AsahiKASEI [AK4954A]

AKM AK4954A
32bit Stereo CODEC with MIC/HP/SPK-AMP

I "= I
AKAOSAA IR A DT T AN R ITA VTV T RAE—HT7 U TZRNBL-EHEEZEHD 32bit R T L
# CODEC TY ., AAIZIFT A 2 7> TRV ALC(Automatic Level Control) B %N, HAIZIEF v
YITLAANY RITA VT UTRUVRE—HAT7UTE#ABLTHY . SREHEEEM ER—4 JILEERRRIC
RETT, ANV R IAVTFUOTFEERRERBENBE TS LICLY. EADODChy bavT oY
NARETY, RE—HT7 2 TX09V~55VDIELEVEREEHELXERE L. BEESEHICERT I L
HAEBETT ., T, /Ny —TIF/MED QFN (4 x 4mm, 0.4mm pitch) 2R, #E 2~3 F v T THER
SNV RTLELBE L TCEEEBEZKIBICHIRLET .

| A = |
1. SERIHEE
2 RMDIE/ 1 XA VN7 —HE
IRMOEL IV ZARBRT LA VIILIVFAR
o B/ A4 X472 TAE (+26dB/+20dB/+13dB/+6dB/0dB)
e Digital ALC (Automatic Level Control) [E1E& N &
(Setting Range: +36dB ~ -52.5dB, 0.375dB Step)
e ADC %#%1%: S/(N+D): 88dB, DR, S/N: 97dB (MIC-Amp=+20dB)
S/(N+D): 88dB, DR, S/N: 100dB (MIC-Amp=0dB)
e 2 {% () Decimation Filter
o A—nN—TJO0—KH
cEAYIYTTAILE
o AT L#A R B B%
S5BED/YFT14ILE
e Digital MIC Interface P&
2. BAERIKEE
e Digital ALC (Automatic Level Control) [E1& &
(Setting Range: +36dB ~ -52.5dB, 0.375dB Step)
e3-band ¥4+ 3 v/ LrPary O—/LEEK
e T4 AR 2 —LAE (+6dB ~ —65.5dB, 0.5dB Step, Mute)
e X v Y TLRRTLAAY R4+ VTV THE
- HP-AMP #t%: S/(N+D): 65dB@20mW, S/N: 100dB
- EHEH A 20mW@16Q
-ERONIOFFBFY U O /4 X1 —
e E/SIRE—DTUTHB(RTLASA U HAYE X #EE)
- SPK-AMP %1%: S/(N+D): 70dB@250mW, Output Noise Level: -97dBV
- BTL f##;
- B H A 400mW@8BQ (SVDD=3.3V)
100mW@8CQ (SVDD=1.5V)
e Beep B H#EEN R
3. IRT—TRTAT MERE
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AsahiKASEI [AK4954A]

4. TRAyAvY:

(1) PLL E—F

o FER#: 11.2896MHz, 12MHz, 12.288MHz, 13.5MHz, 24MHz, 27MHz (MCKI pin)
32fs or 64fs (BICK pin)
(2 s8Boovo2E—F
o EE#: 256fs, 384fs, 512fs or 1024fs (MCKI pin)

5. Y TY VT REE

¢ PLL Slave Mode (BICK pin): 8kHz ~ 96kHz

¢ PLL Master Mode: 8kHz, 11.025kHz, 12kHz, 16kHz, 22.05kHz, 24kHz, 32kHz,

44.1kHz, 48kHz, 64kHz, 88.2kHz, 96kHz
o EXT Master/Slave Mode: 8kHz ~ 96kHz (256fs), 8kHz ~ 48kHz (384fs),
8kHz ~ 48kHz (512fs), 8kHz ~ 24kHz (1024fs)

6. TRA/AL—TE—F
7. A—F 4 A 42272 —RXT+—< v k: MSB First, 2’s complement

o ADC : 16/24/32bit &ij5% &, 16/24/32bit I*S

 DAC : 16/24/32bit ATE& &, 16bit £ FE, 24bit # &, 16/24/32bit IS
8. YUYTFIuPA>%7x—2R:I°CBus (Ver 1.0, 400kHz Fast-Mode)
9. Ta=-30~85°C
10. EREE:

e 7304 EIR (AVDD): 2.5 ~ 3.5V

e T4 T4 JLEIR (DVDD): 1.6 ~ 1.98V

e T4 T%)LIOER (TVDD): 1.6 or (DVDD-0.2) ~ 3.5V

e AE—HEIR (SVDD): 0.9 ~ 5.5V
11.7%w 4r—: 32pin QFN (4 x 4mm, 0.4mm pitch)
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AsahiKASEI
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[AK4954A]
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32-pin QFN (0.4mm pitch)
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AsahiKASEI

B AK4953A & DLEE:

[AK4954A]

96dB @ MGAIN = 0dB

Hshe AK4953A AK4954A

53 FFRE 24bit 32bit

AVDD 2.85V ~ 3.5V 2.5V ~3.5V

DVDD 1.6V ~ 2.0V 1.6V ~ 1.98V

SVDD 0.9V ~ 5.5V —

TVDD DVDD ~ 3.5V 1.6V or (DVDD-0.2)V ~ 3.5V
ADC DR, S/N 88dB @ MGAIN = +20dB 97dB @ MGAIN = +20dB

100dB @ MGAIN = 0dB

DAC(™~>y R 7 %) SIN

96dB

100dB

A7 v~r

typ. 2.4Vpp @ MGAIN=0dB

typ. 0.8 x AVDD @ MGAIN=0dB

HALV~)(~y 74 V)

typ. 1.75Vpp @ DVOL=0dB

typ. 0.485 x AVDD @ DVOL=0dB

<A U —HAEBE

typ 2.3V (2 &#EHH 7)

typ. 0.8 x AVDD (2 & 77)

~AINRTU—HH AR
L)

-108dBV (A-weighted)

-120dBV (A-weighted)

MIC-Amp

0dB/+12dB/+16dB/+20dB/+23dB/
+26dB/+29dB

0dB/+6dB/+13dB/+20dB/+26dB

e

ADC F—_"—7r—HH 2L & W (MCKI pin & Pt )

AT U A RRIEH 7L HY

HARY = — 4 +36dB ~ -54dB, 0.375dB Step (Note 1) | +36dB ~ -52.5dB, 0.375dB Step (Note 1)
& +12dB ~ -115dB, 0.5dB Step & +6dB ~ -65.5dB, 0.5dB Step

A FIv I Loy L bV (FFER)

a v ke —)VEE

Speaker-Amp 7 A > 7] 7L HY

Master Clock 2%
PLL Mode J& 3%

11.2896MHz, 12MHz, 13.5MHz,
24MHz, 27MHz

11.2896MHz, 12MHz, 12.288MHz,
13.5MHz, 24MHz, 27MHz

VITNWPWPA U Tz —R

383U 7L or I°C Bus

I’C Bus

Power Consumption
(Stereo Recording)
(Headphone Playback)

typ. 9.4mW
typ. 10.2mW

typ. 10.4mW (IX{H#&E/)E— F)
typ. 6.2mW ({K{H#& & J)E— K)

Package

36QFN (5 x 5mm, 0.4mm pitch)

32QFN (4 x 4mm, 0.4mm pitch)

Note 1. ALC EON AR Y = — X AHNHHEBETT, SEF EHAECRRFICALC F2E AV =2—252HT 2 2

LI TEEEA
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AsahiKASEI [AK4954A]

| DX |
No. | Pin Name 1/0 | Function
1 LIN3 I | Lch Analog Input 3 Pin
2 | RIN2 I | Rch Analog Input 2 Pin
3 LIN2 I | Lch Analog Input 2 pin
4 MPWR2 O | MIC Power Supply Pin for Microphone 2
5 MPWRI1 O | MIC Power Supply Pin for Microphone 1
6 |RINL . I | RchAnaloglnput 1Pin_____________________ (DMICDbit="0":default)
DMCLK O | Digital Microphone Clock pin (DMIC bit =“1")
2 [EINL I | LechAnalogInput IPin  (DMICbit="0" default)
DMDAT I | Digital Microphone Data Input Pin (DMIC bit =“1")
Power-down & Reset
8 | PDN I When “L”, the AK4954A is in power-down mode and is held in reset.
The AK4954A must be always reset upon power-up.
9 |SCL I | Control Data Clock Pin
10 | SDA 1/0 | Control Data Input/Output Pin
11 | SDTI I | Audio Serial Data Input Pin
12 | SDTO O | Audio Serial Data Output Pin
13 | LRCK 1/0O | Input/Output Channel Clock Pin
14 | BICK 1/0 | Audio Serial Data Clock Pin
15 |[MCKL I__| External Master Clock InputPin________ (OVFL bit = “07: default) ____
OVF O | Over Flow Flag Output Pin (OVFL bit =“1")
16 | TVDD - | Digital I/O Power Supply Pin, 1.6 ~ 3.5V
17 | VSS3 - | Ground 3 Pin
18 | SVDD - Speaker-Amp Power Supply Pin, 0.9 ~ 5.5V
1o |-[SEN____________| O Speaker-Amp Negative OutputPin _____ (LOSELDit="0": default)
ROUT O | Rch Stereo Line Output Pin (LOSEL bit =“1")
o0 |[SPP__ | O | Speaker-Amp Positive QutputPin_ | (LOSEL bit = “0”: default) ___
LOUT O | Lch Stereo Line Output Pin (LOSEL bit =“1")
21 | DVDD - | Digital Power Supply Pin, 1.6 ~ 1.98V
22 | HPL O | Lch Headphone-Amp Output Pin
23 | HPR O | Rch Headphone-Amp Output Pin
24 | VEE 0 Charge-Pump Circuit Negative Voltage Output Pin
This pin must be connected to VSS2 with 2.2uF+50% capacitor in series.
25 | VSS2 - | Ground 2 Pin
2 | cp 0 Positive Charge-Pump Capacitor Terminal Pin
This pin must be connected to CN pin with 2.2uF+50% capacitor in series.
27 | en I Negative Charge-Pump Capacitor Terminal Pin
This pin must be connected to CP pin with 2.2uF+50% capacitor in series.
27 | AVDD - | Analog Power Supply Pin, 2.5 ~3.5V
29 | VSSI - | Ground 1 Pin
Common Voltage Output Pin
30 | VCOM O Bias voltage of ADC inputs and DAC outputs.
This pin must be connected to VSS1 with 2.2uF+50% capacitor in series.
31 | MRF 0 MIC Power Supply Ripple Filter Pin
This pin must be connected to VSS1 with 2.2uF+50% capacitor in series.
32 | RIN3 I | Rch Analog Input 3 Pin

Note 2. 751 2 AJJ ¥ v (LINI, RIN1, LIN2, RIN2, LIN3, RIN3) DA DT RTHOA N E L Z 7 u—F 1 v 71T
LTiIWrEHA,
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AsahiKASEI [AK4954A]
mEALGZVE OREIZDINT
A LR WA D BT TRRORE LTV, WYL L T ZE 0,
 Jevk HE
MPWRI1, MPWR2, MRF, SPN, SPP, HPL, HPR,
Analog CP, CN, VEE, LIN1/DMDAT, RINI/DMCLK, | #—7"~
LIN2, RIN2, LIN3, RIN3
MCKI/OVF VSS2 [ZH%#E, 5> OVFL bit = “0”
Digital SDTI VSS2 (2 HE
SDTO A=
| R BATER
(VSS1=VSS2=VSS3=0V; Note 3)
Parameter Symbol min max Unit
Power Supplies: | Analog AVDD -0.3 6.0 A%
Digital DVDD -0.3 2.5 A%
Digital /O TVDD -0.3 6.0 v
Speaker-Amp SVDD -0.3 6.0 \%
Input Current, Any Pin Except Supplies 1IN - 10 mA
Analog Input Voltage (Note 5) VINA —-0.3 AVDD+0.3 \%
Digital Input Voltage (Note 6) VIND —-0.3 TVDD+0.3 \Y
Ambient Temperature (powered applied) Ta -30 85 °C
Storage Temperature Tstg —65 150 °C
Maximum Power Dissipation (Note 7) Pd - 900 mW

Note 3. BE X T XTI/ 7> RE T HIETY,
Note 4. VSS1,VSS2, VSS3 (XA LT Fr /77 v Rk LT IZE0,
Note 5. LIN1, RIN1, LIN2, RIN2, LIN3, RIN3 pins
Note 6. PDN, SCL, SDA, SDTI, LRCK, BICK, MCKI pins
SDA, SCL 7 V7 » 7Bt O K JE 1%, (TVDDH0.3)V L FIZ L TL 72 &\,

Note 7. Z DEJIEIL AK4954A NIRRT, SN SNV D A —T1, ~y R 7+ V COHBZITE R E
T, AK4954A DY 7 3 a3 RE D REFAMEIEL 125°C T, JESDS51-9(2p2s)IZ 317 % 6ja (Junction
to Ambient)|Z 42°C/W T, Pd=900mW D, 0ja=42°C/W LV v 7 v a ViR 125°C 2B 2 5
ZEIEHY EFFEADT, AK4954A DWNERRKICE > TTF A AR EESN D L Z L 1EH Y 8 A,

0ja<42°C/W L 72 DM CTHR— REMHTHZ L2252 L £,

HE: ZOMEZBRTRMETHEMN LSS, 7 A2 BETL2enHY £, £, —ETHLI0EE

AT, COROBEFE OBEIRIESNLEE A,
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AsahiKASEI

[AK4954A]

| HRBIERY
(VSS1=VSS2=VSS3=0V; Note 3)
Parameter Symbol min typ max Unit
Power Supplies Analog AVDD 2.5 33 3.5 v
(Note 8) | Digital DVDD 1.6 1.8 1.98 v
Digital I/O (Note 9) TVDD (D\}SDO_IO' 2 1.8 3.5 \%
SPK-Amp SVDD 0.9 3.3 5.5 \Y

Note 3. BFEIXT R TT T v REAAZKTHE T,
Note 8. AVDD, DVDD, TVDD, SVDD OEIFN.H FiF Y —47 v 22 EZEBTHMLEITIH Y XA, BRSBTS
REICNERIEIES SR ENZ 72 D 2 & e 5728 PDN pin=“L”DIRFE CHEIFR A 2 H L, &2 TOBEFEN

SEH B o721, PDNpin=“H”IZ L TL &0,
1.6V £ 72 1E(DVDD-0.2)V O & % & i OfE T,

Note 9. min fE .

*AK4954A Tlx. SVDD=ON, PDN pin = “L”® & %, AVDD, DVDD, TVDD NEJE% ON/OFF 35 &M T
%9, £/, TVDD=ON, PDN pin =“L”?D & =, AVDD, DVDD, SVDD MOEjf% ON/OFF 53 & NT=
9, OFFIREETERZ ON T 3ESE. ETHOERMNILENR>TH D, PDN pinZE “H”’[CLTLES

(AN

B AT — 4 V= MO SN TV RSO ZHEAICE LT, S TR R ET O T4
THEES A,
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AsahiKASEI

[AK4954A]

75O

(Ta=25°C; AVDD=SVDD=3.3V, TVDD=DVDD=1.8V; VSS1=VSS2=VSS3=0V; fs=44.1kHz, BICK=64fs;
Signal Frequency=1kHz; 24bit Data; Measurement Bandwidth=20Hz ~ 20kHz; unless otherwise specified)

Parameter | min | typ | max | Unit
MIC Amplifier: LIN1, RIN1, LIN2, RIN2, LIN3, RIN3 pins
Input Resistance 70 100 140 kQ
Gain | MGAIN2-0bits==000" |~ +5 | 6 | 7| dB
| MGAIN2-0bits =<001" | G R I 4 | dB
| MGAIN2-0bits =010 | L CHR AT N 21 | dB
| MGAIN2-0bits==011" | 25 | e | 27 | |
MGAIN2-0 bits = “1xx” - 0 - dB
MIC Power Supply: MPWR1, MPWR?2 pins
Output Voltage (Note 10) 2.51 2.64 2.77 \Y%
Output Noise Level (A-weighted) - -120 - dBV
PSRR (fin = 1kHz) (Note 11) - 70 - dB
Load Resistance 1.0 - - kQ
Load Capacitance - - 15 pF

ADC Analog Input Characteristics:

LINI/RIN1/LIN2/RIN2/LIN3/RIN3 pins — ADC — Programmable Filter
(IVOL=0dB, EQ=ALC=0OFF)

— SDTO; Cexyy =

1uF, Coyp = InF (Note 12)

Resolution - - 32 Bits
(Note 14) 0.237 0.264 0.29 Vpp
I 1 te 13) e e SR
nput Voltage (Note 13) (Note 15) 237 2.64 2.90 Vpp
fs=44.1kHz | (Note 14) |~ ~ 8 88 - ] dBFS |
BW=20kHz | (Note 15) - 88 - dBFS
+ —
S/N+D) (-1dBFS) fs=96kHz (Noteld | - | 8 1 - dBFS |
BW=40kHz | (Note 15) - 82 - dBFS
) _ e (Note 14) | 87 E N <. |...dB ]
D-Range (—60dBFS, A-weighted) (Note 15) 3 100 3 B
e (Note 14) | 87 E N <. |...dB ]
S/N (A-weighted) (Note 15) i 100 : dB
- (Note 14) | 80 ] 100 | ~]...dB
Interchannel Isolation (Note 15) 3 100 3 B
M Wote 14) | - O | .08 | dB |
Interchannel Gain Mismatch (Note 15) : 0 05 B
PSRR (fin = 1kHz) (Note 11, Note 14) - 40 - dB

Note 10. /& H 1% AVDD IZHf L £ 97, (typ. 0.8 x AVDD V)
Note 11. AVDD {2, 100mVpp D IEH & EE LI-5HE
Note 12. Figure 2 lFERBEIC THARZHE L TWE T, (Coxn PALEIZAT] pin - VSSIH THHENEE A, )

Signal Input

Cextl

|_

ADC Input

Cextz E

Note 13. AJ) 7 )V A —/LfEE 1T AVDD (ZHBI L £9,
typ. 0.8 x AVDD Vpp (0dB), typ. 0.08 x AVDD Vpp (+20dB)
Note 14. MGAIN2-0 bits = “010” (+20dB)

Note 15. MGAIN2-0 bits = “1xx” (0dB)

MS1542-J-00-PB
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AsahiKASEI [AK4954A]
Parameter | min typ max | Unit
DAC Characteristics:

Resolution | - - 32 | Bits
Headphone-Amp Characteristics: DAC — HPL, HPR pins, ALC=OFF, IVOL=DVOL= 0dB, R; =16
Output Voltage (Note 16) 1.44 1.60 1.76 Vpp
fs=44.1kHz,
(R,=16Q) | BW=20kHz 33 65 - dB
S/(N+D) fs=96kHz, BW=40kHz - 65 - dB
(Ri-10kQ) | Bt e : 80 : dB
S/N (A-weighted) 90 100 - dB
Interchannel Isolation 65 80 - dB
Interchannel Gain Mismatch - 0 0.8 dB
Output Offset Voltage -1 0 +1 mV
PSRR (fin=1kHz) (Note 17) - 40 - dB
Load Resistance 16 - - Q
Load Capacitance - - 300 pF
Speaker-Amp Characteristics: DAC — SPP/SPN pins, ALC=0OFF, IVOL=DVOL= 0dB, R;=8Q, BTL
Output Voltage
SLG1-0 bits = “00”, —0.5dBFS (Po=150mW) - 3.18 - Vpp
SLG1-0 bits = “01”, —0.5dBFS (Po=250mW) 3.20 4.00 4.80 Vpp
SLG1-0 bits = “10”, —0.5dBFS (Po=400mW) - 1.79 - Vrms
SLG1-0 bits = “00”, —1.5dBFS (Po=100mW) i 0.9 ) Vims
(Note 18)
S/(N+D)
SLG1-0 bits = “00”, —0.5dBFS (Po=150mW) - 70 - dB
SLG1-0 bits = “01”, —=0.5dBFS (Po=250mW) 40 70 - dB
SLG1-0 bits = “10”, —0.5dBFS (Po=400mW) - 20 - dB
SLG1-0 bits = “00”, —1.5dBFS (Po=100mW) i 20 ) 4B
(Note 18)
Output Noise Level
(A-weighted, SLG1-0 bits = “01”) i 7 87 dBv
Output Offset Voltage -30 0 +30 mV
PSRR (fin = 1kHz) (Note 19) - 50 - dB
Load Resistance 6.8 8 - Q
Load Capacitance - - 30 pF
Stereo Line Output Characteristics: DAC — LOUT, ROUT pins, ALC=OFF, IVOL=DVOL=SLG= 0dB,
R =10kQ2
Output Voltage (Note 20) - 2.24 - Vpp
S/(N+D) 74 84 - dB
S/N (A-weighted) 84 94 - dB
Interchannel Isolation - 90 - dB
Interchannel Gain Mismatch - 0 0.8 dB
Load Resistance 10 - - kQ
Load Capacitance - - 30 pF

Note 16. i) 7 VA — )VEREIT AVDD (2 el L £ 3, (typ. 0.485 x AVDD Vpp)

Note 17. AVDD % 721X DVDD (2, 100mVpp D IEFLH & HE Li=HA,

Note 18. SVDD=1.5V ¥,

Note 19. AVDD % 721% SVDD |2, 100mVpp D E5LE & HE L7256,

Note 20. /1 7 )V A - — )VEEEIZ AVDD (206 L E 97, (typ. 0.68 x AVDD Vpp)

MS1542-J-00-PB 2013/06
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AsahiKASEI [AK4954A]

Parameter min | typ | max | Unit
Beep Output Characteristics: BEEP Generator — HPL, HPR pins, SPP/SPN pins, LOUT, ROUT pins
Output Voltage (BPLVL = 0dB)

HPL, HPR pins (R =16Q) - 1.5 - Vpp

SPP/SPN pins (R;=8Q, BTL, SLG = +4.26dB) - 2.8 - Vpp

LOUT, ROUT pins (R{=10kQ, SLG = 0dB) - 1.4 - Vpp
Gain

Gain Setting -60 - 0 dB

Step Width - 3 - dB

Power Supplies:
Power Up (PDN pin = “H”)

MIC + ADC + DAC + Headphone out
AVDD+DVDD+TVDD (Note 21) - 9.2 13.8 mA
AVDD+DVDD+TVDD (Note 22) - 8.2 - mA
SVDD (No Load) - 8 12 pA
MIC + ADC + DAC + Speaker out
AVDD+DVDD+TVDD (Note 23) - 8.2 12.3 mA
AVDD+DVDD+TVDD (Note 24) - 7.2 - mA
SVDD (No Load) - 0.8 1.2 mA
Power Down (PDN pin = “L”") (Note 25)
AVDD+DVDD+TVDD+SVDD - 0 10 LA
SVDD (Note 26) - 0 10 LA

Note 21. PLL Master Mode (MCKI=12MHz) G, PMADL = PMADR = PMDAC =PMPFIL = PMHPL = PMHPR =
PMVCM = PMPLL =PMBP = PMMP = M/S bits =“1”, LPMIC = LPDA bits = “0” DA TT, ZD & X,
MPWR1 (MPWR2) pin ® i /) FE it (% 0mA T3, AVDD= 7.3mA (typ), DVDD= 1.6mA (typ), TVDD= 0.3mA
(typ).

Note 22. EXT Slave Mode (PMPLL=M/S bits =“0"), PMADL = PMADR = PMDAC = PMHPL = PMHPR = PMVCM
=PMBP = PMMP bits = “1”, PMPFIL = LPMIC = LPDA bits = “0” D34, Z ® & & MPWRI1 (MPWR2) pin
O JIERLIX OmA T9, AVDD= 6.5mA (typ), DVDD= 1.6mA (typ), TVDD= 0.1mA (typ).

Note 23. PLL Master Mode (MCKI=12MHz) ¢, PMADL = PMADR = PMDAC =PMPFIL = PMSL = PMVCM =
PMPLL = PMBP = PMMP = M/S bits = “1”, LPMIC = LPDA bits = “0”D 4 T4, Z D& &, MPWRI
(MPWR?2) pin ® H /18t 1% 0OmA T9, AVDD= 6.5mA (typ), DVDD= 1.4mA (typ), TVDD= 0.3mA (typ).

Note 24. EXT Slave Mode (PMPLL=M/S bits =0”), PMADL = PMADR = PMDAC = PMSL = PMVCM = PMBP =
PMMP bits = “1”, PMPFIL = LPMIC = LPDA bits = “0”D &, Z D & &, MPWRI (MPWR2) pin O Hi 7]
1L 0mA TJ, AVDD=5.7mA (typ), DVDD= 1.4mA (typ), TVDD= 0.1mA (typ).

Note 25. £ CDT 4 X I/VATIE % TVDD %7213 VSS2 IZ[EH & L /=MDl T,

Note 26. AVDD, DVDD, TVDD 7% OFF O 4,

MS1542-J-00-PB 2013/06
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AsahiKASEI

mE—FRDOHEEND

2t Ta=25°C; AVDD= SVDD=3.3V, TVDD=DVDD=1.8V; VSS1=VSS2=VSS3= 0V; fs=44.1kHz,

LPF, HPF, Stereo Separation, 5-band Equalizer, ALC, DRC=OFF (PMPFIL = PMDRC bits = “0”),

External Slave Mode, BICK=64fs; LIN1/RIN1 input = f A /J; SDTI input= A /J;
Headphone & Speaker & Line output = &£ fif

[AK4954A]

Power Management Bit
Mode > EC) | ~| 3| x| AVDD | DVDD | TVDD | SVDD | Total Power
SlA| S22 E| mA] | [mA] | [mA] | [mA] | [mW]
=R IP=R =N =R PN b= =
Al A | | A | |
All Power-down 0/]0[0]0]0O]O0]O 0 0 0 0 0
LINI/RINI - ADC(Note27) | 1 |0 [0 | 1|1 |]0]0 2.70 0.76 0.03 0.01 10.4
LINI(Mono)—ADC (Note27) [ 1 Jo o1 o ]o]o] 154 | 063 | 003 | 001 6.3
DAC — HP (Note 28) 1]0]1]0]0]1]1 1.49 0.69 0.01 0.01 6.2
DAC — SPK
(LOSEL bit = “0”) 1/1(1(0]0]0]|O0 1.44 0.67 0.01 0.76 8.5
LIN1/RINI — ADC (Note 27)
& DAC — HP (Note 28) 1{o|1 |1 ]1]|1|1] 407 1.60 0.03 0.01 16.4
LIN1/RINI — ADC (Note 27)
& DAC — SPK 11111010 4.03 1.54 0.03 0.76 18.6
(LOSEL bit = “0”)
Note 27. {&{H % # /1€ — FIRF(LPMIC bit = “1”),
Note 28. {X{HZ¢ # /1 & — RIKF(LPDA bit = “1”),
Table 1. Power Consumption for Each Operation Mode (typ)
MS1542-J-00-PB 2013/06
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AsahiKASEI

[AK4954A]

| ADC & ¥ —Ja—)LA T - 7 1 LB FiE (fs=44.1kHz)

(Ta=-30 ~85°C; AVDD=2.5 ~ 3.5V, DVDD =1.6 ~ 1.98V, TVDD=(DVDD-0.2) ~ 3.5V, SVDD=0.9 ~ 5.5V;

SDAD bit = “0”)
Parameter | Symbol | min | typ | max | Unit
ADC Digital Filter (Decimation LPF):
Passband (Note 29) | +0.08dB ~-0.23dB PB 0 - 18.8 kHz
—0.74dB - 19.4 - kHz
—-1.41dB - 19.9 - kHz
—8.0dB - 22.1 - kHz
Stopband (Note 29) SB 26.1 - - kHz
Passband Ripple PR - - +0.16 dB
Stopband Attenuation SA 62 - - dB
Group Delay (Note 30) GD - 10.7 - 1/fs
Group Delay Distortion AGD - 0 - us
ADC Digital Filter (HPF): HPFC1-0 bits = “00”
Frequency Response -3.0dB FR - 34 - Hz
(Note 29) —-0.5dB - 10 - Hz
—0.1dB - 22 - Hz
| ADC ¥+ —7O—JLA T - T4 L5 Ftk (fs=96kHz)
(Ta=-30 ~85°C; AVDD=2.5 ~ 3.5V, DVDD =1.6 ~ 1.98V, TVDD=(DVDD-0.2) ~ 3.5V, SVDD=0.9 ~ 5.5V;
SDAD bit = “0”)
Parameter | Symbol | min | Typ | max | Unit
ADC Digital Filter (Decimation LPF):
Passband (Note 29) | +0.08dB ~—-0.23dB PB 0 - 40.9 kHz
—0.74dB - 42.2 - kHz
-1.41dB - 433 - kHz
—8.0dB - 48.0 - kHz
Stopband (Note 29) SB 56.8 - - kHz
Passband Ripple PR - - +0.16 dB
Stopband Attenuation SA 62 - - dB
Group Delay (Note 30) GD - 10.7 - 1/fs
Group Delay Distortion AGD - 0 - s
ADC Digital Filter (HPF): HPFC1-0 bits = “00”
Frequency Response -3.0dB FR - 7.4 - Hz
(Note 29) —-0.5dB - 21.8 - Hz
—0.1dB - 47.9 - Hz
Note 29. B IRIEHED R I fs (o 7V 7 L— MITHBI L E3, K& 1kHz 2 FEYEC L £,

Note30. 7 4 VX NVT 4 MV FICKDBIEHEAE T, 7 a7 GEERAN SN THLET ¥ XD 32 8y b T —
YNV TARZICE Y FENDETORM TS, v TF~7 /N7 ¢ /L¥ (1K HPF + 4-band
Equalizer + ALC + Equalizer) Z @i 9% /N A Z 38R L 72855 D Group Delay I% IR 7 ¢ /L Z 2 X D7

FAZEAL N NS T FEREtdomioxt LT, #fs 8L £,

MS1542-J-00-PB
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AsahiKASEI

[AK4954A]

| ADC S a—hTFa LA - x—TO—)LF T+ 74 L2 %M (fs=44.1kHz)

(Ta=-30 ~85°C; AVDD=2.5 ~ 3.5V, DVDD =1.6 ~ 1.98V, TVDD=(DVDD-0.2) ~ 3.5V, SVDD=0.9 ~ 5.5V;

SDAD bit = “17)

Parameter | Symbol | min | typ | max | Unit
ADC Digital Filter (Decimation LPF):
Passband (Note 31) | +0.08dB ~—-0.23dB PB 0 - 18.8 kHz
—0.74dB - 19.4 - kHz
-1.41dB - 19.9 - kHz
—8.0dB - 22.1 - kHz
Stopband (Note 31) SB 26.1 - - kHz
Passband Ripple PR - - +0.16 dB
Stopband Attenuation SA 61 - - dB
Group Delay (Note 32) GD - 43 - 1/fs
Group Delay Distortion AGD - - +1.8 1/fs
ADC Digital Filter (HPF): HPFC1-0 bits = “00”
Frequency Response -3.0dB FR - 34 - Hz
(Note 31) —-0.5dB - 10 - Hz
—0.1dB - 22 - Hz
| ADC & 3—rFa LA - x—TFA—ILF T + 714 IL5 %K (fs=96kHz)
(Ta=-30 ~85°C; AVDD=2.5 ~ 3.5V, DVDD =1.6 ~ 1.98V, TVDD=(DVDD-0.2) ~ 3.5V, SVDD=0.9 ~ 5.5V;
SDAD bit = “17)
Parameter | Symbol | min | typ | max | Unit
ADC Digital Filter (Decimation LPF):
Passband (Note 31) | +0.08dB ~-0.23dB PB 0 - 40.9 kHz
—0.74dB - 42.2 - kHz
-1.41dB - 433 - kHz
—8.0dB - 48.0 - kHz
Stopband (Note 31) SB 56.8 - - kHz
Passband Ripple PR - - +0.16 dB
Stopband Attenuation SA 61 - - dB
Group Delay (Note 32) GD - 43 - 1/fs
Group Delay Distortion AGD - - +1.3 1/fs
ADC Digital Filter (HPF): HPFC1-0 bits = “00”
Frequency Response -3.0dB FR - 7.4 - Hz
(Note 31) —-0.5dB - 21.8 - Hz
—0.1dB - 47.9 - Hz
Note 31. BIRIEEMED R I fs (o 7V 7 L— MITHBI L E3, K& 1kHz 2 FEEC L £,

Note32. 7 4 VA NT 4 NAICKDBEEA T, 7T 7 EERANENTHLEF v RrLD32Ey 55—
ARHN VTV AFIZE Y FERDETORRTY, v/ 7 ~7 /7 ¢ /L% (1K HPF + 4-band
Equalizer + ALC + Equalizer) Z @i 9% 7N A Z 38R L 72555 D Group Delay I% IR 7 ¢ /L Z 2 X D7

FAZEAL N NS C FEREtd oEloxt LT, #fs 8L £,
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AsahiKASEI

[AK4954A]

| DAC 7 « L% % (fs=44.1kHz)

(Ta=-30 ~85°C; AVDD=2.5 ~ 3.5V, DVDD =1.6 ~ 1.98V, TVDD=(DVDD-0.2) ~ 3.5V, SVDD=0.9 ~ 5.5V)

Parameter | Symbol | min | typ | max | Unit

DAC Digital Filter (LPF):

Passband (Note 33) +0.05dB PB 0 - 20.0 kHz
—6.0dB - 22.05 - kHz

Stopband (Note 33) SB 24.1 - - kHz

Passband Ripple PR - - +0.05 dB

Stopband Attenuation SA 54 - - dB

Group Delay (Note 34) GD - 22 - 1/fs

DAC Digital Filter (LPF) + SCF:

Frequency Response: 0 ~ 20.0kHz (Note 33) | FR | - | +1.0 - | dB

| DAC 7 1 L3 Rtk (fs=96kHz)

(Ta=-30 ~85°C; AVDD=2.5 ~ 3.5V, DVDD =1.6 ~ 1.98V, TVDD=(DVDD-0.2) ~ 3.5V, SVDD=0.9 ~ 5.5V)

Parameter | Symbol | min | typ | max | Unit

DAC Digital Filter (LPF):

Passband (Note 33) +0.05dB PB 0 - 43.5 kHz
—6.0dB - 48.0 - kHz

Stopband (Note 33) SB 52.5 - - kHz

Passband Ripple PR - - +0.05 dB

Stopband Attenuation SA 54 - - dB

Group Delay (Note 34) GD - 22 - 1/fs

DAC Digital Filter (LPF) + SCF:

Frequency Response: 0 ~ 40.0kHz (Note 33) | FR | - | +1.0 | - | dB

Note 33. B IRIEEMED R I fs (o 7V 7 L— MITHBI L E3, K& 1kHz 2 FEYEC L £,

Note34. 7 4 P HNT A VFICKHBHEHFE T, 328y N —ZBANVLIAZIZEy bahTinbT
TEENHENEND ETORMTY, v/ J~7 /7 L% (1K HPF + 4-band Equalizer + ALC +
Equalizer) Z @i 3" % /S A % 341 L 72354 @ Group Delay Id IIR 7 ¢ /L X |2 X AL WG A

T hEEEHOMEICH LT, fsEmL £,

MS1542-J-00-PB
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AsahiKASEI

[AK4954A]

| DC %% |
(Ta=-30 ~85°C; AVDD=2.5 ~ 3.5V, DVDD =1.6 ~ 1.98V, TVDD=(DVDD-0.2) ~ 3.5V, SVDD=0.9 ~ 5.5V)
Parameter | Symbol | min | typ | max | Unit
Audio Interface & Serial pP Interface (SDA, SCL, PDN, BICK, LRCK, SDTI, MCKI pins )
High-Level Input Voltage (TVDD >2.2V) VIH 70%TVDD - - v
(TVDD <2.2V) 80%TVDD - - v
Low-Level Input Voltage (TVDD >2.2V) VIL - - 30%TVDD v
(TVDD <2.2V) - - 20%TVDD \Y%
Audio Interface & Serial uP Interface (SDA, BICK, LRCK, SDTO, OVF pins Output)
High-Level Output Voltage (Iout = -80pA) VOH TVDD-0.2 - - v
Low-Level Output Voltage
(Except SDA pin : Iout = 80pA) | VOLI - - 0.2 v
(SDA pin, 2.0V <TVDD <3.5V: lIout=3mA) | VOL2 - - 0.4 v
(SDA pin, 1.6V <TVDD <2.0V: Iout=3mA) | VOL2 - - 20%TVDD \Y
Input Leakage Current Iin - - +10 pA
Digital MIC Interface (DMDAT pin Input ; DMIC bit = “1”)
High-Level Input Voltage VIH3 65%AVDD - - \Y%
Low-Level Input Voltage VIL3 - - 35%AVDD \Y%
Sink Current (Vin =AVDD) | Isink - - 150 LA
Source Current (Vin=0V) Isource -20 - - LA
| Digital MIC Interface (DMCLK pin Output ; DMIC bit = “1”)
High-Level Output Voltage (Tout=—80pA) VOH3 AVDD-0.4 - - \Y%
Low-Level Output Voltage (Iout= 80pA) VOL3 - - 0.4 \Y%
Input Leakage Current Iin - - +10 pA
MS1542-J-00-PB 2013/06
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AsahiKASEI [AK4954A]

| A Y F oIS |
(Ta=-30 ~85°C; AVDD=2.5 ~ 3.5V, DVDD =1.6 ~ 1.98V, TVDD=(DVDD-0.2) ~ 3.5V, SVDD=0.9 ~ 5.5V; C;=20pF
Parameter | Symbol | min | typ | max | Unit
PLL Master Mode (PLL Reference Clock = MCKI pin)
MCKI Input Timing
Frequency fCLK 11.2896 - 27 MHz
Pulse Width Low tCLKL 0.4/fCLK - - ns
Pulse Width High tCLKH 0.4/fCLK - - ns
LRCK Output Timing
Frequency fs 8 - 96 kHz
Duty Cycle Duty - 50 - %
BICK Output Timing
Period BCKO bit = “0” tBCK - 1/(32fs) - ns
BCKO bit=*1” tBCK - 1/(64fs) - ns
Duty Cycle dBCK - 50 - %
PLL Slave Mode (PLL Reference Clock = BICK pin)
LRCK Input Timing
Frequency fs 8 - 96 kHz
Duty Duty 45 - 55 %
BICK Input Timing
Period PLL2-0 bits = “000” tBCK - 1/(32fs) - ns
PLL2-0 bits = “001” tBCK - 1/(64fs) - ns
Pulse Width Low tBCKL 0.4 x tBCK - - ns
Pulse Width High tBCKH | 0.4 x tBCK - - ns
MS1542-J-00-PB 2013/06
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AsahiKASEI

[AK4954A]
Parameter | Symbol | min typ max | Unit
External Slave Mode
MCKI Input Timing
Frequency | 256fs fCLK 2.048 - 24.576 MHz
384fs fCLK 3.072 - 18.432 MHz
512fs fCLK 4.096 - 24.576 MHz
1024fs fCLK 8.192 - 12.288 MHz
Pulse Width Low tCLKL 0.4/fCLK - - ns
Pulse Width High tCLKH 0.4/fCLK - - ns
LRCK Input Timing
Frequency | 256fs fs 8 - 96 kHz
384fs fs 8 - 48 kHz
512fs fs 8 - 48 kHz
1024fs fs 8 - 12 kHz
Duty Duty 45 - 55 %
BICK Input Timing
Period tBCK 156.25 - - ns
Pulse Width Low tBCKL 65 - - ns
Pulse Width High tBCKH 65 - - ns
External Master Mode
MCKI Input Timing
Frequency 256fs fCLK 2.048 - 24.576 MHz
384fs fCLK 3.072 - 18.432 MHz
512fs fCLK 4.096 - 24.576 MHz
1024fs fCLK 8.192 - 12.288 MHz
Pulse Width Low tCLKL 0.4/fCLK - - ns
Pulse Width High tCLKH 0.4/fCLK - - ns
LRCK Output Timing
Frequency fs 8 - 96 kHz
Duty Cycle Duty - 50 - %
BICK Output Timing
Period BCKO bit = “0” tBCK - 1/(321s) - ns
BCKO bit =*“1” tBCK - 1/(64fs) - ns
Duty Cycle dBCK - 50 - %
MS1542-J-00-PB 2013/06
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AsahiKASEI [AK4954A]
Parameter | Symbol | min typ max | Units
Audio Interface Timing

Master Mode

BICK “J” to LRCK Edge (Note 35) tMBLR =20 - 20 ns

LRCK Edge to SDTO (MSB) tLRD -35 - 35 ns

(Except I’S mode)

BICK “!” to SDTO tBSD -35 - 35 ns

SDTI Hold Time tSDH 25 - - ns

SDTI Setup Time tSDS 20 - - ns
Slave Mode

LRCK Edge to BICK “T” (Note 35) tLRB 25 - - ns

BICK “T” to LRCK Edge (Note 35) tBLR 25 - - ns

LRCK Edge to SDTO (MSB) tLRD - - 45 ns

(Except I’S mode)

BICK “4” to SDTO tBSD - - 45 ns

SDTI Hold Time tSDH 25 - - ns

SDTI Setup Time tSDS 20 - - ns

Control Interface Timing (I*C Bus Mode): (Note 36)

SCL Clock Frequency fSCL - - 400 kHz
Bus Free Time Between Transmissions tBUF 1.3 - - us
Start Condition Hold Time (prior to first clock pulse) tHD:STA 0.6 - - us
Clock Low Time tLOW 1.3 - - us
Clock High Time tHIGH 0.6 - - us
Setup Time for Repeated Start Condition tSU:STA 0.6 - - us
SDA Hold Time from SCL Falling (Note 37) tHD:DAT 0 - - ps
SDA Setup Time from SCL Rising tSU:DAT 0.1 - - us
Rise Time of Both SDA and SCL Lines tR - - 0.3 us
Fall Time of Both SDA and SCL Lines tF - - 0.3 us
Setup Time for Stop Condition tSU:STO 0.6 - - us
Capacitive Load on Bus Cb - - 400 pF
Pulse Width of Spike Noise Suppressed by Input Filter tSP 0 - 50 ns

Note 35. Z OFFEAEIL LRCK D= ¥ & BICK O “T"AHEZ S0 K HITHEL T E T,

Note 36. IC-bus I% NXP B.V.OFFHZ T4,

Note 37.7 — # I35 4K 300ns (SCL DL H T3 0 BERDORIRE SN2 v A,

MS1542-J-00-PB 2013/06
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AsahiKASEI [AK4954A]
Parameter | Symbol | min | typ | max | Unit
Digital Audio Interface Timing; fs = 8kHz ~ 48kHz, C;=100pF

DMCLK Output Timing
Period tSCK - 1/(64fs) - ns
Rising Time tSRise - - 10 ns
Falling Time tSFall - - 10 ns
Duty Cycle dSCK 40 50 60 %
Audio Interface Timing
DMDAT Setup Time tSDS 50 - - ns
DMDAT Hold Time tSDH 0 - - ns
Power-down & Reset Timing
PDN Accept Pulse Width (Note 38) tAPD 1 - - us
PDN Reject Pulse Width (Note 38) tRPD - - 50 ns
PMADL or PMADR “7” to SDTO valid (Note 39)
ADRST1-0 bits = “00” tPDV - 2115 - 1/fs
ADRST1-0 bits = “01” tPDV - 4227 - 1/fs
ADRST1-0 bits = “10” tPDV - 267 - 1/fs
ADRST1-0 bits = “11” tPDV - 1059 - 1/fs
PMDML or PMDMR “T” to SDTO valid (Note 40)
ADRST1-0 bits = “00” tPDV - 2115 - 1/fs
ADRSTI1-0 bits = “01” tPDV - 4227 - 1/fs
ADRSTI1-0 bits = “10” tPDV - 267 - 1/fs
ADRST1-0 bits = “11” tPDV - 1059 - 1/fs

Note 38. AK4954A |L&E i AKEIZ PDN pin % “L>CVY k&> F & ET, lus L D PDN pin=“L"/N/L ATV
Ty b3 F£9, 50ns LT @ PDN pin=“L”7 VA TII U &y MEDLPD /A,
Note 39. PMADL bit ¥ 7213 PMADR bit #2.5 FIF T/ H O LRCK 7 &2 v 7 O “P DR T,

Note 40. PMDML bit F 7-1Z PMDMR bit #3756 FIFTH 5O LRCK 7 2 7 O “T O TF,

WAL IUTER
1/fCLK

50%TVDD

tLRCKH tLRCKL
>t »  Duty = tLRCKH x fs x 100

A

tLRCKL x fs x 100
Figure 3. Clock Timing (PLL/EXT Master mode)
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0 50%TVDD

50%TVDD

50%TVDD

tSDH

Figure 4. Audio Interface Timing (PLL/EXT Master mode)

1/fCLK

tLRCKH tLRCKL Duty = tLRCKH x fs x 100
- o o tLRCKL x fs x 100

tBCK

Figure 5. Clock Timing (EXT Slave mode)
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AsahiKASEI [AK4954A]

LRCK

BICK

50%TVDD

tSDS tSDH

SDTI

Figure 6. Audio Interface Timing (PLL/EXT Slave mode)

>l T e |

SR

‘ tHD:STA tHD:DAT tSU:DAT  tSU:STA | tSU:STO |
‘Stop  Start Start Stop

Figure 7. I’C Bus Mode Timing

tSCK
__________________________________ L ___65%AVDD
DMCLK ====ffp===mmmmmmmmmme s oRommc oo oo ==~ 50%AVDD
""""""""""""""""" " 35%AVDD
l ‘_
tSRise '
dSCK =100 x tSCKL / tSCK
Figure 8. DMCLK Clock Timing
MS1542-J-00-PB 2013/06
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65%AVDD
35%AVDD

Figure 9. Audio Interface Timing (DCLKP bit = “1”)

65%AVDD
35%AVDD

Figure 10. Audio Interface Timing (DCLKP bit = “0”)

PMADL bit, PMADR bit,
PMDML bit or PMDMR bit

tPDV

T Lo B 5096TVDD

Figure 11. Power Down & Reset Timing 1

Figure 12. Power Down & Reset Timing 2

MS1542-J-00-PB 2013/06
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Nyr—9o

32pin QFN
5 _ 40%0.1 {7 < 28%01
,_ ; | 17 ; 24
' ; JUuUuuuup
i ‘16—\ , 25
— : H‘ P : (-
o i ol P i -
+ ] - HBR ] 9.
o ! @ ) : -
< ! N !
! D Exposed ! d
1 Y M) Pad : ([an
: 9 R _ 32
Y L amnn ﬂgﬂ ATAENEAN C0.35
1 8 l 1
T 1+ 040 0.20 + 0.05
He0.35+ 01 T 101010@ICIA]E]
g | 3
; \ A O
L_D_D_D_D_D_D_D_l [ .
™~ :
2Jo.10[C] 9y ©° (Unit: mm)
o O

* %y - — VU EE O Exposed Pad 1%, 77 > FIZHf L T 72 &0,

B ME - A vk

/Ny 7 — U8 Epoxy Resin, N1 7 U (R3E, HHE) 7 U —
Y — K7 b — L8 Cu Alloy
J— F7 L — L3 Solder (Pb free) plate
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BEETILY FOZYRBBOCEFHYDES T VFET,

FYBHLLWEHZRAELTEYFINT, EFHTINKHHAERE
L, HOVFEMHHEEREBELUETHERALMAT LN,

R EE S

0. AEICiiH SNz fli (LIF, TR buvnEd,), B, ARG OMfEIc & F L
Tk, AUBLEOT-DICTERIERTETHZENHY £, EWVEL T, THHAEZBRHOERIC
I, REBICEE LSRR FTOL D TH D Z & Al Y | &5 WO IR R B 0y
2 TR &,

1. AECEH I EEE, ARG OBEF, IGHBIZHHT 20 THY . ZOMAICE L Tk
Fhd L OVE =3 O M BEMEZ DM OMERNT 3T~ D RGIE FE T L EHE DO FFEZITOb DO TIEH E
Hh, BEROBIHFHIBW TYZIERESEH SN G5A81E. BEFEOETICB W TIT-> TIHE
<L EHiT, YUBEHROMAIER L TRBERELITE =F A U-AECH L, itz osi
FE2EIHLOTIEH D TEA,

2. AW, EEMEL, BT AR, ItRER. SIS SRR ARSI RS
KM RIEER L T OMEE - RO ECEIER RS, BHEE gL, £, Fik,
WMPEESEA~ERKRBEELZ LT T2 ENEE PRIND L9 ) TEWEEMELZ BRSNS g
WIHEAESND ZEZ2BERLTELT, RiEbaNTWEHA, TOEDH, Bl kv EHE CiF
HEINTEHEERE, INOOHARICAMBAZHERA LN TIEI N, THR—, ZIHOHH®EIC
AR A SN 8BE, BT, YA ATAHRELOEEZ WA bOTIEH Y £
A,

3. BARIRAVE L B0 EICSD TR Y 2908, BFRIITRICERER £ 2 TS T A 5A N
HOET, AL E THHATE HAT. ARG ORRIEESCREEIZ L . A, IR, WESNMR
EINDHZEDRNWE Y, BEEOEEIZBW T, ARG ZB#EH SN2 BEEOR LK E 2D
BREEITO ZEEBEVLET,

4, R TORETLFH O EHRZ . KREMELIROMBEOBN, EFFHHAOEN, &5 WX
Z OMEFHIEO BETHEH LN TIZEW, REL 3 LOURE LI O BT WA i H F- 13
FFICRMIET 2551, HEABRKUONEZ S L) 2 OO & 2 i B EES 25857 L,
VB FHe 21T > T IE 30, AL L OARETIE O HAT R A2 E NS O ka3 OIS X
iEE L, REEEAIEESN TSR - AT AEH L2 T &N,

5. ARG OBRREAMEHEOFEMIC & £ L Cid, "N LT iR Y F TBleE< S
W, AREELO THERIICE L L, BEOMEOER - EHZBHT 5 RoHS iS4, @A IS
BREBEESZH0HHED D 2, D0 DEFICHEAET L L ICTHEAL SV, BEENDND
ESEESF LN EICE VA UHEFICEL T, Bl —YoHEEza0»RET,

6. BEOERESICEL Y ZOFEEFHICK U CAREAEH S, ToMHNOEESENECY
AITBERIC TCYUZEEL TAHEZIIME L CHEE ETOTITALIEE N,

7. KEOEMEIT %2, BEOFEOEDIC X 5KHER LIS, BEELITERST S L2250
3
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