A
High Feature 96kHz 24bit DIR

GENERAL DESCRIPTION

The AK4112A is a digital audio receiver (DIR) compatible with 96kHz, 24bits. The channel status
decoding supports both consumer and professional modes. The AK4112A can automatically detect a
Non-PCM bit stream. When combined with an AK4527 multi channel codec, the two chips provide a
system solution for AC-3 applications. The dedicated pins or a serial uP I/F can control the mode setting.
The small package, 28pin VSOP saves the board space.

*AC-3 is a trademark of Dolby Laboratories.

FEATURES

MS0020-E-00

O Supports AES/EBU, IEC958, S/PDIF, EIAJ CP1201
O Low jitter Analog PLL

O PLL Lock Range : 22k ~108kHz

O Clock Source: PLL or X'tal

O 4 channel Receivers input and 1 through transmission output

O Auxiliary digital input
O De-emphasis for 32kHz, 44.1kHz, 48kHz and 96kHz
O Dedicated Detect Pins
¢ Non-PCM Bit Stream Detect Pin
« Validity Flag Detect Pin
¢ 96kHz Sampling Detect Pin
e Unlock & Parity Error Detect Pin
O Supports up to 24bit Audio Data Format
O Audio I/F: Master or Slave Mode
0O 32bits Channel Status Buffer
O Burst Preamble bit Pc, Pd Buffer for Non-PCM bit stream
O Serial pP I/F
O Two Master Clock Outputs:128fs/256fs/512fs
O Operating Voltage: 2.7 to 3.6V with 5V tolerance
O Small Package: 28pin VSOP
O Ta: -40~85°C
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B Compatibility with AK4110

[AK4112A]

AK4110 AK4112A
Ambient Temperature -20 ~ 85C -40 ~ 85C
AVDD, DVDD 3.0~ 3.6V 2.7~ 3.6V
fs 32kHz ~ 96kHz 22kHz ~ 108kHz
Crystal resonator (max) 12.288MHz 24 576MHz
Clock Operation Mode 3 X 6]
Parallel Control Mode X O
TX output X ©)
512fs output X 6]
384fs output O X
Burst Preamble Pc, Pd buffers X (@]
(ODH ~ 10H)
FS96 output select in X'tal Mode X (@]

(11H DO; XFS96)

ERF hold time fixed (1028/fs) selectable (512, 1024, 2048, 4096/fs)
(11H D2, D1; ERH1, ERHO)
Input data format of DAUX not available ES
Mode5 and 7
Pin #7 R PDN
Pin #8 DAUX R
Pin #22 PDN DAUX
Resistor on R pin 9.1k 18kQ
Capacitor on R pin No need No need £100pF)
O: Available, X: Not available

MS0020-E-00
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B Ordering Guide

AK4112AVF -40 ~ +85°C 28pin VSOP (0.65mm pitch)

B Pin Layout

DVDD I: 1 @ 28 :| CMO/CDTO

DVSS |: 2 27 :| CM1/CDTI

TVDD |: 3 26 :| OCKS1/CCLK

VITX I: 4 25 :| OCKS0/CSN

XTI |: 5 24 :I MCKO1

XTO |: 6 Top 23 J MCKO2

View

PDN I: 7 22 :I DAUX

R |: 8 21 :I BICK

AVDD |: 9 20 :| SDTO

AVSS |: 10 19 :| LRCK

RX1 |: 11 18 :| ERF

RX2/DIFO |: 12 17 :| FS96

RX3/DIF1 I: 13 16 :| P/SN

RX4/DIF2 I: 14 15 :I AUTO
MS0020-E-00 2000/3



ASAHI KASEI [AK4112A]
PIN/FUNCTION |
No. Pin Name I/O Function
1 DVDD - Digital Power Supply Pin, 3.3V
2 DVSS - Digital Ground Pin
3 TVDD - Input Buffer Power Supply Pin, 3.3V or 5V
AN B O .| Validity Flag Output Pin in ParallelMode
4 TX 0] Transmit channel (through data) Output Pin in Serial Mode
5 XTI [ X'tal Input Pin
6 XTO o] X'tal Output Pin
7 PDN | Power-Down Mode Pin
When “L", the AK4112A is powered-down and reset.
8 R i External Resistor Rin
18k +/-1% resistor to AVSS externally.
9 AVDD - Analog Power Supply Pin
10 AVSS - Analog Ground Pin
11 RX1 | Rece.iver Chann.el 1 _ .
This channel is selected in Parallel Mode or default of Serial Mode.
12 DIFo ] | Audio Data Interface Format 0 Pin in ParallelMode
RX2 I Receiver Channel 2 in Serial Mode
13 (PR L Audio Data Interface Format 1 Pinin Parallel Mode
RX3 I Receiver Channel 3 in Serial Mode
14 |- DIF2 | | Lo Audio Data Interface Format 2 Pin in ParallelMode
RX4 I Receiver Channel 4 in Serial Mode
Non-PCM Detect Pin
15 AUTO © “L": No detect, “H" : Detect
Parallel/Serial Select Pin
16 PIS ! “L": Serial Mode, “H": Parallel Mode
96kHz Sampling Detect Pin
17 FS96 (0] (RX Mode)  “H”:fs=88.2kHz or more, “L” fs=54kHz or less.
(X'tal Mode) “H": XFS96=1, “L" : XFS96=0.
Unlock & Parity Error Output Pin
18 ERF © “L”: No Erroz “H”: Errorp
19 LRCK I/O Output Channel Clock Pin
20 SDTO 0] Audio Serial Data Output Pin
21 BICK 1/0 Audio Serial Data Clock Pin
22 DAUX I Auxiliary Audio Data Input Pin
23 MCKO02 @) Master Clock #2 Output Pin
24 MCKO01 o] Master Clock #1 Output Pin
o5 |[OCKSO | | | Output Clock Select O Pinin Parallel Mode
CSN | Chip Select Pin in Serial Mode
o |[QCKSL 1. |_...|.Output Clock Select 1 Pin in Parallel Mode
CCLK I Control Data Clock Pin in Serial Mode
o7 |EML_ ] L Master Clock Operation Mode Pin0 in ParallelMode
CDTI I Control Data Input Pin in Serial Mode
o8 |CMO ] L Master Clock Operation Mode Pinl in Parallel Mode
CDTO O Control Data Output Pin in Serial Mode

Note 1: All input pins except internal pull-down pins should not be left floating.

MS0020-E-00
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[AK4112A]

| ABSOLUTE MAXIMUM RATINGS

(AVSS, DVSS=0V; Note 2)

Parameter Symbol min max Units
Power Supplies: Analog AVDD -0.3 4.6 \Y,
Digital DVDD -0.3 4.6 \Y,
Input Buffer TVDD -0.3 6.0 \Y,
[AVSS-DVSS| (Note3)| A GND 0.3 Vv
Input Current , Any Pin Except Supplies 1IN - +10 mA
Input Voltage (Except XTI pin) VIN -0.3 TVDD+0.3 \Y,
Input Voltage (XTI pin) VINX -0.3 DVDD+0.3 \Y,
Ambient Temperature (power applied) Ta -40 85 °C
Storage Temperature Tstg -65 150 °C
Note 2: All voltages with respect to ground.
Note 3: AVSS and DVSS must be connected to the same ground.
WARNING: Operation at or beyond these limits may result in permanent damage to the device.
Normal operation is not guaranteed at these extremes.
[ RECOMMENDED OPERATING CONDITIONS |
(AVSS, DVSS=0V;Note 2)
Parameter Symbol min typ max Units
Power Supplies: Analog AVDD 2.7 3.3 3.6 \Y
Digital DVDD 2.7 3.3 AVDD V
Input Buffer TVDD DVDD 3.3 5.5 Vv
Note 2: All voltages with respect to ground.
| S/PDIF RECEIVER CHARACTERISTICS |
(Ta=25C; AVDD, DVDD=2.7~3.6V;TVDD=2.7~5.5V)
Parameter Symbol min typ max Units
Input Resistance Zin 10 (9.4
Input Voltage VTH 350 mVpp
Input Hysteresis VHY - 130 mV
Input Sample Frequency fs 22 - 108 kHZ
| DC CHARACTERISTICS |
(Ta=25C; AVDD, bVDD=2.7~3.6V;TVDD=2.7~5.5V; unless otherwise specified)
Parameter Symbol min typ max Units
Power Supply Current
Normal operation : PDN = “H” (Note 4) 20 40 mA
Power down: PDN = “L” (Note 5) 10 100 uA
High-Level Input Voltage (Except XTI pin) VIH 70%DVDD - TVvDD \%
High-Level Input Voltage (XTI pin) VIH 70%DVDD - DVDD \Y
Low-Level Input Voltage VIL DVSS-0.3 - 30%DVDD \
High-Level Output Voltage (lout=-408) VOH DVvDD-0.4 - - \Y
Low-Level Output Voltage (lout=40@\) VOL - - 0.4 V
Input Leakage Current lin - - +10 uA
Note 4: AVDD, DVDD=3.3V, TVDD=5.0V, C=20pF, fs=96kHz, X'tal=12.288MHz,
Clock Operation Mode 2, OCKS1=1, OCKS0=0.
AVDD=8mA(typ), DVDD=12mA(typ), TVDD=1QA(typ)
Note 5: RX inputs are open and all digital input pins are held DVDD or DVSS.
MS0020-E-00 2000/3
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SWITCHING CHARACTERISTICS |
(Ta=2%C; DVDD, AvDD2.7~3.6V, TVDD=2.7~5.5V; G=20pF)
Parameter Symbol min typ max Units
Master Clock Timing
Crystal Resonator Frequency XTAL 11.289 24.57 MH?2
External Clock Frequency fECLK 11.2896 24.576 MHz
Duty dECLK 40 50 60 %
MCKO1 Output Frequency fMCK1 5.632 27.648 MHz
Duty dMCK1 40 50 60 %
MCKO?2 output Frequency fMCK2 2.816 27.648 MHz
Duty dMCK2 40 50 60 %
PLL Clock Recover Frequency (RX1-4) fpll 22 108 kHz
LRCK Frequency fs 22 48 108 kHz
Duty Cycle dLCK 45 55 %
Audio Interface Timing
Slave Mode
BICK Period tBCK 140 ns
BICK Pulse Width Low tBCKL 60 ns
Pulse Width High tBCKH 60 ns
LRCK Edge to BICK 1~ (Note 6) tLRB 30 ns
BICK “?1” to LRCK Edge (Note 6) tBLR 30 ns
LRCK to SDTO (MSB) tLRM 35 ns
BICK “{” to SDTO tBSD 35 ns
DAUX Hold Time tDXH 20 ns
DAUX Setup Time tDXS 20 ns
Master Mode
BICK Frequency fBCK 64fs Hz
BICK Duty dBCK 50 %
BICK “J” to LRCK tMBLR -20 20 ns
BICK “J” to SDTO tBSD 40 ns
DAUX Hold Time tDXH 20 ns
DAUX Setup Time tDXS 20 ns
Control Interface Timing
CCLK Period tCCK 200 ns
CCLK Pulse Width Low tCCKL 80 ns
Pulse Width High tCCKH 80 ns
CDTI Setup Time tCDS 50 ns
CDTI Hold Time tCDH 50 ns
CSN “H” Time tCSW 150 ns
CSN4”to CCLK “T” tCSS 50 ns
CCLK "M to CSN “1” tCSH 50 ns
CDTO Delay tDCD 45 ns
CSN 1" to CDTO Hi-Z tCCZ 70 ns
Reset Timing
PDN Pulse Width tPW 150 ns
Note 6: BICK rising edge must not occur at the same time as LRCK edge.
MS0020-E-00 2000/3
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B Timing Diagram

MS0020-E-00
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[AK4112A]
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MS0020-E-00
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[AK4112A]

OPERATION OVERVIEW

B Non-PCM (AC-3, MPEG, etc.) Stream Detect

The AK4112A has a Non-PCM steam auto detect function. When the 32bit mode Non-PCM preamble based on Dolby
“AC-3 Data Stream in IEC958 Interface” is detected, the AUTO goes “H". The 96bit sync code consists of 0x0000,
0x0000, 0x0000, 0x0000, OxF872 and Ox4E1F. Detection of this pattern will set the AUTO “H”. Once the AUTO is set

“H”, it will remain “H” until 4096 frames pass through the chip without additional sync pattern being detected. When
those preambles are detected, the burst preambles Pc and Pd that follow those sync codes are stored to registers 0DH-

10H.

B Clock Recovery and 96kHz Detect

On chip low jitter PLL has a wide lock range with 22kHz to 108kHz and the lock time is less than 20ms. The 96kHz
detect output pin FS96 goes “H” when the sampling rate is 88.2kHz or more and “L” at 54kHz or less. In X'tal Mode, the
FS96 pin outputs the value which is set by XFS96. PLL loses lock when the received sync interval is incorrect.

B Master Clock

The AK4112A has two clock outputs, MCKO1 and MCKO2. These clocks are derived from either the recovered clock or
from the X'tal oscillator. The frequencies of the master clock outputs (MCKO1 & MCKO2) are set by OCKSO and
OCKS1 as shown in Table 1. 96kHz sampling is not supported at No.2.

No.| OCKS1| OCKSO| MCKO1 MCKO2 X'tal fs (kHz)
0 0 0 256fs 256fs 256fs 32,44.1,48, 9
1 0 1 256fs 128fs 256fs 32,44.1, 48, 9¢
2 1 0 512fs 256fs 512fs 32,44.1, 48
3 1 1 Test Mode

B Clock Operation Mode

Table 1. Master clock frequencies select

D
D

Defalt

The CMO and CM1 select the clock source of MCKO1/2 and the data source of SDTO via the dedicated pins or the
control register. In Mode 2, the clock source is switched from PLL to X'tal when PLL goes unlock state. In Mode3, the
clock source is fixed to X'tal, but PLL is also operating and the recovered data such as C bits can be monitored.

Mode | CM1 | CMO | UNLOCK PLL X'tal Clock source | FS96 | SDTO
0 0 0 - ON OFF PLL RFS96| RX
1 0 1 - OFF ON X'tal XFS96 | DAUX
5 1 0 0 ON ON PLL RFS96| RX
1 ON ON X'tal XFS96 | DAUX
3 1 1 - ON ON X'tal XFS96| DAUX
ON: Oscillation (Power-up), OFF: STOP (Power-down)
Table 2. Clock Operation Mode select
MS0020-E-00
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W Clock Source

The following circuits are available to feed the clock to XTI pin (#5 pin) of AK4112A.

1) X'tal
XTIJ |
L [
L2 Y
e AK4112A
XTOT

Note: External capacitance depends on the crystal oscillator (Typ. 10-40pF)

2) External clock

XTI
External Clock [ ‘

p Sl

AK4112A
XTO

Note: Input clock must not exceed DVDD.

3) Fixed to the Clock Operation Mode 0

XTI ‘

AK4112A
XTO

MS0020-E-00
-11 -
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B Sampling Frequency and Pre-emphasis Detect

The AK4112A outputs the encoded information of sampling frequency and pre-emphasis in channel status to FSO, FS1
and PEM bits in control register. These information are output from channel 1 at default. It can be switched to channel 2
by CS12 bit in control register.

MS0020-E-00

Byte 3

FsS1 FSoO fs Bits 0-3

0 0 44.1kHz 0000
0 1 Reserved| all otherd

1 0 48kHz 0100

1 1 32kHz 1100

Table 3. fs information in Consumer Mode

Byte O
FS1 FSo fs Bits 6-7
0 0 44.1kHz 10
0 1 Reserved 00
1 0 48kHz 01
1 1 32kHz 11

Table 4. fs information in Profession Mode

PEM Pre-emphasig Eyte 0
Bits 3-5
0 OFF # 0X100
1 ON 0X100

Table 5. PEM in Consumer Mode

. Byte O
PEM Pre-emph
€-empNasy  pits 24
0 OFF #110
1 ON 110

Table 6. PEM in professional Mode

-12 -
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W De-emphasis Filter Control

The AK4112A includes the digital de-emphasis filter (tc=50/15us) by IIR filter corresponding to four sampling
frequencies (32kHz, 44.1kHz, 48kHz and 96kHz). When DEAU bit="1", the de-emphasis filter is enabled automatically
by sampling frequency and pre-emphasis information in the channel status. The AK4112A goes this mode at default.
Therefore, in Parallel Mode, the AK4112A is always placed in this mode and the de-emphasis filter is controlled by the
status bits in channel 1. In Serial Mode, DEMO/1 and DFS bits can control the de-emphasis filter when DEAU is “0".
The internal de-empabhsis filter is bypassed and the recovered data is output without any change if either pre-emphasis or
de-emphasis Mode is OFF.

FS96

T
[9)]
[nEY

FSO Mode

44.1kHz

OFF

48kHz

32kHz
OFF
OFF

96kHz
OFF

Rk R |~ |lo|lo|o
==l = =)
R|lOo|kr|Oo|kr|O|R]|O

Table 7. De-emphasis Auto Control at DEAU="1" and PEM="1"

DFS DEM1 | DEMO Mode
0 0 0 44.1kHz
0 0 1 OFF Default
0 1 0 48kHz
0 1 1 32kHz
1 0 0 OFF
1 0 1 OFF
1 1 0 96kHz
1 1 1 OFF

Table 8. De-emphasis Manual Control at DEAU="0" and PEM="1"

MS0020-E-00 2000/3
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W System Reset and Power-Down

The AK4112A has a power-down mode for all circuits by PDN pin can be partially powerd-down by PWN bit. The
RSTN bit initializes the register and resets the internal timing. In Parallel Mode, only the control by PDN pin is enabled.
The AK4112A should be reset once by bringing PDN pin = “L” upon power-up.

PDN Pin (Pin #7):
All analog and digital circuit are placed in the power-down and reset mode by bringing PDN= “L". All the
registers are initialized, and clocks are stopped. Reading/Witting to the register are diabled.

RSTN Bit (Address 00H; DO):
All the registers except PWN and RSTN are initialized by bringing RSTN bit = “0”. The internal timings are
also initialized. Witting to the register is not available except PWN and RSTN. Reading to the register is
disabled.

PWN Bit (Address 00H; D1):
The clock recovery part is initialized by bringing PWN bit = “0”. In this case, clocks are stopped. The registers
are not initialized and the mode settings are kept. Writing and Reading to the registers are enabled.

B Biphase Input and Through Output
Four receiver inputs (RX1-4) are available in Serial Control Mode. Each input includes amplifier corresponding to

unbalance mode and can accept the signal of 350mV or more. IPS0-1 selects the receiver channel, and OPSO0-1 selects the
source of the bit stream driving the transmit channel (TX). The TX output can be stopped by setting TXE bit “0”.

IPS1 IPSO INPUT Data|
0 0 RX1 Default
0 1 RX2
1 0 RX3
1 1 RX4

Table 9. Recovery data select

OPS1 OPSO INPUT Datg
0 0 RX1 Default
0 1 RX2
1 0 RX3
1 1 RX4

Table 10. Output data select

MS0020-E-00 2000/3
-14 -
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750
Coax
750

Y

Note AK4112A

Figure 1. Consumer Input Circuit (Coaxial Input)

Note: In case of coaxial input, if a coupling level to this input from the next RX input line
pattern exceeds 50mV, there is a possibility to occur an incorrect operation. In this case, it is
possible to lower the coupling level by adding this decoupling capacitor.

Optical Receiver 470

M\ RX

Optical
Fiber > O/E

AK4112A

Figure 2. Consumer Input Circuit (Optical Input)

In case of coaxial input, as the input level of RX line is small, in Serial Mode, be careful not to crosstalk among RX input
lines. For example, by inserting the shield pattern among them. In Parallel Mode, only one channel input (RX1) is
available and RX2-4 change to other pins for audio format control. Those pins must be fixed to “H” or “L".

The AK4112A includes the TX output buffer. The output level meets combination 0.5V+/-20% using the external resistor
network. The T1 in Figure 3 is a transformer of 1:1.

R1
TX AW
R2 75Q cable
DVSSs vdd | R1 R2
T1 3.3V | 240Q |1500Q
3.0V | 220Q |1500Q

MS0020-E-00

Figure 3. TX External Resistor Network

-15-
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B Error Handling

There are the following five factors which ERF pin goes “H”. ERF pin shows the status of the internal PLL operation and
it is “L” when the PLL is OFF (Clock Operation Mode 1).

1.Unlock Error - “H” when the PLL goes UNLOCK state.

2.Parity Error : Updated every sub-frame cycle.
3.Biphase Error : Updated every sub-frame cycle
4.Frame length Error : Updated every sub-frame cycle
5.STC (Status Change) flag="1" - Holds “1” until reading O3H.

In Parallel Mode, ERF pin outputs the ORed signal including the factors of 1,2,3 and 4. Once ERF pin goes "H”, it
maintains “H” for 1024/fs cycles after the all error factors are removed. Table 11 shows the state of each output pins
when the ERF pin is “H”. The Frame length Error is occurred when the interval of preamble in biphase signal is incorrect.
When unlock state, the channel status bits are not updated and the previous data is maintained.

Error AUTO SDTO V
Unlock Error “L” “L” ‘L

Parity Error Output Previous Data Outpuf
Biphase Error Output Previous Datga Outpu
Frame Length Error Output Previous Data Outpyt

Table 11. Error handling (Parallel Mode)

In Serial Mode, ERF pin outputs the ORed signal including the factors of 1,2,3,4 and 5. However, Parity, Biphase and
Frame Length Error can be masked by MPAR bit, and the STC flag can be masked by MSTC bit. When those are masked
by each bit, the error factor does not affect ERF pin operation. The STC flag is set whenever a comparison between the
last sample of bits D5-0 of the receiver status 1 register (03H) and the new sample are different This comparison is made
every fs cycle. The STC flag is reset by reading the register 03H. This flag is also disabled during the first block after
reset.

Once ERF pin goes "H”, it maintains “H” for 1024/fs cycles (can be changed by ERFHO-1 bits) after the all error factors
(In case of STC, from STC flag “1” to reading 03H) are removed. Once PAR, BIP, FRERR, V or UNLOCK bit goes “1”,

it returns “0” by reading Receiver Status 2 (04H). When unlock state, the channel status bits are not updated and the
previous data is maintained.

Error Register Pin

& Status UNLOCK | PAR | BIP | FRERR| STC| AUTO SDTO \% X
Unlock Error 1 0 0 0 0 “L” ‘L “L Output
Parity Error 0 1 0 0 0 Output Previous Data Output  Output
Biphase Error 0 0 1 0 0 Output  Previous Dgta  Output  Output
Frame Length Erro 0 0 0 1 0 Output  Previous Data  Output  Oujput
Status change 0 0 0 0 1 Output Output Output  Output

Table 12. Error handling (Serial Mode; MPAR=1, MSTC=1)

MS0020-E-00 2000/3
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/(status change )

(ch. status) (state A) (state B)

STC bit Hold “1” Reset

Command READ 03H

ERF — > |<— ERF Hold Time

ol 000
SO
v .

ERF pin timing at Status Change

error(UNLOCK,

PAR, BIP, FRERR) (error)

ERF —> |<— ERF Hold Time

register (UNOCK,
PAR, BIP, FRERR)

Command READ 04H

_ (fs: around 20kHz)
noao
(excopt UNLOCK). .

sorouocy
oo
‘o entoci
Y-

MS0020-E-00 2000/3
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MS0020-E-00

PD pin ="L" to "H"

!

Read O3H

v

Initialize

STC is reset, ERF pin ="L"

!

Read 04H

Sl

YES

Mute = "H"

=2

VA
Read 03H

|

Mute="L"

STC is reset, ERF pin ="L"

v

Read 04H

NO % YES

Figure 4. Error handling sequence Example

-18-
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B Audio Serial Interface Format

The DIFO, DIF1 and DIF2 pins as shown in Table 13 can select eight serial data formats. In all formats the serial data is
MSB-first, 2's compliment format. The SDTO is clocked out on the falling edge of BICK and the DAUX is latched on
the rising edge of BICK. BICK outputs 64fs clock in Mode 0-5. Mode 6-7 are Slave Modes, and BICK is available up to
128fs at fs=48kHz. In the format equal or less than 20bit (Mode0-2), LSBs in sub-frame are truncated. In Mode 3-7, the
last 4LSBs are auxiliary data (see Figure 5).

When the Parity Error, Biphase Error or Frame Length Error occurs in a sub-frame, AK4112A continues to output the
last normal sub-frame data from SDTO repeatedly until the error is removed. When the Unlock Error occurs, AK4112A
output “0” from SDTO. In case of using DAUX pin, the data is transformed and output from SDTO. DAUX pin is used
in Clock Operation Mode 1, 3 and unlock state of Mode 2.

The input data format to DAUX should be left justified except in Mode5 and 7(Table 13). In Mode5 or 7, both the input
data format of DAUX and output data format of SDTO &8 Mode6 and 7 are Slave Mode that is corresponding to the
Master Mode of Mode4 and 5. In salve Mode, LRCK and BICK should be fed with synchronizing to MCKO1/2.

The initial state of the audio format is the Master Mode upon the power-up. Therefore, if the audio format is changed to
the Slave Mode after power-up, the setting of the external clocks should be careful until completing to set the control
registers.

sub-frame of IEC958

<

Yy,
Id

0 3 4 7 8 11 12 272829 30 31
preamble Aux. V|U|C|P
LSB MSB
23 0
AK4112 Audio Data (MSB First)
Figure 5. Bit configuration
LRCK BICK
Mode | DIF2| DIF1| DIFO DAUX SDTO
1/0 I/O
0 0 0 0 24bit, Left justified | 16bit, Right justified HI/L 0 64fs g
1 0 0 1 24bit, Left justified | 18bit, Right justified H/L 0 64fs g
2 0 1 0 24bit, Left justified | 20bit, Right justified H/L 0 64fs g
3 0 1 1 24bit, Left justified | 24bit, Right justified H/L 0 64fs g
4 1 0 0 | 24bit, Left justified | 24bit, Left justified H/L O 64fs O Default
5 1 0 1 24bit, 1S 24bit, S L/H o] 64fs o]
6 1 1 0 24bit, Left justified | 24bit, Left justified H/L| I 64-128fg [
7 1 1 1 24bit, 1S 24bit, S L/H | 64-128fs [
Table 13. Audio data format
MS0020-E-00 2000/3
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2000/3

Mode 5: LRCK, BICK: Output
Mode 7: LRCK, BICK: Input
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Figure 8. Mode 5, 7 Timing
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B Serial Control Interface

The internal registers may be either written or read by the 4-wire uP interface pins: CSN, CCLK, CDTI & CDTO. The
data on this interface consists of Chip address (2bits, CO/1 are fixed to “00”), Read/Write (1bit), Register address (MSB
first, 5bits) and Control data (MSB first, 8bits). Address and data is clocked in on the rising edge of CCLK and data is
clocked out on the falling edge. For write operations, data is latched after the 16th rising edge of CCLK, after a
high-to-low transition of CSN. For read operations, the CDTO output goes high impedance after a low-to-high transition
of CSN. The maximum speed of CCLK is 5MHz. The CSN and CCLK must be fixed to “H” when the register does not
be accessed. PDN= “L” resets the registers to their default values. When the state of P/S pin is changed, the AK4112A
should be reset by PDN= “L".

CSN —‘ fi

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

cax  [FAAAAAIA AL LRI LA ALY

WRITE _CDTI %01|CO|R/W|A4|AS|A2|A.1|AO|D7|D6|D5|D4|D3|D2|D1.DO%
READ Gl DEEmEEmm 0
_CDTO Hi-Z ID7|D6|D5|D4|D3|D2|D1|DOI£

C1-Co: Chip Address (Fixed to “00”)

R/W: READ/WRITE (0:READ, 1:WRITE)
A4-AO0: Register Address

D7-DO0: Control Data

Figure 10. Control I/F Timing

MS0020-E-00 2000/3
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W Register Map

Addr | Register Name D7 D6 D5{ D4 D3! D2{ Dii DO
00H | Clock & Power down Control 0! BCU CML CMJ OCKSL OCKSO PWN RS|N
01H | Input/Output Control MPAR MSTC CS1Z2 TXE IPS1  IPSD OP$1  OHSO
02H |Format & De-emphasis Contfol V/TX DIFZ DIFI  DIF) DEAU DEM1 DEMO DF$
03H |Receiver status 1 ERF 0 {AUDION: AUTO | PEM | FS1 | FSO | RFS9(
04H |Receiver status 2 CVi STC CRCUNLOCK! V FRERR! BIP | PAR

05H | Channel A Status Byte 0 CA7 ~CAd CA5 CA4 CA3 CA2 CAl CAp
06H | Channel A Status Byte 1 CAl5 CAl4 CA13 CAI2 CAll CAJ0 CA9 CA8
07H | Channel A Status Byte 2 CA23 CA22 CAZ1 CA20 CAl9 CAl8 CAl7 CAie
08H | Channel A Status Byte 3 CA3L CA3D CA29 CA28 CA27 CA26 CAP5 CAR4
09H | Channel B Status Byte 0 CB7 CB6 CB5 CB# CB3 CH2 CB1 cho
0AH |Channel B Status Byte 1 CB15 CB14 CB13 CB12 CBll CBl10 CB9  CB8
0BH [Channel B Status Byte 2 CB23 CB22 CB21 CB20 CB19 CB18 CB17 CPB16
0CH | channel B Status Byte 3 CB31 CBJ0 CB29 CBR28 CB27 CB26 CB25 CpB24
ODH |Burst Preamble Pc Byte 0 PC7 PCB PC5 PC4 PC3 PC2 PC1 bCO
OEH |Burst Preamble Pc Byte 1 PC15 PCi4 PC13 PCl2 PCl1l PC10 PC9 |PC8
OFH | Burst Preamble Pd Byte 0 PD7 PD6 PD5 PD4 PD3 PD2 PD1  HDO
10H | Burst Preamble Pd Byte 1 PD15 PDi4 PD13 PD12 PD11 PPl0  PD9 bD8
11H | Count Control 0 0 0 0 0 EFHL EFHO XFSY6
Notes:

For addresses from 12H to 1FH, data must not be written.
When PDN pin goes “L", the registers are initialized to their default values.
When RSTN bit goes “0”, the internal timing is reset and the registers are initialized to their default values.
All data can be written to the register even if PWN bit is “0”.

MS0020-E-00
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B Register Definitions

Reset & Initialize

[AK4112A]

Addr Register Name D7 ! D6 D5 | D4 ! D3! D2 D1! DO
00H] Clock & Power down Contro| 0 . BCU CML CMO OCKS$1 OCKS0O PWN RSTN
RIW RD | RW | RW : RW | RW RW: RW. RMW
default 0 ! 0 | 0 ! 0 | 0 | 0 | 1 1
RSTN: Timing Reset & Register Initialize
0: Reset & Initialize
1: Normal Operation
PWN: Power Down
0: Power down
1: Normal Operation
OCKS1-0: Master Clock frequency Select
CM1-0: Master Clock Operation Mode Select
BCU: Block start & C/U output Mode
When BCU=1, the 3 output pins change another function.
MCKO2 pin— B; block start signal
AUTO pin— C bit
FS96 pin> U bit
The block signal goes high at the start of frame 0 and remains high until the end of frame 31.
(B, C, U, V output timing at RX mode, Master mode)
} |
5 - - ‘
_"_—f i —
- I - -_—— | -
c . !
(orU,v) __XC(RlQl) XC(LO) XC(RO) X C(L1) ><__ ___><C(|_31) XC(R31) XC(L32) ><__
— e ! ! ! v
Ci1/4fs : 5 A
LRCK I I
! ! ! T ! ! !
| | | | | |
SDTO -- i i i -y ] ==
RO ' R31
) __>< L191 >5<ng1 >5<LO >i<“ L iR30 iL31 i .
| | | | | |
SDTO -- j i o -y i "
(except 1°S) __>< R190 >i<L191 >i<R191 XI:O_ L iL30 iR30 iL31 B
MS0020-E-00 2000/3

-23 -



ASAHI KASEI [AK4112A]
Input/Output Control
Addr Register Name D7 D6 DS5; D4, D3, D2 Dl DO
01H Input/Output Control MPAR MSTGC CS12 TXE IPSL IPSO OPS1 ORSO
RIW RW ! RW ! RW ! RW | RW RW! RW| RW
default 1 i 04{ 04 1: 0! 04i{ 0. 0

OPS1-0: Output Through Data Select

IPS1-0: Input Recovery Data Select
TXE: TX Output Enable
0: Disable. TX output pin is placed in a high impedance state.
1: Enable
Csiz: Channel Status Select
0: Channel 1
1: Channel 2
Selects which channel status is used to derive AUDION, PEM, FS1 and FSO.
The de-emphasis filter, however, is always controlled by channel 1 in the Parallel Mode.
MSTC: Status change flag mask bit
This bit is low to mask status change from being reported by ERF.
MPAR:  Parity mask bit

This bit is low to mask Parity Error, Biphase Error and Frame Length Error from being reported by

ERF.

Format & De-emphasis Control

Addr Register Name D7 D6, D5 D4 D3 D2 D1 DO
02H | Format & De-emphasis Contfpl V/TX  DIF2  DIFL  DIFD DEAU DEM1 DEMO DFf
RIW RW | RW | RW: RW: RW . RW: RW: RW
default O : 1 0 O 1. 0 11i O
VITX:  VITX Output Select
0: Validity Flag Output. This output is updated every fs cycle.
1. TX
DFS: 96kHz De-emphasis Control
DEM1-0: 32, 44.1, 48kHz De-emphasis Control
DEAU: De-emphasis Auto Detect Enable
0: Disable
1: Enable
DIF2-0: Audio Data Format Control
MS0020-E-00 2000/3
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Receiver Status 1

[AK4112A]

Addr Register Name D7 : D6 ! D5 ! D4 | D3 D2: D1: DO

03H | Receiver status 1 ERF 0 {AUDION: AUTO | PEM | FS1 ! FSO ! RFS9
RIW RD { RD | RD | RD | RD { RD : RD i RD
default o{ o4{ O0O+{ O O 0! 0! 0

RFS96: 96kHz Sampling Detect at Recovery Mode.
0: fs=54kHz or less.
1: fs=88.2kHz or more
FS1-0: Sampling Frequency Output
PEM: Pre-emphasis Output

0: OFF
1: ON

This bit is made by encoding channel status bits.
AUTO: Non-PCM Auto Detect

0: No detect

1: Detect

This function is the same as AUTO pin.

AUDION: Audio bit Output

0: Audio

1: Non Audio

ERF: Unlock or Parity Error or Status change

0: No Error or No change

1: Error or Change
This function is the same as ERF pin. This bit goes “1” when Unlock Error, Parity Error, Biphase
Error, Frame Length Error or Status Change occurs. If MPAR=0 & MSTC=0, only an unlock error

is reported.

Receiver Status 2

Addr Register Name D7 | D6 D5 | D4 | D3 D2 D1; DO
04H Receiver status 2 CV! STC CRCuNLock! V FRERR! BIP | PAR
R/W RD | RD | RD ! RD | RD ! RD ! RD ! RD
default 0 0 O ¢ 0 ! 0! 0 ! 0 | 0

PAR: Parity Status (0:No Error, 1:Error)
It is high if Parity Error is detected in the sub-frame. PAR is unaffected by the state of MPAR.

BIP: Biphase Status (0:No Error, 1:Error)
FRERR: Frame Error Status (0:No Error, 1:Error)
V: Validity bit (0:No Error, 1:Error)

UNLOCK: PLL Lock status (0:Lock, 1:Unlock)

CRC: Cyclic Redundancy Check (0:No Error, 1:Error on either channel)

STC: Status change flag of Receiver status 1 (0:No change, 1:change)
This flag goes “H” when the latest value of D5-0 in Receiver Status 1(03H) is different from the
previous value. This comparison is made at every fs cycle. This bit returns to “L" by reading
Receiver Status 1(03H). The flag is disabled during the first block after Reset.

CV: Channel Status Validity (0:Valid, 1:Not Valid, data is updating)
This signal goes “H” at the start of frame 0 and maintains “H” until the end of frame 31.

MS0020-E-00
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Channel Status

[AK4112A]

Addr Register Name D7 D6; D5! D4} D3{ D2 D1 DO
05H Channel A Status Byte 0 CA7E CAé CA&:S CAél CAifS CA:2 CAil CAO
06H| ChamnelAStawsBytel | CA16 CAL4 CA13 CAl2 CALL CA10 CA9  Ch8
07H Channel A Status Byte 2 CA23 CA22 CA21 CA20 CAl19 CA18 CAl7 CAle
08H| ChannelAStatusByte3 | CA31L CA30 CA29 CA28 CAR7 CA26 CA25 CA24
09H|  Channel B Status Byte 0 CBY CB6 CB5 CB4 CB3 CB2 CBL CRO
0AH| ChannelB StatusByte1 | CB15 CBI4 CBi3 CB12 CHII CBIO cCBY B8
0BH| ChamelBStausByte2 | cB23 cB32 CB21 CBRO CH19 CB18 CB17 CpB16
0CH|  Channel B Status Byte 3 CB31 CB30 CBR9 CB28 CB27 CB26 CB25 OB24
RIW RD
default Not initialized

CA31-0: Channel A Status Byte 4-1
CB31-0: Channel B Status Byte 4-1
Bit definition changes depending upon PRO bit setting. When CV=1, these bits are updating and

may be invalid.

Burst Preamble Pc/Pd in non-PCM encoded Audio bitstreams

Addr Register Name D7{ D6{ D5/ D4/ D3| D2 D1 DO
ODH | Burst Preamble Pc Byte 0 PCY PC6 PC5 PC4 PC3 PRC2 PClL PCO
OEH | Burst Preamble Pc Byte 1 PCI5 PCl4 PG13 PC12 PCl1l PRC10 PC9 |PC8
OFH | Burst Preamble Pd Byte 0 PD7 PD6 PD5 PD4 PD3 PD2 FD1  RDO
10H | Burst Preamble Pd Byte 1 PDI5 PDi4 PD13 PD12 PD11 PDI0 PD9  PD8
R/W RD
default Not initialized
PC15-0: Burst Preamble Pc Byte 1, 0
PD15-0: Burst Preamble Pd Byte 1, 0
Count Control
Addr Register Name D7! D6! D5! D4} D3/ D2 D1 DO
11H | Count Control 0 0 0 : 0 0 ! EFH1 EFHD XFS$6
R/W RD RD RD ! RD ! RD | RW: RW: RW
default 0 0 o o O, 0 1: o0
XFS96: FS96 output select at X'tal Mode (clock Operation Model, Mode3 and Unlock state of Mode2)
1: FS96pin="H"
0: FS96pin="L"
EFH1-0: Error Flag Hold Count Select
00: 512 LRCK
01: 1024 LRCK
10: 2048 LRCK
11: 4096 LRCK
MS0020-E-00 2000/3
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B Burst preambles in non-PCM bitstreams

sub-frame of IEC958

[AK4112A]

|
’d

<

0 3 4 7 8 11 12 27 28 29 30 31
preamble Aux. LSB MSB|V|U|C|P
16 bits of bitstream
>
0 15
Pa|Pb|Pc|Pd Burst_payload stuffing

repetition time of the burst

Preamble word Length of field Contents value

Pa 16 bits sync word 1 0xF872

Pb 16 bits sync word 2 Ox4E1F

Pc 16 bits Burst info see Table 15.
Pd 16 bits Length code numbers of bits

Table 14. Burst preamble words

Bits of Pc| value | contents repetition time of burst
in IEC958 frames

0-4 data type
0 NULL data <4096
1 Dolby AC-3 data 1536
2 reserved
3 PAUSE
4 MPEG-1 Layerl data 384
5 MPEG-1 Layer2 or 3 data or MPEG-2 without extensjar152
6 MPEG-2 data with extension 1152
7 reserved
8 MPEG-2, Layerl Low sample rate 384
9 MPEG-2, Layer2 or 3 Low sample rate 1152
10 reserved
11 DTS type | 512
12 DTS type Il 1024
13 DTS type llI 2048
14-26 | reserved
27 (reserved for MPEG-4 AAC data) 512
28 MPEG-2 AAC data 1024
29-31 | reserved

5,6 0 reserved, shall be set to “0”

7 0 Error-flag indicating a valid burst_payload
1 Error-flag indicating that the burst_payload may contain

Errors
8-12 data type dependent info
13-15 0 bit stream number, shall be set to “0”
Table 15. Fields of burst info Pc
MS0020-E-00
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B Non-PCM Bitstream timing
1)When Non-PCM preamble is not coming within 4096 frames,
PDN pin
Bit stream Pa | Pb |Pc1|Pdy] Pa [ Pb |Pc2|Pd2 Pa|Pb |Pc3|Pd3
id—Repetition time—>;<— >4096 frames —Pi
AUTO
Pc Register ‘0" Pc1 Pc2 Pc3
Pd Register ‘0" Pd1 Pd2 Pd3
2)When Non-PCM bitstream stops
ERF pin 14— ERF hold time—|
<20mS (Lock time) |
.
Bit stream Pa|Pb [Pci|Pdz Stop i Pa | Pb [Pcn|Pdn
1
H——1 2-3 Syncs (B,M or W) i
[}
AUTO b 14— <Repetition time—» |
Pc Register Pco : Pc1 Pcn
Pd Register Pdo Pd1 Pdn
MS0020-E-00 2000/3
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| SYSTEM DESIGN |

Figure 11 shows the example of system connection diagram for Serial Mode.

3.3V Supply 10u 0.1u
11 1 | DVDD CcDTO [ 28
7] ovss coTi [27 Micro-
3.3~5V Supply =
11 [3] TvDD CCLK [26 controller
0.1u
lOu% ] —4 | vrx CSN [ 25 |
L c 71
= F——_5 | xm MCKO1 [ 24
—] AK4112A
(Note 8) = ——1{%6] x10 Mcko2 [ 23 ]
c —
7 | PDN DAUX [ 22
18K
—WA—{8 | R BICK | 21
3.3V Supply ¢
" 1= Avop SDTO [ 20
10u &
Oll'u 10| AVSS LRCK [19
= 11| RX1 ERF [18 1+
; {12 | Rx2 Fs96 [ 17 — DSP
(see Figure 1,2) and
{13] rRx3 P/SN | 16
14 | RX4 AUTO | 15 AD/DA

Figure 11. Typical Connection Diagram (Serial Mode)

Notes:
- “C” depends on the crystal oscillator (Typ. 10-40pF)
- AVSS and DVSS must be connected the same ground plane
- Digital signals, especially clocks, should be kept away from the R pin in order to avoid an effect to the clock
jitter performance.
MS0020-E-00 2000/3
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| PACKAGE
28pin VSOP (Unit: mm)
*9.840.2 1.25+0.2
0.675
28
HHAHHABAAAAAE™ .
N
o N
& 2
O ’ f
AH0BBHBEEBEHBE H1a
+0.1
0.22+0.1 0.65 0.15-0.05
0.1+0.1
Detail A
/ \
N
o
F
o
Seating Plane (0] 0.10] o —
—
NOTE: Dimension "*" does not include mold flash. ~ 0-10°
W Material & Lead finish
Package molding compound: Epoxy
Lead frame material: Cu
Lead frame surface treatment: Solder plate
MS0020-E-00 2000/3

-30 -



ASAHI KASEI [AK4112A]

MARKING |

aliililhlakildillatil

AKM

AK4112AVF
XXXBYYYYC

O

L RLRGGKL

XXXXBYYYYC: Date code identifier
XXXB: Lot number (X : Digit number, B : Alpha character )
YYYYC: Assembly date (Y : Digit number C : Alpha character)

IMPORTANT NOTICE

These products and their specifications are subject to change without notice. Before considering

any use or application, consult the Asahi Kasei Microsystems Co., Ltd. (AKM) sales office or

authorized distributor concerning their current status.

AKM assumes no liability for infringement of any patent, intellectual property, or other right in the

application or use of any information contained herein.

Any export of these products, or devices or systems containing them, may require an export license

or other official approval under the law and regulations of the country of export pertaining to customs

and tariffs, currency exchange, or strategic materials.

AKM products are neither intended nor authorized for use as critical components in any safety, life

support, or other hazard related device or system, and AKM assumes no responsibility relating to

any such use, except with the express written consent of the Representative Director of AKM. As
used here:

(a) A hazard related device or system is one designed or intended for life support or maintenance of
safety or for applications in medicine, aerospace, nuclear energy, or other fields, in which its
failure to function or perform may reasonably be expected to result in loss of life or in significant
injury or damage to person or property.

(b) A critical component is one whose failure to function or perform may reasonably be expected to
result, whether directly or indirectly, in the loss of the safety or effectiveness of the device or
system containing it, and which must therefore meet very high standards of performance and
reliability.

It is the responsibility of the buyer or distributor of an AKM product who distributes, disposes of, or

otherwise places the product with a third party to notify that party in advance of the above content

and conditions, and the buyer or distributor agrees to assume any and all responsibility and liability
for and hold AKM harmless from any and all claims arising from the use of said product in the
absence of such notification.

MS0020-E-00 2000/3
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