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AKM [AK4397]

No. | Pin Name 1/0 Function
1 | DVDD - | Digital Power Supply Pin, 4.75 ~ 5.25V
Power-Down Mode Pin
2 | PDN I When at “L”, the AK4397 is in power-down mode and is held in reset.
The AK4397 should always be reset upon power-up.
BICK I | Audio Serial Data Clock Pin in PCM Mode
3 DCLK I | DSD Clock Pin in DSD Mode
g | SPATA I__{Audio Serial Data InputPinin PCMMede
DSDL I | DSD Lch Data Input Pin in DSD Mode
s |[LRCK I _{LRClockPininPCMMode
DSDR I | DSD Rch Data Input Pin in DSD Mode
Soft Mute Pin in Parallel Mode
6 SMUTE I When this pin goes “H”, soft mute cycle is initiated.
________________________________ When returning "L, the output mute releases.
CSN I | Chip Select Pin in Serial Mode
5 [PESO I__{ Sampling Speed Mode Select Pin in Parallel Mode__ (Internal pull-down pin) _____
CADO I | Chip Address 0 Pin in Serial Mode (Internal pull-down pin)
g [[PEMO___ . I__{De-emphasis Enable OPininparallelmode |
CCLK I | Control Data Clock Pin in serial mode
o |[PEML . I__| De-emphasis Enable 1 Pin in Parallel Mode
CDTI I | Control Data Input Pin in Serial Mode
o [P0 I__|Digital Input Format 0 Pinin PCM Mode |
DCLK I | DSD Clock Pin in DSD Mode
i [P ] I_|Digital Input Format 1 Pinin PCM Mode
DSDL I | DSD Lch Data Input Pin in DSD Mode
o P2 ] I | Digital Input Format 2 Pinin PCM Mode |
DSDR I DSD Rch Data Input Pin in DSD Mode
No internal bonding.
13| NC ) Connect to GND.

Note: All input pins except internal pull-up/down pins should not be left floating.
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[AK4397]

AKM
14 | prs | Parallel/Serial Select Pin (Internal pull-up pin)
“L”: Serial Mode, “H”: Parallel Mode
15 |-ACKS ] I__{Master Clock Auto Setting Mode Pin in ParallelMode .
DZFR O | Rch Zero Input Detect Pin in Serial Mode
Test 1 Pin in Parallel Mode
TST1 (0]
o Shouldbe open.
DZFL O | Lch Zero Input Detect Pin in Serial Mode
TST2 I Test 2 Pin in Parallel Mode (Internal pull-down pin)
L P S Connect t0 QN D . e
CADI I | Chip Address 1 Pin in Serial Mode (Internal pull-down pin)
No internal bonding.
18 | NC ) Connect to GND.
No internal bonding.
19| NC ) Connect to GND.
No internal bonding.
20 | NC ) Connect to GND.
No internal bonding.
21| NC ) Connect to GND.
22 | AOUTRP O | Rch Positive Analog Output Pin
23 | AOUTRN O | Rch Negative Analog Output Pin
24 | VSS1 - | Ground Pin
25 | VDDR - | Rch Analog Power Supply Pin, 4.75 ~ 5.25V
26 | VREFHR I | Rch High Level Voltage Reference Input Pin
27 | VREFLR I | Rch Low Level Voltage Reference Input Pin
No internal bonding.
28 | NC ) Connect to GND.
29 | VREFLL I | Lch Low Level Voltage Reference Input Pin
30 | VREFHL I | Lch High Level Voltage Reference Input Pin
31 | VDDL - | Lch Analog Power Supply Pin, 4.75 ~ 5.25V
32 | VSS2 - Ground Pin
33 | AOUTLN O | Lch Negative Analog Output Pin
34 | AOUTLP O | Lch Positive Analog Output Pin
No internal bonding.
35 | NC ) Connect to GND.
No internal bonding.
36 | NC ) Connect to GND.
No internal bonding.
37 | NC ) Connect to GND.
No internal bonding.
38 | NC ) Connect to GND.
No internal bonding.
39 | NC ) Connect to GND.
40 | VSS3 - Ground Pin
41 | AVDD - | Analog Power Supply Pin, 4.75 ~ 5.25V
42 | MCLK I | Master Clock Input Pin
43 | VSS4 - | Ground Pin
No internal bonding.
44 | NC ) Connect to GND.

Note: All input pins except internal pull-up/down pins should not be left floating.
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[AK4397]

(VSS1-4 =0V; Note 1)

Parameter Symbol min max Units
Power Supplies: Analog AVDD -0.3 6.0 A"
Analog VDDL/R -0.3 6.0 v
Digital DVDD -0.3 6.0 \Y
Input Current, Any Pin Except Supplies 1IN - +10 mA
Digital Input Voltage VIND -0.3 DVDD+0.3 \Y
Ambient Temperature (Power applied) Ta -10 70 °C
Storage Temperature Tstg —65 150 °C
Note 1.
Note 2. VSS1-4
I
(VSS1-4 =0V; Note 1)
Parameter Symbol min typ max Units
Power Supplies Analog AVDD 4.75 5.0 5.25 v
(Note 3) Aga.k)g VDDL/R 4.75 5.0 5.25 v
Digital DVDD 4.75 5.0 5.25 \Y
Voltage “H” voltage reference VREFHL/R | AVDD-0.5 - AVDD v
Reference “L” voltage reference VREFLL/R VSS - - A%
(Note 4) VREFH — VREFL AVREF 3.0 - AVDD \%
Note 1.
Note 3. AVDD, VDDL/R, DVDD
Note 4. (VREFH - VREFL)
AOUT (typ.@0dB) = (AOUT+) — (AOUT-) = £2.8Vpp x (VREFHL/R — VREFLL/R)/5.
MS0616-J-02 2009/02



AKM [AK4397]

(Ta=25°C; AVDD=VDDL/R=DVDD=5.0V; VSS1-4 =0V; VREFHL/R=AVDD, VREFLL/R= VSS;
Input data = 24bit; Ry > 1kQ; BICK=64fs; Signal Frequency = 1kHz; Sampling Frequency = 44.1kHz;
Measurement bandwidth = 20Hz ~ 20kHz; External Circuit: Figure 18; unless otherwise specified.)

Parameter min typ max Units
Resolution - - 24 Bits
Dynamic Characteristics (Note 5)

THD+N fs=44.1kHz 0dBFS - -103 -93 dB
BW=20kHz —60dBFS - -57 - dB
fs=96kHz 0dBFS - 100 - dB
BW=40kHz —60dBFS - -54 - dB
fs=192kHz 0dBFS 100 - dB
BW=40kHz —60dBFS -54 - dB
BW=80kHz —60dBFS -51 - dB

Dynamic Range (—60dBFS with A-weighted) (Note 6) 114 120 dB

S/N (A-weighted) (Note 7) 114 120 dB

Interchannel Isolation (1kHz) 100 110 dB

DC Accuracy

Interchannel Gain Mismatch - 0.15 0.3 dB

Gain Drift (Note 8) - 20 - ppm/°C

Output Voltage (Note 9) +2.65 +2.8 +2.95 Vpp

Load Capacitance - - 25 pF

Load Resistance (Note 10) 1 - - kQ

Power Supplies

Power Supply Current

Normal operation (PDN pin = “H”)
AVDD + VDDL/R - 32 47 mA
DVDD (fs < 96kHz) - 21 - mA
DVDD (fs = 192kHz) - 27 41 mA
Power down (PDN pin = “L”) (Note 11)
AVDD+VDDL/R+DVDD - 10 100 uA
Power Supply Rejection (Note 12) - 50 - dB

Note 5. Audio Precision System Two

Note 6. Figure 18 ( 2) 101dB at 16bit data and 118dB at 20bit data.
Note 7. Figure 18 ( 2) S/N
Note 8. (VREFH — VREFL) +5V
Note 9. (0dB) (VREFHL/R — VREFLL/R)
AOUT (typ.@0dB) = (AOUT+) — (AOUT-) = £2.8Vpp x (VREFHL/R — VREFLL/R)/5.
Note 10. Load Resistance AC (DC ) 1k ohm (min) Figure 18
DC (DC ) 1.5k ohm (min) Figure 17

Load Resistance

Note 11. P/S pin=DVDD (MCLK, BICK, LRCK)
VSS4
Note 12. VREFHL/R pin +5V AVDD, DVDD 1kHz, 100mVpp
MS0616-J-02 2009/02
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[AK4397]

(fs = 44.1kHz)

(Ta=25°C; AVDD=VDDL/R=4.75 ~ 5.25V, DVDD=4.75 ~ 5.25V; Normal Speed Mode; DEM=OFF; SLOW bit="0")

Parameter | Symbol | min | typ | max | Units
| Digital Filter
Passband (Note 13) | £0.01dB PB 0 20.0 kHz
—6.0dB - 22.05 - kHz
Stopband (Note 13) SB 24.1 kHz
Passband Ripple PR +0.005 dB
Stopband Attenuation SA 75 dB
Group Delay (Note 14) GD - 28 - 1/fs
| Digital Filter + SCF
Frequency Response: 0 ~ 20.0kHz | | - | +0.2 | - | dB
| (fs = 96kHz) |
(Ta=25°C; AVDD=VDDL/R=4.75 ~ 5.25V, DVDD=4.75 ~ 5.25V; Double Speed Mode; DEM=OFF; SLOW bit="0")
Parameter | Symbol | min | typ | max | Units
| Digital Filter
Passband (Note 13) | £0.01dB PB 0 43.5 kHz
—6.0dB - 48.0 - kHz
Stopband (Note 13) SB 52.5 kHz
Passband Ripple PR +0.005 dB
Stopband Attenuation SA 75 dB
Group Delay (Note 14) GD - 28 - 1/fs
| Digital Filter + SCF
Frequency Response: 0 ~ 40.0kHz | | - | +0.3 | - | dB

(fs = 192kHz)

(Ta=25°C; AVDD=VDDL/R=4.75 ~ 5.25V, DVDD=4.75 ~ 5.25V; Quad Speed Mode; DEM=0OFF; SLOW bit="0")

Parameter | Symbol | min | typ | max | Units
| Digital Filter

Passband (Note 13) | £0.01dB PB 0 87.0 kHz

—6.0dB - 96.0 - kHz

Stopband (Note 13) SB 105 kHz

Passband Ripple PR +0.005 dB

Stopband Attenuation SA 75 dB

Group Delay (Note 14) GD - 28 - 1/fs
| Digital Filter + SCF

Frequency Response: 0 ~ 80.0kHz | | - | +0/-1 | - | dB

Note 13. fs( ) PB =0.4535 x fs(@+0.01dB) SB=

0.546 x fs
Note 14. 16/20/24
MS0616-J-02 2009/02
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[AK4397]

(fs = 44.1kHz)

(Ta=25°C; AVDD=VDDL/R=4.75 ~ 5.25V, DVDD=4.75 ~ 5.25V; Normal Speed Mode; DEM=OFF; SLOW bit="1")

Parameter | Symbol | min | typ | max | Units
| Digital Filter

Passband (Note 15) | £0.04dB PB 0 8.1 kHz

-3.0dB - 18.2 - kHz

Stopband (Note 15) SB 39.2 kHz

Passband Ripple PR +0.005 dB

Stopband Attenuation SA 72 dB

Group Delay (Note 14) GD - 28 - 1/fs
| Digital Filter + SCF

Frequency Response: 0 ~ 20.0kHz | | - | +0/=5 | - | dB
| (fs = 96kH2)

(Ta=25°C; AVDD=VDDL/R=4.75 ~ 5.25V, DVDD=4.75 ~ 5.25V; DEM=OFF; SLOW bit="1")

Parameter | Symbol | min | typ | max | Units
| Digital Filter

Passband (Note 15) | £0.04dB PB 0 17.7 kHz

-3.0dB - 39.6 - kHz

Stopband (Note 15) SB 85.3 kHz

Passband Ripple PR +0.005 dB

Stopband Attenuation SA 72 dB

Group Delay (Note 14) GD - 28 - 1/fs
| Digital Filter + SCF

Frequency Response: 0 ~ 40.0kHz | | - | +0/-4 | - | dB

(fs = 192kHz)

(Ta=25°C; AVDD=VDDL/R=4.75 ~ 5.25V, DVDD=4.75 ~ 5.25V; Quad Speed Mode; DEM=0OFF; SLOW bit="1")

Parameter | Symbol | min | typ | max | Units
| Digital Filter

Passband (Note 15) | £0.04dB PB 0 35.5 kHz

-3.0dB - 79.1 - kHz

Stopband (Note 15) SB 171 kHz

Passband Ripple PR +0.005 dB

Stopband Attenuation SA 72 dB

Group Delay (Note 14) GD - 28 - 1/fs
| Digital Filter + SCF

Frequency Response: 0 ~ 80.0kHz | | - | +0/=5 | - | dB

Note 15. fs( ) PB =0.185 x fs(@+0.04dB)

SB =0.888 x fs
MS0616-J-02 2009/02
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AKM
DC
(Ta=25°C; AVDD=VDDL/R=4.75 ~ 5.25V, DVDD=4.75 ~ 5.25V)
Parameter Symbol min typ max Units
High-Level Input Voltage VIH 24 - - v
Low-Level Input Voltage VIL - - 0.8 \Y
High-Level Output Voltage (Tout=—100pA) VOH DVDD-0.5 - - v
Low-Level Output Voltage (Iout=100pA) VOL - - 0.5 \Y
Input Leakage Current (Note 16) lin - - +10 pA
Note 16. DFSO pin , P/Spin (typ. 100kQ) DFSO0
pin, P/S pin
MS0616-J-02 2009/02
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[AK4397]

(Ta=25°C; AVDD=VDDL/R=4.75 ~ 5.25V, DVDD=4.75 ~ 5.25V)

Parameter Symbol min typ max Units
Master Clock Timing
Frequency fCLK 7.7 41.472 MHz
Duty Cycle dCLK 40 60 %
LRCK Frequency (Note 17)
Normal Speed Mode fsn 30 54 kHz
Double Speed Mode fsd 54 108 kHz
Quad Speed Mode fsq 108 216 kHz
Duty Cycle Duty 45 55 %
PCM Audio Interface Timing
BICK Period
Normal Speed Mode tBCK 1/128fsn ns
Double Speed Mode tBCK 1/64fsd ns
Quad Speed Mode tBCK 1/64fsq ns
BICK Pulse Width Low tBCKL 30 ns
BICK Pulse Width High tBCKH 30 ns
BICK “T” to LRCK Edge (Note 18) tBLR 20 ns
LRCK Edge to BICK “1” (Note 18) tLRB 20 ns
SDATA Hold Time tSDH 20 ns
SDATA Setup Time tSDS 20 ns
DSD Audio Interface Timing
DCLK Period tDCK 1/64fs ns
DCLK Pulse Width Low tDCKL 160 ns
DCLK Pulse Width High tDCKH 160 ns
DCLK Edge to DSDL/R (Note 19) tDDD -20 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 High Time tCSW 150 ns
CSN *4” to CCLK “T” tCSS 50 ns
CCLK “1” to CSN “1” tCSH 50 ns
Reset Timing
PDN Pulse Width (Note 20) tPD 150 ns
Note 17. 2 4 PDN pin RSTN bit
Note 18. LRCK BICK “1”
Note 19.
Note 20. PDN pin “L”  “H” DFS1-0 bit
RSTN bit
MS0616-J-02 2009/02
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1/fCLK

tBCKH tBCKL

Clock Timing

VIH
LRCK

VIL

VIH
BICK

VIL

VIH
SDATA

VIL

Audio Interface Timing (PCM Mode)
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AKM
< tDCK =|
VIH
CSN
VIL
VIH
CCLK
VIL
------------------------------------------------------- === VIH
CDTI C1 co R/W A4
------------------------------------------------------- ---  VIL
WRITE Command Input Timing
MS0616-J-02 2009/02
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AKM
tCSW
VIH
CSN VIL
VIH
CCLK
VIL
------------------------------------------------------------- VIH
CDTI D3 D2 D1 DO
------------------------------------------------------------- VIL
WRITE Data Input Timing
PDN
Power Down & Reset Timing
MS0616-J-02 2009/02
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AKM
m D/A
AK4397 PCM DSD D/A DSD DCLK, DSDL,
DSDR DSD PCM BICK, LRCK, SDATA PCM
D/P bit D/Pbit PCM/DSD RSTN bit
2 ~3/fs PCM
D/P bit Interface
0 PCM
1 DSD
Table 1. PCM/DSD Mode Control
|
[1] PCM
AK4397 MCLK, BICK, LRCK MCLK LRCK
MCLK AY
PDN pin RSTN bit
(PDN pin=*“H") (MCLK, BICK, LRCK)
(PDN pin = “L”) (RSTN bit =
“0”) ON (PDN pin = “L” — “H”) MCLK
@) (P/S pin = “H”)
1. Manual Setting Mode (ACKS pin = “L”)
MCLK DFSO0 pin (Table 2)
MCLK Table 3 DFSI1 bit “0” DFSO0
pin PDN pin 4
DFSO0 pin Sampling Rate (fs)
L Normal Speed Mode 30kHz ~ 54kHz
H Double Speed Mode 54kHz ~ 108kHz
Table 2. Sampling Speed (Manual Setting Mode @Parallel Mode)
LRCK MCLK (MHz BICK
fs 128fs 192fs 256fs 384fs 512fs 768fs 1152fs 64fs
32.0kHz N/A N/A 8.1920 12.2880 16.3840 24.5760 36.8640 | 2.0480MHz
44.1kHz N/A N/A 11.2896 16.9344 22.5792 33.8688 N/A 2.8224MHz
48.0kHz N/A N/A 12.2880 18.4320 24.5760 36.8640 N/A 3.0720MHz
88.2kHz 11.2896 16.9344 22.5792 33.8688 N/A N/A N/A 5.6448MHz
96.0kHz 12.2880 18.4320 24.5760 36.8640 N/A N/A N/A 6.1440MHz
Table 3. System Clock Example (Manual Setting Mode @Parallel Mode)
MS0616-J-02 2009/02




AKM [AK4397]

2. Auto Setting Mode (ACKS pin = “H”)

MCLK (Table 4) DFSO0 pin
MCLK Table 5 DFSO pin VSS4 DVDD
MCLK Sampling Speed
1152fs Normal (fs<32kHz)
512fs 768fs Normal
256fs 384fs Double
128fs 192fs Quad
Table 4. Sampling Speed (Auto Setting Mode @Parallel Mode)
LRCK MCLK (MHz Sampling
fs 128fs 192fs 256fs 384fs 512fs 7681fs 1152fs Speed
32.0kHz N/A N/A N/A N/A 16.3840 24.5760 36.8640
44.1kHz N/A N/A N/A N/A 22.5792 33.8688 N/A Normal
48.0kHz N/A N/A N/A N/A 24.5760 36.8640 N/A
88.2kHz N/A N/A 22.5792 33.8688 N/A N/A N/A Double
96.0kHz N/A N/A 24.5760 36.8640 N/A N/A N/A
176.4kHz 22.5792 33.8688 N/A N/A N/A N/A N/A d
192.0kHz 24.5760 36.8640 N/A N/A N/A N/A N/A Qua

Table 5. System Clock Example (Auto Setting Mode @Parallel Mode)
2) (P/S pin=*L")

1. Manual Setting Mode (ACKS bit = “0")

MCLK DFS1-0 bit (Table 6)
MCLK Table 7 (PDN pin=“L"
— “H”) Manual Setting Mode DFS1-0 bit RSTN bit
DFS1 bit | DFS0 bit Sampling Rate (fs)
0 0 Normal Speed Mode 30kHz ~ 54kHz | (default)
0 1 Double Speed Mode | 54kHz ~ 108kHz
1 0 Quad Speed Mode 120kHz ~ 216kHz
Table 6. Sampling Speed (Manual Setting Mode @Serial Mode)
LRCK MCLK (MHz BICK
fs 128fs 192fs 256fs 384fs 512fs 768fs 11521s 641s
32.0kHz N/A N/A 8.1920 12.2880 16.3840 24.5760 36.8640 | 2.0480MHz
44.1kHz N/A N/A 11.2896 16.9344 22.5792 33.8688 N/A 2.8224MHz
48.0kHz N/A N/A 12.2880 18.4320 24.5760 36.8640 N/A 3.0720MHz
88.2kHz 11.2896 16.9344 22.5792 33.8688 N/A N/A N/A 5.6448MHz
96.0kHz 12.2880 18.4320 24.5760 36.8640 N/A N/A N/A 6.1440MHz
176.4kHz | 22.5792 33.8688 N/A N/A N/A N/A N/A 11.2896MHz
192.0kHz | 24.5760 36.8640 N/A N/A N/A N/A N/A 12.2880MHz

Table 7. System Clock Example (Manual Setting Mode @Serial Mode)

MS0616-J-02 2009/02
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2. Auto Setting Mode (ACKS bit = “17)

[AK4397]

MCLK (Table 8) DFS1-0 bit
MCLK Table 9
MCLK Sampling Speed
1152fs Normal (fs<32kHz)
512fs 768fs Normal
256fs 384fs Double
128fs 192fs Quad
Table 8. Sampling Speed (Auto Setting Mode @Serial Mode)
LRCK MCLK (MHz Sampling
fs 128fs 192fs 256fs 384fs 512fs 7681s 1152fs Speed
32.0kHz N/A N/A N/A N/A 16.3840 24.5760 36.8640
44.1kHz N/A N/A N/A N/A 22.5792 33.8688 N/A Normal
48.0kHz N/A N/A N/A N/A 24.5760 36.8640 N/A
88.2kHz N/A N/A 22.5792 33.8688 N/A N/A N/A Double
96.0kHz N/A N/A 24.5760 36.8640 N/A N/A N/A
176.4kHz 22.5792 33.8688 N/A N/A N/A N/A N/A Quad
192.0kHz 24.5760 36.8640 N/A N/A N/A N/A N/A
Table 9. System Clock Example (Auto Setting Mode @Serial Mode)
[2] DSD
MCLK, DCLK MCLK DCLK
MCLK DCKS bit
(PDN pin=“H") (MCLK, DCLK)
(PDN pin =“L") ON
(PDN pin=“L” —» “H”) MCLK
DCKS bit MCLK Frequency DCLK Frequency
0 512fs 64fs (default)
1 768fs 64fs
Table 10. System Clock (DSD Mode)
MS0616-J-02 2009/02
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AKM [AK4397]
|
[1] PCM
BICK LRCK SDATA 5 (Table 11)
DIF2-0 pin DIF2-0 bit MSB
2’s BICK Mode2 16
20 LSB “0”
Mode | DIF2 DIF DIF0 Input Format BICK Figure
0 0 0 0 16bit > 32fs Figure 1
1 0 0 1 20bit > 48fs Figure 2
2 0 1 0 24bit > 48fs Figure 3 | (default)
3 0 1 1 24bit I°S >48fs | Figure 4
4 1 0 0 24bit > 48fs Figure 2
5 1 0 1 32bit > 64fs Figure 5
6 1 1 0 32bit >64fs Figure 6
7 1 1 1 32bit I’S > 64fs | Figure 7
Table 11. Audio Interface Format
LRCK B [
o 1 o 0 11 12 13 14 15 lo 1 - 0 11 12 13 14 15 b 1
(2o UI%IJJJIIIJI%IIJII U
SDATA 15|14 % 6 |5(4]13(2]|1])0{|15]14 % 6154132 |1 15 (14
Mode O % %
. . o I s
b 1 % 14 15 16 17 - 3t b 1 / 14 15 16 17 - 3 Jo 1
e [RUUUULRULLNBU UL
SI\/IIDC').;\;LA(‘) Don't care 15|14 % 0 | Don't care 15 | 14 %
| 15:MSB, 0:LSB N ! N !
547 Lch Data >i< Rch Data 4*
Figure 1. Mode 0 Timing
LRCK N e
BICK o1 %/8 9 10 11 12 %/ 3 o 1 % 8 9 10 11 12 %/31 0 1
oao |LILITH il % TTUTE il % i
. |
SDATA Don't care 19 % 0 | Don't care 19 %
Mode 1 % /
| 19:MSB, 0:LSB % : % :
| % | / |
SMD(;A(‘ZILAA | Don't care 23122 (21|20 |19 % 0 | Don't care 23 (222112019 % |
1 23:MSB, 0:.LSB I I
& Lch Data >E< Rch Data 4*
Figure 2. Mode 1/4 Timing
MS0616-J-02 2009/02
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LRCK

| |
| | |
10 1 2 22 23 24 2 22 23 24 10 1

o [T UUUNUUTUURU UL

SDATA 23 |22 1| 0 | Don't care 23|22 0 | Don't care 23 | 22

23:MSB, 0:LSB i i
| [}

‘4— LchData > Rch Data ———

Figure 3. Mode 2 Timing

N\

1 2 37

WU

23 24 25 31 0

\_‘H
=)
=
\_‘
g
\_‘
\_‘

SDATA 23| 22 Don't care 23 (22 1 | 0 | Don't care 23
| 23:MSB, 0:LSB E i
;47 Lch Data >E< Rch Data 4*
' Figure 4. Mode 3 Timing
LRCK ] | [
BICK(128fS) 0 1 2% 20 21 22% 32 33% 63 0 1 2% 20 21 22% 32 33% 63 0 1
| | - | - |
. 1 1 . 1 1
% . B % | -
SDATA : % %/ 31 % | L % st f1]o |
b o1 2% 12 13 14% 23 24% 3 P o1 27 12 13 14// 23 24// 3 o 1
BICK(64fs) % % % Z % Z
soara Jma[wo]| | [eo[ss[]|| [s [o | [1]o 31|3o|/|20|19|18|/| o Jo || [ [o]=]
i Lch Data i Rch Data i
¢ > < >

31: MSB, 0:.LSB

Figure 5. Mode 5 Timing

MS0616-J-02 2009/02
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LRCK ] |
81K (12619 0o 1 2% 20 21 22% 32 33% 63 0 1 2% 20 21 22% 32 33% 63 0 1
] - L - Bl
SDATA 31|30|/|12|11|10|f|0| % 31|3o| |12|11|10|/|0| / 31
/ . / .
_:O 1 2 % 12 13 14% 23 24 % 31 EO 1 2 % 12 13 14% 23 24% 31 EO 1
BICK(64fs) % Z % | . |
! / % | . % - L
SDATA 31|30|%|2o|19|1 |Z| 9 | 8 | % 1 |o 31|30|/|20|19|18|§| 9 | 8 |%| 1 |o 31|
i Lch Data i Rch Data i
1< > < >
' 31: MSB, 0:LSB | :
Figure 6. Mode 6 Timing
LRCK ] | -
0 1 2 % 20 21 22 % 33 34% 63 0 1 2 % 20 21 22% 33 34% 63 0 1
- - - -
BICK(128fs) § § % % % %
SDATA I31|§%| %% o| % :31 %§13|1A11 iﬁ o| %Z |
BICK(64fs) 0 1 2 % 12 13 14%% 24 25%% 31 0 11 2 % 12 13 14% 24 257% 31 0 n
] ] ]
soata Lo la| [afeo[s [ [o[s[|\[2 [0 s [[a]eo[s ][ o= ][[2]+]o

>

Lch Data Rch Data

[}
[}
[}
i<
31: MSB, 0:LSB i

Y S

Figure 7. Mode 7 Timing

MS0616-J-02 2009/02
-21-



AKM

[2] DSD

DSD DIF2-0 pin

DCKB bit

DCLK (64fs)
DCKB=1

DCLK (64fs)
DCKB=0

DIF2-0 bit DCLK

64fs

[AK4397]

DCLK

DSDL,DSDR
Normal

D1

D2

D3

DSDL,DSDR
Phase Modulation

DO

D1 D1

D2

D3

MS0616-J-02

Figure 8. DSD Mode Timing
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AKM

H D/A
RSTN bit
D/A Mode
D/A Data
RSTN bit
D/A Mode
D/A Data

Note. DSD

DSD

||

IR 3
2

bit PCM

||

—— >4ffs

PCM Mode ><
]

DSD Mode

PCM Data

]
— re— >0
!

/ DSD Data

Figure 9. D/A Mode Switching Timing (PCM to DSD)

>< PCM Mode

1
1
i DSD Mode
1

AK4397 MUTE

MS0616-J-02

DSD Data \ / PCM Data
Figure 10. D/A Mode Switching Timing (DSD to PCM)
75% SACD (Scarlet Book)
(32kHz, 44.1kHz, 48kHz) (50/15ps )
OFF DSD DEM1-0
DSD
DEM1 DEMO0 Mode
0 0 44.1kHz
0 1 OFF (default)
1 0 48kHz
1 1 32kHz
Table 12. De-emphasis Control (Normal Speed Mode)
256 (ATT)
DAC 0dB —48dB
1
256 Table 13
Sampling Speed
Ping e [ Level 255 10 0
Normal Speed Mode 4LRCK 1020LRCK
Double Speed Mode 8LRCK 2040LRCK
Quad Speed Mode 16LRCK 4080LRCK
Table 13. ATT Transition Time
2009/02
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AKM
|
AK4397 8192 “0”
DZF pin “H” G‘O”
DZF pin “L” RSTNbit  “0” DZF pin “H” RSTN bit
“1” “0” DZF pin 4 ~ SLRCK
“L” DZFMbit  “1” 8192 “0”
DZF pin “H” DZFE bit DZF
pin “L” DZF pin DZFB bit
|
SMUTE pin “H” SMUTE bit  “1”
ATT ATT x ATT (Table 13) —o0 (“07)
SMUTE pin  “L” SMUTE bit  “0” —00 —0 ATT x ATT
ATT —o0
ATT
SMUTE pin or
SMUTE bit
(1) (1)
<4+—> <+—>
ATT_Level
Attenuation )
-00
- %
AOUT \/s
(4)
DZF pin 8192/fs
(1) ATT x ATT (Table 13) Normal Speed Mode ATT “255”
1020LRCK
2 (GD)
3) —0
ATT
“4) 8192 “0” DZF pin “H”
‘40” DZF pin GGL”
Figure 11. Soft Mute Function
|
ON PDN pin “L” MCLK
MCLK 4/fs
MS0616-J-02 2009/02
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PDN pin “L”
Figure 12

PDN

Internal
State

D/A In
(Digital)

D/A Out
(Analog)

Clock In
MCLK, BICK, LRCK

DZFL/DZFR

External
MUTE

(D
(2)
(3) PDN
4)
(%)

(6)

MS0616-J-02

(Hi-Z)

[AK4397]

Normal Operation Power-down Normal Operation
Lo : : Lo
T\ : : |/
. i “0” data : / !
— «GD (1) ! i —! «GD (1)
WA
f [ |"'
. | |
| |
(@) |
i Don'’t care i
i i
| |
(6)
(5) Mute ON
(GD)
Hi-Z
(LLJ, T”) CGO”
(PDN pin = “L”) (MCLK, BICK, LRCK)

3)

(PDN pin = “L”)

Figure 12. Power-down/up sequence example

DZF pin  “L”

-25-
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|
RSTNbit  “0” DAC
AVDD/2 DZFL/DZFR pin “H” Figure 13 RSTN bit
RSTN bit
T |
—» 13-4/ (6) —>i l4—2-311s (6)
Internal i
RSTN Timing |
1 !
[}
Internal Normal Operation i Digital Block Normal Operation
State H - i i
1 [} 1 | [} [}
Vo I i -
D/A In \: | i i “0” data i V i
(Digital) - L ; —
(1n— E<—GD i ! —» 54— GD (1)
D/A Out /\/\/\/\/\/\/; | {.3) (2) :.,(3) y\/\/\/\/\/\/
(Analog) - K !
: (4) i
Clock In i ’ i
MCLK, BICK, LRCK ; Don't care !
] []
| —P: :4—2/fs(5)
DZFL/DZFR
(1) (GD)
(2) RSTN bit =“0” AVDD/2
3) RSTN ™) “0”
4) (RSTN bit = “0”) (MCLK, BICK, LRCK)
(5) DZF pin RSTN bit “H” LSI RSTN bit 2/fs
AGLSJ
(6) RSTN bit LSI RSTN bit 3 ~4/fs
2 ~3/fs
Figure 13. Reset sequence example
MS0616-J-02 2009/02

-26 -



[AK4397]

AKM
|
AK4397 ( ) ( )
P/S pin
PDNpin AK4397 P/Spin “L”
3 I/F : CSN, CCLK, CDTI
I/F Chip address (2bit, C1/0), Read/Write (1bit, “1” , Write only), Register address (MSB
first, 5Sbit) Control data (MSB first, 8bit) CCLK “y”
“t CSN  «T» CCLK
SMHz (max)
Function Parallel Mode Serial Mode
Auto Setting Mode 0 0
Manual Setting Mode 0 (0]
Audio Format 0 O
De-emphasis 0 0
SMUTE 0 0
DSD Mode X 0
Slow roll-off Response X 0
Digital Attenuator X O
Table 14. Function List (O: Available, X: Not available)
PDNpin “L” RSTNbit “0”
CSN f
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
cox [FAAALALAAALALALAALALA1A1S
CDTI c1|co|rw|Aa|A3|Aa2|A1|A0|D7|D6|D5|D4|D3|D2|D1|DO
C1-C0: Chip Address (C1=CAD1, C0=CADO)
R/W: READ/WRITE (Fixed to “1”, Write only)
A4-A0: Register Address
D7-D0: Control Data
Figure 14. Control I/F Timing
*AK4397
*PDN pin=“L”
*CSN  “L” CCLK “T 15 17
MS0616-J-02 2009/02
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|
Addr | Register Name D7 ¢+ D6 + D5 + D4 + D3 i+ D2 i+ DI i DO
00H | Control 1 ACKS I 0 I 0 0 | DIF2 ! DIFI ! DIF0 ! RSIN
01H | Control 2 DZFE : DZFM : SLOW DFSI : DFSO : DEMI : DEMO : SMUTE
02H | Control 3 D/P DSDM | DCKS DCKB | 0 . DZFB | 0 0
03H | Lch ATT ATT7 | ATT6 | ATTS | ATT4 | ATT3 | ATT2 | ATTI ATTO
04H | Rch ATT ATT7 | ATT6  ATTS | ATT4 ! ATT3 ! ATT2 | ATTL ! ATTO
Note:
05H ~ 1FH
PDN pin “L”
RSTNbit “0”
P/S pin PDN pin AK4397
|
Addr |Register Name D7 + D6 + D5 + D4 + D3 . D2 + DI . DO
00H | Control 1 ACKS | 0 | I 0 | DIF2 ! DIFI ! DIF0 ! RSTN
Default 0O 0 b0 0 10 ]
RSTN: Internal Timing Reset
0: Reset. All registers are not initialized.
1: Normal Operation (default)
“07?
DIF2-0: Audio Data Interface Modes (Table 11)
“010” (Mode2 : 24bit )
ACKS: Master Clock Frequency Auto Setting Mode Enable (PCM only)
0: Disable : Manual Setting Mode (default)
1: Enable : Auto Setting Mode
ACKS bit MCLK
MS0616-J-02 2009/02
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Addr |Register Name D7 ' D6 ! D5 ' D4 ' D3 ' D2 ' DI ' DO
01H ] Control 2 DZFE | DZFM | SLOW | DFSI | DFSO | DEMI | DEMO | SMUTE
Default 0 ' 0 ' 0 ' 0 ' 0 ' 0 ' 1 ' 0
SMUTE: Soft Mute Enable
0: Normal Operation (default)
1: DAC outputs soft-muted.
DEM1-0: De-emphasis Response (Table 12)
“01” (OFF)
DFS1-0:  Sampling Speed Control (Table 6)
“00” (Normal Speed) DFS1-0 bit

SLOW:  Slow Roll-off Filter Enable
0: Sharp roll-off filter (default)
1: Slow roll-off filter

DZFM:  Data Zero Detect Mode
0: Channel Separated Mode (default)
1: Channel ANDed Mode
If the DZFM bit is set to “1”, the DZF pins of both channels go to “H” only when the input data at both
channels are continuously zeros for 8192 LRCK cycles.

DZFE: Data Zero Detect Enable
0: Disable (default)

1: Enable
Zero detect function can be disabled by DZFE bit “0”. In this case, the DZF pins of both channels are
always “L”.
MS0616-J-02 2009/02
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Addr |Register Name D7 ' D6 ! D5 ' D4 ' D3 ' D2 ' DI ' DO
02H | Control 3 DP | DSDM | DCKS | DCKB | 0 | DZFB | 0 | 0
Default 0 ' 0 : 0 : 0 : 0 : 0 : 0 : 0
DZFB: Inverting Enable of DZF
0: DZF pin goes “H” at Zero Detection (default)
1: DZF pin goes “L” at Zero Detection
DCKB: Polarity of DCLK (DSD Only)
0: DSD data is output from DCLK falling edge. (default)
1: DSD data is output from DCLK rising edge.
DCKS: Master Clock Frequency Select at DSD mode (DSD only)
0: 512fs (default)
1: 768fs
DSDM: DSD Input Select
0: Input pin: #5, 6, 7 (default)
1: Input pin: #12, 13, 14
DSDM bit RSTN bit AK4397
D/P:  DSD/PCM Mode Select
0: PCM Mode (default)
1: DSD Mode
D/P bit RSTN bit AK4397
Addr |Register Name D7 : D6 : D5 : D4 : D3 : D2 : D1 . DO
03H | Lch ATT ATT7 | ATT6 | ATT5S | ATT4 | ATT3 | ATT2 | ATT1I | ATTO
04H JRch ATT ATT7 | ATT6 | ATTS | ATT4 | ATT3 |« ATT2 . ATTlI | ATTO
Default 1 : 1 : 1 : 1 : 1 : 1 : 1 : 1
ATT7-0: Attenuation Level
ATT =20 log;o (ATT_DATA /255) [dB]
FFH: 0dB (default)
00H: Mute
MS0616-J-02 2009/02
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AKM
Figure 15 Figure 17,Figure 18 Figure 19
(AKD4397)
Analog5.0V
x
g d
o
o}
. I
Digital 5.0V =
+
1u Lch Out
J7 Lch || Lch
Fl ol [ [=] o] (2] (o] I] o] |v] I LPF Mute
< <t < < < ™ ™ (3] [0} (2] (42]
0 38322222 ¢ A
g (SIS )] o
s < > 8
10u du b4
— DVDD AOUTLN
Reset & PD——pp[2] PON vssz [32] —r—
. u
64fs—P[3 | BicK voDL [ZL -
Audio Data=——[7 | spATA :; VREFHL [30]—g—4"
fS_>| 5 LRCK ~ VREFLL E 0.1ur T-10u
——pp[6 ] csn 8 Ne 28] ¢
Micro- —I 7] capo I'\I'll VREFLR [27——4—4-
= O.1ur T 10u
Controller »e] couk QO VREFHR [26 ] -
o] comi VDDR [25—¢¢
0.1 10u
0] DIFO - vss1 [Za}—44
[e] ew
DIF1 P JAOUTRN 7
o
N f o2 5
L 09 NN << O O O 0 D
0o Z2 o 000z 2 2 2 <
|ﬁ! |2| !3| EIEIZIEIEIRIE |x! Reh o
LPF MUte | pch out

Y  Electrolytic Capacitor

— Ceramic Capacitor

- Chip Address = “00”. BICK = 64fs, LRCK = fs

-AVDD DVDD
- VSS1-4

- AOUT

- /

Figure 15. Typical Connection Diagram (AVDD=VDDL/R=5V, DVDD=5V, Serial mode)

MS0616-J-02 2009/02
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Digital Ground Analog Ground
g g
gAOUTLN
System
=
Controller N
w
©
\'
m
O
LAOUTRN
Figure 16. Ground Layout
1.
AK4397 AVDD, VDDL/R DVDD
AVDD, VDDL/R DVDD
AVDD, VDDL/R DVDD
AVDD, VDDL/R DVDD
VSS1-4
AK4397
2.
VREFHL/R pin VREFLL/R pin
VREFHL/R pin AVDD VREFLL/R pin VSS VREFHL/R pin VREFLL/R pin
0.1uF VREFHL/R pin 10pF
0.1uF VSS
AK4397

VREFHL/R, VREFLL/R pin

3.
AVDD/2 2.8Vpp (typ, VREFHL/R —
VREFLL/R =5V) AOUTL/R +, AOUTL/R — Vaour =
(AOUT+H)—-(AOUT-) 5.6Vpp (typ, VREFHL/R — VREFLL/R =5V)
2’s compliment (2 )
7FFFFFH(@?24bit) 800000H(@?24bit)
000000H(@?24bit) Vaour ov
AX ( ) (SCF)
Figure 17 1 LPF Figure 18 3
LPF
MS0616-J-02 2009/02

-32-



AKM

AK4397

AOUT-

AOUT+

Figure 17. External LPF Circuit Example 1 for PCM (fc = 99.2kHz, Q=0.704)

Frequency Response Gain
20kHz —0.011dB
40kHz —0.127dB
80kHz —1.571dB

Table 15. Frequency Response of External LPF Circuit Example 1 for PCM

+15

]
J 1
560 0.10eg10u
1|;|O|n
I
é%r > | | 200

620

317
§ gl.o NJM5534D

0_1u-r— LlOu
=3
Figure 18. External LPF Circuit Example 2 for PCM
1% Stage 2" Stage Total

Cut-off Frequency 182kHz 284kHz -
Q 0.637 - -
Gain +3.9dB -0.88dB +3.02dB
Frequency 20kHz -0.025 -0.021 -0.046dB
Response 40kHz -0.106 -0.085 -0.191dB

80kHz -0.517 -0.331 -0.848dB

Table 16. Frequency Response of External LPF Circuit Example 2 for PCM

MS0616-J-02
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SACD (Scarlet Book) SACD
—30dB/oct AK4397
(Figure 19)
Frequency Gain

20kHz —0.4dB
50kHz —2.8dB
100kHz —15.5dB

Table 17. Internal Filter Response at DSD Mode

2.0k 1.8k 4.3k

AOUT- ANV
vﬂz.SVpp
2200p
2.0k I Analog
AOUT+ ANV Out
ﬁ@’ 2.8Vpp
Figure 19. External 3rd Order LPF Circuit Example for DSD
Frequency Gain
20kHz —0.05dB
50kHz —0.51dB
100kHz —-16.8dB
DC gain =1.07dB
Table 18. 3rd Order LPF (Figure 19) Response
MS0616-J-02
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44pin LQFP (Unit: mm)

12.8+0.3 1.70max
1.40 ‘O.lOiO.lO
10.0
33 23
I g

34— —22

— —

— —

— — ™

— — o o

—] — o 3

© — — « ~
S — — -

— —

= —

= O =1
44 g

L JUUUUUT U e
0.37+0.08 B T020 @D | 0.17+0.05
0°~10°
y
-/
0.6+0.20
|
Package molding compound: Epoxy
Lead frame material: Cu
Lead frame surface treatment: ~ Solder (Pb free) plate
MS0616-J-02 2009/02
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AKM
— Audio —
= @ —
— Pro.. ]
— I—
| — I—
—  AK4397EQ [—
| — 1
] I—
— OXXXXXXX =
[E— I—
I—
— O AKM
1) Pin #1 indication
2) AKM Logo
3) Date Code: XXXXXXX(7 digits)
4) Marking Code: AK4397
5) Audio 4 pro Logo
Date (YY/MM/DD) | Revision | Reason Page Contents
07/05/11 00
08/02/12 01 25 VCOM pin
26 VCOM — AVDD/2
32 2.
VCOM pin
3.
VCOM — AVDD/2
09/02/25 02 33 Figure 17
Table 15
MS0616-J-02 2009/02
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