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ASAHI KASEI EMD

= Preliminary =

AK5388

120dB 24-bit 192kHz 4-Channel ADC

I GENERAL DESCRIPTION

The AK5388 is a 24bit, 216kHz sampling 4-channel A/D converter for high-end audio systems. The
modulator in the AK5388 uses AKM’s Enhanced Dual Bit architecture, enabling the AK5388 realizes to
realize high accuracy and low cost. The AK5388 achieves 120dB dynamic range and —105dB THD+N,
and an optional mono mode extends dynamic range to 121dB. The AK5388’s digital filter features a
modified FIR architecture that minimizes group delay while maintaining excellent linear phase response.
So the device is suitable for professional audio applications including recording, sound reinforcement,
effects processing, sound cards, and high-end A/V receivers. The AK5388 is available in 44pin LQFP

package.
| FEATURES |
O Sampling Rate: 8kHz ~ 216kHz
O Full Differential Inputs
O S/(N+D): 105dB
O DR, S/N: 120dB(Mono Mode: 123dB)
O Short Delay Digital Filter (GD=12.6/fs)
e Passhand: 0~21.648kHz (@fs=48kHz)
e Ripple: 0.01dB
e Stopband: 80dB
O Digital HPF
O Power Supply: 4.75 ~ 5.25V(Analog), 3.0 ~ 3.6V(Digital)
O Output format: 24bit MSB justified, 1S or TDM
O Cascade TDM I/F: 8ch/48kHz, 4ch/96kHz, 4ch/192kHz
O Master & Slave Mode
O Overflow Flag
O Power Dissipation: TBD mW (@fs=48kHz)
O Package: 44pin LQFP
AVDD1 AVSS1 AVDD2 AVSS2 DVDD1DVSS1 DVDD2DVSS2 BVSS
O—0
LIN1+ E: AT »| Decimation » Q LRCK
LIN1- Modl#ator Filter O BICK
RIN1+ A .| Decimation | Q SDTO1
RIN1- 2(:: Modulator i’ Filter " O SDTO2
* Audio O TDMIN
LIN2+ AS .| Decimation | | Interface QO M/S
LIN2- élj‘:: Modulator Filter O DIF
4 O TDMO
RIN2+ 2(:: AS .| Decimation . O TDM1
RIN2- Modulator "1 Filter " Q) HPF
A Q) MONO
VeomL E(f | Voltage Reference
vcom2 O
4
VRP1VRL1 VRP2 VRL2 OVF PDN CKSO CKS2CKS2
Rev. 0.3 200710

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6151426/ak5388.html

AKM

W Ordering Guide

AK5388EQ
AKD5388

m Pin Layout

-10~+70°C

Evalaion Boardfor AK5388

[AK5388]

44pn LQFP (0.8nm pitch)

VREFP2 [ |
VREFL2 [ ]
vcomz [
LIN2+ [ ]
LIN2- [
TEST3[_|
RIN1-[ ]
RINL+ [ ]
vcom1 [
VREFL1 [ ]
VREFP1[ |

w
i

40
41
42
43

33 ] RIN2+

32[ ] riN2-

O

31 ] vsse

30[_] AvDD2
29| ] TEST2
28| ] vsss
27 ] vssa
26| | DVDD

AK5388EQ

Top View

25 ] HPFE

24| _] MONO

23| ] pDIF

22
21
20
19
18
17
16
15
14
13
12

] Tom1
] TDMmo
] TDMIN
] OvF

] sbTo2
] sbTo1
] vss3
] bvbD
] LRCK
] BICK

] MCLK

Rev. 0.3

Downloaded from Elcodis.com electronic components distributor

LN+ |1
LINI-[|2
vssi[_|3
AVDD1[ |4
TESTL[ |5

vss2[_|s
ckso[ |7
cks1i[_|s
cks2[_|o
PON[__]10
MisN[_| 11

200740


http://elcodis.com/parts/6151426/ak5388.html

[AK5388]

AKM
[ PIN / FUNCTION |
No. | Pin Nanme I/O | Functon
1 | LIN1+ | ADC1 Lch Positive Analog Input Pin
2 | LIN1-— | ADC1 Lch Negatve Anabg InputPin
3 |VSss1 - | GroundPin
4 | AvDD1 - | Analog Power Suppl!Pin, 4.75~ 5.25V
5 | TEST1 | Test Pin (Connected to VSS)
6 | VSS2 Groundpin
7 | CKSO | Clock Mode Setct#0 Pn
8 | CKS1 | Clock Mode Setct#1 Pn
9 | CKS2 | Clock Mode Sedct#2 Pn
Power-Down Mbde Pn
10 | PDN | When “L”, the crcuit isin power-down rode.
The AK5388shoul alays be resetipon power-up.
Master/Slave node SedctPin
11 | M/SN I “L": Slave mode, “H": Master node
12 | MCLK | Master dock InputPin
Audio Seral Data Clock Pin
13 | BICK Vo “L” Outputin Master Mode atPower-down rade.
Output ChannelClock Pn
14 | LRCK Vo “L” Outputin Master Mode atPower-down rade.
15 | bDvDD - Digital Power Suppl Pin, 3.0~ 3.6V
16 | VSS3 - | GroundPin
ADC1 Audio Seral Data Output Pin
17| sbrol 0 “L” Output at Power-down rade.
ADC2 Audio Seral Daia Output Pin
18 | SDTO2 0 “L” Output at Power-down rade.
Analog InputOverflow DeectPin
19 | OVF 0] This pin goes® “H” i f anyanabg inputs overfbws.
“L” Output at Power-down rade.
20 | TDMIN | | TDM Data InputPin
TDM I/F Format Enable Pin
21 | TOMO I “L” : Normal Mode, “H”: TDM Mode
TDM I/F BICK Frequency Select Pin
22 | TDM1 ! “L” : Normal Mode, “H”: TDM Mode
23 | DIE | Audio Interface Formt Pin
“L”: 2 4BitMSB justified, “H": 24Bitl?S Canpatible
StereoMono node SedctPin
24 | MONG ! “L”: Stereo node, “H”: Mono node
HPF Enable Pin
25 | HPFE ! “L": Disable, “H” Enable
26 | DvDD - | Digital Power Suppl Pin, 3.0~ 3.6V
27 | VSS4 - | GroundPin
28 | VSS5 Groundpin
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AKM
No. | Pin Nanme I/O | Functon
29 | TEST2 [ Test Pin (Connected to VSS)
30 | AVDD2 - | Analog Power SupplPin, 4.75~ 5.25V
31 | VSS6 - | GroundPin
32 | RIN2— | ADC2 Rch Negaive Anabg InputPin
33 | RIN2+ [ ADC2 Rch Positive Analog Input Pin
34 | VREFP2 I ADC?2 High LevelVoltage Reference InpuPin
35 | VREFL2 I ADC2 Low LevelVoltage Reference InpuPin
Common Voltage Output Pin, (AVDD2)/2
36 | VCOM2 O Normally connected to AVSS2 with a QuE ceranic cagacitar in parallel withan
electrdytic capacitar less tkan 2.2uF.
37 | LIN2+ [ ADC2 Lch Positive Analog Input Pin
38 | LIN2- | | ADC2 Lch Negatve Anabg InputPin
39 | TEST3 [ Test Pin (Connected to VSS)
40 | RIN1- | ADC1 Rch Negaive Anabg InputPin
41 | RIN1+ | ADC1 Rch Positive Analog Input Pin
Common Voltage Output Pin, (AVDD1)/2
42 | VCOM1 (0] Normally connected to AVSS1 with a QU ceranic capacitar in parallel withan
electrdytic capacitar less tan 2.2uF.
43 | VREFL1 I ADC1 Low LevelVoltage Reference InpuPin
44 | VREFP1 I ADC1 High LevelVoltage Reference InpuPin
Note: All digital inputpins shoudl notbe Eft floaing.
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W Handling of Unused Pin

The unused @ pins shoull be processed approgigly as bebw.

Classficaion | Pin Name Seting
LN+, LIN= ] These pis shoud be conneetd b AVSS.
Analog RINHRIN- | These pis shoud be conneetd © AVSS.
VREFLP12, VREFL12 These pis shoudl be conneed b AVDD.
Digital OVE ] Th 'S P_?_”_ shoutibeopen. .
TEST1L2/3 This pin shoutl be conneed b DVSS.

[AK5388]

ABSOLUTE MAXIMUM RATINGS

(VSS1-6=0V;Note J)

Parameter Symbol min max Units
P
sﬁwelres- Analog AVDD1/2 03 6.0 Y,
ppies: Digital DVDD1 03 6.0 Vv
Digital Output Buffer DVDD2 -0.3 6.0 v
Input Current, Any Pin ExceptSuppies IIN - +10 mA
Analog InputVoltage (Note 2 VINA -0.3 AVDD+0.3 V
Digital InputVoltage (Note 3 VIND -0.3 DVDD+0.3 \Y
Ambient Tenperature (power applied) Ta -10 70 °C
Storage Terperature Tstg —65 150 °C

Note 1. All voltages wth respecto ground.

Note 2. VREFP1, VREFP2, VREFL1, VREFL2, AlNR2+, AINL1/2-, AINR1/2+ and AINRL/2- pins
Note 3. PDN, CKSO0, CKS1, CKS2, TOM, MCLK, BICK, LRCK, DIF, TDMO, TDM1, HPFE, MONO andTST1/2/3

pins

WARNING: Operaiton ator beyond tese imits may resut in permanentdanege b the devce.
Normal operaton is notguaranteed at these extresn
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| RECOMMENDED OPERATING CONDITIONS
(VSS1-6=0V;Note J
Paraneter Symbol min typ max Units
Power Supplies: |Analog AVDD1/2 4.75 5.0 5.25 \%
(Note 4 |Digital DVDD 3.0 3.3 3.6 \
Voltage Reference “H” voltage ReferenceNote § VREFP1/2 | AVDD-0.5 - AVDD Y,
(Note 7 |“L” voltage referenceNote 9 VREFL1/2 VSS - - \%
(VREFP1/2) — (VREFL1/2) AVREF AVDD-0.5 - AVDD V
Note 1. All voltages wth respecto ground.
Note 4. The power up sequencévieen AVDD and DVDD is not critical.
Note 5. VREFP1 pn, VREFP2 pn
Note 6. VREFL1 pin, VREFL2 pn
Note 7. VREFL— and VREFR- pins shoull be conneetd b AVSS pi.
Anabg inputvoltage scads wih voltage of {(VREFP) — (VREFL)}.
Vin (typ, @ 0dB) £2.9 x {(VREF+) — (VREF-)}/ 5 [V].
WARNING: AKEMD assunes no responsibility for thesage beyond the conditions in this datasheet.
Rev. 0.3 200740
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| ANALOG CHARACTERISTICS |
(Ta=25C; AVDD1/2=5.0V; DVDD1/2=3.3V; VSS1-6=0V; VRFP1=VREFP2=AVDDYREFL1 = VREFL2 = VSS;
fs=48kHz, 96kHz, 192kHBICK=64fs;Signal Frequacy=1kHz; 24bi Dats; Measurerantfrequency10Hz~ 20kHz at
fs = 48kHz, 40Hz 40kHz atfs = 96kHz, 40Hz 40kHz atfs = 192kHz;unless dberwise spedied)

Parameter | min | typ | max | Units
Analog Input Characteristics:
Resdution - - 24 Bits
Input Voltage Noté § +2.7 +2.9 +3.1 Vpp
S/(N+D) fs=48KHz -1dBFS TBD 105 - dB
BW=20kHz —20dBFS - 95 - dB
—60dBFS - 55 - dB
-1dBFS TBD 102 - dB
ez, | ~20deFs : 90 : dB
—60dBFS - 50 - dB
-1dBFS - 102 - dB
B roakiz | —2odeFs : 90 : dB
—60dBFS - 50 - dB
Dynaric Range Stereo Mode TBD 120 - dB
(—60dBFS with A-weighted) Mono Mode - 123 -
SIN Stereo Mode TBD 120 - dB
(A-weighted) Mono Mode - 123 -
Input Resisance TBD 4.7 kQ
Interchannellsolaton TBD 120 dB
InterchannelGain Mismatch 0.1 TBD dB
Power Suppl Rejection Nate 9 50 - dB
Power Supplies
Power Suppl Current
Nornal Operation (PDN pin = “H")
AVDD1/2 88 TBD mA
DVDD (fs=48kHz) 13 TBD mA
DVDD (fs=96kHz) 23 TBD mA
DVDD (fs=192kHz) 20 TBD mA
Power down ode (PDN pin = “L") Note 10
AVDD+DVDD 10 TBD pA

Note 8 This value is (LIN+)-(LIN-) and (RIN+}-(RIN-). Inputvoltage i proportonalto VREF vokage.
Vin = 0.58 x VEEF12 (Vpp).

Note 9. PSR is applied to AVDD1/2 and DVDD with 1kHz, 20op. The VREFP1 and VREFR#ns held a constant
voltage.

Note 10. All digital inputpins are hel DVDD or VSS34.
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FILTER CHARACTERISTICS (fs=48kHz)

(Ta=25C; AVDD1/2=4.75~ 5.25V; DVDD=3.0~ 3.6V; DFS1 = “L", DFSO = “L")

Parameter | Symbol | min | typ max Units

ADC Digital Filter (Decimation LPF):

Passband Ndte 1) | -0.01dB PB 0 21.6 kHz
-0.1dB - 22.0 - kHz
-3.0dB - 23.8 - KHz
—6.0dB - 24.4 - kHz

Stopband SB 27.9 kHz

Passband iRple PR +0.01 dB

Stopband Atenuaton SA 80 dB

GroupDelay Note 19 GD 12.6 1ffs

Group Dedy Distortion AGD +0.01 us

ADC Digital Filter (HPF):

FrequencyResponse Note 1) | —3dB FR 1.0 Hz
—0.1dB 6.5 Hz

FILTER CHARACTERISTICS (fs=96kHz)

(Ta=25C; AVDD1/2=4.75~ 5.25V; DVDD=3.0~ 3.6V; DFS1 = “L", DFS0 = “H")

Parameter | Symbol | min | typ max Units

ADC Digital Filter (Decimation LPF):

Passkand (Note 1) | —-0.01dB PB 0 43.3 kHz
-0.1dB - 44.2 - kHz
-3.0dB - 47.6 - kHz
—6.0dB - 48.9 - kHz

Stopband SB 55.9 kHz

Passband iRple PR +0.01 dB

Stopband Atenuaton SA 80 dB

GroupDelay Note 13 GD 12.6 1/fs

Group Dedy Distortion AGD +0.013 us

ADC Digital Filter (HPF):

FrequencyResponse Note 1) | —-3dB FR 1.0 Hz
—0.1dB 6.5 Hz

Note 11. The passband anagband frequenes scaé with fs. The reference frequenoy these responses 1kHz.
Note 12. The calculated delay gnmducedy digital filtering. This tine is fromthe input of an analog signal to the

sding of 24bi dat both channed to the ADC output register for ADC.
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FILTER CHARACTERISTICS (fs=192kHz)

(Ta=25C; AVDD1/2=4.75~ 5.25V; DVDD=3.0~ 3.6V; DFS1 = “H", DFSO = “L")

Parameter | Symbol | min | typ max | Units
ADC Digital Filter (Decimation LPF):
Passtard (Note 1) | -0.01dB PB - - - kHz
-0.1dB - 83.4 - KHz
-3.0dB - 99.9 - kHz
—6.0dB - 106.5 - kHz
Stopband SB 141.1 kHz
Passband iRple PR +0.08 dB
Stopband Atenuaton SA 80 dB
GroupDelay Note 19 GD 9.8 1ffs
Group Dedy Distortion AGD 0 us
ADC Digital Filter (HPF):
FrequencyResponse Note 1) | —3dB FR 1.0 Hz
—0.1dB 6.5 Hz

Note 12. The passband ana@gband frequenes scaé with fs. The reference frequenoy these responses 1kHz.
Note 13. The calculated delay gnmducedy digital filtering. This tine is fromthe input of an analog signal to the
saing of 24bt dat both channed to the ADC output register for ADC.

DC CHARACTERISTICS

(Ta=25C; AVDD1/2=4.75~ 5.25V; DVDD=3.0~ 3.6V)

Parameter Symbol min typ Max Units
High-Levellnput Voltage VIH 70%DVDD - - \Y
Low-Level InputVoltage VIL - - 30%DVDD V
High-LevelOutput Voltage (lout=400uA) VOH DVvDD-0.4 - - Y
Low-Level Output Voltage (lout=408) VOL - - 0.4 V
Input Leakage @rrent lin - - +10 pA
Rev. 0.3 200740
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| SWITCHING CHARACTERISTICS

(Ta=25C; AVDD1/2=4.75~ 5.25V; DVDD=3.0~ 3.6V; C, =20pF)

Parameter Symbol min typ max Units
Master Clock Timing
Master dock 256fs: fCLK 2.048 12.288 27.648 MHz
Pulsedth Low tCLKL 0.4fCLK ns
Pulsadth High tCLKH 0.4fCLK ns
384fs: fCLK 3.072 18.432 36.864 MHz
Pulsedth Low tCLKL 0.4fCLK ns
Pulsedth High tCLKH 0.4fCLK ns
512fs: fCLK 4.096 24.576 27.648 MHz
Pulsedth Low tCLKL 0.4fCLK ns
Pulsadth High tCLKH 0.4fCLK ns
768fs: fCLK 6.144 36.864 36.864 MHz
Pulsedth Low tCLKL 0.4fCLK ns
Pulsadth High tCLKH 0.4fCLK ns

LRCK Timing (Slave Mode)

Normal mode (TDM1=“L”, TDM0=“L")

LRCK Frequency fs 8 216 kHz

Duty Cycle Duty 45 55 %
TDM256 MODE (TDM1=“L”, TDM0=“H")

LRCK Frequency fs 8 54 kHz

“H” time tLRH 1/256fs ns

“L" time tLRL 1/256fs ns
TDM128 MODE (TDM1=“H”, TDM(0=“H")

LRCK Frequency fs 8 216 kHz

“H” time tLRH 1/128fs ns

“L" time tLRL 1/128fs ns

LRCK Timing (Master Mode)

Normal mode (TDM1=“L”, TDM0=“L")

LRCK Frequency fs 8 216 kHz

Duty Cycle Duty 50 %
TDM256 MODE (TDM1=“L”, TDM0=“H")

LRCK Frequency fs 8 54 kHz

“H” time Ndte 13 tLRH 1/8fs ns
TDM128 MODE (TDM1=“H”, TDM(0=“H")

LRCK Frequency fs 8 216 kHz

“H” time Ndgte 13 tLRH 1/4fs ns

Note 13. “L” time at S format

Rev. 0.3 200740
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Parameter Symbol min typ max Units
Audio Interface Timing (Slave mode)
Normal mode (TDM1=“L”, TDM0=“L")
BICK Peridd
Normal Speed Mode TBCK 1/128fs ns
Double , Quad Speed dile TBCK 1/64fs ns
BICK Puse Wdth Low tBCKL 32 ns
Pulse \Wth High tBCKH 32 ns
LRCK Edgeto BICK “1” Note 19 tLRB 20 ns
BICK “1” to LRCK Edge Note 19 tBLR 20 ns
LRCK to SDTO1/2 (MSB) (Exceptl®S node)| tLRS 20 ns
BICK “{” to SDTO1/2 tBSD 20 ns
TDM256 mode (TDM1=“L”, TDM0=“H")
BICK Periad tBCK 1/256fs ns
BICK Puse Wdth Low tBCKL 16 ns
Pulse \Wth High tBCKH 16 ns
LRCK Edgeto BICK “1” Note 19 tLRB 16 ns
BICK “1” to LRCK Edge Note 19 tBLR 16 ns
BICK “1” to SDTO1/2 tBSD 10 ns
TDM128 mode (TDM1=“H”, TDM0=“H")
BICK Periad tBCK 1/128fs ns
BICK Puse Wdth Low tBCKL TBD ns
Pulse \\th High tBCKH TBD ns
LRCK Edge to BICK “1” (Note 19 tLRB TBD ns
BICK “?1” to LRCK Edge Note 14 tBLR TBD ns
BICK “1” to SDTO1 Note 15 tBSD TBD ns
Audio Interface Timing (Master mode)
Normal mode (TDM1=“L”, TDM0=“L")
BICK Frequency fBCK 64fs Hz
BICK Duty dBCK 50 %
BICK “1” to LRCK tMBLR -20 20 ns
BICK “{” to SDTO1/2 tBSD —20 20 ns
TDM256 mode (TDM1=“L”, TDM0=“H")
BICK Frequency fBCK 256fs Hz
BICK Duty Néte 16 dBCK 50 %
BICK “1” to LRCK tMBLR -12 12 ns
BICK “{” to SDTO1/2 tBSD -20 20 ns
TDM128 mode (TDM1=“H”, TDM0=“H")
BICK Frequency fBCK 128fs Hz
BICK Duty dBCK 50 %
BICK “J” to LRCK tMBLR -TBD TBD ns
BICK “{” to SDTO1 Note 15 tBSD -TBD TBD ns
Power-Down & Reset Timing
PDN Pulse With Note 17 tPD 150 ns
PDN “I” to SDTO1/2 valid Note 19 tPDV 516 1fs
Rev. 0.3 200740
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Note 14. BCK rising edge rast notoccur atthe sane time as LRCK edge.

Note 15. SDTO2 ouyiutisfixed b “L".

Note 16. Ths value is MCLK=512fs. Duy cycle is notguaranted when NCLK=256fs/384fs.
Note 17. The AK5388 can be redst bringing the PDN pn = “L".

Note 18. Ths cycle is the nunber of LRCK rising edges fronthe PDN pn = “H”.

B Timing Diagram

1/fCLK

MCLK
L 1/fs
LRCK
| tBCK
BICK
Figure 1. Cock Timing (TDMO pin = “L”")
| 1/fCLK
MCLK
e 1/fs
LRCK
> tBCK
BICK
Figure 2. Cock Timing (TDMO pin = “H")
Rev. 0.3 200740
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VIH
VIL
VIH
VIL
50%DVDD
Figure 3. Audio Interface Timg (Save node, TDMO pin = “L")
Note: SDTO shows SDTO1 and SDTO2.
. VIH

SDTO1 50%DVDD

tTDMS

TDMIN

Figure 4. Audio Interface Timg (Save node, TDMO pin = “H")
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50%DVDD

Figure 5. Audio Interface Timg (Slave mde TDMO pin = “H” ,TDM1 pin = “H” ,8KHz < fs < 108KHz)

tBSS tBSH

T 50%DVDD

Figure 6. Audio Interface Timg (Slave mde, TOIMO pin = “H”, TDM1 pin = “H” ,108KHz < fs< 216KHz)
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50%DVDD
50%DVDD
50%DVDD
Figure 7. Audio Intedce Tining (Master rode)
ffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff VIH
PDN
ffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff VIL
tPDV
]I € = 50%DVDD
Figure 8. Power Down & &etTiming
Note: SDTO shows SDTO1 and SDTO2.
Rev. 0.3 200740
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OPERATION OVERVIEW

B System Clock

MCLK (256fs/384fsb12fs), BCK (48fs~) and LRCK (fs) clocks are requéd in slave node. Thd.RCK clockinputmust
be sywchronzed wih MCLK, however he phasednotcritical. Table 1shows he rebtionshp of typical sanpling
frequencyand he systemclock frequencyMCLK frequency is sekcied byCKS1-0 phs as showmiTable 2

Since he AK5388 ncludes a phase dstion circuit for LRCK, the AK5388 & resetaubmaticaly when he
synchroniaton is outof phase dér changing the clock frequenas.

All external clocks (MCLK, BICK and LRCK) must be pesent unless the PDN pin = “L”". If these clocks are not
provided, he AK5388 nay draw excess curredue b its use of hternal dynanicaly refresheddgic. If the exernal
clocks are not present, place the AK5388 in power-dowdatPDN pin = “L”). In mester node, the raster clock

(MCLK) mustbe provided unéss PDN pi = “L".

fs MCLK
128fs 192fs 256fs 384fs 512fs 768fs
32kHz N/A N/A 8.192MHz 12.288MHz 16.384MHz 24.576MHz
48kHz N/A N/A 12.288MHz 18.432MHz 24.576VHz 36.864MHz
96kHz N/A N/A 24.576\MHz N/A N/A N/A
192kHz 24.576\MHz 36.864MHz N/A N/A N/A N/A
(N/A: Not availade)
Table 1. Sgtem Clock Exanple (Shve Mode)
fs MCLK
128fs 192fs 256fs 384fs 512fs 768fs
32kHz N/A N/A 8.192VHz 12.288MHz 16.384MHz 24.576MHz
48kHz N/A N/A 12.288MHz 18.432VHz 24.576VHz 36.864MHz
96kHz N/A N/A 24.576\MHz 36.864MHz N/A N/A
192kHz 24.576\Hz 36.864VHz N/A N/A N/A N/A
(N/A: Not availade)
Table 2. Sgtem Clock Exanple (Maser Mode)
fs MCLK
128fs 192fs 256fs 384fs 512fs 768fs
32kHz N/A N/A N/A N/A 16.384MHz 24.576MHz
48kHz N/A N/A N/A N/A 24.576\Hz 36.864MHz
96kHz N/A N/A 24.576\VHz 36.864MHz N/A N/A
192kHz 24.576\Hz 36.864VHz N/A N/A N/A N/A
(N/A: Not availade)
Table 3. Sytem Clock Exanple (Autb Mode)
Rev. 0.3 200740
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M/S Pn CKS2 pn CKSO0 pin CKSO0 pin MCLK Frequency

L L L 128fs (108KHz= fs < 216KHz)
L L H 192fs (108KH= fs < 216KHz)
L H L 256fs (8KHz< fs < 54KHz)

L L H H 256fs (54KHz fs < 108KHz)
H L L Auto (8KHz< fs < 216KHz)
H L H 384fs (8KHz< fs < 54KHz)
H H L 512fs (BKHz< fs < 54KHz)
H H H 768fs (BKHz< fs < 54KHz)
L L L 128fs (108KHz fs < 216KHz)
L L H 192fs (108KHz= fs < 216KHz)
L H L 256fs (8KHz< fs < 54KHz)

H L H H 256fs (54KHz< fs < 108KHz)
H L L 384fs (54KHz fs < 108KHz)
H L H 384fs (BKHz< fs < 54KHz)
H H L 512fs (8KHz< fs < 54KHz)
H H H 768fs (BKHz< fs < 54KHz)

Table 4. MCLK Frequency

When changig MCLK frequencyin masteridlave node the AK5388 shoud resetoy PDN pn = “L". (ex.
12.288VHz(@fs=48kHz) aCKS1 pn = CKS0 pih = “L".

W Audio Interface Format

12 different audio data interface faaus can be selected using the TDB|IM/S and DIF pins as shownTiable 5 The
audb dat format can be selced bythe DIF pin. In al formats the serial data is MSB-firstsZonpliment forrmat. The
SDTO12 is clocked outon the faling edge of BCK.

In normel mode, Mode 0-1 arehie shve node, and BCK is avalable up b 128fs att's=48kHz. BCK outputs 64fs abck
in Mode 2-3.

In TDM256 node, al of the ADC's seral dag (four channe) is output from the SDTO1 pins. The SDTO2 oputis
fixed b “L”". B ICK shoull be fixed b 256fs. In shve node,"H” time and “L” ime of LRCK shoutl be ateastl/256fs. In
master node, “H” time (“L” time at S node) of LRCK is 1/8fs typical. TDM256 node does nasupport96kHz

sanpling.
In TDM128mode,all of the ADC'’s serialdat (four channed) is outputfromthe SDTO1 pin. The SDTO2 owtutis fixed

to “L". B ICK shoutl be fixed b 128fs. In he shve node, “H” time and “L”time of LRCK shoull beatleast1/128fs.In
master node, “H” time (“L” time at1®S node) of LRCK is 1/4fs typical. TDM128 node suppogup  192kHz sampling.
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LRCK BICK
Mode TDM1 | TDMO | M/S | DIF SDTO 5 5
0 L L 24bit, MSB jusified | H/L [ 48-128fs [
1 H | 24bt, 1°S Compatible | L/H [ 48-128fs [
o] Normal L L Ny L | 24kt MSB justified | HIL | O 64fs 0
3 H | 24b, IS Conpatible | L/H 0 64fs 0
4 L L 24ht, MSB justified ) I 256fs I
5 H | 24bi, I°S Canpatible | | [ 256fs [
6 | 'DM256 L H H L 24kit, MSB justified T 0 256fs o)
7 H | 24bt, I°S Canpatible | | 0 256fs 0
8 L L 24kit, MSB justified T [ 128fs [
9 H | 24bt, I°S Canpatible | | [ 128fs [
10 TbM128 H H H L 24hit, MSB justified T 0 128fs 0
11 H | 24bi, I°S Canpatible | | 0 128fs o)
12 N/A H L N/A | N/A N/A N/A | N/A N/A N/A
Table 5. Audio Interface Forats (N/A: Not available)
LRCK i |
0o 1 12 13 14% 24 / / 2 13 14 //
siok(eats) 11 A A AR A R AR A A AR A A %_I_I_H_I_L
. . jUuLg . % .
soroz@ [w]2]l] 2 12|11|1O|Z|o| . 23|22§ |10|/| B
| 23:MSB, o LSB i |
— Lch Data > Rch Data —>
Figure 9. Mbde 0, 2 Tining (Normal mode, MSB justified)
LRCK N | |_
24 25 26 % 29 30 3 %23 24 25 26 /// 29 30 1
- | -
1 ﬂ pipl . . /
BICK(64fs) ; %; % Z |
/ / . -
SDTO1/2(0) 23|22é 210 % 23|22% 210 % r
123:MSB, 0:LSB i |
— Lch Data e Rch Data —>

Figure 10. Mde 1, 3 Tining (Normal mode, S Canpatible)

256 BICK

LRCK (Mode 6) _"—| |—

LRCK (Mode 4) i [

BICK (256fs) ‘[ﬂﬂmjﬂﬂ]ﬂ]ﬂﬂm]ﬂﬂ]ﬂ]ﬂﬂ]ﬂ]ﬂﬂ]ﬂ]ﬂﬂ]ﬂ]ﬂﬂ]ﬂjﬂf

oon EHERERERL L | @
1 '32BICK |32 BICK : 32 BICK : 32 BICK : i i i i
Figure 11. Mbde 4, 6 Tining (TDM256 node, MSB jusified)
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< 256 BICK .

| |
LRCK (Mode 7) '

| 1 II_

LRCK (Mode5) e

BICK (256fs) M]ﬂ]ﬂﬂ]ﬂ]ﬂﬂ]ﬂ]ﬂﬂ]ﬂ]ﬂﬂ]ﬂ]ﬂﬂ]ﬂ]ﬂﬂ]ﬂ]ﬂﬂ]ﬂjﬂf

| 1 | 1 | ] ) I |
I 1 1 1 1 ) 1 ) I
sDTO1 P To ¢ B[ To] [ o] [T o] i i i ! [2]
P11 ) RL L L2 | R2 | | | | i
: 32 BICK : 32 BICK : 32 BICK : 32 BICK : E i E i
Figure 12. Mvde 5, 7 Tining (TDM256 node, S Canpatible)
< 128 BICK ;:

i‘ 32 BICK : 32 BICK : 32 BICK : 32 BICK :
Figure 13. Mvde 8, 10 Tining (TDM128 node, MSB justified)
128 BICK >

LRCK (Mode 11)

LRCK (Mode 9)

I
4

BICK (128fs) iﬂﬂ]ﬂ]ﬂﬂ]ﬂi:]ﬂﬂ]ﬂ]ﬂﬂ]ﬂ]ﬂﬂ]ﬂ]ﬂﬂ]ﬂ]ﬂﬂ]ﬂ]ﬂﬂ]ﬁﬁ

] ] 1
| rr—r——————— | —r—p——————— | ——p——————— | ——p——————— ]
SDTO1 : o] ; [o] | [f [o] ! [=f (]! []
_______ T Tt T -ttt T -ttt T
L L1 o R1 L L2 L R2 R
h 32 BICK i 32 BICK i 32 BICK i 32 BICK it

Figure 14. Mbde 9, 11 Tining (TDM128 node, S Canpatible)
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W Digital High Pass Filter (HPF)

The ADC fes a dgital high pass filter fa DC dfset carcellation. The cu-off frequency of the HPF is 10Hz
(@fs=48kHz).

The HPF s contolled by the HPFE p. If the HPF sding (ON/OFF) s changed dunig operabn, a cick noise occurs
due b the changen DC offset The HPF s¢ing shoutl only be changed whehe PDN ph = “L".

H Overflow Detection

The AK5388 has an ovedilv deectfunction forthe anabginput The OVF pi goesa “H” i f either channebverflows
(more than-0.3dBFS). OVF ouput for overflowed anadg inputhas he sane group dedy as he ADC
(GD=13fs=0.27ns@fs=48kHz). OVFs“L” for 516/fs (=10.75ns@fs=48kHz) ar the PDN ph = “1”, and then
overflow deecion is enabéd.

B Power Down and Reset

The AK5388 is placed in the power-dowmde by bringing PDN pin “L” and the digitdilter is also reset at the sam
time. This resetshoutl alays be done aér power-up. Inthe power-down rade, he VCOMis AGND level. An anabg
initialization cycle starts after exitingegtpower-down mde. The output data SDTi® valid after 516 cycles of LRCK
clock in mester node (517 cycles inaVve node). During initialization, the ADC dital data outputs of both channels are
forced to “0”. The ADC outputs settle ttata correspondent to the input sigredterthe end of initialization (Settling
takes approxnately the group dedy time).

The AK5388 shoul be resebnce bybringing the PDN pn “L” after power-up. Thénternaltiming starts clocking by the
rising edge (fding edge aMode 1) of LRCK atfter exiting fromresetand power down ate by MCLK.

@

A
\ 4

PDN

Internal

Normal Operation Power-down Initialize Normal Operation
State

—> < GD (2

AID In :
(Analog) /\/\/\/\A

& ¢ GD

|
|
|
i
|

|
|
|
|
|
|
]
]
]
]
]
]
]
:
Clock In .‘\
MCLK,LRCK,SCLK A
]

(©)]
“O"data

]

1

1

1

E

: | 1

|
“0"data | Idle Noise /"

RO e~ ISR I

Notes:
(1) 517fs in slave node and 516¢ in master node.
(2) Diital output correspondig 0 anabg inputhas group dey (GD).
(3) AD outputis “0” datain power-down site.
(4) When te exernal clocks (MCLK, SCLK, LRCK) are sbpped, he AK5388 shoud be i the power-down site.

Figure 3. Power-downp sequence exgie
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W Cascade TDM Mode

The AK5388 suppostcascadig of up b two deves h a dasy chan configuraton in TDM256 node. In his mode,
SDTO2pin of device#1isconneceéd b TDMIN pin of devce #2. The SDTOL1 piof devce #2 can opiut 8-chnnet of
TDM data multiplexed with 4-chnnel of TDM data frofevice #1 and 4-channel of TDM data frdevice #2Figure 15
shows a connection exgie of a daisy chain.

MCLK 256fs or 512fs

AK5388 #1 LRCK | @ 48kHz
BICK @— 256fs

A

TDMIN
SDTO1 GND

SDTO2

MCLK
AK5388 #2 LRCK

BICK

\ A A

TDMIN
SDTO1 p 8ch TDM

SDTO2

Figure 15. @scade TDMConnecion Diagram

, 256 BICK ,
< >
< L

LRCK 4‘ L . (T
BICK(25615) Mlﬂlﬂﬂlﬂmmﬂmﬂ ]ﬂﬂ]ﬂ]ﬂﬂ]ﬂ]ﬂﬂ]ﬂ]ﬂf
#1 SDTO1(0) IZIZH"L IZIZH‘I IZIZH‘l IZIZH‘I e

: i i |

: 1 1 1

\ | | 1
] |
o 0 RL L2 1 R i i | :
: 32 BICK : 32 BICK : 32 BICK : 32 BICK l ! ! ! !
| | | !
| i | 1 1 !
| |
#1 SDTOZ(O) 23|22 -l_l 23|22 -l_l 23]22] -l_l 2322 -l_l : i i i :
Ll 0 RL I, L2 R2_ I i i ! !
: 32 BICK : 32 BICK : 32 BICK : 32BICK ! ! ! : !

I
| | i i | i
#2 TDMING)  [=[] To] =] To] [ To] [z]] o] i | i |
] ] | } I 1 I
L1

! SRl B2y | | ! |
| 32 BICK | | : : : :
I } I 1 I

32BICK ;| 32BICK | 32BICK
| |

#2 SDTOL(0) IZIZH"I IZIZH_I IZIZH_I IZIZH_I EzaolzzanlzzanizoRg [

| i i i L L1#1 i RIHL 1 L2#1 i R2-#1 i
: 32 BICK : 32 BICK : 32 BICK : 32 BICK : 32 BICK : 32 BICK : 32 BICK : 32 BICK :
Figure 16. @scade TDMTiming
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® Mono mode

Whenthe MONO pinis setto “H”, the AK5388 isin MONO node. In he Mono node, dyanic range and 8/ can be
improved byapproxmately 3dB when he sane anabg sgnalis inputed to left and rght channed. The ouput dat
format is tobe determined

MONO pin SDTO1/2 Output Data
L StereoMode
H MonoMode

Table 6. Setup of @NO node
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| SYSTEM DESIGN

Figure 17andFigure 18show he systemconnedtn diagram The evalaion board demnstates apglcaion crcuits, the
optimum layout, power suppl arrangerants and neasurerantresuts.

. TBD

- AVSS, BVSS and DVSS ohe AK5388 shoud be dstributed separaty from the ground of exarnal digital
devices (MPU, DSP etc.).
- All inputpins exceppull-down (AKS0, CKS1 and TEST pi) pin shoutl notbe Eft floaing.

Figure 17. Tyical Connecton Diagram

TBD

Figure 18. Ground Layut
Note:
- AVSS BVSS, and DVSS ost be conne&d b the sane anabg ground ne.
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1. Grounding and Power Supply Decoupling

The AK5388 requies carefultention  power suppt and groundig arrangerents. Alternaively if AVDD and DVDD
are suppkd separaly, the power up sequencenotcritical. AVSS, BVSS and DVSS of the AK5388 must be
connected to the analog ground plane. Systtmanabg ground and dital ground show be conneed bgether nearad
wherethe supples are broughtnto the printed circuit board. Decoujphg capadors shoull be as neaptthe AK5388 as
possibe, withthe snall value ceamic capacitor being the nearest.

2. Voltage Reference Inputs

The reference vtdge for AD converer is suppled from VREFL/R pins atAVSS reference. AVSS piis conneatd b
anabg ground and anettolytic capadior over 1QuF parallel witha Q1uF ceranic capacitor between the VREFLfis
and be AVSS pi eiminate the effecs of high frequencynoise. Itisimportant thata cerart capadior shoutl be asear
to the pins as posble. All digital signak, espedlly clocks, shoull be kepawayfrom the VREFL/R pins in order b
avoid unwaned couping into the AK5388. No dad currenimay be tken fromthe VREFL/R pins.

VCOM isa sgnalground for hisdevice. An ekctolytic capadior (0.22uF ypical) atachedo the VCOM pin eliminates
the effecs of hgh frequencynoise. No bad currenimay bedrawn fromthe VCOM pin. All signak, espedlly clocks,
shoul be keptawayfrom the VCOM pin in order b avod unwanéd couping into the AK5388.

3. Analog Inputs

The Anabg inputsignalis differenially suppied into the nodulator via the LIN+ (RIN+) andthe LIN— (RIN-) pins. The
inputvoltage i the diference baeteen he LIN+ (RIN+) and LIN- (RIN-) pins. The full scale signal on each pin is

nominally £2.9Vpp(typ). The AK5388 can accept input voltages fAWVES to AVDD. The ADC output data forahis
two’s canplement. The interral HPF renoves DC dfset.

The AK5388 sarples the analog inputs &28fs (6.144MHz@fs=48kHz, NomhSpeedviode). The digital filter rejects
noise above the stop band except foitiples of 128fsThe AK5388 includes an antliasing filter (RC filter) to
atenuat a nose around 128fs.

The AK5388 requires a +5V analog supply voltage. Anyage which exceeds the upperilimf AVDD+0.3V and
lower limit of AVSS-0.3V and anyurrentbeyond 10nA for the anabg inputpins (LIN+/~, RIN+/~) shoul be availed.
Excessie currens o the inputpins may darmege he devce. Heceinputpins nustbe proeced fromsignak ator beynd
these linits. Use caution especially when usihV for oher anabg crcuits in the system
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4. External Analog Circuit Examples

[AK5388]

Figure 19shows anriputbuffer crcuit exanple 1.(1% order HPFfc=0.70Hz, 2 order LPFfc=320kHz, gai=-14.5dB.
The anabg sgnalis able to inputthrough XLRor BNC conrecors.(shortJPlandJP2for BNC input open JP1 and JP2
for XLR inpud. The nputlevel of this circuit is +/~-TBDVpp (AK5388: +/-2.9VppTyp.). Whenusing this circuit, anabg
characeristics atfs=48kHz § DR=120dB S{N+D)=TBDdB.

4.7k

Analog In ———

v&

2.9Vpp
vQTBDVp AK5388 AIN+
NJIM5534
NJIM5534
12.2n
VA+ T
620
10k
Bias JP2
fo¥et
10k - [ vVin- § AK5388 AIN-
Ap
VAZ+5V NJIM5534 Qv
VP=+15V 2.9Vpp
Figure 19.InpuBuffer exanplel
fin 10Hz
FrequencyResponse —1.56dB —0.02dB
Table 7. FrequencResponse of HPF
fin 20kHz 40kHz
FrequencyrResponse -0.005dB  -0.02dB
Table 8. FrequenciResponse of LPF
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| PACKAGE
44pin LQFP (Unit: mm)
12.80+0.30 1.70max
0~0.2
="
10.00
33 23
IIORRATANT A
34— —22
—] 1
| — — o
— — ™
—] — 8 o
— — S &
8 —] — - 3]
o | — —1 N
— — A
—] 1
=0 =t
44 o
U
0.3720.10 | 0.17+0.05
0°~10°
0.60+0.20
B Material & Lead finish
Packagenolding conpound:  Epoxy
Lead frame material: Q
Leadframe surfacetreatnent:  Solder (Pb free) plate
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| MARKING |

[ERHA AT

E ®' Audio %
— @ Pro.. —

—  AKS388EQ | —
—  XXXXXXX =
| I— 1

— O AKM —

L JUUTIUOUTL

1) Pn #1 ndicaion

2) Audio 4 pro Logo

3) Date Code: XXXXXXX(7 digits)
4) Marking Code: AK5388

5) AKM Logo

IMPORTANT NOTICE

® These produstand heir specficaions are subjedb change wthoutnotce.
When you consiler anyuse or apptaion oftheseproduds, please reke inquiries he saés office of AsahiKasei
EMD Corporaton (AKEMD) or auhorized dstributors as @ currentstatus of e producs.
® AKEMD assumesno liability for infringemert of ary patert, intellectual property, a other rights inthe agplication or
use of anyinformation conained herai.
® Any exportof these produs or devtes orsysterrs contining them, may require an exporticense or dter official
approvalunder be law and regutions of he county of export pertining o cusbms and #riffs, currencyexchange,
or stategic meterials.
® AKEMD products are neither intended raathorized for use as critical cqranentgqer)in anysafey, life supportor
other hazard related device or sysiggm, and AKEMD assures no responsibilitfor such use, except for the use
approved with the express writterconsert by Repesetative Directa of AKEMD. As usedhere:
Notel) A critical componentis one whose féire o fundion or performmay reasonalyl be expead b resut,
wheter drecly or indirecty, in the loss of he safey or effecivenesof the device or systemcontiningit, and
which must therefae meet \ery high stardards d performarnce anl reliaklity.
Note2) A hazard relatedeviceor systemis one designed or intended for Idiepport or reintenance of safety or
for applications in redicine, aerospaceapuclear energy, or othegefis, in which its failure to function perform
may reasonalyl be expead b resut in loss of Ife orin significantinjury or danage b person or propeyt
® It is the responsibility of the buyer distributor of AKEMD poducts, who distributeslisposes of, or otherwise
places the product with a third party nimtify such third party imdvance of the abowenient and conditions, and the
buyer or distributor agrees to assuamy and all reponsibility and liability for and hold AKEMD hatless fromany
and al claims arising fromthe use of sai productin the absence of such iifataton.
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