ASAHI KASEI [AK4112A]

AKM AK4112A
High Feature 96k Hz 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

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 thr ough tra nsmi ssion ou tput
O Auxiliary digi tal input
O De-emphasis for 32 kHz, 44.1kHz, 48kHz and 96k Hz
O Dedicated Detect Pins

e Non-PCM Bit Stream Detect P in

¢ 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 C hannel Statu s Buffer
O Burst Preamble bit Pc, Pd Buffer fo r Non-PCM bit stream
O Serial uP I/F
O Two Master Cl ock O utputs: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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ASAHI KASEI

B Compatibilit y with AK4110

[AK4112A]

AK4110 AK4112A

Ambient Temperaure -20 ~ 858C -40 ~ 88C

AVDD, DVDD 3.0 ~ 36V 2.7~ 36V

fs 32kHz ~ 96z 22kHz ~ 108z

Crystal reonator (max) 12.28MHz 24 56MHz
Clock OperationMode 3 X O
Parallel Cantrol Mode X (®)
TX output X O
512fs output X O
384fs output O X
Burst Preamble P¢ Pd bdfers X (@]

(ODH ~ 10H)

FS06 ouput selectin X'tal Mode X (0]

(11H DO; XF596)

ERF hold time fixed (1028fs) seleceble (512, D24, 2048,40%/fs)
(11H D2, O1; ERH1, ERHO)
Input data brmat of DAUX nat availabe ES
Mode5 ad 7
Pin #7 R PDN
Pin #8 DAUX R
Pin #22 PDN DAUX
Resistor onR pin 9.1kQ 18kQ
Capacitor onR pin No reed No reed £100pP
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B Ordering Guide
AK4112AVF -40 ~ +85°C 28pin VSOP (065nmm pitch)

B Pin Layout

DVDD I: 1 @ 28 :I CMO/CDTO

DVSS |: 2 27 :| CM1/CDTI

TVDD |: 3 26 :| OCKS1/CCLK

VITX |: 4 25 :| OCKS0/CSN

XTI |: 5 24 :I MCKO1

XTO |: 6 Top 23 J MCKO2

‘ View

PDN I: 7 22 :I DAUX

= [ ]s a[ ] s

AVDD |: 9 20 :| SDTO

AVSS |: 10 19 :| LRCK

RX1 |: 11 18 :| ERF

RX2/DIFO |: 12 17 :| FS96

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

RX4/DIF2 I: 14 15 :I AUTO
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PIN/EUNCTION

No. Pin Name 1/O Function

1 DVDD - Digital Power Spply Pin, 3.3V

2 DVSS - Digital Ground Pin

3 TVDD - Inpu Buffer Paver Supply Pin, 3.3V or 5V

Vo O___| vaidity Flag Output Pin in Parallel Mode

4 TX 0] Transmit chamel (thraughdata) Output Pin in Serial Male

5 XTI I X'tal Input Pin

6 XTO O X'tal Output Pin

Power-Down ModePin

! FON ! When“L”, the AK4112A is powered-down ard regt
8 R i External Resitar Pip
18k +/-1% resisor to A/SSextemally.
9 AVDD - Analog Powver Supply Pin
10 AVSS - Analog Grourd Pn
11 |RrRx1 | Receier Cranrel 1 . .
This chand is seletedin Parallel Mode or default of Serial Male.
12 DIFO_ b Audio Data IrterfaceFormat O Rn in Parallel Mode
RX2 | Receiver Channel 2 inSerial Mode
13 PRl Audo Data InerfaceFomat 1 Rnin Parallel Mode
RX3 | Receiwer Channel 3 in Serial Mode
14 DwF2 0 L] Audio Data InerfaceFormat 2 Rn in Parallel Mode
RX4 | Receiwer Chanrel 4 in Serial Mode
Non-PCM Deted Pin
15 AUTO © “L": No detect,H" : Detect
16 PiS | Parallel/Serial SelectiR

“L": Serial Mode, H": Parallel Mode

96kHz Sampling Detect Pin
17 FS% (0] (RX Mode) “H": fs=88.2kHz ormore, “L” fs=54kHz or les.
(X'tal Mode) “H”: XFS96=1, 'L." : XFS06=0.

Unlock & Parity Error Ouput Pin

18 ERF © “L”: No Error, “H": Error
19 LRCK /10 Output Chanrel Clock Pin

20 SDTO 0] Audio Serial Data Otput Fin
21 BICK I/O Audio Serial Data ®ck Pin
22 DAUX Auxiliary Audio Data Iput An
23 MCKO02 Mager Aock #2 Ouput Pin

I
O
24 MCKO1 0] Mager Aock#1 Ouput Pin
I

25 OCKSO b Output Aock Select O Pinin Parallel Mode .
CSN | Chip Sele¢ Pin in Serid Mode

og |[QEKSL_ 1 1] Output dock Select 1 Pinin Parallel Mode .
CCLK I Control Data dock Pinin Serial Mode

o7 |EML_ L Master Clek Oeration Mode PinOin ParallelMode
CDTI I Control Data Input Pin in Serial Mode

2g |CMO L Master Clak Operation Mode Pinlin Parallel Mode
CDTO 0] Control Data Qutput Pin in Serial Mode

Note 1 All inpu pins excepintemal pull-down pins soud nat be left floating.
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[AK4112A]

| AB SOLUTE MAXIMUM RATINGS

(AVSS, DVSS=0V; Note 2)

Parameter Symbol min max Units
Power Sipplies: Analog AVDD -0.3 4.6 \Y,
Digital DVDD -0.3 4.6 \Y
Input Buffer TVDD -0.3 6.0 Y,
[AVSS-DVSY (Note3) A GND 0.3 V
Input Curert , Any Pin Except Spplies IIN - +10 mA
Input Voltage (Excep XTI pin) VIN -0.3 TVDD+0.3 \Y,
Input Voltage (XTI pin) VINX -0.3 DVvDD+0.3 \Y,
Ambient Temperaure (power applied) Ta -40 85 °C
Storage Temperatue Tstg -65 150 °C
Note 2 All voltages with resgect toground
Note 3: A/SSard DVSS must be conected to th same grourd.
WARNING: Operatin at o beyondthese Imits may regult in permanent damage tothe cvice.
Normal operationis ot guaranteed at thse extranes.
[ RECOMMENDED OPERATING CONDITIONS
(AVSS, DVSS=0V;Note 2)
Parameter Symbol min typ max Units
Power Sipplies: Anaog AVDD 2.7 3.3 3.6 \%
Digital DVDD 2.7 3.3 AVDD V
Input Buffer TVDD DVDD 3.3 5.5 \%
Note 2 All voltages with resgect toground
| S/PDIF RECEIVER CHARACTERISTICS
(Ta=25C; AVDD, DVDD=2.7~3.6VTVDD=2.7~55V)
Parameter Symbol min typ max Units
Input Resigarce Zin 10 K
Input Voltage VTH 350 mVpp
Input Hysteresis VHY - 130 mV
Inpu Sample Frequeng/ fs 22 - 108 kHz
| DC CHARACTERISTICS
(Ta=25°C; AVDD, DVDD=2.7~3.6V;IVDD=2.7~5.5V; wless otkrwise spedied)
Par ameter Symbol min typ max Units
Power Supply Curert
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 Inpu Voltage VIL DVSS0.3 - 30%DVDD \
High-Level Output Voltage (lout=-40QuA) VOH DVDD-0.4 - - \Y
Low-Level Output Voltage (lt=400uA) VOL - - 0.4 V
Input Lealage Currert lin - - +10 pA
Note 4: A/DD, DVDD=3.3V, TVDD=5.0V, C =20pF fs=96kHz, X'tal=12.288MHz,
Clock OperationMode 2, OCKS1=1,0CKS0=0.
AVDD=8mA(typ), DVDD=12mA(typ), TVDD=10uA(typ)
Note 5: RX iputs are operard all digtal input pins areheld DVDD or DVSS.
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[AK4112A]

| SWITCHING CHARACTERISTICS

(Ta=25C; DVDD, AVvDD2.7~3.6V TVDD=2.7~55V; C =20pH

Parameter Symbol min typ max Units
Master Clock Timing
Crystal Resonator Freqercy fXTAL 11.286 24.5% MHz
External Clock Freqiercy fECLK 11.286 24.5® MHz
Duty dECLK 40 50 60 %
MCKO1 Outpu Frequeng fMCK1 5.632 27.68 MHz
Duty dMCK1 40 50 60 %
MCKO?2 output Frequeng fMCK2 2.816 27.68 MHz
Duty dMCK2 40 50 60 %
PLL Clock Recover Frequeny (RX1-4) fpll 22 - 108 kHz
LRCK Frequeng fs 22 48 108 kHz
Duty Cycle dLCK 45 55 %
Audio Interface Timing
Slave M ode
BICK Period tBCK 140 ns
BICK Puse Width Low tBCKL 60 ns
Puse Width High tBCKH 60 ns
LRCK Edge to BICKK “7” (Note6) tLRB 30 ns
BICK “?1” to LRCK Edge (Note6) 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 M ode
BICK Frequeng 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 tCSwW 150 ns
CSN*“)”toCCLK “T” tCSS 50 ns
CCLK "1 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 rs
Note 6: BCK rising edge mustnot occu at the same time & LRCK edce.
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B Timing D iagram

LRCK  ----- - - - -- - 50%DVDD

BICK 50%DVDD

_ x____ 50%DVDD
DAUX  —---=—-=—- X ________________ X __________________________________ ’ ____ 50%DVDD

SDTO

Serial Interface Tming (Slave Mode)

LRCK 50%DVDD
BICK 50%DVDD
SDATA —————->< —————— 50%DVDD
tDXH |
DAUX  ~mmmmmmmmmmmmmmmeee e NN 50%DVDD
Serial Inerface Tming (Master Mode)
CSN  —mmmmm ook e e e e e 50%DVDD

tCCKL |tCCKH

CCLK  ——====mmm—- \ _______ [ ______ S _____ - 50%DVDD
tCDH
tCDS
CDTI  ----------- X ————— co X« co >>X —————— R/W—--X— ————— A4 ---50%DVDD
CDTO HiZ
WRITE/READ Command Input Timing
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MS0020£-00

CSN 50%DVDD
CCLK 50%DVDD
CDTI ---'DS---X"- D2 ----X—----Dl -—-X——- DO -- X ——————————— 50%DVDD
cDTO HiZ
WRITE Data Iput Timing

CSN 50%DVDD
CCLK 50%DVDD
CDTI

1
. 1
cDTO Hi-Z /-----D¥ ----- X- -—--D@—-———X—---D%—---SO%DVDD

CSN 50%DVDD
CCLK 50%DVDD
7,77077: 47,7707 7,77077: 47,7707 7,77077: 47,7707 77,707
. __  JGO 55050 ]
' AW
CDTI G i A 4 A T s s sk 4 4 st > 0% DV DD
70507 70007 70507 70007 70507 70007 70
1
H |
—>r———tCCZ

|
|
CDTO D3 __.X___ D2 -—--4-- D1 -—-—X—-—-— DO----- >—_ 50%DVDD
|
|

READ Data Input Timing 2

tPW

PDN
30%DVDD

Power Down & Reset Timing
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| OPERATION OVERVIEW |

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

The AK4112A has a Non-PCM steam auo detectfunction. When the 32bitmode Non-PCM preanble basd onDolby
“AC-3 Data $rean in IEC958 Interface” isdetected, th AUTO goes “H". The 96bitsync codecorsists of 0x0000,
0x0000,0x0000,0x000, 0872 a Ox4E1F Detectionof this patternwill set the AUTO “H”. Once te AUTO is st
“H”, it will remain “H” until 4096 fames pass hrough the chipwithout additioral sync patternbeingdetected. Wen
those prembles aredetected, th burst preanbles Pc ard Pd that follow thosesync codesare storedo regstersODH-
10H.

B Clock Recovery and 96k Hz Detect

On chip low jitter PLL has a wde lockrange with 22kHz to 108IHz and the lod time is less han 20ms. The 96Kz
detect otput pin FS96 goes“H” when the sampling rate is88.2kHz ormore ard “L” at 54kHz or less. In X' tal Mode, the
FS96 pinouputs the value which is set ty XFS96. R.L loses lockwhenthe receied gnc interval is incorrect.

B Master Cl ock

The AK4112A hastwo clodk ouputs, MCKO1 ard MCKO2. These clock are deriedfrom either the recowered clockor

from the Xtal oscillator. The frequencies of the master clak outputs (MCKO1 & MCKO2) are setby OCKSO and
OCKS1 asshown in Table 1. 96z sampling is not sypported at No.2.

No. | OCKS1 | OCKSO| MCKO1 MCKO2 X' tal fs (kHz)
0 0 0 256fs 256fs 256fs 32,44.1, 48, 96 | Defalt
1 0 1 256fs 128fs 256fs 32,44.1, 48, 96
2 1 0 512fs 256fs 512fs 32,4.1,48
3 1 1 Test Mode

Table 1. Master clocKreqtercies select
B Clock Operation Mode
The CMO ard CM1 selectthe clok souce of MCKO1/2 amd the datasouce of SDTO \a the dedicatecpins or tre

cortrol regster In Mode 2, tle clocksaurceis switched fom PLL to X'tal when PLL goes urock state. InMode3, tke
clock saurce isfixedto X'tal, but PLL is alsooperating andthe recowereddata such a€ hits can be monitored

Mode | CM1 | CMO | UNLOCK PLL X'ta Clock saurce FS% SDTO
0 0 0 - ON OFF PLL RFS96 | RX Default
1 0 1 - OFF ON X'tal XFS% | DAUX
0 ON ON PLL RFS% | RX
2 1 0 1 ON ON X'tal XFS% | DAUX
3 1 1 - ON ON X'tal XFS96 | DAUX

ON: Oscillgion (Power-up, OFF: STOP (Pover-down)

Table 2. Aock OperationMode ®lect

MS0020£-00 20008
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W Clock Source

The following circuts are awilable to €ed he clockto XTI pin (#5 pin) of AK4112A.

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

Note: Exerral capacitace depeds onthe ciystal oscillator (yp. 1040pF)

2) Exterral clok

XTI
External Clock [ ‘

—

AK4112A
XTO

Note: Imput clockmust not exceed DVDD.

3) Fixedto theClock Operaticn Mode O

XTI ‘

AK4112A
XTO
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B Sampling Frequency and Pre-e mphasis Detect

The AK4112A ouputs the encoded nformation of sampling frequency and preenphasis in chanrel status to FSO, FSL
ard PEM bits in cortrol regster. These nformation are ouput from channel 1 at dedwlt. It canbe switched to clanrel 2
by CS12 hit in contradl register

Byte 3
Fs1 FSo fs Bits 0-3
0 0 44,1z 0000
0 1 Resened | all others
1 0 48kHz 0100
1 1 32kHz 1100

Table 3. fsinformation in Consumer Mode

Byte O

FS1 FSo fs Bits 6.7
0 0 441Kz 10
0 1 Reserved 00
1 0 48kHz 01
1 1 32kHz 11

Table 4. fsinformation in Profession Mode

PEM Pre-emphasis E.,yte 0
Bits 3-5
0 OFF # 0X100
1 ON 0X100

Table 5. PEMin Consumer Mode

. Byte O
PEM Pre-em
eemphasis | b 2g
0 OFF #110
1 ON 110

Table 6. PEM inprofesional Mode

MS0020£-00 20008
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B De-emphasis Filter Control

The AK4112A includes he digital de-emphasis flter (tc=50/15ps) by IIR filter correspndng to four sampling
frequencies (32kHz, 44.1lz, 48kHz ard 96kHz). When DEAU bit="1", the de-emphasis filter is erabledautomatically
by sampling frequency and preemphasis information in the channel gatus The AK4112A goes this mode atdefault.
Therebre, inParallel Mode, the AK4112A is always placed inthis modeand the deemphads filter iscortrolled by the
statusbits in channel 1. In Serial Mode DEMO/1 ard DFS bits cancortrol the de-emphasis filter when DEAU is “0".
The interral deempabhsisfilteris bypassed rad the recowered data isutput without any changeif either preemphasis or
de-emphass Mode isOFF

FS®% FS1 FSO Mode
0 0 0 44.1kHz
0 0 1 OFF
0 1 0 48kHz
0 1 1 32kHz
1 0 0 OFF
1 0 1 OFF
1 1 0 96kHz
1 1 1 OFF

Table7. De-emphasis Auto Control at DEAU=1" and PEM="1"

DES DEM1 | DEMO Mode
0 0 0 44.1Hz
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. Deemphasis Manual Control at DEAJ="0" and PEM="1"

MS0020£-00 20008
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B System Reset a nd Power-Down

The AK4112A has a paver-down mode br all circuits by PDN pin canbe patrially powerd-down by PWN bt. The
RSTN hit initializes the register and resets he internaltiming. In Parallel Mode, only the control by PDN pin is enabed.
The AK4112Ashould be restonce by bringing PDN pin = “L” upon power-up.

PDN Pin (Pin #7):
All aralog ard digtal circuit are placedn the paver-down and resetmode by bringng PDN= “L". All the
regstersare hitialized, am clocksare sopped. Radirg/Witting to the redster are diabled.

RSTN Bit (Addres 00H; DO0):
All the regsters ecceg PWN and RSN are initializedby bringing RSTN bit = “0”. The intenal timings are
also initialized. Witting to the register isnot availade exceg PWN and RSTN. Readng to the regster is
disabled.

PWN Bit (Addres O0H; D1):
The clock recowery part isinitialized bybringing PWN bit = “0". In this case, clocks arestopped.The regsters
are na initialized andthemode setings are kep Writing and Readhg tothe raistes are endbd.

B Biphase Input and Through Output
Fou receiwer inputs (RX1-4) are awilable in Serial Wntrol Mode. Eachinput includes amplifier correspoding to

unbalance mode anl can accept th sgnal of 350mV or more. IPS0-L selects th recever ctannel, ard OPS0-1 sdectsthe
source ofthe bitstream driving the trarsmt channel (TX). The TX ouput canbe $opped bysetting TXE bit “0”.

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

Table 9. Rco\ery data select

OPS1 OPSO | INPUT Data
0 0 RX1 Default
0 1 RX2
1 0 RX3
1 1 RX4

Table 10. Output dataselect

MS0020£-00 20008
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RX

750
Coax
75Q

Y

“Note AK4112A

Figure 1. @nsumer Input Circuit (Coaxal Input)

Note: In case 6 coaxial inpu, if a caipling level to this inpu from the next RX npu line
patternexceeds 5V, there is gpossibility to occu anincorrectoperation In this case, it is
possilde to lower the caipling level by adding this decaupling capacitar.

Optical Receiver 470

Optical
Fiber > O/E Wy RX

AK4112A

Figure 2. @nsumer Input Circuit (Optical Inptt)

In caseof coaxal input, asthe inputlevel of RX lineissmall, in Serial Modebe caretl not to crosstalkamong RX input
lines. For example, by insertng the shield pattern among them In Parallel Mode, only one channel input (RX1) is
available al RX2-4 change to other pins for audio format corirol. Those pirs must be fxed to “H” or “L".

The AK4112A includesthe TX output buffer. The ouput level meets conbination 0.5V+/-20% sing the extemal residor
network. The T1 in Figure 3 s a rarsformer of 1:1.

R1
X >
R2 75Q cable

DVSSs vdd | R1 R2
~ T1 3.3V | 240Q [150Q

3.0V | 220Q |150Q

Figure 3. TX External Resistor Network
MS0020£-00 20008
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B Error Handling

There arehe following five factorswhich ERF pingoes“H”. ERF pin shows the statis of theinterral PLL operationand
it is “L” when the ALL is OF (Clock Operatian Mode 1).

1.Unlock Error 1 “H” when the ALL goes UNLCCK state.
2.Parity Error : Updated egry sub-frame oycle.
3.Biphase Error : Updated egry sub-frame ¢/cle

4.Frame length Error : Updated eery sub-frame oycle

5.STC (StatuChange) fag="1" : Holds “1” until readng O3H.

In Parallel Mode, ER pin ouputs the ORed sgnal including the factorsof 1,2,3 ad 4. Once ERF pin goes"H", it

maintains “H” for 1024/% cycles &fter the all error factorsareremoved. Table 11 shows the state ofead output pirs

when the BERF pinis “H”. T he Frame lengh Error is occured when the interval of preanble in biphase gjnal is incorrect.
Whenunlock state, ihe channel staus bits are ot updated ad the prevous data ismaintained.

Error AUTO SDTO Vv
Unlock Error ‘L ‘L ‘L
Parity Error Output Previous Data Output
Biphas Error Output Prevous Data Output
Frame Length Error Output Prevous Data Output

Table 11. Error handing (Parallel Made)

In Serial Mode, ERF pin ouputs the ORed sgnal including the facbrs of 1,2,3,4 ad 5. However, Party, Biphase amd
Frame Lengh Error canbe nasked by MPAR bit, ard the STC flag can bemasked by MSTC bit. Whenthose aremasked
by ead bit, the error ctordoes ot affect ERF pin operation The STC flag is setwherever acomparisonbetwveen the
lastsample of bits D5-0 of the recever staus 1 regdster (03H) ard the rew sample are diferentThis camparisonis made
ewery fs cycle. The STC flagis reset ty readingthe registerO3H. This flag is ako disabled ding the first block after
reset.

Once ERF pin goes”H”, it maintains “H” for 1024/6 cycles(can be clanged by ERFHO-1 bits) after the all error &ctors
(In case ofSTC, from STC flag “1” to readig 03H) are reraved.Once AR, BIP, FRERR, V or UNLOCK bit goes“1”,
it retuns ‘0" by readingRecever Staus 2 (04H). When unlock state, tle channel staus bits are ot updated ad the
previous chta is maintained.

Error Registe Pin
& Status UNLOCK | PAR | BIP | RERR | 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
Biphas Error 0 0 1 0 0 Output | Prevous Data | Output | Output
Frame Length Error 0 0 0 1 0 Output | Prevous Data | Output | Output
Statuschange 0 0 0 0 1 Output Output Output | Output
Table12. Eror handliing (Serial Mode; MRR=1, MSTC=1)
MS0020£E-00 20008
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[AK4112A]

/(status change)
(ch. status) (state A) (state B)
STC bit Hold “1” Reset
Command READ 03H
ERF —> l«— ERF Hold Time
MCKO.BICKZ22 7
LRCK 77 ...’ . ° . ° .~ > 9&.5959d ' ‘> ‘T @

SDTO

error(UNLOCK,
PAR, BIP, FRERR)

ERF

register (UNOCK,
PAR, BIP, FRERR)

Command

MCKO,BICK,LRCK
(UNLOCK)

MCKO,BICK,LRCK
(except UNLOCK)

SDTO(UNLOCK)

SDTO
(except UNLOCK)

Vpin (UNLOCK)
Vpin

(except UNLOCK)

MS0020£-00

i
/////////
72747

VU 7
V7772
V777772

777077 777,
////////////Z%/////////
2227

/,/f/,zz//////////// /////,/,/,/,/,////////////,/f/%é//////////,/f/,éé
7 0557 I %7
.

T

T

A4 5 0404445 %
77722 277//727 2277272722777/ //W////V/////////
A 04407777477 477777277 4477727777 7

ERF pin timing at Status Change

(error)

—>

|<— ERF Hold Time

Hold "1”

READ 04H

(fs: around 20kHz)

ERF pintiming at UNLOCK, PAR, BIP, FRERR error
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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 sejuence Example
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B Audio Serial Interface Format

The DIFO, DIF1ard DIF2 pins as $iown in Table 13 carselect eipt serialdata brmats. Inall formats he serial datds
MSB-first, 2's conpliment format. The SDTO is clockd ou on the falling edge of BICK and tle DAUX is latched on
therising edge of BICK. BICK outputs 64fs clock in Mode 05. Mode 67 are $ave Modes ard BICK is awailable p to
128fs at f5=48kHz. In the format equal or lessthan 20bit (Mode02), LSBs in sub-frame are trurcated. InMode 37, the
last 4LSB are axiliary data (see fgure 5).

When the Parly Error, Bphas Erroror Frame Length Error occus in a sub-frame, AK4112A coninues to ouput the
lag normal sub-frame datafrom SDTOrepeatedhyntil the error isrenoved. Whenthe Urlock Error occus, AK4112A
output “0” from SDTO. In cae of using DAUX pin, the data istransformed ard output from SDTO. DAUX pin is used
in Clock OperationMode 1, 3 ad unlock state d Mode 2.

Theinpu dag formatto DAUX should be Eft justified exceptin Mode5 anl 7(Table 13. In Modeb or 7, both the input
data brmat of DAUX and ouput data érmat of SDTO arel?S. Modes ard 7 areSave Mode thatis correponding to the
Mager Mode ofMode4 ad 5. In salve Mode, IRCK ard BICK should be &d with synchronizing to MCKO1/2.

The initial stae of the audio format is the Master Mde uponthe pwer-up. Therebre, if the audo format is changedto
the Slave Mode after power-up, the setiig o the externd clocks shauld be carefil urtil completing to setthe catrol
registes.

sub-frame of IEC958

<

Yy,
Id

0 3 4 7 8 11 12 27 28 29 30 31
preamble Aux. V|U|C|P
LSB MSB
23 0
AK4112 Audio Data (MSB First)
Figure 5 Bit configuration
Mode | DIF2 | DIF1 | DIFO DAUX SDTO LRCK BICK
ode /0 /0
0 0 0 0 | 24bit, Left justified | 16bit, Right pstified H/L (0] 64fs (0]
1 0 0 1 | 24bit, Left justified | 18bit, Right pstified H/L (@) 64fs O
2 0 1 0 | 24bit, Left justified | 20bit, Right pstified H/L (@) 64fs 0]
3 0 1 1 | 24bit, Left justified | 24bit, Right pstified H/L (@) 64fs (0]
4 1 0 0 | 24bit, Left justified | 24bit, Left justified H/L (@) 64fs O | Default
5 1 0 1 2bit, 1°S 24bi, 1°S L/H O 64fs @)
6 1 1 0 | 24bt, Left justified | 24bit, Left justified H/L | 64-128fs |
7 1 1 1 2bit, 1°S 24bi, 1S L/H I 64-128fs |
Table 13. Audio data érmat
MS0020£&-00 20008
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LRCK(0) J ,,,
0 1

(0:64fs) %

\

7

[AK4112A]

SDTO(0)

15:MSB, 0:LSB

Lch Data

Figure 5. Mode Qriming

LRCK(0) J
o 1

Rch Data

; |

7
BICK 7
(0:64fs) i %
! 7
! 7
! 7
| 7|8
SDTO(0) — o
| 23:MSB, O:LSB :
|
[}
L Lch Data Rch Data %E
|
Figure 6. Mode 3Timing
LRCK _
0 1 2 ;/%21 23 24 / 0 1
E _
(64fs) ! // .
7"
' 7
123 | 22|21 | 110 23|22
SDTO(0) — 7
| 23:MSB, 0:LSB :
[}
! I
i\ Lch Data RchData ——m—>

Figure 7. Mode4, 6 Timing

Mode 4: LRCK, BICK: Output
Mode 6: LRCK, BICK: Input

MHITINNN

22 23 24

BICK :'
(64fs) ‘;W 7
4 3 /; |
7 3|2 . 23
SDTO(0) | 7 . 7 .
123:MSB, O.LSB ™ ! :
| | |
K —— LchData ' Rch Data >
|
Figure 8. Modeb, 7Timing Mode 5: LIRCK, BICK: Output
Mode 7: LRCK, BICK: Input
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B Serial Control Interface

The interral regstersmay be eiher written or readby the 4wire uP interface pinsICSN, CCLK, CDTI & CDTO. The
data onthis interface cosists d Chip address (2bit€20/1 are fxed t0“00"), Read/Wite (1bit), Register addresgMSB
first, 5bits) ard Control data (MSB first, 8bits). Addres and dat is clocked n onthe rising edge of CCLK and dat is
clocked out on the falling edge. Fo write qoerations, dita is latched after the Bth risng edge d CCLK, dter a
high-to-low trangtion of CSN.For readoperations,the CDTO aitput goeshigh impedanceafter a lav-to-high trarsition
of CSN. The maximum speedof CCLK is 5MHz. The CSN ard CCLK must be fixedto “H” when the register does ot
be accessed. PN= “L” reses the ragistes to tteir default values. When the state of P/S pinis changed, he AK4112A
should be rest by PDN= "L".

CSN —‘ fi

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

cax  [FAAAIAAIA AL LAY

WRITE [ com _ C1|C0|R/W|A4|A3|A2|A1|AO|D7|D6|D5|D4|D3|D2|D1.D0 .
CDTO Hi-Z
READ CDTI C1|CO|R/W|A4|A3|A2|A:L|A0 / // 2
_CDTO Hi-Z ID7|D6|D5|D4|D3|D2|D1|DO|£
C1-Co: Chip Addres (Fixed b “00”)
R/W: READ/WRITE (0:READ, 1:WRITE)
A4-A0: Register Addres
D7-DO: Cortrol Data
Figure 10. @rntrol I/F Timing
MS0020E-00 20008
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W Register Map

Addr |Regster Nane D7 | D6 | D5 D4 | D3 | D2 | D1 | DO
00H |Clock & Power down Control 0 | BCU | CM1 { CMO :OCKS1l: OCKSO: PWN | RSTN
01H |Input/Output Control MPAR { MSTC | CSI2 | TXE | IPS1 { IPSO | OPS1 | OPSO
02H |Fomat & De-emphasis Control| V/TX | DIF2 | DIFL | DIFO | DEAU | DEM1 | DEMO | DFS
03H |Receier gatus 1 ERF | 0 [AUDION; AUTO | PEM | FS1 : FSO | RFS®
04H |Receier gatus 2 CV | STC | CRC {UNLock| V | FRERR! BIP | PAR
05H |Channel A StatusByte 0 CA7 | CA6 | CA5 | CA4 | CA3 | CA2 | CAl | CAO
06H |Channel A StatusByte 1 CA15 | CAl4 | CA13 | CA12 | CAll | CA10 | CA9 | CAS8
07H |Channd A Status Byte 2 CA23 | CA22 i CA21 | CA20 : CA19 | CA18 | CAl7 | CAl6
08H |Channel A StatusByte 3 CA31 | CA30 | CA29 | CA28 | CA27 | CA26 | CA25 | CA24
09H |Channel B Status Byte O CB7 | CB6 { CB5 { CB4 { CB3 | CB2 { CBl | CBO
0AH |Chanrel B Saus Byte 1 CB15 | CB14 | CB13 | CB12 | CBl1l | CB10 | CB9 | CBS
OBH |Channel B SatusByte 2 CB23 | CB22 | CB21 | CB20 | CB19 | CB18 | CB17 | CB16
0CH |Channel B SatusByte 3 CB31 | CB30 | CB29 | CB28 | CB27 | CB26 | CB25 | CB24
ODH |Burst Preamble PcByte 0 PC7T | P65 | PC5 | PG4 | PC3 | PR | PCl ! PQ
OEH |Burst Freamble Pc Byte 1 PCI5 | PC14 | PCI13 | PC12 | PCIl | PCI0 | PC9 | PC8
OFH |Burst Preamble Pd Byte 0 PD7 | PD6 | PD5 { PD4 | PD3 | PD2 | PD1 | PDO
10H |Burst Rreanble Ri Byte 1 PD15 | PD14 | PD13 | PD12 | PD11 | PD10 | PD9 | PD8
11H |Court Control 0 0 0 0 0 | EFH1 | EFHO | XFS96
Notes:

For addressesrbm 12H to 1FH, data mustnot be written.
WhenPDN pin goes“L”, the regsters are iitialized to tkeir defult values.

WhenRSTN bit goes ‘0", the intemal timing is reset ad the regsters are iitialized to tkeir defidt values.

All data can le written tothe register een f PWN bhit is “0".

MS0020£-00
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B Regist er Definitions

Reset & Initialize

[AK4112A]

Addr Regster Name D7 D6 D5 | D4 ¢ D3 { D2 ! D1 ! DO
00H | Clock & Power down Control 0 BCU : CM1 : CMO :OCKS1: OCKSO, PWN : RSTN
R/W RD | RW | RW | RW : RW ! RW | RW . RW
default 0O | 0 ! 0 | 0 | 0 ! 0 | 1 1
RSTN:  Timing Res¢ & Regster Inifalize
0: Rese®& Initialize
1: Normal Operation
PWN: Power Down
0: Power dowvn
1: Normal Operation
OCKS1-0: Master Clock frequeng/ Sdect
CM1-0: Master Qock OperationMode Select
BCU: Block gtart & C/U ouput Mode
When BCU=1, the 3 autput pins diangeancther function.
MCKO2 pin— B; block gart signal
AUTO pin— C kit
FS96 pin— U bit
The blocksignal goeshigh at the gart offrame 0 arl remains highurtil the end of frame 31.
(B, C, U, V ouput timing at RX mode, Maser mode)
} |
5 - - ‘
_"—f | —
- I - —_—— | -
c . !
(orU,v) __XC(RlQl) XC(LO) XC(RO) X C(L1) ><__ ___><C(|_31) XC(R31) XC(LBZ) ><__
— e ! ! ! Lo
| 1afs ! o ! ! o
LRCK I I
! ! ! T ! ! !
| | | | | |
SDTO -- i i i -y ] ==
RO ' R31
) __>< L191 XR191 )i(Lo X__ L iFe30 iL31 . .
i i i i i i
SDTO -- j i o -y i "
(except 1°S) __>< R190 >i<L191 )i<R191 >I(I:0_ L iL30 iR30 iL31 B
MS0020£-00 20008
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Input /Output Control

Addr Regster Nane D7 { D6 | D5 | D4 i D3 .| D2 D1 DO
01H Input/Output Control MPAR | MSTC | CS12 | TXE | IPS1 | IPSO | OPS1 | OPSO
RIW RW | RW | RW : RW . RW  RW! RW! RW
default 1 ¢ 0 { 0 1 4{ 0 0! 0 o0

OPS1-0: Output Through Dda Select
IPS1-0: Input Recwery Data Seect
TXE: TX Ouput Erable
0: Disable. X output pinis placed ira ighimpedare state.
1: Erable
Csi2: Clannel Staus Select
0: Chaand 1
1: Channd 2
Selectawvhich channel staus is used to derig AUDION, PEM, FS1 anl FSO.
The de-emphass filter, however, is alvays cantrolled by chamel 1in the Parallel Mode.
MSTC: Status chnge flag mask bit
This bit is low to mask statis dhangefrom being reprted by ERFE
MPAR:  Parity mask bit
This bit is low to mask Parity Error, Bphas Error ard Frane Length Error from beingreported by
ERF.

Format & De-emphasis Control

Addr Regster Nane D7 | D6 | D5 | DA | D3 | D2 : D1 | DO
02H | Format & De-emphasis Cortrol | V/TX | DIF2 | DIF1 | DIFO | DEAU | DEM1: DEMO: DFS
RIW RW | RW ! RW ! RW| RW! RW! RW: RW
default o { 1 ¢ 0o { 0 ! 1 . 0+ 1 ! 0

VITX:  VITX Output Select
0: Validity Flag Output. This output is updated evey fs cycle.
1:TX
DFS: 96z De-emphasis Cortrol
DEM1-0: 32, 441, 48kHz De-emphasisCortrol
DEAU: De-emphasisAuto Detect Eable
0: Disable
1: Erable
DIF2-0: Audio Data Fomat Cortrol

MS0020£-00 20008
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Receiver Status 1

Addr Regster Nane D7 | D6 : D5 : D4 ! D3 i D2 ! D1 : DO
03H | Receier datus 1 ERF | O AUDION; AUTO ! PEM | FS1 | FSO | RFS®%
RIW RO | RD | RD | RD | RD | RD | RD | RD
default o { o { 0 { 0 | 0O} 0 { 0 0

RFS96: 96kHz Sanpling Detect at Rcovery Mode.
0: fs=54kHz or les.
1: fs=88.2kHz or nore
FS1-0:  Sampling Frequeng Output
PEM: Pre-emphass Output
0: OFF
1: ON
This hbit is made by encaling chamel staus hts.
AUTO: NonPCM Auto Detect
0: No detect
1: Detect
This function is the same asAUTO pin.
AUDION: Audio bit Outpu
0: Audio
1: NonAudio
ERF: Unlock or Parity Error a Stats change
0: No Eror o No charge
1: Erroror Charge
This function is the same as ERF pin. This hit goes “1” when Unlock Error, Parity Error, Biphase
Error, Frame Length Error or Satus Change occus. If MPAR=0 & MSTC=0, only an unlock error

isrepored.
Receiver Status 2
Addr Regster Nane D7 | D6 : D5 : D4 .| D3 | D2 : D1 : DO
04H Recei\er gatus 2 CV | STC ! CRC !UNLOCK! V {FRERR! BIP | PAR
RIW RO { RD | RD | RD | RD | RD | RD | RD
default o { 0 { O { O O { 0 i 0 ! O

PAR: Parity Status(0:No Error 1:Etror)
It is highif Parity Error is detected ithe sib-frame. AR is ureffeded bythe stdae of MPAR.

BIP: Biphase Satus (0:No Error 1:Error)

FRERR Frame Error $atus (0:No Error 1:Error)

V: Validity bit (0:No Error 1:Emor)

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

CRC Cyclic Redundarcy Chedk (0O:No Error, 1:Error on either chanrel)

STC: Status chnge flag of Recever statis 1 (0:No clange, 1:clarge)
This flag goes ‘H” when the latest value of D5-0 in Recewver Staus 1(03H) isdifferert from the
previous \value. This camparison is made at ewery fs ¢ycle. This bit retuns to “L” by readimg
Receiwer Satus 1(03H)The flagis disabled dung the first blockafter Reset.

CvV: Channel Statis \alidity (0:Valid, 1:Not Valid, data is uplating)
This signal goes“H” at thestart d frame Oandmaintains “H” until the end of frame 3L.

MS0020£-00 20008
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Channel Status

[AK4112A]

Addr Regster Nane D7 | D6 | D5 D4 D3 D2 | D1 | DO
05H| Channd A StatusByte0 | CA7 | CA6 | CA5 | CA4 | CA3 | CA2 | CALl | CAO
06H| Chand AStausBytel | CA15 | CAl4 | CA13 | CAL2 | CAIL | CAL0 | CA9 | CA8
07H| Channd A StatusByte2 | CA23 | CA22 | CA21 | CA20 | CA19 | CAI18 | CA17 | CA16
08H| Channd A StatusByte3 | CA31 | CA30 | CA29 | CA28 | CA27 | CA26 | CA25 | CA24
09H|  Channel B SatusByte 0 CB7 { CB6 | CB5 | CB4 | CB3 | CB2 { CBl | CBO
0AH|  ChannelB SamsByte1 | CB15 | CB14 | CBI13 | CB12 | CBIl | CB10 | CB9 | CBS
0BH| channel B sawsByte2 | cB23 | cB22 | cB21 | CB20 | CB19 | CB18 | CB17 | CBI6
0CH| Chanrel B SausByte3 | CB31: CB30 | CB29 | CB28 | CB27 | CB26 i CB25 | CB24
RIW RD
default Not initialized
CA31-0: Channel A Status Byte 4-1
CB310: Channel B SatusByte 4-1

Bit definition changes deperling upon PRO bit setting. When CV=1, thes bits are updaing ard
may be invdid.

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

Addr Regster Nane D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
ODH | Burst Preamble PcByte 0 PC7 | PGB | PC5 | PG4 | PC3 | P2 | PCL | PQ)
OEH | Burst Rreamble Pc Byte 1 PC15 | PC14 | PC13 | PC12 | PC11 | PCI0 | PC9 | PC8
OFH |Burst Preamble Pd Byte 0 PD7 | PD6 | PD5 | PD4 | PD3 | PD2 | PD1 | PDO
10H |Burst Rreanble Ri Byte 1 PD15 | PD14 | PD13 | PD12 | PD11 | PD10 | PD9 | PD8
R/W RD
default Not initialized
PC15-0: Burst Preanble Pc Bye 1, 0
PD159: Burst Preanble Pd Bye 1, 0
Count Control
Addr Regster Nane D7 | D6 | D5 | D4 i D3 | D2 i D1 DO
11H |Count Control 0O ¢+ 0 { O i 0 : 0 | EFH1: EFHO | XFS9%
RIW RD | RD | RD | RD | RD | RW | RW | RW
defauilt o . 04 0 }{ 0 0 0 11 o0
XFS96: F6 ouput select at Xtal Mode (clockOperationModel, Mode3 ad Unlock state ofMode?2)
1: FS96pin="H"
0: FS96pin="L"
EFH10: Error FlagHold Court Select
00:512 LRCK
01:1024 LRCK
10: 2048 LRCK
11: 4096 LRCK
MS0020£-00 20008
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B Burst preambles in non-PCM bitstre ams
sub-frame of IEC958 N
0 3 4 7 8 11 12 27 28 29 30 31
preamble Aux. LSB MSB|V|U|C|P
16 bits of bitstream N
0 15
Pa|Pb|Pc|Pd Burst_payload stuffing
repetition time of the burst
Preanble word Length of field Contents value
Pa 16 bis sync word 1 0xF872
Pb 16 bits syncword 2 Ox4E1F
Pc 16 hits Burst info see Hble 15
Pd 16 bis Length code numbersof bits
Table 14. Bust preanile words
Bits of Pc | value | cotens repetition time of burst
in IEC958 frames
04 dat type
0 NULL data <40%
1 Dolby AC-3 data 1536
2 reserved
3 PAUSE
4 MPEG-1 Layerl data 384
5 MPEG-1 Layer2 or 3 data oMPEG-2 without exenson | 1152
6 MPEG-2 data with extendon 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
1426 | reerved
27 (reerved for MPEG4 AAC data) 512
28 MPEG-2 AAC data 1024
29-31 | reserved
5,6 0 reservedshall ke set to"0"
7 0 Errorflagindicaing avalid burst_payload
1 Errorflagindicaing that the bust_payload may contin
Errors
8-12 dat type depedert info
1315 0 bt strean number, shall k& set to“0”
Table 15. Reldsof burst info Pc
MS0020£E-00 20008
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B Non-PCM Bitstream timin g

1)WhenNonP QM preanble is not coming within 4096 farres,

PDN pin

Bit stream Pa | Pb |Pc1|Pdy] Pa | Pb|Pc2|Pd2) Pa|Pb |Pc3|Pds|
id—Repetition time—>;<— >4096 frames —Pi

AUTO

Pc Register ‘0" Pc1 Pc2 Pc3

Pd Register ‘0" Pd1 Pd2 Pd3

2)WhenNon+PCM bitstream stops

ERF pin 14— ERF hold time—|
<20mS (Lock time) |
.
Bit stream Pa|Pb [Pci|Pd1 Stop i Pa | Pb [Pcn|Pdn
1
[——1 2-3 Syncs (B,M or W) i
I
AUTO b [4—<Repetition time—>» | |
Pc Register Pco : Pc1 Pcn
Pd Register Pdo Pd1 Pdn
MS0020£-00 20008
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SYSTEM DESIGN |

Figure 11 stows the example of system connection diagam for Serial Mode.

3.3V Supply 10u 0.1u, |
1
1
.
3.3~5V Supply =
— = 3
+ L
10u 0.1u 4‘1
L c
F—t—_5|
—
(Note 8) ==&
c
(7]
18k
—"—] 8 |
3.3V Supply 1
19 |
10u " %
10
L 0.1u
= 11
12
(see Figure 1,2)
13
14

DVDD
DVSS
TVDD
VITX
XTI
XTO

PDN

AVDD
AVSS
RX1
RX2
RX3
RX4

CDTO

Micro-
controller

CDTI

| 1 1

CCLK

|l

CSN

| b

AK4112A VKOt

| I

MCKO2

DAUX

BICK

SDTO

<< 1
(21 ]
207
LRCK [19}
ERF [18 1+
a7 —

FS96

DSP
and
AD/DA

P/SN | 16

AUTO [ 15

Notes:

Figure 1. Typical ConrectionDiagram (Serial Mode)

- “C" deperdsonthe ciystal o<illator (Typ. 1040pF)
- AV SS a DVSSmust be conected he sane grourd plare
- Digita signals, especilly clocks, stould be lept away from the R pin in order b awid aneffectto the clock

jitter perbrmance.
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ASAHI KASEI [AK4112A]

[ PACKAGE
28pin VSOP (Unit: mm)
*9.840.2 1.25+0.2
0.675
28
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Seating Plane O] 0.10] o —
—
NOTE: Dimension "*" does not include mold flash. ~ 0-10°
B Material & Lead finish
Paclage nolding compound  Epoxy
Lead fame material: Cu
Lead fame arface treanent: Solder plate
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ASAHI KASEI [AK4112A]

| MARKING |
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AKM

AK4112AVF
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XXXXBYYYY C: Datecodeidertifier
XXXB: Lot nunber (X : Digit number, B : Alpha character )
YYYY C: Assembly date (Y : Dgit number C : Alpla character)

IMPORTANT NOTICE

e 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.

e 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.

o 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.

e 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.
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