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6-Channel Differential Audio ADC with Diagnostics
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1. General Description

The AK5736 is a 6-channel audio ADC with an integrated SAR ADC, enabling robust error detection. The

error detection function monitors the connection status of the line and microphone inputs. The AK5736
includes mic PGAs (pre-gain amplifiers) and programmable microphone bias. These functions make it

ideal for microphone array applications such as automotive ANC (Active Noise Cancelation). The digital

audio interface supports I°S, multi-slot TDM, and left-justified formats, making it easy to connect to your
DSP of choice.

2. Features

1.

aprwbd

8.
9.
10.

Audio ADC
- 6-Channel Audio ADC
- Full-differential Input and Single-ended Input
- PGA for Microphone: 0dB or 6dB ~ 20dB (1dB step)
- Input Voltage: 2.0 Vrus
- ADC Performance:
S/(N+D): typ 92B
DR, S/N: typ 100dB
- 4 Types of LPF
e Sharp Roll Off Filter
 Slow Roll Off Filter
« Short Delay Sharp Roll Off Filter (GD=4.9/fs)
* Short Delay Slow Roll Off Filter (GD=4.3/fs)
- Digital Volume: MUTE, -115dB ~ +52dB (1dB step)
- Digital HPF for DC-offset cancellation: fc=2Hz
Sampling Rate: 8kHz ~ 192kHz
Master Clock: 128fs, 192fs, 256fs, 384fs, 512fs
Master/Slave Mode
Audio Interface Format: MSB First, 2’s complement
- 24bit I1°S
- 24bit Left justified
- 24bit TDM interface up to 16ch cascaded connection
SAR ADC
- 1ch SAR ADC for Error Detection
Error Detect Function
- Open
- Short across Inputs
- Short to Ground
- Short to MIC Bias Voltage
- Short to Battery
- MIC Bias Over Current/Voltage
- Charge Pump Under Voltage
- Over Temperature
Programmable MIC Bias Voltage: 5V ~ 9V (0.5V step)
uP I/F: 12C-Bus (Ver 1.0, 400kHz mode) or SPI
Power Supply:

- AVDD= 3.0~3.6V (typ. 3.3V)
- DVDD = 3.0~3.6V (typ. 3.3V) or 1.7~1.98V (typ. 1.8V)
- CPVDD = 3.0~3.6V (typ. 3.3V)

11.
12.
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Operating Temperature Range: Ta = -40 ~ 105°C
Package: 48-pin QFN
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4.Block Diagram

m Block Diagram
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Figure 1. AK5736 Block Diagram
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5. Pin Configurations and Functions

® Pin Configurations

018001042-E-03

AVSS

AVDD
IN1P
ININ
IN2P
IN2N
IN3P
IN3N
IN4P
IN4N
INS5P
INSN

[ 137
[—]38
139
140
s
[ Ja2
143
| Jaa
145
146
[ a7
148

VREF

36
35
3

VREFMP

MPWR
VBATM
HVDD

33
32

CPOUT
CKN2
V4

31

0
29
28
27
26
25

3‘%

CKP2
V3

AK5736VN

Top View

8
9

=

CKN1
V2

24

m
22
21 [—]

IN6P[]1
INBN[ ]2
PDN|[_ 3
spI[_]4
CPEN|_]5

iNT [ 6

scuceLk 17

SDA/CDTI
CAD1/CDTO

CADO/CSN 10

LDOE[ ]11
MCLK[__]12

CKP1
V1
CPVSS
CPVDD
SDTO3/TDMI
SDTO2
SDTO1
VvDD18
DVSS
DVDD
LRCK
BICK

[ Jinput
-Output
Lo
[—]Power

2019/11



AsahiKASEI [AK5736]
B Pin Functions
Pin . Power Down
No. Name I/O Function Status
1 | IN6P | | Ch6 Positive Input Pin Pull down
2 | IN6N | | Ch6 Negative Input Pin Pull down
Power-Down Mode Pin
3 | PDN | The AK5736 isin _pov_ver-down mod_e ar_1d is held in reset _vvhen the Hi-z
PDN pin = “L”. Bringing the PDN pin high brings the device out of
reset. The AK5736 operates normally when the PDN pin ="H".
4 | spl | Control Mode Select Pin _ _ Hi-z
“L”: I12C Bus control mode, “H”: 4-wire serial control mode
Internal Charge Pump Enable/Disable Pin.
“L”: Enable, Voltage that is boosted by internal charge pump is
supplied from the CPOUT pin to the HVDD pin. Connect CPOUT
5 | CPEN I pin to the HVDD pin externally. Hi-z
“H”: Disable, Internal charge pump is powered down. An external
voltage should be supplied to the HVDD pin. In this case,
connect AVDD to the CPVDD pin externally.
6 INT 0 Interrupt Signal Output Pin (Active “L”") Hi-z
Connect this pin to DVDD via an external 10kQ resistor.
scL (SPI pin =“L")
Control Data Clock Pin in I2C Bus control mode .
7 I P Hi-z
CCLK (SPI pin = °H’) o
Control Data Clock Pin in 4-wire serial control mode
(SPI pin = “L")
8 SDA Vo Control Data Input/Output Pin in I1°C Bus control mode Hi-z
com | | |GPlpn="HYy -
Control Data Input Pin in 4-wire serial control mode
(SPI pin =“L")
9 CAD1 ! Chip Address 1 Pin in I°C Bus control mode Hi-z
CDTO | O (SPI pin = "H’) o . .
Control Data Output Pin in 4-wire serial control mode
SPI pin = “L”
CADO E:hip pAddress)O Pin in I°C Bus control mode .
10 I T Hi-z
CSN (SPipin="H) o
Chip Select Pin in serial control mode in 4-wire serial control mode
11 | LDOE | | LDO Enable Pin Hi-z
“L”; LDO Disable, “H”: LDO Enable
12 | MCLK | | Master Clock Input Pin Hi-z
. . . Pull down by
13 | BICK I/O | Audio Serial Data Clock Pin 100kO
. Pull down by
14 | LRCK | I/O | Channel Clock Pin 100kQ
Digital Power Supply Pin and Charge Pump Circuit Positive Power
15 | pvDD | - Supply Pin 3.0V~3.6V or 1.7V~1.98V i
Connect this pin to DVSS via a 0.1uF ceramic capacitor in parallel
with a 10uF electrolytic capacitor.
16 | DVSS - | Digital Ground Pin 0V -
- | Digital Core Power Supply Pin, 1.7-1.98V (LDOE pin= “L”") -
17 | vDD18 | O | LDO Stabilization Capacitor Connect Pin. (LDOE pin= “H”") Pull down
Connect a 4.7uF -40% ~ +20% ceramic capacitor to this pin.
018001042-E-03 2019/11
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No. | Pin Name | 1/O Function Power Down
Status
18 | SDTO1 O | Audio Serial Data Outputl Pin ‘L
19 | SDTO2 O | Audio Serial Data Output2 Pin ‘L
o0 -SDTO3 O _| Audio Serial Data Output3 Pin Pull-down
TDMI | | TDM Data Input Pin in TDM mode
Charge Pump Power Supply Pin, 3.0 ~ 3.6V
21 | CPVDD - Connect this pin to CPVSS via a 0.1uF ceramic capacitor in -
parallel with a 10uF electrolytic capacitor.
22 | CPVSS - | Charge Pump Ground Pin, 0V -
Charge Pump Boost Pin
23 | v1 o Do not connect this pin to an externa! device to draw current. Pull-up to
Connect a 2.2uF-40% ~ +20% capacitor between the CKP1 pin CPVDD
and this pin.
24 | CKP1 O | Charge Pump Clock pin ‘L
Charge Pump Boost Pin
o5 | 2 o Do not connect this pin to an externa! device to draw current. Pull-up to
Connect a 2.2uF-40% ~ +20% capacitor between the CKN1 pin CPVDD
and this pin.
26 | CKN1 O | Charge Pump Clock pin “H” (CPVDD)
Charge Pump Boost Pin
27 | va o Do not connect this pin to an external_ device to draw current.. Pull-up to
Connect a 2.2uF-40% ~ +20% capacitor between the CKP2 pin CPVDD
and this pin.
28 | CKP2 O | Charge Pump Clock pin “L”
Charge Pump Boost Pin
29 | va o Do not connect this pin to an external device to draw current. Pull-up to
Connect a 2.2uF-40% ~ +20% capacitor between the CKN2 pin CPVDD
and this pin.
30 | CKN2 O | Charge Pump Clock pin “H” (CPVDD)
Charge Pump Output Pin
Connect HVDD to this pin externally when using the internal
31 | cPOUT o charge pump (CPEN pin = “L”). This pin should also be Pull-up to
connected to AVSS via a 10uF ceramic capacitor. CPVDD
This pin should be open when not using the internal charge
pump (CPEN pin = “H").
High voltage power input pin
Connect this pin to a load dump protected 12V~16V.
32 | HVDD I When CPEN pin="H”, HVDD voltage, not a charge pump, -
makes the analog voltage like a MIC bias voltage and Pre Gain
Amp etc.
33 | VBATM | | Battery Power Monitor Pin Pull down
018001042-E-03 2019/11
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Power Down

No. | Pin Name | I/O Function
Status

MIC Bias Voltage Output Pin
Normally, connect this pin to AVSS via a 1ohm resistor and a
10uF ceramic capacitor.
* The maximum bias is 9V. The capacitance of the connecting
external capacitor must be a minimum of 3.5uF, including
34 | MPWR O variation tolerance, including temperature change and bias Pull down
voltage difference.
The external capacitor must be mounted as close as possible to
the MPWR pin. A variation of a 1ohm external resistor must be
within £10% including allowable value and temperature drift.
At startup, a maximum of 500mA current may flow.

Voltage Reference Pin for MPWR.

35 | VREFMP | O Connect this pin to AVSS via a 2.2uF capacitor. Pull down
Voltage Reference Decoupling Pin
36 | VREF © Connect this pin to AVSS via a 1.0uF capacitor. Pull down
37 | AVSS - | Analog Ground pin OV -
Analog Power Supply Pin, 3.0 ~ 3.6V
38 | AvDD - Normally, connect this pin to AVSS via a 0.1uF ceramic capacitor -
in parallel with a 10uF electrolytic capacitor.
39 | IN1P | | Chl Positive Input Pin Pull down
40 | ININ | | Chl Negative Input Pin Pull down
41 | IN2P | | Ch2 Positive Input Pin Pull down
42 | IN2N | | Ch2 Negative Input Pin Pull down
43 | IN3P | | Ch3 Positive Input Pin Pull down
44 | INSN | | Ch3 Negative Input Pin Pull down
45 | IN4P | | Ch4 Positive Input Pin Pull down
46 | INAN | | Ch4 Negative Input Pin Pull down
47 | IN5P | | Ch5 Positive Input Pin Pull down
48 | INSN | | Ch5 Negative Input Pin Pull down

Note 1. All digital input pins should not be left floating.

m Handling of Unused Pins

The unused I/O pins should be connected appropriately.

Classification Pin Name Setting
IN1-6P, IN1-6N Open

Analog V1, V2, V3, V4, CPOUT, CKP1, CKN1, CKP2, CKN2 Open
MPWR, VBATM Open

Digital SDTO1-3, INT, CDTO Open

Note that output pins with no corresponding input data will still receive (and therefore output) non-zero
noise data from their respective ADC. Therefore, unused data output pins should be muted via
the digital volume feature.

Note that TDM slot layout is fixed — slots with no corresponding input data will contain zeroes if muted,
ADC noise data if not muted.

When not using the internal charge pump and the MPWR pin, power up the AK5736 after setting the

register address 5EH[7:0] = 7FH and RSTN bit = “1”. In register control mode, AK5736’s roll over
address is 4BH, therefore set the address to 5EH directly.

018001042-E-03 2019/11
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6. Absolute Maximum Ratings

(AVSS = DVSS = CPVSS = 0V; Note 2)
Parameter Symbol Min. Max. Unit
Power Ana_llog (AVDD pin) _ AVDD -0.3 5.5 \%
Supplies: D!g!tal Interface (DVDI_Z) pin) DVvDD -0.3 5.5 \%
' Digital Core (VDD18 pin) (Note 3) VDD18 -0.3 1.98 \%
Charge Pump Power Supply Pin CPVDD -0.3 5.5 \%
High voltage Supply Pin HVDD -0.3 18 V
Input Current (Any Pin Except Supplies) IIN - +10 mA
IN1-6P, IN1-6N Input Voltage (Note 4)
No protection resistor VINA -0.3 10.1 \Y
With protection resistor (use MPWR pin) VINR -0.3 18 vV
With protection resistor (not use MPWR pin) VINR -0.3 48 V
VBATM (ATT _VB bit = “0” (default)) -0.3 18
(ATT_VB bit="1" VINBAT -0.3 10.1 v
Digital Input Voltage VIND -0.3 DVDD+0.3 V
Ambient Temperature (Power applied) Ta -40 105 °C
Storage Temperature Tstg -65 150 °C

Note 2. All voltages are with respect to ground. AVSS, DVSS and CPVSS must be connected to the
same analog ground plane.
Note 3. When an external power supply is connected to the VDD18 and the 1.8V LDO is Off, (LDOE

pin="L").

Note 4. The maximum voltage depends on the presence or absence of protection resistors. If a short
between the battery and analog input is expected, insert a protection resistor. VINA is the voltage
at IN1-6P and IN1-6N pins, and VINR is the voltage at the signal source side of the protection

resistor. Refer to Recommended External Circuits.

WARNING: Operation at or beyond these limits may result in permanent damage to the device.
Normal operation is not guaranteed at these extremes.

| 7.Recommended Operating Conditions

(AVSS = DVSS = CPVSS = 0V; Note 2)

Parameter Symbol Min. Typ. Max. | Unit
Analog (AVDD pin) AVDD 3.0 3.3 3.6 \%
(LDOE pin=“L") (Note 5)
Digital Interface (DVDD pin) (Note 6) DVvDD 1.7 1.8 1.98 \%
gowel_r Digital Core (VDD18 pin) VvDD18 1.7 1.8 1.98 \Y;
UPPIES " DOE pin= “H") (Note 7)
Digital Interface (DVDD pin) DVDD 3.0 3.3 3.6 \
Charge Pump (CPVDD pin) (Note 8) CPVDD 3.0 3.3 3.6 \%
Analog (HVDD pin) (Note 9) HVDD 12 14.5 16 \%
Note 2. All voltages are with respect to ground. AVSS, DVSS and CPVSS must be connected to the

same analog ground plane.

DVDD must be powered up before or at the same time as VDD18 when the LDOE pin=“L". The
power up sequence between AVDD and DVDD, AVDD and VDD18 are not critical.

DVDD should be in the range of VDD18 +0.1V when the LDOE pin= “L".

The internal LDO outputs 1.8V when the LDOE pin="H". The power up sequence between
DVDD and AVDD is not critical.

Connect the CPVDD pin to AVDD when the CPEN pin=“H". If the CPEN pin is “L”, the voltage
difference between CPVDD and AVDD should be less than 0.1V. There is no restriction on the
voltage difference when CPVDD and AVDD rise and fall.

Note 5.

Note 6.
Note 7.

Note 8.

018001042-E-03 2019/11
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Note 9. When the internal charge pump is not used and an external power supply is supplied to the
HVDD pin, the AK5736 should be reset by setting RSTN bit="0" or PDN pin="“L" if the HYDD
voltage drops to a value lower than recommended operating conditions or has an instantaneous
interruption. This is recommended in order to avoid clicking noises.

Note 10. Exposed Pad on the back surface of the package must be connected to ground. At least 24
thermal vias should be added when solid ground is applied on one layer, and 8 or more thermal
vias are recommended when solid ground is applied on two layers.

WARNING: AKM assumes no responsibility for the usage beyond the conditions in this datasheet.

018001042-E-03 2019/11
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8. Analog Characteristics

(Ta=25°C; AVDD = DVDD = CPVDD = 3.3V; AVSS = DVSS = CPVSS = 0V; MCLK = 512fs, fs = 48kHz,

BICK = 64fs; Signal Frequency = 1kHz; 24bit Data; Measurement frequency = 20Hz ~ 20kHz; HvVDD =
CPOUT(CPEN pin = “L”) / HVDD = 14.5V (CPEN pin = “H”); IN*P DC level = 6.0V / IN*N DC level =
3.0V(Differential *:1, 2, ---,6), IN*P DC level = 4.5V / IN*N DC level = 0V(Single-end *:1, 2, ---,6); unless
otherwise specified)

Parameter | Min. | Typ. | Max. | Unit
ADC Analog Characteristics
Resolution - - 24 Bit
PGA | Differential (Note 11) 1.9 2.0 2.1 Vrms
Inbut Voltage 0dB | Single-ended 0.95 1.0 1.05 \Vrms
P 9 PGA | Differential (Note 11) 0.18 0.2 022 | Vims
20dB | Single-ended 0.091 0.1 0.109 Vrms
PGA (Pre Gain Amp) Gain step Error -0.3 0 0.3 dB
Input Impedance 0.8 1.48 2 MQ
0dB —0.5dBFS Differential 86 92 -
fs=48KHz —0.5dBFS Single-ended 86 92 - 4B
20dB —0.5dBFS Differential 81 87 -
S/(N+D) —0.5dBFS Single-ended 78 84 -
fs=96KkH 0dB —0.5dBFS Differential 85 91 -
S=SOKHZ, —0.5dBFS Single-ended 84 90 -
192kHz . - dB
—0.5dBFS Differential 79 85 -
(Note 12) | 20dB ;
—0.5dBFS Single-ended 75 81 -
0dB A-weighted Differential 95 100 -
fs=48KHz A-weighted Single-ended 94 99 - dB
B 20dB A-weighted Differential 90 96 -
SN A-weighted Single-ended 85 91 -
ts=06KH 0dB Flat Differential 90 95 -
= Z Flat Single-ended 89 94 -
192kHz . . dB
(Note 12) | 20dB Flat Differential 81 87 -
Flat Single-ended 75 81 -
—QOdBFS_, A-weighted 95 100 )
0dB Differential
—60dBFS, A-weighted
) 94 99 -
Dynamic Range Single-ended dB
y g —60dBFS, A-weighted
, : 90 96 -
20dB Differential
—60dBFS, A-weighted
) 85 91 -
Single-ended
Interchannel 0dB 90 100 - dB
Isolation 20dB 70 80 -
Interchannel 0dB - 0 0.2 dB
Gain Mismatch 20dB - 0 0.3
Peak Input Voltage (Note 13) 0 - 9.5 V

Note 11. The voltage difference between IN*P and IN*N pins. Input voltage is not proprtional to AVDD.

Note 12. Measurement conditions: frequency = 20Hz ~ 20kHz and MCLK = 256fs (fs = 96kHz) or 128fs
(fs = 192kHz).

Note 13. Input voltage range of IN*P and IN*N (*1, 2,..,6) pins that satisfies the above analog
characteristics.

018001042-E-03
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(Ta=25°C; AVDD = DVDD = CPVDD = 3.3V; AVSS = DVSS = CPVSS = 0V; MCLK = 512fs, fs = 48kHz,
BICK = 64fs; Signal Frequency = 1kHz; 24bit Data; Measurement frequency = 20Hz ~ 20kHz;, HVDD =

CPOUT(CPEN pin = “L") / HVDD = 14.5V (CPEN pin = “H”); IN*P DC level = 6.0V / IN*N DC level = 3.0V
(Differential mode *:1, 2, ---, 6), IN*P DC level = 4.5V / IN*N DC level = OV (Single-ended mode *:1, 2,

---,6), unless otherwise specified)

Parameter Min. Typ. Max. Unit
CMRR (Note 14) 0dB D?fferent?al (1kHz, 20kHz) 70 85 - dB
20dB | Differential (1kHz, 20kHz) 70 85 -
0dB | Differential / Single-ended - 80 -
PSRR (Note 15 B
SRR (Note 15) 20dB | Differential / Single-ended - 100 - d
100mVpp, 1kHz,
PSMR (Note 16) 0dB | bitterential / Single-ended i -100 ] dB
CMMR (Note 17) 0dB | 100mVpp, 1kHz, Differential - -100 -
Analog HPF Cutoff Frequency 1.8 4 10 Hz
Peak Input Voltage (Note 18) 0 - 9.5 V

Note 14. Input conditions are 1.0 Vpp, (Gain = 0 dB), or 0.1 Vpp, (Gain = 20 dB), signal to the IN*P pin
and the IN*N pin with the same phase and an input DC level = 4.5 V.

Note 15. PSRR is measured at AVDD and DVDD with 1kHz, 20mVpp input.

Note 16. This value shows the level of the modulation wave, [dBFS], that appears on, “1kHz input signal
+ superimposed noise frequency of the power supply”, when a sine wave of 0.1 Vpp is
superimposed on the AVDD pin and the DVDD pin, inputting a 1 kHz/- 0.5 dB sine wave to the
IN*P and the IN*N pins, (*=1, 2, ..., 6). The superimposed noise frequency is 0.1kHz, 0.5kHz or
15.5kHz.

Note 17. This value shows the level of the modulation wave, [dBFS], that appears on, “1kHz input signal
+ common mode noise frequency”, when a sine wave of 1 kHz /- 0.5 dB is input to the IN*P and
the IN*N pins, (* 1, 2, ..., 6), in the same phase while the input DC level = 4.5V, inputting a 0.1
Vpp sine wave to the IN*P and the IN*N pins. The common mode noise frequency is 0.1kHz,
0.5kHz or 15.5kHz.

Note 18. The input voltage range of the IN*P and the IN*N pins, (*1, 2, ..., 6), that satisfies the above
analog characteristics.

Definition of CMRR

1. When Gain = 0dB

CMRR is measured by applying a 1kHz or 20kHz, 1.0Vpp signal to both the IN*P and the IN*N pins in
phase. CMRR represents the ratio of the input signal 1.0Vpp and the attenuation level.

0dB = -9dBFS
=0.354Vrms A
(=1Vpp)

CMRR

Attenuation Level \ 4
(Measurement Value)

2. When Gain = 20dB
CMRR is measured by applying a 1kHz or 20kHz, 0.1Vpp signal to both the IN*P and the IN*N pins in
phase. CMRR represents the ratio of the input signal 0.1Vpp and the attenuation level.

0dB = -9dBFS
=0.0354Vrms 4
(=0.1Vpp)

CMRR

Attenuation Level \
(Measurement Value)
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(Ta=25°C; AVDD = DVDD = CPVDD = 3.3V; AVSS = DVSS = CPVSS = 0V; MCLK = 512fs, fs = 48kHz,

BICK = 64fs; HVDD = CPOUT (CPEN pin = “L"), HVDD = 14.5V(CPEN pin =“H"))

Parameter | Min. Typ. | Max. | Unit

MIC Bias Current:
MBS3-0 bits= “0000” 4.90 5 5.10 \Y
MBS3-0 bits= “0001” 5.39 5.5 5.61 \Y
MBS3-0 bits= “0010” 5.88 6 6.12 \Y
MBS3-0 bits= “0011” 6.37 6.5 6.63 \Y

&“;fe“tlg)c voltage  I'vBS3-0 bits=0100° 6.86 7 7.14 v
MBS3-0 bits= “0101” 7.35 7.5 7.65 \%
MBS3-0 bits= “0110” 7.84 8 8.16 \Y
MBS3-0 bits= “0111” 8.33 8.5 8.67 \Y
MBS3-0 bits= “1000” 8.78 9 9.22 \Y

Microphone Current (for 6 channels) - - 90 mA

Output Noise Level (A-weighted) - -100 -94 dBV

Note 19. When MBS3-0 bits = “0000”/“0001”/“0010”/“0011”/“0100”/“0101”/“0110”/0111”/“1000”, the DC
output voltage (typ.) is 1.515/1.667/1.818/1.969/2.121/2.272/2.424/2.575/2.727 x AVDD(V),
respectively.

When MBS3-0 bits = “00007/“00017/“00107/0011”/“01007/“0101”/“01107/“0111”, the DC output
voltage (Min, Max) is +2.0% of typical DC output voltage.

When MBS3-0 bits = “1000”, the DC output voltage, (Min, Max), is £2.5% of typical DC output
voltage.

(Ta =25°C; AVvDD = DVDD = CPVDD = 3.0~3.6V; AVSS = DVSS = CPVSS = 0V; MCLK = 512fs, fs =
48KkHz, BCLK = 64fs, CPEN pin = “L”)

Parameter | mn | tp | max | unit
MIC Bias Current:

MBS3-0 bits = “0000” - - 50 mA
MBS3-0 bits = “0001” - - 55 mA
MBS3-0 bits = “0010” - - 60 mA
Microphone Current MBS3-0 bits = “0011” - - 65 mA
(for 6 channels total) MBS3-0 bits = “0100” - - 70 mA
MBS3-0 bits = “0101” - - 75 mA
MBS3-0 bits = “0110” - - 80 mA
MBS3-0 bits = “0111” - - 78 mA
MBS3-0 bits = “1000” - - 66 mA

Note 20. Voltage difference between CPVDD and AVDD should be less than 0.1V.

(Ta = 25°C; AVvDD = DVDD = CPVDD = 3.0~3.6V; HVDD = 12.0~16.0V; AVSS = DVSS = CPVSS = 0V,
MCLK = 512fs, fs = 48kHz, BCLK = 64fs, CPEN in = “H")
Parameter | min | tp | max | unit
MIC Bias Voltage:

MBS3-0 bits = “0000” - - 50 mA
MBS3-0 bits = “0001” - - 55 mA
MBS3-0 bits = “0010” - - 60 mA
Microphone Current MBS3-0 b?ts = :001 1 - - 65 mA
(for 6 channels total) MBS3-0 b!ts = 0100 - - 9 mA
MBS3-0 bits = “0101” - - 75 mA
MBS3-0 bits = “0110” - - 80 mA
MBS3-0 bits = “0111” - - 85 mA
MBS3-0 bits = “1000” - - 90 mA
018001042-E-03 2019/11
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AsahiKASEI [AK5736]

(Ta = 25°C; AVDD = DVDD = CPVDD = 3.3V; AVSS = DVSS = CPVSS = 0V; MCLK = 512fs, fs = 48kHz,
BICK = 64fs; HVDD = CPOUT (CPEN pin = “L”), HVDD = 14.5V (CPEN pin = "H”))

Parameter | Min. | Typ. | Max. | Unit
SAR ADC Characteristics (DC).
Resolution - - 12 Bit
IN*P&IN*N pin Input Voltage (Note 21) 0 - 10.1 Vv
VBATM pin Input Voltage  (Note 22) | ATT_VB bit="0" 0 14.5 18 V
VBATM pin Input Voltage ~ (Note 22) [ ATT_VB bit="1" 0 - 10.1 Vv
Integral Nonlinearity (INL) (Note 23) -4 - +5 LSB
Differential Nonlinearity (DNL) A (Note 23) -4 - +4 LSB
IN*P&IN*N pin Attenuation error -1.4 - 1.4 %

. . ATT VB bit="0" -1.8 - +1.8 %
VBATM pin Attenuation error ATT VB bit = 1" 14 - 14 %
MPWR pin Attenuation error -1.4 - +1.4 %

Note 21. Input signals of IN*P and IN*N pins are attenuated by 30% via internal resistance and input to
the SAR ADC. The SAR ADC operates with an input voltage to IN*P, IN*N pins greater than
330mV. Input signals recognized as full scale are proportional to AVDD, e.g. full scale input is
10V when AVDD = 3.0V and full-scale input voltage will be 11V when AVDD = 3.3V. Do not
input a voltage more than 10.1V, since this exceeds the absolute maximum rating. The internal
path connected to the MIC Bias Voltage is also attenuated by 30%.

Note 22. When ATT_VB bit = “0” (default), input signal of the VBATM pin is attenuated by 10% via
internal resistance and input to the SAR ADC.

The attenuation ratio will be 30% when ATT_VB bit = “1”.

Note 23. The IN*P, IN*N and VBATM pins should be within the conditions stated below to guarantee
specified performance.
= IN*P, IN*N pin = 330mV
* (ATT_VB bit = 0): VBATM pin 21V,

(ATT_VB bit = 1): VBATM pin 2330mV

018001042-E-03 2019/11
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AsahiKASEI [AK5736]

(Ta=25°C; AVDD = DVDD = CPVDD = 3.3V; AVSS = DVSS = CPVSS = 0V)

Parameter | Min. | Typ. | Max. | Unit

Power Supplies

Power Supply Current

Normal operation
(PDN pin = “H”, LDOE pin = “H” CPEN pin = “L")

AVDD - 10 14 mA

DVDD (fs = 48kHz) - 19 27 mA

DVDD (fs = 96kHz) - 28 39 mA

DVDD (fs = 192kHz) - 28 39 mA

CPVDD (MIC bias current = 80mA) - 500 550 mA
Power down (PDN pin =“L” , LDOE pin = “H”) (Note 24)

AVDD+DVDD+CPVDD 1 100 uA

Power Supply Current

Normal operation
(PDN pin = “H”, LDOE pin = “L” CPEN pin = “L")

AVDD - 10 14 mA

DVDD+VDD18 (fs = 48kHz) - 19 27 mA

DVDD+VDD18 (fs = 96kHz) - 28 39 mA

DVDD+VDD18 (fs = 192kHz) - 28 39 mA

CPVDD (MIC bias current = 80mA) - 500 550 mA
Power down (PDN pin = “L” , LDOE pin = “L”) (Note 24)

AVDD+DVDD+CPVDD+VDD18 1 100 LA

Power Supply Current

Normal operation
(PDN pin = “H”, LDOE pin = “H” CPEN pin = “H”)

AVDD+CPVDD - 10 14 mA

DVDD (fs = 48kHz) - 19 27 mA

DVDD (fs = 96kHz) - 28 39 mA

DVDD (fs = 192kHz) - 28 39 mA

HVDD (MIC bias current =90mA) - 110 116 mA
Power down (PDN pin =“L”, LDOE pin = “H”) (Note 24)

AVDD+DVDD+CPVDD+HVDD 1 300 uA

Power Supply Current

Normal operation
(PDN pin = “H”, LDOE pin = “L” CPEN pin = “H”)

AVDD+CPVDD - 10 14 mA
DVDD+VDD18 (fs = 48kHz) - 19 27 mA
DVDD+VDD18 (fs = 96kHz) - 28 39 mA
DVDD+VDD18 (fs = 192kHz) - 28 39 mA
HVDD (MIC bias current = 90mA) - 110 116 mA
Power down (PDN pin =“L”, LDOE pin =“L"”) (Note 24)
AvDD+DVDD+CPVDD+VDD18+HVDD 1 300 uA
Note 24. All digital input pins are fixed to DVDD or DVSS. The power supply current of DVDD is in TDM
mode.

Note 25. Power consumption of DVDD in normal operation is measured with a 1kHz sine wave applied
the IN1P, IN3P, IN5P, IN1IN, IN3N and IN5N pins, and 180° phase-shifted 1 kHz sine wave
applied to the IN2P, IN4P, IN6P, IN2N, IN4AN and IN6N pins.

018001042-E-03 2019/11
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[AK5736]

9. Filter Characteristics

B ADC Filter Characteristics (fs = 48kHz)

(Ta=-40 ~ +105°C; AVDD = 3.0~3.6V, DVDD = 1.7~1.98V (LDOE pin = “L"), 3.0~3.6V (LDOE pin = “H"),
VDD18 = 1.7~1.98V (LDOE pin = “L”), HYDD = CPOUT(CPEN pin

“L”) / HVDD = 12~16V(CPEN pin

="H")

Parameter | Symbol |  Min. Typ. Max. Unit

Digital Filter (Decimation LPF): SHARP ROLL-OFF (Figure 2)

(SD bit = “0”, SLOW bit = “0”)

Passband (Note 26) | +0.001/-0.06dB PB 0 - 22.0 kHz
—6.0dB - 24.4 - kHz

Stopband (Note 26) SB 27.9 - - kHz

Stopband Attenuation SA 85 - - dB

Group Delay Distortion 0 ~ 20.0kHz AGD - 0 - 1/fs

Group Delay (Note 27) GD - 18.8 - 1/fs

Digital Filter (Decimation LPF): SLOW ROLL-OFF (Figure 3)

(SD bit= “0”, SLOW bit="1")

Passband (Note 26) | +0.001/-0.076dB PB 0 - 12.5 kHz
—6.0dB - 21.9 - kHz

Stopband (Note 26) SB 36.5 - - kHz

Stopband Attenuation SA 85 - - dB

Group Delay Distortion 0 ~ 20.0kHz AGD - 0 - 1/fs

Group Delay (Note 27) GD - 6.6 - 1/fs

Digital Filter (Decimation LPF): SHORT DELAY SHARP ROLL-OFF FILTER (Figure 4)

(SD bit=“1", SLOW bit= “0")

Passband (Note 26) +0.001/-0.06dB PB 0 - 22.0 kHz
—6.0dB - 24.4 - kHz

Stopband (Note 26) SB 27.9 - kHz

Stopband Attenuation SA 85 - dB

Group Delay Distortion 0 ~ 20.0kHz AGD - - 2.6 1/fs

Group Delay (Note 27) GD - 4.9 - 1/fs

Digital Filter (Decimation LPF): SHORT DELAY SLOW ROLL-OFF (Figure 5)

(SD bit="1", SLOW bit="1")

Passband (Note 26) | +0.001/-0.076dB PB 0 - 12.5 kHz
—6.0dB - - 21.9 - kHz

Stopband (Note 26) SB 36.5 - - kHz

Stopband Attenuation SA 85 - - dB

Group Delay Distortion 0 ~ 20.0kHz AGD - - 1.2 1/fs

Group Delay (Note 27) GD - 4.3 - 1/fs

Digital Filter (HPF):

Frequency Response -3.0dB - 2.0 - Hz

-0.5dB FR - 5.0 - Hz
(Note 26) -0.1dB - 13.0 - Hz

Note 26. The passband and stopband frequencies scale with fs.

For example, PB (+0.001dB/-0.06dB) =0.46 x fs (SHARP ROLL-OFF).
For example, PB (+0.001dB/-0.076dB) =0.26 x fs (SLOW ROLL-OFF).

Note 27. The delay time introduced by the digital filters. This is the time from the application of an analog
signal to the appearance of the L channel MSB on the SDTOn pin.

018001042-E-03 2019/11
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B ADC Filter Characteristics (fs = 96kHz)

(Ta =-40 ~ +105°C; AVDD = 3.0~3.6V, DVDD = 1.7~1.98V (LDOE pin = “L"), 3.0~3.6V (LDOE pin = “H"),
VDD18 = 1.7~1.98V (LDOE pin = “L”), HYDD = CPOUT(CPEN pin = “L”) / HVDD = 12~16V(CPEN pin
="H")

Parameter | Symbol | Min. | Typ. | Max. | Unit

Digital Filter (Decimation LPF): SHARP ROLL-OFF (Figure 6)

(SD bit="0", SLOW bit="0")

Passband (Note 26) | 0.001dB/-0.06dB PB 0 - 441 kHz
—6.0dB 48.8 kHz

Stopband (Note 26) SB 55.7 - - kHz

Stopband Attenuation SA 85 - - dB

Group Delay Distortion 0 ~ 40.0kHz AGD - 0 - 1/fs

Group Delay (Note 27) GD - 18.8 - 1/fs

Digital Filter (Decimation LPF): SLOW ROLL-OFF (Figure 7)

(SD bit="0", SLOW bit="1")

Passband (Note 26) | +0.001dB/-0.076dB PB 0 - 25 kHz
—6.0dB - 43.8 kHz

Stopband (Note 26) SB 73 - - kHz

Stopband Attenuation SA 85 - - dB

Group Delay Distortion 0 ~ 40.0kHz AGD - 0 - 1/fs

Group Delay (Note 27) GD - 6.6 - 1/fs

Digital Filter (Decimation LPF): SHORT DELAY SHARP ROLL-OFF (Figure 8)

(SD hit="1", SLOW bit="0")

Passband (Note 26) | +0.001dB/-0.06dB PB 0 - 44.1 kHz
—6.0dB - 48.8 - kHz

Stopband (Note 26) SB 55.7 - kHz

Stopband Attenuation SA 85 - dB

Group Delay Distortion 0 ~ 40.0kHz AGD - - 2.8 1/fs

Group Delay (Note 27) GD - 49 - 1/fs

Digital Filter (Decimation LPF): SHORT DELAY SLOW ROLL-OFF (Figure 9)

(SD bit="1", SLOW bit="1")

Passband (Note 26) | +0.001dB/-0.076dB PB 0 - 25 kHz
—6.0dB - 43.8 - kHz

Stopband (Note 26) SB 73 - - kHz

Stopband Attenuation SA 85 - dB

Group Delay Distortion 0 ~ 40.0kHz AGD - - 1.2 1/fs

Group Delay (Note 27) GD - 4.4 - 1/fs

Digital Filter (HPF):

Frequency Response -3.0dB - 2.0 - Hz

-0.5dB FR - 5.0 - Hz
(Note 26) —-0.1dB - 13.0 - Hz

Note 26. The passband and stopband frequencies scale with fs.
For example, PB (+0.001dB/—0.06dB) =0.46 x fs (SHARP ROLL-OFF).
For example, PB (+0.001dB/-0.076dB) =0.26 x fs (SLOW ROLL-OFF).

Note 27. The delay time introduced by the digital filters. This is the time from the application of an analog
signal to the appearance of the L channel MSB on the SDTOn pin.

018001042-E-03 2019/11
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m ADC Filter Characteristics (fs = 192kHz)
(Ta =-40 ~ +105°C; AVDD = 3.0~3.6V, DVDD = 1.7~1.98V (LDOE pin = “L”), 3.0~3.6V (LDOE pin = “H"),
VDD18 = 1.7~1.98V (LDOE pin = “L”), HYDD = CPOUT(CPEN pin = “L”) / HVYDD = 12~16V(CPEN pin
="H")

Parameter | Symbol | Min. | Typ. | Max. | Unit
Digital Filter (Decimation LPF): SHARP ROLL-OFF (Figure 10)

(SD bit=“0”, SLOW bit= “0")

Passband +0.001B/-0.037dB PB 0 - 83.7 kHz
(Note 26) —6.0dB 100.2 kHz
Stopband (Note 26) SB 122.9 - - kHz
Stopband Attenuation SA 85 - - dB
Group Delay Distortion 0 ~ 40.0kHz AGD - 0 - 1/fs
Group Delay (Note 27) GD - 14.4 - 1/fs
Digital Filter (Decimation LPF): SLOW ROLL-OFF (Figure 11)

(SD bit= “0”, SLOW bit= “1")

Passband 0.001dB/-0.1dB PB 0 - 315 kHz
(Note 26) —6.0dB 75.2 kHz
Stopband (Note 26) SB 146 - kHz
Stopband Attenuation SA 85 - dB
Group Delay Distortion 0 ~ 40.0kHz AGD - 0 - 1/fs
Group Delay (Note 27) GD - 7.3 - 1/fs

Digital Filter (Decimation LPF): SHORT DELAY SHARP ROLL-OFF FILTER (Figure 12)
(SD bit= “1”, SLOW bit= “0”)

Passband +0.001B/-0.037dB PB 0 - 83.7 kHz
(Note 26) —6.0dB - 100.2 - kHz
Stopband (Note 26) SB 122.9 - - kHz
Stopband Attenuation SA 85 - dB
Group Delay Distortion 0 ~ 40.0kHz AGD - - 0.3 1/fs
Group Delay (Note 27) GD - 6.0 - 1/fs

Digital Filter (Decimation LPF): SHORT DELAY SLOW ROLL-OFF FILTER (Figure 13)
(SD bit “1”, SLOW bit=“1")

Passband +0.001dB/-0.1dB PB 0 - 315 kHz
(Note 26) —6.0dB - 75.2 - kHz
Stopband (Note 26) SB 146 - kHz
Stopband Attenuation SA 85 - dB
Group Delay Distortion 0 ~ 40.0kHz AGD - - 0.4 1/fs
Group Delay (Note 27) GD - 5.8 - 1/fs
Digital Filter (HPF):
Frequency Response -3.0dB - 2.0 - Hz
-0.5dB FR - 5.0 - Hz
(Note 26) -0.1dB - 13.0 - Hz

Note 26. The passband and stopband frequencies scale with fs.
For example, PB (+0.001dB/—0.037dB) =0.436 x fs (SHARP ROLL-OFF).
For example, PB (+0.001dB/-0.1dB) = 0.164 x fs (SLOW ROLL-OFF).

Note 27. The delay time introduced by the digital filters. This is the time from the application of an analog
signal to the appearance of the L channel MSB on the SDTOn pin.
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10. DC Characteristics

(Ta = -40~105°C; AVDD = 3.0~3.6V, DVDD = 1.7~1.98V (LDOE pin = “L"), 3.0~3.6V (LDOE pin = “H"),
VDD18 = 1.7~1.98V (LDOE pin = “L”), CPVDD = 3.0~3.6V, HVDD = CPOUT(CPEN pin = “L”) / HVDD =

14.5V(CPEN pin = “H"))

Parameter Symbol Min. Typ. Max. Unit
DVDD=3.0V ~ 3.6V (LDOE pin=“H")

High-Level Input Voltage (Note 28) VIH 70%DVDD - \%
Low-Level Input Voltage (Note 28) VIL - 30%DVDD \%
High-Level Output Voltage (Note 29)

(lout=—100pA) VOH DVDD-0.5 - Y,
Low-Level Output Voltage (Note 29)

(except SDA, INT pin: lout= 100uA) VOL - 0.5 \%
(SDA, INT pin: lout= 3mA) VOL - 0.4 \%
DVDD=1.7 ~ 1.98V (LDOE pin="“L")

High-Level Input Voltage (Note 28) VIH 80%DVDD - \%
Low-Level Input Voltage (Note 28) VIL - - 20%DVDD \%
High-Level Output Voltage (Note 29)

(lout=—100uA) VOH DVDD-0.3 - - Y,
Low-Level Output Voltage (Note 29)

(except SDA, INT pin: lout= 100uA) VOL - 0.3 \%

(SDA, INT pin: lout= 3mA) VOL - 20%DVDD \Y
Input Leakage Current lin - - +10 LA

Note 28. MCLK, PDN, BICK (Slave Mode), LRCK (Slave Mode), SPI, LDOE, CADO/CSN, SCL/CCLK,
CPEN, CAD1 (I°C mode), TDMI (TDM mode), SDA/CDTI
Note 29. BICK (Master Mode), LRCK (Master Mode), SDTO1, SDTO2, TDMI (Stereo mode), INT,

SDA/CDTI (1°C mode), CDTO (4-wire mode)
Note 30. Pull-up resistor of pins mentioned in INT pin and SDA pin should be connected to a voltage less

than DVDD+0.3V.
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11. Switching Characteristics

W System Clocks

O Slave Mode

[Ta=-40~+105°C; AVDD = 3.0~3.6V, 1.7~1.98V, (LDOE pin = “L"), DVDD = 3.0~3.6V, (LDOE pin = “H"),
vDD18 =1.7~1.98V, (LDOE pin = “L"), CPVDD = 3.0~3.6V, HVDD = CPOUT, (CPEN pin =“L"), / HVYDD
=14.5V, (CPEN pin = “H”"), CL = 20pF]

Parameter | Symbol | Min. |  Typ. | Max. [ Unit
MCLK Input Timing
(Note 31)
Frequency fMCLK 4.096 - 36.864 MHz
Pulse Duty Low tMCLKL 40 - - %
Pulse Duty High tMCLKH 40 - - %
LRCK Input Timing
Stereo Mode
Frequency (fs)
Normal Speed fsn
MCLK 256fs, 384fs 16 - 48 kHz
MCLK 512fs 8 - 48 kHz
Double Speed fsd
MCLK 256fs, 384fs 48 - 96 kHz
Quad Speed fsq
MCLK 128fs, 192fs 96 - 192 kHz
Duty Cycle dLRCK 45 - 55 %
TDM128 Mode
Frequency (fs)
Normal Speed fsn
MCLK 256fs, 384fs 16 - 48 kHz
MCLK 512fs 8 - 48 kHz
Double Speed fsd
MCLK 256fs, 384fs 48 - 96 kHz
Quad Speed fsq
MCLK 128fs, 192fs 96 - 192 kHz
Pulse Width Low tLRCKL 1/(128fsn) - - S
1/(128fsd) - - S
1/(128fsq) - - S
Pulse Width High tLRCKH 1/(128fsn) - - S
1/(128fsd) - - S
1/(128fsq) - - S
TDM256 Mode
Frequency (fs)
Normal Speed fsn
MCLK 256fs, 384fs 16 - 48 kHz
MCLK 512fs 8 - 48 kHz
Double Speed fsd
MCLK 256fs, 384fs 48 - 96 kHz
Pulse Width Low tLRCKL 1/(256fsn) - - S
1/(256fsd) - - S
Pulse Width High tLRCKH 1/(256fsn) - - S
1/(256fsd) - - S
Note 31. Refer to Table 4 for supported MCLK frequencies in each operation mode.
018001042-E-03 2019/11
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Parameter

|  Symbol

Min.

Typ.

Max.

| Unit

LRCK Input Timing (Continued)

TDM512 Mode (fs)

Frequency
Normal Speed
MCLK 256fs, 384fs
MCLK 512fs

fsn

16
8

48
48

kHz
kHz

Pulse Width Low

tLRCKL

1/(512fsn)

Pulse Width High

tLRCKH

1/(512fsn)

BICK Input Timing (Note 32)

Stereo Mode

Period
Normal Speed
Double Speed
Quad Speed

tBICK

1/(64fsn)
1/(64fsd)

Duty Cycle

dBICK

1/(64fsq)

50

TDM128 Mode

Period
Normal Speed
Double Speed
Quad Speed

tBICK

1/(128fsn)
1/(128fsd)
1/(128fsq)

Pulse Width Low
Normal Speed
Double Speed
Quad Speed

tBICKL

66
33
17

ns
ns
ns

Pulse Width High
Normal Speed
Double Speed
Quad Speed

tBICKH

66
33
17

ns
ns
ns

TDM256 Mode

Period
Normal Speed
Double Speed

tBICK

1/(256fsn)
1/(256fsd)

Pulse Width Low
Normal Speed
Double Speed

tBICKL

33
17

ns
ns

Pulse Width High
Normal Speed
Double Speed

tBICKH

33
17

ns
ns

TDM512 Mode

Period
Normal Speed

tBICK

1/(512fsn)

Pulse Width Low
Normal Speed

tBICKL

17

ns

Pulse Width High
Normal Speed

tBICKH

17

ns

Note 32. BICK rising edge must not occur at the same time as LRCK edge.
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O Master Mode

[AK5736]

(Ta = -40~+105°C; AVDD = 3.0~3.6V, 1.7~1.98V(LDOE pin = “L"), DVDD = 3.0~3.6V (LDOE pin = “H"),
VDD18 = 1.7~1.98V(LDOE pin = “L"), CPVDD = 3.0~3.6V, HVDD = CPOUT(CPEN pin = “L”) / HVDD =

14.5V(CPEN pin = “H”), C_L= 20pF)

Parameter

Symbol |

Min.

Typ.

Max.

| Unit

MCLK Input Timing

(Note 33, Note 34)

Frequency

fMCLK

4.096

36.864

MHz

Pulse Width Low

tMCLKL

40

%

Pulse Width High

tMCLKH

40

%

LRCK Output Timing

Stereo Mode

Frequency (fs)
Normal Speed

MCLK 512fs
Double Speed

Quad Speed

MCLK 256fs, 384fs

MCLK 256fs, 384fs

MCLK 128fs, 192fs

fsn

fsd

fsq

48

96

48
48

96

192

kHz
kHz

kHz

kHz

Duty Cycle

dLRCK

%

TDM128 Mode

Frequency (fs)

Normal Speed
MCLK 256fs
MCLK 512fs

Double Speed
MCLK 256fs

Quad Speed
MCLK 128fs

fsn

fsd

fsq

48
48

96

kHz
kHz

kHz

kHz

Pulse Width Low

tLRCKL

1/(4fsn)
1/(4fsd)
1/(4fsq)

Pulse Width High

tLRCKH

1/(4fsn)
1/(4fsd)
1/(4fsq)

n unnnonon

TDM256 Mode

Frequency (fs)

MCLK 256fs
MCLK 512fs

MCLK 256fs

Normal Speed

Double Speed

fsn

fsd

48
48

kHz
kHz

kHz

Pulse Width Low

tLRCKL

1/(8fsn)
1/(8fsd)

Pulse Width High

tLRCKH

1/(8fsn)
1/(8fsd)

n nlnuon

TDM512 Mode

Frequency (fs)

MCLK 512fs

Normal Speed

kHz

Pulse Width Low

tLRCKL

1/(16fsn)

Pulse Width High

tLRCKH

1/(16fsn)
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Parameter | Symbol | Min. [  Typ. | Max. [Unit
BICK Output Timing (Note 35)
Stereo Mode
Period tBICK - 1/(64fs) - S
Duty Cycle dBICK - 50 - %
TDM128 Mode
Period tBICK - 1/(128fs) - S
Duty Cycle dBICK - 50 - %
TDM256 Mode
Period tBICK - 1/(256fs) - S
Duty Cycle dBICK 50 - %
TDM512 Mode
Period tBICK - 1/(512fs) - S
Duty Cycle dBICK - 50 - %

Note 33. Refer to Table 4 for supported MCLK frequencies in each operation mode.

Note 34. The minimum value of “Pulse Width Low/High” is inversely proportional to the MCLK frequency,
with a proportionality constant of 11 x 36.864. Note that 11ns is the minimum supported pulse
width when MCLK is 36.864MHz (the maximum supported MCLK frequency).
ex) When MCLK = 18.432 MHz, the minimum value of “Pulse Width Low/High” is 11 X
36.864/18.432 = 22ns.

Note 35. BICK duty cycle depends on MCLK duty cycle in TDM mode.
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m Audio Interface

[AK5736]

O Slave Mode(Ta = -40~+105°C; AVDD = 3.0~3.6V, 1.7~1.98V(LDOE pin = “L"), DVDD = 3.0~3.6V
(LDOE pin = “H"), VDD18 = 1.7~1.98V(LDOE pin = “L”), CPVDD = 3.0~3.6V, HVDD = CPOUT(CPEN pin
=“L”) / HVDD = 14.5V(CPEN pin = “H”), C.= 20pF)

Parameter | Symbol | Min. | Typ. | Max. | Unit
Stereo Mode
DVDD=1.7V~1.98V
LRCK to BICK “1” tLRB 30 - - ns
BICK “1” to LRCK tBLR 30 - - ns
LRCK to SDTO (MSB Justified) tLRS - - 30 ns
BICK “!” to SDTO tBSD - - 30 ns
DVvDD=3.0V~3.6V
LRCK to BICK “1” tLRB 33 - - ns
BICK “1” to LRCK tBLR 33 - - ns
LRCK to SDTO (MSB Justified) tLRS - - 28 ns
BICK “!” to SDTO tBSD - - 28 ns
TDM128 (Normal Speed Mode, Double Speed Mode), TDM256 (Normal Speed Mode)
DVDD=1.7V~1.98V
LRCK to BICK “1” tLRB 33 - - ns
BICK “1” to LRCK tBLR 33 - - ns
BICK “1” to SDTO tBSDD 5 - 30 ns
TDMI Setup time to BICK “1” tSDS 5 - - ns
TDMI Hold time to BICK “1” tSDH 5 - - ns
DVDD=3.0V~3.6V
LRCK to BICK “1” tLRB 33 - - ns
BICK “1” to LRCK tBLR 33 - - ns
BICK “{” to SDTO tBSD - - 14 ns
TDMI Setup time to BICK “1” tSDS 5 - - ns
TDMI Hold time to BICK “1” tSDH 5 - - ns
TDM128 (Quad Speed Mode), TDM256 (Double Speed Mode), TDM512 (Normal Speed Mode)
LRCK to BICK “1” tLRB 16 - - ns
BICK “T” to LRCK tBLR 16 - - ns
BICK “1” to SDTO tBSDD 5 - 30 ns
TDMI Setup time to BICK “1” tSDS 5 - - ns
TDMI Hold time to BICK “1” tSDH 5 - - ns
018001042-E-03 2019/11
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O Master Mode

(Ta=-40~+105°C; AVDD = 3.0~3.6V, 1.7~1.98V(LDOE pin = “L"), DVDD = 3.0~3.6V (LDOE pin = “H"),
VDD18 = 1.7~1.98V(LDOE pin = “L”), CPVDD = 3.0~3.6V, HVDD = CPOUT(CPEN pin = “L”) / HVDD =
14.5V(CPEN pin = “H”), CL = 20pF)

Parameter | Symbol | Min. | Typ. | Max. | Unit

Stereo Mode

Normal Speed, Double Speed, Quad Speed Mode

DVvDD=1.7V~1.98V

BICK “J” to LRCK tMBLR -10 - 10 ns

LRCK to SDTO (MSB Justified) tLRS -20 - 20 ns

BICK “{” to SDTO tBSD -20 - 20 ns
DVDD=3.0V~3.6V

BICK “J” to LRCK tMBLR -10 - 10 ns

LRCK to SDTO (MSB Justified) tLRS -20 - 20 ns

BICK “!” to SDTO tBSD -20 - 20 ns

TDM128, TDM256, TDM512 Mode

Normal Speed, Double Speed, Quad Speed Mode

BICK “!” to LRCK tMBLR -6 - 6 ns
BICK “!” to SDTO tBSD -10 - 10 ns
TDMI Setup time to BICK “T” tSDS 5 - - ns
TDMI Hold time to BICK “1” tSDH 5 - - ns
018001042-E-03 2019/11
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m 12C Bus, Power-down, Reset

[AK5736]

(Ta = -40~105°C; AVDD = 3.0~3.6V, DVDD = 1.7~1.98V (LDOE pin = “L"), 3.0~3.6V (LDOE pin = “H"),
VDD18 = 1.7~1.98V (LDOE pin = “L”)), CPVDD=3.0~3.6V, HVDD = 14.5V (CPEN pin = “H"), HVDD =

CPOUT(CPEN pin = “L”)

Parameter Symbol Min. | Typ. | Max. | Unit
Control Interface Timing (4-wire Mode)

CCLK Period tCCK 200 - - ns

CCLK Pulse Width Low tCCKL 80 - - ns

CCLK pulse Width High tCCKH 80 - - ns

CDTI Setup Time tCDS 40 - - ns

CDTI Hold Time tCDH 40 - - ns

CCSN “H” Time tCSW 150 - - ns

CSN Edge to CCLK “?” (Note 36) tCSS 50 - - ns

CCLK “1” to CSN Edge (Note 36) tCSH 50 - - ns

CCLK “J” to CDTO, (at Read Command) tDCD - - 70 ns

CSN “T” to CDTO (Hi-z), (at Read Command), (Note 37) tCCZ - - 70 ns

Control Interface Timing (I12C Bus):

SCL Clock Frequency fSCL - - 400 kHz
Bus Free Time Between Transmissions tBUF 13 - - VE

Start Condition Hold Time, (prior to first clock pulse) tHD:STA 0.6 - - [V

Clock Low Time tLOW 1.3 - - VS

Clock High Time tHIGH 0.6 - - VE

Setup Time for Repeated Start Condition tSU:STA 0.6 - - [V

SDA Hold Time from SCL Falling, (Note 38) tHD:DAT 0 - - [V

SDA Setup Time from SCL Rising tSU:DAT 0.1 - - VE

Rise Time of Both SDA and SCL Lines R - - 1.0 VS

Fall Time of Both SDA and SCL Lines tF - - 0.3 VS

Setup Time for Stop Condition tSU:STO 0.6 - - VE

Pulse Width of Spike Noise Suppressed by Input Filter tSP 0 - 50 ns

Capacitive load on bus Cb - - 400 pF

Power-down & Reset Timing

PDN Accept Pulse Width, (Note 39) tAPD 150 - - ns

PDN Reject Pulse Width tRPD - - 30 ns

RSTN bit “1” to SDTO valid (CPEN pin = “H”), (Note 40) tRSTNV - 2262 - 1/fs
RSTN bit “1” to SDTO valid (CPEN pin = “L"), (Note 40) tRSTNV - 3224 - 1/fs

Note 36. CCLK rising edge must not occur at the same time as CSN edge.

Note 37. Hi-z level is defined at the point when the CDTO pin voltage is changed for 10% from “L” level

while it is pulled up to DVDD by 1kQ.

Note 38. Data must be held for long enough to account for the 300ns rise/fall time of SCL.

Note 39. The AK5736 can be reset by setting the PDN pin to “L” upon power-up. The PDN pin must be
held “L”, for more than 150ns for a certain reset. The AK5736 is not reset by an “L” pulse less

than 30ns.

Note 40. This cycle is the number of LRCK rising edges from writing RSTN bit = “1” when MSN bit is set
to “0”. It will be -3/fs times shorter if MSN bit is set to “1”.
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B Timing Diagram
- 1AMCLK
/—  VH
MCLK (1) N
Y VIL
T WICLkH . IMCLKL
« 1/fs
S VIH
LRCK (1) N
Y VIL
< tLRCKH ‘: tLRCKL dLRCK = tLRCKHxfsx100 [%]
or
) tBICK = tLRCKLxfsx100 [%]
/ VIH
BICK (1) N
Y VIL
“IcKH . BICKL
Figure 14. Clock Timing (External Slave Mode)
. 1/MCLK
/—  VH
MCLK (1) N
Y VIL
T IMCLKH ' IMCLKL
. 1/fs .
/ \ [
LRCK (O) 50%DVDD
\ /
- TRCKH >e TTRCKL » dLRCK = tLRco|r<fo5x100 [%]
. {BICK R = tLRCKLxfsx100 [%]
/ \ [
BICK (O) 50%DVDD
\ /
tBICKH o tBICKL 'dBICK = tBICKH/tBICKx100 [%)]
or
= tBICKLABICKx100 [%]
Figure 15. Clock Timing (External Master Mode)
VIH
LRCK ()
VIL
VIH
BICK (I)
VIL
SDTO (O)==============mmm o e oo oo oo oo 50%DVDD
Figure 16. Audio Interface Timing (External Slave Mode)
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LRCK (O)-===============- >< --------------------------------------------- 509DVDD

50%DVDD

BICK (O) ~--/--==-==-===-=

SDTO (0)  -----=-=-=-=-=--- 50%DVDD

Figure 17. Audio Interface Timing (External Master Mode)

Figure 18. Audio Interface Timing (TDM mode & Slave mode)
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50%DVDD

50%DVDD

50%DVDD

VIH

VIL

VIH

VIL

CDTO

Figure 21. WRITE/READ Command Input Timing (4-wire serial mode)
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VIH
CSN

VIL

VIH
CCLK

VIL

Hi-Z

CDTO

VA

e
coro — X____Dg _____ )F; 5. .__50%DVDD

Figure 23. READ Data output timing 1 (4-wire serial mode)
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.

L e tcC

CDTO D3 X D2 X D1 X D0------>—- 5096DVDD

Figure 24. READ Data Output Timing 2 (4-wire serial mode)

PODN
RSTN b
RSTNV |
SDTO e ] ( —————————————— 50%DVDD
Figure 25. Power-down & Reset Timing
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12. Functional Descriptions

m Digital Core Power Supply

The digital core of the AK5736 operates with a 1.8V power supply. This 1.8V is generated from DVDD,
(3.3V), by an internal LDO regulator. The LDO is powered ON by setting the LDOE pin = “H” and OFF by
setting the LDOE pin = “L”. When using a 1.8V power supply for DVDD, set the LDOE pin = “L” and input
the 1.8V power to the VDD18 pin. A wait time more than 2msec is necessary to access control registers
after setting the PDN pin = “L” — “H” for power-up.

B Master Mode and Slave Mode

Master Mode and Slave Mode are selected by setting the MSN bit. [“1” = Master Mode, “0” = Slave Mode
(default)]. In Master mode, the LRCK pin and the BICK pin become output pins. In Slave mode, the
LRCK pin and the BICK pins become input pins.

Clock MSN bit Clock Pin Status Connection
Mode MCLK BICK LRCK Diagram
Master 1 In Out Out Figure 26
Slave 0 In In In Figure 27
Table 1. Clock Mode
AK5736 DSP or pP

128fs, 192fs, 256fs,
P 384fs 512fs,

<

64fs

v

1fs

A 4

v

Figure 26: Master Mode

AK5736 128fs, 192fs, 256fs, DSP or uP

384fs 512fs,

P
«

64fs

A

1fs

A

Figure 27. Slave Mode
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m System Clock
The AK5736’s system clocks (MCLK, BICK and LRCK) are configured via the CKS2-0 and FS2-0 bits.

CKS2 bit | CKS1 bit | CKSO0 bit | Master Clock Speed
0 0 0 128fs
0 0 1 192fs
0 1 0 256fs
0 1 1 384fs
1 0 0 512fs (default)
Table 2: Master Clock Setting
FS2 bit FS1 bit FSO bit Sampling Rate
0 0 0 8kHz < fs < 12kHz
0 0 1 12kHz < fs < 24kHz
0 1 0 24kHz < fs < 48kHz | (default)
0 1 1 48kHz < fs < 96kHz
1 0 0 96kHz < fs < 192kHz
Table 3. Sampling Rate Setting
LRCK MCLK (MHz)
fs 128fs 192fs 256fs 384fs 512fs
8kHz - - - - 4.096
12kHz - - - - 6.144
16kHz - - 4.096 6.144 8.192
24kHz - - 6.144 9.216 12.288
32kHz - - 8.192 12.288 16.384
44.1kHz - - 11.2896 | 16.9344 | 22.5792
48kHz - - 12.288 18.432 24.576
72kHz - - 18.432 27.648 -
96kHz - - 24.576 36.864 -
144kHz 18.432 27.648 - - -
192kHz 24.576 36.864 - - -

(-: Not available)
Table 4. System Clock Example

Apply a 512fs MCLK if the sampling frequency is 8kHz ~ 12kHz.

Relationship between MCLK and TDM mode in TDM master mode is shown in Table 5. The MCLK is
divided by 2 and output as BICK in modes marked with a white dot. In these modes, BICK duty cycle is
typically 50%. In modes described with a black dot, BICK duty cycle depends on the duty cycle of the
MCLK input. Modes described with, “-”, are not available since the clock frequency of MCKI input is
slower than BICK output.

MCLK Speed | TDM128 | TDM256 | TDM512
128fs ° = =
192fs - - -
256fs o ° =
384fs - - -
512fs o o °

(-: Not available)
Table 5. Relationship between MCKI and TDM Modes

018001042-E-03 2019/11
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m Clock Stop Detection Circuit

The AK5736 has MCLK, BICK and LRCK stop detection circuits. The MCLK stop detection circuit is
engaged when the MCLK frequency drops under 660kHz. In this case, internal circuits except for clock
detection circuits, control registers, bias generation circuit and LDO (when LDOE pin = “H”) are stopped.
BICK, LRCK stop detection circuits are engaged after 2048 MCLK cycles are received with no activity on
BICK and LRCK. In this case, internal circuits except for clock detection circuits, control registers, the
bias generation circuit, and LDO (when LDOE pin = “H”) are stopped.

m Audio Interface Formats

Eight types of audio interface formats are selectable with the DIF bit and TDM1-0 bits. In all modes the
serial data format is MSB first, 2’'s complement.

Available audio interface formats are different depending on the operation mod (Normal, Double or
Quad). Modes described as “Yes” in the table below are supported.

In TDM128 or TDM256 mode, the AK5736 supports up to 8ch outputs, (6ch AK5736 + 2ch external
device). In TDM512 mode, the AK5736 supports up to 16ch outputs (6ch AK5736 + 10ch external

device).

*SDTO1~3 data should be captured on a rising edge of BICK.

Mode | DIF | TDM1 | TDMO | BICK | Normal | Double Quad Data Format
bit | bit | i

o o] o 0 |e64fs| ves | ves Yes Ste”(alcz’s'\)"o"e (default)
1 [of o 1 |128ts| Yes | Yes Yes o d'\g(llfg)

2 [ o 1 0 |[2s6fs| ves | ves . o d“gﬁig)

3 [ o] 1 1 |s12fs| Yes . . o d'\gzgé)

a4 | 1] o o |eafs | ves Yes Yes (ﬁgeée?u';"tg%%)

5 | 1] o 1 |128fs| Yes Yes Yes (T,\ﬁ)s'vél?gs':ff‘i’;;

6 | 1| 1 0 |256fs| ves Yes i (T,\/El’s'\’éz\?ﬁs':ff‘i’;;

7 | 1 1 1 |s126s | ves - ] (TNEl’S'YE'f iis'lff?edc;

(-: Not available)
Table 6. Audio Data Interface Modes Setting
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Figure 28. Mode 0 Timing (Stereo Mode (I?S))
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128 BICK

LRCK (Master) |_
LRCK (Slave) memmm
BICK (128fs) L’Lf[]ﬂ]ﬂf[]ﬂ]ﬂf[lf[]ﬂf[]ﬂ]ﬂf[
SDTO1 (0) (] To] [fF Tl el Tol T T

i Datal | Data2 | Data3 | Data4 |
: 32 BICK : 32 BICK : 32 BICK : 32 BICK :

SDTO2 (O) 23|22| E_ 23|22| E 23|22| -|_| 23|22| -|_| i

'  Data5 | Data6 i,  Data7 ' Data 8 '

h 32 BICK 1 32BICK 32 BICK | 32 BICK

TOMI() L T B T i

' Data7 ' Data8 '! '

32 BICK 32 BICK

Figure 29 Mode 1 Timing (TDM128 Mode, I°S Compatible)

256 BICK

LRCK (Master) |_

LRCK (Slave)

BICK (256fs) —mﬂ]ﬂlﬂﬂ]ﬂmm]ﬂﬂ]ﬂmmmm ﬂﬂ]_f[]_f!_f[]_f[]_f!f
SDTO1 (0) 23|22| Tl |23|22| Tl |23|22| Tl !23|22| Tl IZHE IZHE o] o] .

' Data 1 ' Data 2 ' Data 3 ' Data 4 ' Data 5 ' Data 6 Data7 | Data8 |

: 32 BICK : 32 BICK ': 32 BICK : 32 BICK ': 32 BICK : 32 BICK :‘ 32 BICK | 32BICK 'E
SDTO2 (0) : : : ; : Y - :
TOMI() el o] [ele To] | | | | | |
' Data7 ' Data8 | ' ' ' i i '
“32BIcK . 32BICK
Figure 30. Mode 2 Timing (TDM256 Mode, 1°S Compatible)
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512 BICK '

LRCK (Master) I_
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Figure 32. Mode 4 Timing, (Stereo Mode, MSB Justified)
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Figure 33. Mode 5 Timing, (TDM128 mode, MSB justified)
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256 BICK
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Figure 34. Mode 6 Timing, (TDM256 Mode, MSB Justified)
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Figure 35. Mode 7 Timing, (TDM512 Mode (MSB Justified))
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B Synchronization with Audio System (SYNCDET)

The AK5736 has a SYNCDET circuit for phase synchronization of the data output since it is assumed that
multiple AK5736’s will be used.

When the clock frequency is changed during operation, there may be a phase mismatch between the
external LRCK and data transferring clock that has the same frequency as the internal LRCK generated
from external LRCK.

The SYNCDET circuit resets the internal counter and adjusts the phase between LRCK and FsCLK
automatically. Then the clocks for the charge pump, AXADC and SAR ADC may stop and detect errors.

Change the operation clock setting when RSTN bit = “0” and stable clock should be input while
RSTN bit = “1”.

B Cascaded Connection in TDM Mode

The AK5736 supports the connection of two cascaded devices in TDM512 mode, as shown in Figure 36.
The A/D converted data of all connected AK5736s is output from the SDTO pin of the last AK5736, via this
cascaded connection.

256fs or 512fs AK5736 #1
MCLK TDMI()ﬂ
48kHz —
LRCK A
512fs BICK SDTO10——
AK5736 #2
>0 MCLK TDMIO+—
> LReK 12ch TDM
—>OBICK sDTO1O———
TDM512

Figure 36. Cascaded Connection

018001042-E-03 2019/11
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m Digital HPF

[AK5736]

The AK5736 has a digital high-pass filter (HPF) for DC offset cancellation. The cut-off frequency of the
high-pass filter is 2.0Hz, with the maximum sampling frequency in each operation mode set by FS[2:0]

bits.

<FS[2:0] bits = “000"> When fs: 8kHz < fs < 12kHz,

Cutoff Frequency fc = 2Hz @ fs=12kHz

< FS[2:0] bits = “001"> When fs: 12kHz < fs < 24kHz,

Cutoff Frequency fc = 2Hz @ fs=24kHz

< FS[2:0] bits = “010"> When fs: 24kHz < fs < 48kHz,

Cutoff Frequency fc = 2Hz @ fs=48kHz

< FS[2:0] bits = “011"> When fs: 48kHz < fs < 96kHz,

Cutoff Frequency fc = 2Hz @ fs=96kHz

< FS[2:0] bits = “100"> When fs: 96kHz < fs < 192kHz,

Cutoff Frequency fc = 2Hz @ fs=192kHz

The cut-off frequency, (fc), is proportional to the sampling frequency, (fs), for each setting of the FS[2:0]

bits.

For example: When FS[2:0] bits = “011” and fs= 44.1kHz, the cutoff frequency “fc” = 2Hz x 44.1/48 =

1.84Hz.

W Digital Filter Setting

The AK5736 has four types of digital filters. They are selected by the SD bit and SLOW bit.

SD bit SLOW bhit Filter
0 0 Sharp Roll-off Filter
0 1 Slow Roll-off Filter
1 0 Short Delay Sharp Roll-off Filter
1 1 Short Delay Slow Roll-off Filter

018001042-E-03
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m Digital Volume

The AK5736 has a digital volume setting (168 levels, 1dB per step) that can configured independently for
each channel. The digital volume for each channel can be set via the register ATT17-10 bits (1ch),
ATT27-20 bits (2ch), ..., ATT67-60 bits (6ch), (Table 8). The value that is set while RSTN bit = “0” will be
the default value for the digital volume. The AK5736 starts operation from this default value when the
RSTN bit is set to “1”. ATT* bits (*=1~6ch) are initialized to ATT* =34H by setting the PDN pin to “L".

ATT* bits Volume

(*1~6ch)
OOH 52dB
01H 51dB
32H 2dB
33H 1dB
34H 0dB (default)
35H -1dB
36H -2dB
37H -3dB
A6H -114dB
A7H -115dB
A8H MUTE
A9H MUTE

: MUTE

FFH MUTE

Table 8. Digital Attenuation Level

Digital volume transition time is set by ATS[1:0] bits (Table 9). The volume transition set by ATT* bits
(*=1~6c¢h) is a soft transition, thus no switching noise occurs during the transition.

Mode ATS1 ATSO ATT speed
0 0 0 5376/fs (default)
1 0 1 2688/fs
2 1 0 672/fs
3 1 1 336/fs

Table 9. Transition Time between Set Values of ATT* bits (*=1~6ch)

In Mode 0, the volume transition by ATT* bits (*=1~6ch) has 5376/fs of soft transition; it takes 5376/fs
(112ms@fs=48kHz) to change the volume from 00H (+52dB) to FFH (MUTE).

018001042-E-03 2019/11
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m Power Up/Down Sequence Example

In slave mode, the device is released from reset by setting RSTN bit = “1” after MCLK, BICK and LRCK
inputs are applied, following the PDN pin = “H”. After that, power down state is released by detecting a
rising edge of LRCK following a rising edge of MCLK.

In master mode, the device is released from reset when a rising edge of MCLK is detected following
RSTN bit = “1” after setting the PDN pin = “H”. The initialization cycle begins at this point.

When the CPEN pin ="L” (charge pump enabled), data is shifted out on the SDTO pin 3324 x 1/fs (in
slave mode) or 3321 x 1/fs (in master mode) after the device is released from reset by setting RSTN bit
= “1”.

When the CPEN pin = “H” (charge pump disabled), data is shifted out on the SDTO pin 2262 x 1/fs (in
slave mode) or 2259 x 1/fs (in master mode) after the device is released from reset by setting RSTN bit
- “1!!.

During initialization, the ADC output data is “0” in 2’s complement. Output data corresponds to the
analog input content only after initialization (this takes about one group delay period).

Power

/ g
PDN pin _%.(i.)ll ° E

. Register access is valid TYP: 1.8V

VDD 18 pi
pin *—%'\ Max: 150mA load (DVDD pin)

b

RSTN bit : 3) ! :

Vi~4pin HEI] 1 ' CPVDD (typ) x 2~4
- ! : .
—p
: OH
1 ' l M
1 1 i\ H
*\ CPVDD (typ) x 5
: ' '
CPOUT pin ! T Max: 700mA load (CPVDD pin)
' '
I i re—p!
H 1 (4) 20ms H NG
1 il ' ' ] 1 '
P | ;
VREFMPpin ' H ' _— AVDD
|
1 i —
! i ! (5)35ms ! H
MPWR pin OVE E 1 1 E Normal Operation ovi
\ v
H —Max: 500mA load (HVDD pin) H '
1 ' 1 N
: : :
ADC State | Init Cycle I Normal Operation :Powe:r-down
i T
(6) 2259~3224/fs ! «—
1 ' @, Co
ADC In : : AN N
(Analog) {\/\/\/\/\/\/\/ v
' ! l { h 1
; i P t
SDTO1~3 : ' ' o
(Digital) | odata : ! ' ! “0'data
Mic diag ADC Norml Operation 3 Power-down

Clock In Don't care | I
MCLK,LRCK,BICK.

Figure 37. Power Up/Down Sequence, (LDOE pin = “H”, CPEN pin = “L”)

Don't care

(1) Setthe PDN pin =“L” — “H” after powering on all the power supplies. The PDN pin must be held at
“L” for at least 150ns before setting to “H” after all power is supplied.
(2) Internal LDO is powered up after setting the PDN = “H”, and register access will be available in 2ms.

018001042-E-03 2019/11
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©)
(4)

(5)

(6)

(7)
(8)

After LDO starts up, set RSTN bit = "1" after setting necessary registers such as for clock, audio
interface, error diagnosis function, and the output level of the MIC bias voltage settings.

The internal charge pump powers up after 20msec when the CPEN pin = “L” and fs = 48kHz.

With a 48kHz based sampling frequency, 12kHz, 24kHz, 48kHz, 96kHz, and 192kHz power up time
is 20msec. With a 32kHz based sampling frequency, 8kHz, 16kHz, 32kHz, 72kHz, and 144kHz time
becomes 30msec. When fs = 44.1kHz, time is 21.8ms.

The internal charge pump will not be powered up when the CPEN pin = “H”. This power-up time is
not necessary when not using the internal charge pump and supplying HVDD externally.

When fs = 48kHz, the MPWR pin and the VREFMP pin rise in 35ms after the internal charge pump is
powered up. With a 48kHz based sampling frequency,12kHz, 24kHz, 48kHz, 96kHz, and 192kHz
power up time is 35msec. With a 32kHz based sampling frequency, 8kHz, 16kHz, 32kHz, 72kHz
and 144kHz, this becomes 52.5msec. When fs = 44.1kHz, the time is 38.1ms.

The AK5736 outputs data and error detections become enabled after 67ms, (max. @fs=48kHz), by
setting the RSTN bit = “1” when the CPEN pin = “L”. It will be after 47ms (max. @fs=48kHz) if the
CPEN pin = “H”.

There is a Group Delay (GD) on the SDTO output from the ADC input.

All circuits are powered down by setting the PDN pin = “H” — “L”.

Note: The wait time of (7) is inversely proportional to the maximum sampling frequency, “fs”, of the

operation mode set by FS[2:0] bits. The wait time until data is output is defined as the time from the
input timing of the analog signal to the output timing of the MSB at L channel of the SDTO output.

Example: When the CPEN pin = "L" and Fs = 32 kHz, a wait time of 67 ms x (48/32) = 100.5 ms is

required. The reference wait time at 48 kHz is 67 ms. When the CPEN pin ="L" and fs = 16
kHz, a wait time of 79 ms x (24/16) = 118.5 ms is required. The reference wait time at 24 kHz

is 79 ms.
FS2 FS1 FSO fs Wait time until Output
0 0 0 8kHz < fs < 12kHz 103 ms @ 12kHz
0 0 1 12kHz < fs < 24kHz 79 ms @ 24kHz
0 1 0 24kHz < fs < 48kHz 67 ms @ 48kHz
0 1 1 48kHz < fs < 96kHz 61 ms @ 96kHz
1 0 0 98kHz < fs < 192kHz 58 ms @ 192kHz
Table 10. Wait Time until Data is Output, (CPEN pin = “L”)
FS2 FS1 FSO fs Wait time until Output
0 0 0 8kHz < fs < 12kHz 83 ms @ 12kHz
0 0 1 12kHz < fs < 24kHz 59 ms @ 24kHz
0 1 0 24kHz < fs < 48kHz 47 ms @ 48kHz
0 1 1 48kHz < fs < 96kHz 41 ms @ 96kHz
1 0 0 98kHz < fs < 192kHz 38 ms @ 192kHz
Table 11. Wait Time until Data is Output, (CPEN pin = “H")
018001042-E-03 2019/11
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m Analog Input Connection

The analog input connection method is shown in this section. The AK5736 supports line and microphone
inputs. 6 differential analog input channels are available. AC or DC connections are selectable at each
channel by setting the AC6-1 bits. Analog signals are input into the PGA via differential input pins of each
channel. The voltage difference of IN*P and IN*N pins will be the input voltage (* = 1~6). The ADC input
range is 2.0Vrms (typ.).

The Input DC operating point of the IN*P pin must be higher than the IN*N pin.

1. Microphone Inputs

The connection method for a microphone input application and the AK5736 is shown below. Please
follow the diagram of the connected ECM for the MIC bias voltage. The AK5736 is capable of supplying
5~9V, (in 0.5V steps). Voltage is supplied from the MPWR pin. In the use case of connecting multiple
microphones, you must not exceed the maximum current of the MIC Power Supply.

1-1: Electric Condenser Microphone (ECM) Differential Input (DC Connection)

Set AC6-1 bits = “0” when using a DC connection. Normally, the output signal amplitude is proportional to
MIC bias voltage with an electric capacitor microphone (ECM). When supplying 9V to the MIC bias
voltage, the 2Vrms differential signal can be output from the ECM. In this case, 1Vrms, (2.8V p-p), is input
to both the IN*P pin and the IN*N pin of the AK5736. Common voltage depends on the connected ECM
but normally it will be equivalent to “2/3 x MIC bias voltage” at the IN*P pin and “1/3 x MIC bias voltage” at
the IN*N pin.

TMPWR pin
h
. Mic
Typical Bias
ECM Module CP’
=

Figure 38. Differential Input DC Connection, (IN*P/N pins)
1-2: Dynamic MIC Differential Input, (AC Connection)

Set AC6-1 bits = “1” when using AC connection. Common voltage is 2.5V, (typ.), and generated
internally.

Dynamic
Mic

Mi
© i IN*P 3.9v

2.5V
% |
E IN"N 2.5V

1.1v

Figure 39. Differential Input AC Connection (IN*P/N pins)
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1-3: ECM Single-ended Input (DC connection)

Set AC6-1 bits = “0” when using a DC connection. With single-ended input, signal amplitude will be half of
the differential input since a signal is input to the IN*P pin. The available input signal amplitude of the
IN*P pin is 1Vrms (typ.) Common voltage depends on the connected ECM but normally it will be about

“1/2 x MIC bias voltage”.

TMPWR pin
h
. Mic
Typical Bias
ECM Module Cp’
=

Figure 40. Single-ended Input DC Connection, (IN*P/N pins)

1-4: Dynamic MIC, Single-ended Input (AC Connection)

Set AC6-1 bits = “1” when using an AC connection. Common voltage is 2.5V, (typ.) and generated
internally.

Dynamic
Mic

Figure 41. Single-ended Input AC Connection, (IN*P/N pins)

018001042-E-03 2019/11
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2. Line Input

[AK5736]

Normally the output amplitude of an automotive power amplifier is about 10 Vrms (differential), and
common voltage is about 7.2V, (assuming a BTL connection with a 14.4 V battery). In this case, the input
signal amplitude of each IN*P pin and IN*N pin is 5 Vrms, (14.14 V p-p), and common voltage is 7.2 V.
The amplitude range is from, “(7.2V + 7.07V) = +14.27V ”, to, “(7.2V = 7.07 V) = 0.13 V”. External
resistance values (R1 and R2) should be adjusted so that the input signal to IN*P pin and IN*N pin will not

exceed 2.0Vrms.

Power Amp
VBAT
Q@ 14.27V
a7 o
Ay IN*P
AMP
> W\% R2 JIN*N
7.2V R1

™

Vdif=10Vrms AC

Vem=7.2V DC

0.13V

Figure 42. Differential Input DC Connection, (IN*P/N pins)

W Full Scale Clip Function
As shown in Figure 43, the output becomes full scale when the analog input is over 0dBFS.

m «— *Full Scale

15F
i \V/ D)
if
750m§
SOOmE
250mE
v of
-250m§
-500m F
—750m§
.1?
-1.25
el B (S M S
0 2m 4am v\em 8m 10m

sec

-Full Scale

Figure 43: Output Signal with an input of 1kHz 2.3Vrms Signal (2Vrms = 0dBFS)
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B Pre Gain Amplifier (PGA) for MIC Input

[AK5736]

The AK5736 has a PGA for microphone input. Each microphone input gain can be set with the PG13-10
bits, (1ch), PG23-20 bits (2ch), ..., PG63-60 bits (6ch) in the range of 0dB, +6dB ~ +20dB, (1dB Step).
Set the PG* bits, (*=1~6¢h), so that the input voltage to the ADC block will not exceed 2.0 Vrms, (ADC

full-scale).

PG*3 PG*2 PG*1 PG*0 Input Gain
0 0 0 0 0dB
0 0 0 1 6dB
0 0 1 0 7dB
0 0 1 1 8dB
0 1 0 0 9dB
0 1 0 1 10dB
0 1 1 0 11dB
0 1 1 1 12dB
1 0 0 0 13dB
1 0 0 1 14dB
1 0 1 0 15dB
1 0 1 1 16dB
1 1 0 0 17dB
1 1 0 1 18dB
1 1 1 0 19dB
1 1 1 1 20dB

(default)

Table 12. PGA for Microphone Input Gain Setting (*channel number)

PGA Full Scale = 2Vrms
+

IN*P

ADC

0dB, 6 ~ 20dB(1dB Step)

Figure 44. Input Step Construction

018001042-E-03
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m Charge Pump

The AK5736 has an integrated charge pump. The charge pump switching frequency is dependent upon
the audio sample rate, as set by the FS[2:0] bits.

FS[2:0] Switching Freq.
000 (8k < fs < 12k) fs x 64

001 (12k = fs < 24k) fs x 32

010 (24k =< fs < 48Kk) fsx 16

011 (48k =< fs < 96Kk) fsx 8

100 (96k < fs <192k) fsx4

The internal charge pump boosts the CPVDD voltage to generate the MIC bias voltage and analog
voltage such as for a PGA, etc. Boosted voltage is output from the CPOUT pin. When using the charge
pump, set the CPEN pin = “L” (Internal Generation Mode), and connect the CPOUT pin with the HVYDD
pin. The charge pump is not powered up when setting the CPEN pin = “H” (Outside Supply Mode). In this
case, the external power supply should be connected to the HVDD pin. External capacitors should be

connected to as shown in Figure 45.

@)

ND

2.2uF 2.2uF 2.2uF 2.2uF

5 o
s

:
AK5736

Figure 45. Charge Pump Connection Diagram (CPEN pin = “L")

10uF

HvDD [ ]
cpout [ | -
va [
CKNL[ |
vz [
CKPL[ |

When the CPEN pin = “L” (Internal Generation Mode), it is recommended that the trace which connects
the CPOUT pin with the HVDD pin is close as physically possible to a 10uF capacitor.

T T

10un 10u

BIE BIE]
Q5 ok
2 35
S 3
AK5736 AK5736
Recommended Not Recommended

Figure 46. Recommended Pattern (CPEN pin = “L”)

018001042-E-03 2019/11

- 49 -



AsahiKASEI

Handling of HYDD Pin and CPOUT pin

1. Internal Charge Pump is Enabled (CPEN pin = “L”)

[AK5736]

Pin Name Action
HVDD Connect to the CPOUT pin externally.
CPOUT Connect to the HVDD pin externally.

2. Internal Charge Pump is Disabled (CPEN pin = “H”)
The CPVDD pin must be connected to the AVDD pin externally.

Pin Name Action
HVDD Connect to the HVDD pin externally.
CPOUT OPEN

018001042-E-03
-50 -
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m MIC Bias Voltage

[AK5736]

MIC bias voltage is set by the MBS][3:0] bits in a range of 5 ~ 9V (0.5V steps), and is output on the MPWR
pin. The MPWR pin should be connected to AVSS via a 1Q resistor and a 10uF ceramic capacitor. The
VREFMP pin should be connected to AVSS via a 2.2uF ceramic capacitor. (Figure 68)

MBS3-0 Bias Voltage
00H 5V
01H 5.5V
02H 6V
03H 6.5V
04H v
05H 7.5V
06H 8V
07H 8.5V
08H Vv
09H-0FH Typ 4.5kQ
pulldown
(Power down state)

(default)

Table 13. MIC Bias Voltage Setting

018001042-E-03
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W Error Detection Function

The AK5736 drives the INT pin “L” when one of the following nine error conditions is detected. The error
status registers (11H ~ 17H), which reflect the ADC input’s error status, are updated simultaneously.
Errors 1-5 are detectable only in DC connection mode. Errors 6-9 can be detected at any time. The INT
pin outputs an OR-ed signal based on the below nine interrupt events.

Error conditions can be masked by setting the appropriate mask bit (L8H~1DH). In this case, the masked
error will not be reflected at the INT pin. The INT pin should be pulled up to DVDD via a 10kQ resistor.

Table 14: Error Statuses, Error Status Registers, and Mask Registers

No. Error Status Error _Status M?Sk
Register Register
1 | OPEN: Input Open OPEN* (*1~6) | MOPEN* (*1~6)
2 | SHTD: Short between Positive and Negative Inputs SHTD* (*1~6) | MSHTD* (*1~6)
3 | SHTG: Short to Ground SHTG* (*1~6) | MSHTG* (*1~6)
4 | SHMB: Short to MIC Bias Voltage SHMB* (*1~6) | MSHMB* (*1~6)
5 | SHTV: Short to Battery SHTV* (*1~6) | MSHTV* (*1~6)
6 | OVDET: MIC Bias Overvoltage OVDET -
[11.9V (typ.), not depending on the setting of MIC bias voltage
level, (MBS3-0 hits)]
7 | OIDET: MIC Bias Overcurrent, [Threshold: 350mA (typical)] OIDET -
8 | OVCP: Charge Pump Under Voltage OvVCP -
[CPOUT Voltage = 5~7V (typical)]
9 | OVTP: Over temperature (Threshold: 160°C or more) OVTP -

Note 41. When a mask register bit is set to “0” (error condition not masked), the corresponding error
status register bit will be set to “1” when an error is detected. If the mask register bit is set to “1”
(error condition masked), the corresponding error status register bit will read as “0.”

Table 15. Detectable Error Status

No Error _ DC _Connection _ AC _Connection
' Status (Differential/Single-ended) | (Differential/Single-ended)
1 OPEN Yes N/A
2 SHTD Yes N/A
3 SHTG Yes N/A
4 SHMB Yes N/A
5 SHTV Yes N/A
6 OVDET Yes Yes
7 OIDET Yes Yes
8 OVCP Yes Yes
9 OVTP Yes Yes

N/A: Not Available

018001042-E-03 2019/11
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<Internal Circuit State at Error Detection and Error Status Release>

1. Errors 1-5

Internal circuits are not powered down when errors are detected. These error statuses can be released
by setting INTR bit = “1”, or RSTN bit ="0".

2. Errors 6-8

The behavior of internal circuits upon detection of an error condition is selected by ERRPDSEL bit (2EH).
If ERRPDSEL bit = “0”, internal circuits are not powered down when errors are detected. It is
recommended that the ERRPDSEL bit is changed during RSTN bit = “0”. These error statuses can be
cleared by setting INTR bit = “1”, or RSTN bit = “L”.

If ERRPDSEL bit = “1”, internal circuits are powered down when errors are detected. In this mode, error
status registers are not reset since control registers are not powered down. The INT pin drives “L“. These
error statuses can be cleared by setting RSTN bit = “0” or PDN pin = “L".

3. Error 9

Internal circuits are powered down when this error is detected. At this time, error status registers are not
reset since control registers are not powered down, and the INT pin outputs “L“. This error status can be
released by setting RSTN bit = “0”, or PDN pin = “L".

Table 16: State of the Internal Circuit and How to Reset Error Status

No | Error Status Internal Circuit States of Error Status | Error Release Conditions
1-5 | OPEN, SHTD, Not powered down INTR bit = “1” or RSTN bit =”0”
SHTG, SHMB, SHTV
6-8 | OVDET, OIDET, @ Case: ERRPDSEL bit = “0” @ Case: ERRPDSEL bit = “0”
OVCP Not powered down INTR bit =“1" or RSTN bit = “0”
2 Case: ERRPDSEL bit = “1” @ Case: ERRPDSEL bit = “1”
Powered down RSTN bit = “0” or PDN pin = “L”
9 OVTP Powered down RSTN bit = “0” or PDN pin = “L”

Note 42. The internal circuit includes the ADC, Error detection circuits 1-8, MIC bias voltage generator,
and charge pump.
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1. Detectable Error State

The integrated error detection circuit detects connection errors for the microphone by monitoring the DC
level of the microphone input signal. The detectable error status is described below.

1-1. Input Open

An Input Open is detected when the voltage of an IN*P pin approaches the MPWR pin level, (MIC bias
voltage), and the electrical potential of an IN*N pin approaches GND level. The error status is detected
when the voltage of an IN*P pin is within the range of MPWR % Vth and the voltage of an IN*N pin is under
Vth. The threshold voltage (Vth) can be set via register address 1FH [3:0] bits for simple detection
(SARTH bit = “0”), and is set from register address 24H [7:0] and 25H [7:4] bits for high accuracy
detection (SARTH bit = “17).

Short to MIC Bias Voltage, (1-4 SHMB), is detected If only IN*P pin is open. Short to ground, (1-3 SHTG)
is detected if only IN*N pin is open.

Error detection criteria is the readout value of MPWR (Address: 4AH and 4BH) when REFSEL bit = “0”
(Address: 08H, D1)

Fault Conditions Conditions
Positive and Negative Input Open MPWR - Vth £ IN*P £ MPWR + Vth
and
IN*N < Vth

Error detection criteria is the readout value of VBATM voltage, (Address: 48H and 49H), when the
REFSEL bit = “1”, (Address: 08H, D1).

Fault Conditions Conditions
Positive and Negative Input Open VBATM - Vth < IN*P < VBATM + Vth
and
IN*N < Vth
TMPWR pin

h
Mic

1
1
)
]
)
1
1
: Bias,
]
1
]
1
]
]
)

Typical
ECM Module

%R CP

IN*P
O

IN*N

Internal Vehicle Amp Unit

Figure 47. Positive and Negative Input OPEN
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1
E TMPWR pin
! h
) H Mic
Typical H Bias
ECM Module ! '
: % R cp
)
1
)
Mic '
ﬁ ! IN*P

.

Internal Vehicle Amp Unit

Note: Short to MIC Bias Voltage, (1-4. SHMB), is detected if only an IN*P pin is open.
Figure 48. Positive Input OPEN
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Note: Short to Ground, (1-3. SHTG), is detected if only an IN*N pin is open.
Figure 49. Negative Input OPEN
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If both resistance elements that are connected to microphone input and MPWR pin are open, the INT pin
is pulled down by internal resistance, (Typ. 1.4 MQ), and short to ground is detected.

Figure 50: Positive and Negative Input OPEN with MPWR pin Open
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1-2. SHTD: Short between Positive and Negative Inputs

The voltage of each pin will be equal to (“MIC bias voltage”/2) when the positive input pin (IN*P pin) and a
negative input pin (IN*N pin) are shorted together. The error status is detected when the voltage
difference of IN*P and IN*N pins goes below the threshold voltage (Vth) set in the register settings. The
threshold voltage can be set via register address 20H, [3:0] bits for simple detection, (SARTH bit = “0”)
and set by register address 27H, [7:0] bits and 28H, [7:4] bits for high accuracy detection (SARTH bit =
“17).

Fault Condition Condition
Short Between Positive and Negative Inputs [IN*P — IN*N| £ Vth
i T MPWR pin
' hd
X ' Mic
Typical ' Bias,
ECM Module E % R cp
Mic i ! NP

Internal Vehicle Amp Unit

Figure 51. Positive and Negative Input Shorted
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1-3. SHTG: Short to Ground

When input pins (IN*P/N pins) are shorted to ground, the voltage approaches OV. An error status is
detected if the voltage of the pin goes under the threshold voltage (Vth). The threshold voltage (Vth) can
be set via register address 21H [3:0] bits for simple detection (SARTH bit = “0”) and it is set by register
address 28H [7:0] and 29H [7:4] bits for high accuracy detection (SARTH bit = “1”).

Fault Condition Condition

Positive Input Short to Ground IN*P < Vth

T MPWR pin
h

Mic

Typical
ECM Module

Internal Vehicle Amp Unit

Figure 52. Positive Input Short to GND

Fault Condition Condition
Negative Input Short to Ground IN*N < Vth
é T MPWR pin
H hd
. H Mic
Typical ' Bias,
ECM Module i % R cp

Internal Vehicle Amp Unit

Figure 53. Negative Input Short to GND
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1-4. SHMB: Short to MIC Bias Voltage

When input pins (IN*P/N pins) are shorted to MPWR (MIC bias voltage), the input approaches the MIC
bias voltage. An error status is detected if the voltage of the pin goes higher than “MPWR — Vth”. The
threshold voltage (Vth) can be set via register address 22H [3:0] bits for simple detection (SARTH bit =
“0”), and it is set by register address 2CH [7:0] and 2DH [7:4] bits for high accuracy detection (SARTH bit
=“1").

Error detection criteria for the read value of MPWR, (Address: 4AH and 4BH), when REFSEL bit = “0”,
(Address: 08H, D1)

Fault Conditions Conditions

Short to MIC bias voltage INP/N =2 MPWR - Vth

Error detection criteria for the readout value of VBATM voltage, (Address: 48H and 49H), when REFSEL
bit = “1” (Address: 08H, D1).

Fault Conditions Conditions
Short to MIC bias voltage IN*P/N = VBATM - Vth
: T MPWR pin
H hd
Typical H Mic
ical 1 Bias,
ECM Module |
:% R cP
Mie ﬁ E IN*P

Internal Vehicle

Amp Unit

Figure 54. Short to Mic Bias Voltage
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1-5. SHTB: Short to Battery

When the input pins (IN*P/N pins) are shorted to the battery, their voltage approaches the battery voltage.
An error status is detected if the voltage at the pin becomes higher than “MPWR + Vth”. The threshold
voltage (Vth) can be set via register address 23H [3:0] bits for simple detection (SARTH bit = “0”) and set
via register address 2AH [7:0] and 2BH [7:4] bits for high accuracy detection (SARTH bit = “1”). If a short
with a battery is expected, insert protection resistors between the signal input terminals and INXP / N pins
to avoid electrical stress on the device. (Refer to Table 19)

Mic Bias —

I
=

Riim

Figure 55. External Protection Circuit for Battery Short

Error detection criteria for the read value of MPWR voltage, (Address: 4AH and 4BH), when REFSEL bit
=“1” (Address: 08H, D1)

Fault Conditions Conditions

Short to Battery INP/N 2 MPWR + Vth

Error detection criteria for the read value of VBATM voltage, (Address: 48H and 49H), when REFSEL bit
=“1” (Address: 08H, D1)

Fault Conditions Conditions

Short to Battery IN*P/N = VBATM + Vth

T MPWR pin
h

Mic

Typical
ECM Module

Internal Vehicle Amp Unit

Figure 56. Short to Battery
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2. Error Detection Settings

There are two ways to set the threshold voltage (Vth) for error detection. When SARTH bit = “0”, nine
threshold voltage settings (Table 17) are available by setting TOP3-0, TSD3-0, TSG3-0, TSB3-0 and
TSV3-0 bits. When the SARTH bit = “1”, threshold Voltage can be set with a 12-bit straight binary code
with full scale of AVDD for high accuracy error detection.

2-1. Threshold Voltage Setting

Simple Error Detection with Nine Threshold Steps (SARTH bit = “0”)

Threshold voltage, (Vth), for error detection can be set from the TOP3-0, TSD3-0, TSG3-0, TSB3-0 and
TSV3-0 bits. Input signals to the IN*P pin and IN*N pin will be attenuated by 0.3 times the internal
resistance and input to the ADC. Therefore, the threshold voltage at SAR ADC input ranges from,
“100mV x 0.3 = (30mV)” to “900mV x 0.3 = (270mV)”".

bit3-0 | Threshold Voltage
00H 100mV
01H 200mV
02H 300mV (default)
03H 400mV
04H 500mV
05H 600mV
06H 700mV
07H 800mV
08H 900mVv
09H-0FH (Reserved)

Table 17. Error Monitor Threshold Setting

High Accuracy Setting via 12-bit Code (SARTH bit = “1)

The threshold voltage in the high accuracy mode can be set from a 12-bit straight binary code, (Address:
24H-2DH), which the full scale is AVDD. When AVDD = 3.3V, the minimum value of the threshold voltage
is 3.3V/4095 = 0.81mV. Vth becomes “n/4095x 3.3V". “n” is the set value in 24H-2DH.

e.g.) When THOP12-1 bits is, “000000000011”, Vth = 3/4095 x 3.3 = 2.43mV.

2-2. Continuous Error Detection Setting

To prevent false triggering of a fault event, continuous detection times to distinguish the error status can
be set. The AK5736 detects error status when detecting an error for the number of times set by INT1-0
bits, and outputs the status to Error Monitor Registers (11-17H) and (30-4BH). In this case, the INT pin
drives “L”".

INT1 bit INTO bit Error Detection Number
0 0 Error determination is made by 1 times Detection | (default)
0 1 Error determination is made by 5 times Detection
1 * Error determination is made by 10 times Detection

(*: Don’t care)
Table 18. Number of Times for Continuous Error Detection
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3. Error Detection Sequence

RSTN bit f (S)L_T

|N*P, IN*N pinS | Normal | Fault | Normal |

veg see [ [T L L LS

@

Status registers ] @
0x11 to 0x17 ©)

INT pin l

o M \) gl
/

Read Register Read Register
1 write “1”
A

4

INTR bit

Figure 57. Error Detection Timing

Notes:

(1) The AK5736 executes error detection on 1ch - 14ch, (VBATM, MPWR, IN1P, ININ, IN2P, IN2N « *
* IN6P, IN6N) in this order. The detection cycle of the error detection circuit, “T (ch—2ch—...—
14ch—1ch)” depends on the sampling frequency (fs).

fs: 8kHz < fs < 48kHz, T = 23x1/fs[sec]
fs: 48kHz < fs < 96kHz, T = 45x1/fs[sec]
fs: 96kHz < fs < 192kHz, T = 89x1/fs[sec]

(2) The error status register becomes “1” when input pin, MIC bias, charge pump, or over temperature
errors are detected. Once the error status register becomes “1”, it holds that status until it is reset
by the INTR bit = “1”. In this case, the internal ADC is not reset by INTR bit = “1”.

(3) An OR-ed result is output to the INT pin when error detection is executed on analog input 1ch -
14ch. Detection result can be masked via MSHTV*, MSHTG*, MSHMB*, MSHTD*, and MOPEN* (*:
1-6) bits, (Address = OC - OFH), and masked error conditions will not reflect to the error status
registers.

(4) Status of the INT pin and error status registers are reset by setting INTR bit = “1” except when MIC
bias overvoltage, MIC bias overcurrent, Charge pump under voltage, or over temperature error is
detected. When writing, “1” to the INTR bit or setting RSTN bit = “0”, the INTR bit automatically will
return to, “0” within one cycle of error detection (1).

When ERRPDSEL bit = “0”, errors except for over temperature can be reset by setting INTR bit =
“1”. Over temperature error can be reset by setting RSTN bit = “0”.

When ERRPDSEL bit = “1”, MIC bias overvoltage, MIC bias overcurrent, Charge pump under
voltage, or over temperature error states can be reset by setting RSTN bit = “0”.

(5) In the case the internal circuit is powered down, (Table 16), reset the AK5736 by setting RSTN bit =
“0” or the PDN pin = “L".
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W Register Control Interface

By using the SPI pin, it is possible to switch the operation mode between, “4-wire serial control mode,
(SPI pin ="H’)”, and, “I12C Bus control mode, (SPI pin = ‘L’)”. The SPI pin state must not be changed while
the AK5736 is in operation.
(1) 4-wire Serial Control Mode, (SPI pin = “H”)
The internal registers may be either written or read from the 4-wire uP interface pins: CSN, CCLK, CDTI
& CDTO. The data consists of Chip address, (1bit, C1 is fixed to “1”), Read/Write (1bit), Register address
(MSB first, 7bits) and Control data (MSB first, 7bits). Address and data is clocked in on the rising edge of
CCLK and data is clocked out on the falling edge. For write operations, data is written on a rising edge of
CSN after the 16th rising edge of CCLK counting from a falling edge of CSN. For read operations, the
CDTO output goes to high impedance state after a low-to-high transition of CSN. The maximum speed of
CCLK is 5BMHz. Setting the PDN pin= “L” resets the registers to their default values.
Data will not be written with a format other than 16 times CCLK while CSN is, “L”, such as 15 times CCLK
or 17 times CCLK.
For read operations, data will be output after a rising edge of CSN if CCLK is not transitioned 16 times
while CSN is “L”. The AK5736 outputs data until D1, (Figure 58), if the CCLK cycle is finished in 15 times
and CSN rises.

CSN .

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

co Uy

WRITE _CDT| %RNV A6 | A5 | A4|A3|A2|AL|A0|D7|D6|D5|D4|D3|D2|D1 DO%
CDTO Hi-Z
menn | O Tl re [ as s (e e[ m w0 i
_CDTO Hi-Z [T o6 05| 04| 03] 02|01 | D0 -HEZ—
R/W: READ/WRITE (0: READ, 1: WRITE)
A6-A0: Register Address
D7-D0: Control Data
Figure 58. 4-wire Serial Control I/F Timing
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(2). 1°C Bus Control Mode (SPI pin = “L”")
The AK5736 supports the fast-mode I12C bus, (max: 400kHz).

(2)-1. WRITE Operation

Figure 59 shows the data transfer sequence for the 12C-bus mode. All commands are preceded by a
START condition. A HIGH to LOW transition on the SDA line while SCL is HIGH indicates a START
condition, (Figure 65). After the START condition, a slave address is sent. This address is 7 bits long
followed by the eighth bit that is a data direction bit (R/W). The most significant five bits of the slave
address are fixed as “00100”. The next bits are CAD1 and CADO, (device address bits). These bits
identify the specific device on the bus. The hard-wired input pins, (CAD1/0 pins), set these device
address bits, (Figure 60). If the slave address matches that of the AK5736, the AK5736 generates an
acknowledge and the operation is executed. The master must generate the acknowledge-related clock
pulse and release the SDA line, (HIGH), during the acknowledge clock pulse, (Figure 66). R/W bit = “1”
indicates that the read operation is to be executed. “0” indicates that the write operation is to be executed.

The second byte consists of the control register address of the AK5736. The format is MSB first, and
those most significant 1-bit is fixed to zero, (Figure 61). The data after the second byte contains control
data. The format is MSB first, 8bits, (Figure 62). The AK5736 generates an acknowledge after each byte
is received. Data transfer is always terminated by a STOP condition generated by the master. A LOW to
HIGH transition on the SDA line while SCL is HIGH defines a STOP condition, (Figure 65).

The AK5736 can perform more than one byte write operation per sequence. After receipt of the third byte
the AK5736 generates an acknowledge and awaits the next data. The master can transmit more than
one byte instead of terminating the write cycle after the first data byte is transferred. After receiving each
data packet, the internal 6-bit address counter is incremented by one, and the next data is automatically
taken into the next address. If the address exceeds, “4BH”, prior to generating a stop condition, the
address counter will, “roll over”, to, “O0H” and the previous data will be overwritten.

The data on the SDA line must remain stable during the HIGH period of the clock. The HIGH or LOW
state of the data line can only be changed when the clock signal on the SCL line is LOW, (Figure 67),
except for the START and STOP conditions.

s
T S
A R/W="0" (T)
R b
2 g p
Slave Sub /
SDA |s Address Address(n) Data(n) Data(n+1) ? Data(n+x) P
A A A A A A
c c c c ﬁ c c
K K K K K K
Figure 59: Data Transfer Sequence at the I°C Bus Mode
0 0 1 0 0 CAD1 | CADO R/W
(CAD bits are set by the CAD pins)
Figure 60: The First Byte
0 A6 A5 Ad A3 A2 Al A0
Figure 61. The Second Byte
D7 D6 D5 D4 D3 D2 D1 DO
Figure 62. Byte Structure after the Second Byte
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(2)-2. READ Operation

Set the R/W bit = “1” for the READ operation of the AK5736. After transmission of data, the master can
read the next address’ data by generating an acknowledge instead of terminating the write cycle after the
receipt of the first data word. After receiving each data packet, the internal 6-bit address counter is
incremented by one, and the next data is automatically taken into the next address. If the address
exceeds, “4BH”, prior to generating a stop condition, the address counter will “roll over” to “00H” and the
data of O0H will be read out.

The AK5736 supports two basic read operations: Current Address Read and Random Address Read.

(2)-2-1. Current Address Read

The AK5736 contains an internal address counter that maintains the address of the last word accessed,
incremented by one. Therefore, if the last access, (either a read or write), was to address, “n”, the next
CURRENT READ operation would access data from the address, “n+1”. After receipt of the slave
address with R/W bit “1”, the AK5736 generates an acknowledge, transmits 1-byte of data to the address
set by the internal address counter and increments the internal address counter by 1. If the master does
not generate an acknowledge but generates a stop condition instead, the AK5736 ceases transmission.

S
T S
A RIW="1" T
R # o
T P
SDA |s Slave Data(n) Data(n+1) Data(n+2) Data(n+x) P
Address ;;
A M A M A MA  MA MN
c é c é c é Cc = é c é A
K = K T K T K T K T C
E E E E e K
R R R R R

Figure 63. Current Address Read

(2)-2-2. Random Address Read

The random read operation allows the master to access any memory location at random. Prior to issuing
a slave address with the R/W bit =“1”, the master must execute a “dummy” write operation first. The
master issues a start request, a slave address, (R/W bit = “0”), and then the register address to read.
After the register address is acknowledged, the master immediately reissues the start request and the
slave address with the R/W bit =“1”. The AK5736 then generates an acknowledge, 1 byte of data and
increments the internal address counter by 1. If the master does not generate an acknowledge but
generates a stop condition instead, the AK5736 ceases transmission.

40> W0n
2
1,

Q
>0
2
1,
iy

~0O>rZ2
o TO-Hwm

%/
SDA | |adaress| | | addressy | |5 |adoress paia) | | Data(re) % Data(n)
A A A M A M A %/ M A M
c c c Ac Ac? Ac A
K K K SK IKIK 3
E E E E
R R R R
Figure 64. Random Address Read
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SCL

IS

start condition

Figure 65: START and STOP Conditions

DATA N\ T
OUTPUTBY 1 \ |
TRANSMITTER | \!

' not acknowledge \
DATA T T
OUTPUT BY : i
RECEIVER b
E i acknowledge
SCL FROM
MASTER 8 9
clock pulse for
START acknowledgement
CONDITION
Figure 66. Acknowledge on the I°C-Bus
> / i 5 >< i \
' data line ' change '
stable; of data
data valid allowed
Figure 67. Bit Transfer on the I°C Bus
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B Register Map

Addr Register Name D7 D6 D5 D4 D3 D2 D1 DO R/W | def
00H Mic. PGA1 0 0 STD1 0 PG13 PG12 PG11 PG10 R/W | 00
01H Mic. PGA2 0 0 STD2 0 PG23 PG22 PG21 PG20 R/W | 00
02H Mic. PGA3 0 0 STD3 0 PG33 PG32 PG31 PG30 R/W | 00
03H Mic. PGA4 0 0 STD4 0 PG43 PG42 PG41 PG40 R/W | 00
04H Mic. PGA5 0 0 STD5 0 PG53 PG52 PG51 PG50 R/W | 00
05H Mic. PGA6 0 0 STD6 0 PG63 PG62 PG61 PG60 R/W | 00
06H | General Setting 1 SLOW SD ATS1 ATSO DIF TDM1 TDMO RSTN R/W | 00
07H | General Setting 2 0 FS2 FS1 FSO CKS2 CKS1 CKSO0 SARTH R/W | 28
08H | General Setting 3 MBS3 MBS2 | MBS1 MBSO 0 0 REFSEL ATT_VB R/W | 00
09H Master Slave 0 MSN 0 0 0 0 0 0 R/W | 00
OAH SAR ERR RST 0 0 0 0 0 0 0 INTR R/W | 00
0BH V'IBJ\IB %é %ig[i:f:i)l ATT17 ATT16 | ATT15 ATT14 ATT13 ATT12 ATT11 ATT10 RIW | 34
O0CH Vﬁ:a %29 I(D:igri]tﬁlol ATT27 ATT26 | ATT25 ATT24 ATT23 ATT22 ATT21 ATT20 RIW | 34
ODH VﬁIILDJ &i l(D:i(g)]ri&’::IOI ATT37 ATT36 | ATT35 ATT34 ATT33 ATT32 ATT31 ATT30 RW | 34
OEH V'(OJ\IB %(13 %igti*:ﬁlol ATT47 ATT46 | ATT45 ATT44 ATT43 ATT42 ATT41 ATT40 RW | 34
OFH V'IBJ\IB %56 %ig[i:f:i)l ATT57 AT56 | ATTS55 ATT54 ATT53 ATT52 ATTS51 ATT50 RIW | 34
10H Vﬁ:a ﬁi I(D:igriff:lc)l ATT67 ATT66 | ATT65 ATT64 ATT63 ATT62 ATT61 ATT60 RIW | 34
11H | Monitor Summary 0 0 ADC6 ADC5 ADC4 ADC3 ADC2 ADC1 R 00
12H Monitor ADC1 0 OVDET | OIDET SHTV1 SHMB1 SHTG1 SHTD1 OPEN1 R 00
13H Monitor ADC2 0 OVTP | OVCP SHTV2 SHMB2 SHTG2 SHTD2 OPEN2 R 00
14H Monitor ADC3 0 0 0 SHTV3 SHMB3 SHTG3 SHTD3 OPEN3 R 00
15H Monitor ADC4 0 0 0 SHTV4 SHMB4 SHTG4 SHTD4 OPEN4 R 00
16H Monitor ADC5 0 0 0 SHTV5 SHMB5 SHTG5 SHTD5 OPEN5 R 00
17H Monitor ADC6 0 0 0 SHTV6 SHMB6 SHTG6 SHTD6 OPENG6 R 00
18H Mask ADC1 DETST INT[1] INT[O] | MSHTV1 | MSHMB1 | MSHTG1 | MSHTD1 | MOPEN1 | R/W | 00
19H Mask ADC2 0 0 0 MSHTV2 | MSHMB2 | MSHTG2 | MSHTD2 | MOPEN2 | R/W | 00
1AH Mask ADC3 0 0 0 MSHTV3 | MSHMB3 | MSHTG3 | MSHTD3 | MOPEN3 | R/W | 00
1BH Mask ADC4 0 0 0 MSHTV4 | MSHMB4 | MSHTG4 | MSHTD4 | MOPEN4 | R/W | 00
1CH Mask ADC5 0 0 0 MSHTV5 | MSHMB5 | MSHTG5 | MSHTD5 | MOPEN5 | R/W | 00
1DH Mask ADC6 0 0 0 MSHTV6 | MSHMB6 | MSHTG6 | MSHTD6 | MOPEN6 | R/W | 00
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Addr Register Name D7 D6 D5 D4 D3 D2 D1 DO R/W | def
1EH | Input Mode Select 0 0 AC6 | AC5 | Ac4 AC3 AC2 | ACl |RrRw | 00
1FH | SAR ThrgéhEo,\'ld setting 0 0 0 0 ToP[3 | ToP[2] | ToPpy | Top] | RW | 02
20H | SAR Thrseﬂ%d setting 0 0 0 0 TSD[3] | TSD[2] | TSD[1] | TSD[o] | RW | 02
210 | SAR Thrgﬂ%d setting 0 0 0 0 TSG[3] | TSG[2] | TSG[] | TSG[o] | RW | 02
2oH | SAR Thrsef'r,\‘/loéd setting 0 0 0 0 TsB[3] | TsB2l | TsB[Y | TsBO] | RW | 02
a3n | SARThEshold setting 0 0 0 0 | Tsv[a] | Tsviz] | Tsvi] | Tsvio] | RW | 02

SAR OPEN Threshold THOP_ | THOP | THOP_ | THOP_ | THOP_ | THOP_ | THOP_
24H High byte THOP_12 | "y 10 09 08 07 06 05 | RW |06
SAR OPEN Threshold THOP_ | THOP | THOP_
25H Lo b THoP_04 | THO) s o 0 0 0 o |rRw]| Fo
SAR P/N SHORT THSD_ | THSD_ | THSD_ | THSD_ | THSD_ | THSD_ | THSD_
26H | Tpreshold High byte | THSP-12 | 'qg 10 09 08 07 06 05 | RW | 06
SAR P/N SHORT THSD_ | THSD_ | THSD_
27H Threshold Low byte THSD_04 03 02 01 0 0 0 0 RIW | FO
SAR GND SHORT THSG_ | THSG | THSG_ | THSG_ | THSG_ | THSG_ | THSG
28H | Threshold Highbyte | THSC12 | 1y 10 09 08 07 06 o5 | RW | 06
SAR GND SHORT THSG_ | THSG | THSG_
29H | Threshold Lowbyte | 'HSC04 | o3 02 01 0 0 0 0 | RW]FO
SAR VBAT SHORT THSV_ | THSV_ | THSV_ | THSV_ | THSV 0 | THSV_ | THSV_
2AH | Threshold High byte | THSV-12 1 10 09 08 7 06 05 | RW | 06
SAR VBAT SHORT THSV_ | THSV_ | THSV_
2BH Threshold Low byte THSV_04 03 02 01 0 0 0 0 RIW | FO
SAR VBIAS SHORT THSM_ | THSM | THSM_ | THSM_ | THSM_ | THSM_ | THSM
2CH | Threshold High byte | "HSM12 | gy 10 09 08 07 06 o5 | RW | 06
SAR VBIAS SHORT THSM_ | THSM | THSM_
2DH | Threshold Lowbyte | THSM.04 | "3 02 01 0 0 0 0 | RW]FO
2EH Error State Select ERRPDSEL 0 0 0 0 0 0 0 R/W | 00
2FH Reserved 0 0 0 0 0 0 0 0 R/W | 00
30H | SARINL+Highbyte | ALP12 | ALP11 | ALP10 | ALPO9 | ALPO8 | A1PO7 | A1PO6 | A1PO5 | R | 00
31H | SARIN1+ Low byte ALPO4 | ALPO3 | ALPO2 | ALPO1 0 0 0 0 R | 00
32H | SARINL- High byte AIN12 | AINIL | AINIO | AINO9 | AINO8 | AINO7 | AINO6 | AINO5 | R | 00
33H | SAR IN1- Low byte AINO4 | AINO3 | AINO2 | AINOL 0 0 0 0 R | 00
34H | SARIN2+Highbyte | A2P12 | A2P11 | A2P10 | A2P09 | A2P08 | A2PO7 | A2PO6 | A2P05 | R | 00
35H | SAR IN2+ Low byte A2P04 | A2P03 | A2P02 | A2PO1 0 0 0 0 R | 00
36H | SAR IN2- High byte A2N12 | A2N11 | A2N10 | A2NO9 | A2NO8 | A2NO7 | A2NO6 | A2NO5 | R | 00
37H | SAR IN2- Low byte A2NO4 | A2NO3 | A2NO2 | A2NOL 0 0 0 0 R | 00
38H | SARIN3+Highbyte | A3P12 | A3P11 | A3P10 | A3P09 | A3P08 | A3PO7 | A3PO6 | A3P05 | R | 00
30H | SAR IN3+ Low byte A3P04 | A3P03 | A3P02 | A3PO1 0 0 0 0 R | 00
3AH | SAR IN3- High byte A3N12 IN11 | A3N10 | A3NO9 | A3NO8 | A3NO7 | A3NO6 | A3NO5 | R | 00
3BH | SARIN3-Low byte A3NO4 | A3NO3 | A3NO2 | A3NOL 0 0 0 0 R | 00
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Addr Register Name D7 D6 D5 D4 D3 D2 D1 DO R/W | def
3CH | SAR IN4+ High byte | A4P12 A4P11 A4P10 A4P09 | A4P08 | A4PO7 | A4P06 | A4PO5 R | 00
3DH | SAR IN4+ Low byte | A4P04 A4P03 A4P02 A4P01 0 0 0 0 R | 00
3EH | SARIN4- High byte | A4N12 A4N11 A4N10 | A4NO9 | A4NO8 | A4NO7 | A4NO6 | A4NOS R | 00
3FH | SARIN4-Lowbyte | A4NO4 A4NO3 A4NO2 | A4NO1 0 0 0 0 R | 00
40H | SAR IN5+ High byte | A5P12 A5P11 A5P10 A5P09 | A5P08 | AS5P07 | AS5P06 | AS5P05 R | 00
41H | SARIN5+ Low byte | A5P04 A5P03 A5P02 A5P01 0 0 0 0 R | 00
42H | SARIN5- High byte | A5N12 A5N11 A5N10 | AS5NO9 | AS5NO8 | ASNO7 | ASNO6 | ASNOS R | 00
43H | SARINS- Lowbyte | AS5NO4 A5NO3 A5NO2 | A5NO1 0 0 0 0 R | 00
44H | SAR IN6+ High byte | A6P12 A6P11 ABP10 A6P09 | ABP08 | A6PO7 | A6P06 | A6PO5 R | 00
45H | SARIN6+ Low byte | ABP04 A6PO3 ABP02 A6P01 0 0 0 0 R | 00
46H | SAR IN6- High byte | A6N12 ABN11 A6N10 | AGNO9 | AGNO8 | ABNO7 | ABNO6 | ABNOS R | 00
47H | SARIN6- Lowbyte | AGNO4 ABNO3 AB6NO2 | ABNO1 0 0 0 0 R | 00
agH | SAR \@g High VBAT12 | VBAT1l | VBAT10 | VBATO09 | VBATO8 | VBATO7 | VBATO06 | VBATO5 | R | 00
a9H | AR \SQT LoW | \BATO4 | VBATO3 | VBATO2 | VBATOL 0 0 0 0 R | 00
aaH | SAR V&Aes High | \BlAs12 | VBAIS1L | VBIAS10 | VBIAS09 | VBIASO8 | VBIASO7 | VBIASO6 | VBIASOS | R | 00
aH | SAR Vb'i,'tAeS Low | vBlAS04 | VBIASO3 | VBIASO2 | VBIASOL 0 0 0 0 R | 00
5AH Test 0 0 0 0 0 0 0 0 R/W | 00
5BH Test 0 0 0 0 0 0 0 0 R/W | 00
5CH Test 0 0 0 0 0 0 0 0 R/W | 00
5DH Test 0 0 0 0 0 0 0 0 R/W | 00
5EH | Power down control | PDMP_N 1 1 1 1 1 1 1 R/W | FF
5FH Test 1 1 1 1 1 1 1 1 RW | FF
Note: - Do not write to the registers called “Test” or to any addresses beyond “5FH”. Leave them at the

default setting. Malfunctions may occur by writing “0” to these bits.

= Auto increment function is functional until the address 4BH, so the address counter will be set to

“O0H” after accessing “4BH”. Therefore, the address “SEH” must be accessed explicitly.

- Bits indicated as 0 in each address must contain a “0” value. Malfunctions may occur by writing,

“1”, to those bits. Bits indicated as 1 in each address must contain a, “1”, value. Malfunctions
May occur by writing, “0”, to those bits.

* When the PDN pin is pulled “L” all registers are initialized to their default values.
* When RSTN bit is set to “0” the internal timing is reset, but registers are not initialized to their

default values.
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B Register Definitions

Addr |Register Name D7 D6 D5 D4 D3 D2 D1 DO
O00H Mic. PGA1 0 0 STD1 0 PG13 PG12 PG11 PG10
01H Mic. PGA2 0 0 STD2 0 PG23 PG22 PG21 PG20
02H Mic. PGA3 0 0 STD3 0 PG33 PG32 PG31 PG30
03H Mic. PGA4 0 0 STD4 0 PG43 PG42 PG41 PG40
04H Mic. PGA5 0 0 STD5 0 PG53 PG52 PG51 PG50
05H Mic. PGA6 0 0 STD6 0 PG63 PG62 PG61 PG60
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Default 0 0 0 0 0 0 0 0

STD*: Input Select (single—ended or differential)
0: Differential (default)
1: Single—ended

PGA*3-*0: Microphone Pre-Gain Amplifier Gain Setting, (Table 12)
Default value is “0000” (0dB).

Addr |Register Name D7 D6 D5 D4 D3 D2 D1 DO
06H General Setting 1 SLOW SD ATS1 ATSO DIF TDM1 TDMO RSTN
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Default 0 0 0 0 0 0 0 0

SLOW: Slow Roll-off Filter Enable (Table 7)
0: Sharp roll-off filter (default)
1: Slow roll-off filter

SD: Short delay Filter Enable (Table 7)
0: Sharp roll-off filter (default)
1. Short delay filter

ATS1-0: ADC Digital attenuator transition time setting (Table 9)
Default value is “00”.

DIF: Audio Data Interface Modes (Table 6)
0: IS (default)
1. Left Justified

TDM: TDM Mode Select (Table 6)
00: Normal mode (default)
01: TDM128 mode
10: TDM256 mode
11: TDM512 mode

RSTN: Internal Timing Reset
0: Reset (default)
Internal clock timings are reset, but all other registers are not reset to their default value and
R/W access is still allowed.
1. Normal Operation
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Addr |Register Name D7 D6 D5 D4 D3 D2 D1 DO
07H General Setting 2 0 FS2 FS1 FSO CKS2 CKS1 CKSO | SARTH

R/W R/W R/W R/W R/W R/W R/W R/W R/W
Default 0 0 1 0 1 0 0
SARTH: SAR Error check mode select
0: Simple check mode (4bit code) (default)
1. Highly precise check (12bit code)
CKS[2:0]: Master Clock setting (Table 2)
Default value is “00” (512fs).
FS[2:0]: Master Clock setting (Table 3)
Default value is “010” (24kHz < fs < 48kHz).
Addr |Register Name D7 D6 D5 D4 D3 D2 D1 DO
08H General Setting 3| MBS3 MBS2 MBS1 MBSO 0 0 REFSEL | ATT VB
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Default 0 0 0 0 0 0 0 0
ATT_VB: VBATM pin Attenuation (Note 22)
0: 10% Attenuation (default)
1: 30% Attenuation

REFSEL: Criteria Setting
0: Using MIC bhias voltage for OPEN*, SHMB*, SHTV* error detection (default)

Error Name | Fault Conditions Conditions

OPEN* Positive and Negative Input Open | MPWR - Vth < IN*P < MPWR + Vth

and
IN*N < Vth

SHMB* Short to MIC Bias Voltage IN*P/N =2 MPWR - Vth

SHTV* Short to Battery IN*P/N =2 MPWR + Vth
1. Using VBATM for OPEN*, SHMB*, SHTV* error detection

Error Name | Fault Conditions Conditions

OPEN* Positive and Negative Input Open | VBATM - Vth < IN*P < VBATM + Vth

and
IN*N < Vth

SHMB* Short to MIC Bias Voltage IN*P/N = VBATM - Vth

SHTV* Short to Battery IN*P/N = VBATM + Vth

MBS[3:0]: MIC Bias Voltage Setting (Table 13)

Default value is “0000” (5V).
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Addr |Register Name D7 D6 D5 D4 D3 D2 D1 DO
09H Master Slave 0 MSN 0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W R/W R/W R/W
Default 0 0 0 0 0 0 0 0
MSN: Master & Slave Mode Select (Table 1)
0: Slave Mode (default)
1: Master Mode
Addr |Register Name D7 D6 D5 D4 D3 D2 D1 DO
0AH SAR ERR RST 0 0 0 0 0 0 0 INTR
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Default 0 0 0 0 0 0 0 0
INTR: INT pin Reset
0: Normal Operation (default)
1: Reset
Error Monitor Registers (11-17H) and (30-4BH) are initialized.
Addr |Register Name D7 D6 D5 D4 D3 D2 D1 DO
0BH ADC1Digital 1 \r117 | ATT16 | ATTI5 | ATT14 | ATTI3 | ATTI2 | ATT11 | ATTIO
Volume Control
ADC2 Digital
OCH Volume Control ATT27 | ATT26 | ATT25 | ATT24 | ATT23 | ATT22 | ATT21 | ATT20
ODH ADC3 Digital | \r137 | ATT36 | ATT35 | ATT34 | ATT33 | ATT32 | ATT31 | ATT30
Volume Control
OEH ADC4 Digital ATTA47 | ATT46 | ATT45 | ATT44 | ATT43 | ATT42 | ATT41 i ATT40
Volume Control
OFH ADCS Digital ATT57 | ATT56 | ATT55 | ATT54 | ATT53 | ATT52 | ATT51 { ATT50
Volume Control
10H ADCG Digital ATT67 | ATT66 | ATT65 | ATT64 | ATT63 | ATT62 | ATT61 | ATT60
Volume Control
RIW R/W RIW R/W RW RW R/W RW RIW
Default 0 0 1 1 0 1 0 0
ATT[*7:0]: MIC Bias Voltage Setting (Table 8)
Default value is “00110100” (0dB).
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Addr |Register Name D7 D6 D5 D4 D3 D2 D1 DO
11H Monitor ADC6 ADC5 ADC4 ADC3 ADC2 ADC1

Summary
RW R R R R R R R R
Default 0 0 0 0 0 0 0 0
Error Monitor for each ADC
0: No error detected. (default)
1: Error detected.
Addr |Register Name D7 D6 D5 D4 D3 D2 D1 DO
12H |Monitor ADC1 0 OVDET OIDET SHTV1 | SHMB1 { SHTG1 | SHTD1 | OPEN1
13H |Monitor ADC2 0 OVTP OVCP SHTV2 | SHMB2 | SHTG2 | SHTD2 { OPEN2
14H |Monitor ADC3 0 0 0 SHTV3 | SHMB3 | SHTG3 | SHTD3 | OPEN3
15H |Monitor ADC4 0 0 0 SHTV4 | SHMB4 | SHTG4 | SHTD4 | OPEN4
16H |Monitor ADC5 0 0 0 SHTV5 | SHMB5 | SHTG5 | SHTD5 | OPEN5
17H |Monitor ADC6 0 0 0 SHTV6 | SHMB6 | SHTG6 | SHTD6 | OPENG6
R/W R R R R R R R R
Default 0 0 0 0 0 0 0 0
Error Status Monitor
0: No error detected (default)
1: Error detected.
018001042-E-03 2019/11

-72-




AsahiKASEI [AK5736]
Addr |Register Name D7 D6 D5 D4 D3 D2 D1 DO
18H |Mask ADC1 DETST | INT[1] INT[O] | MSHTV1 | MSHMB1 { MSHTG1 | MSHTD1 { MOPEN1
19H |Mask ADC2 0 0 0 MSHTV2 i MSHMB2 | MSHTG2 { MSHTD2 | MOPEN2
1AH |Mask ADC3 0 0 0 MSHTV3 | MSHMB3 | MSHTG3 { MSHTD3 | MOPEN3
1BH |Mask ADC4 0 0 0 MSHTV4 | MSHMB4 | MSHTG4 { MSHTD4 | MOPEN4
1CH [Mask ADC5 0 0 0 MSHTV5 { MSHMB5 { MSHTG5 | MSHTD5 { MOPEN5
1DH [Mask ADC6 0 0 0 MSHTV6 | MSHMB6 | MSHTG6 | MSHTD6 | MOPEN46

RW R/W R/W R/W R/W R/W R/W R/W R/W
Default 0 0 0 0 0 0 0 0

MSH*, MOPEN*: Error Monitor Mask
0: No mask (default)

1: Mask error

INT[1:0]: Number of Times for Continuous Error Detection (Table 18)

DETST: Operation Setting of Error Detection Circuit

0: Error detection circuit and SAR ADC keep operation after detecting error. (default)
1. Error detection circuit and SAR ADC stop operation after detecting error.

Addr |Register Name D7 D6 D5 D4 D3 D2 D1 DO
1EH |Input Mode Select 0 0 AC6 AC5 AC4 AC3 AC2 AC1
RIW R/W R/W R/W R/W R/W R/W R/W R/W
Default 0 0 0 0 0 0 0 0
AC*: Analog Input Mode (AC or DC Connection) Select
0: DC Connection Mode (default)
1: AC Connection Mode
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Addr |Register Name D7 D6 D5 D4 D3 D2 D1 DO
1FH S;Ae';iggggl‘;,\'ld 0 0 0 0 TOP[3] | TOP[2] | TOP[1] | TOP[0]
20H Ssiﬁigggﬁ%d 0 0 0 0 | TSD[3] | TSD[2] | TSD[1] | TSD[0]
21H i@ﬁiggrgﬁﬁﬂd 0 0 0 0 | TSG[3] | TSG[2] | TSG[1] | TSG[O]
22H S;é;rjghgﬁkﬂoéd 0 0 0 0 TSB[3] | TSB[2] | TSB[1] | TSB[0]
23H Ssé?ti:g g’ﬂ}‘i'/d 0 0 0 0 | TSV[3] | TSV[2] | TSV[1] | TSV[O]

RIW RW | _RW | RW | RW | RW | RW | _RW | RW
Default 0 0 0 0 0 0 1 0

1F-23H: Simple Error Detection Threshold Setting (Table 17)
Default value is “00000010” (300mV).
This setting is valid when SARTH bit = “0”. Nine values of threshold voltage can be selected.
The threshold setting is applied to all channels.

Addr |Register Name D7 D6 D5 D4 D3 D2 D1 DO
oaH SAR OPEN THOP_ | THOP_ | THOP_ { THOP_ | THOP_ | THOP_ | THOP_ | THOP_
Threshold High byte 12 11 10 09 08 07 06 05
RIW R/IW RIW RIW R/IW RIW RIW R/IW R/IW
Default 0 0 0 0 0 1 1 0
Addr |Register Name D7 D6 D5 D4 D3 D2 D1 DO
SAR OPEN THOP_ { THOP_ | THOP_ | THOP_
25H Threshold Low byte 04 03 02 01 0 0 0 0
RIW R/W R/W R/W R/W R/W R/W R/W R/W
Default 1 1 1 1 0 0 0 0
Addr |Register Name D7 D6 D5 D4 D3 D2 D1 DO
o6H | SARPINSHORT | THSD_ | THSD_  THSD_ | THSD_ | THSD_ | THSD_ | THSD_ | THSD_
Threshold High byte 12 11 10 09 08 07 06 05
RIW R/IW R/IW RIW R/IW RIW RIW R/IW R/IW
Default 0 0 0 0 0 1 1 0
Addr |Register Name D7 D6 D5 D4 D3 D2 D1 DO
27H SAR P/N SHORT | THSD_ { THSD_ | THSD_ { THSD_ 0 0 0 0
Threshold Low byte 04 03 02 01
RIW R/W R/W R/W R/W R/W R/W R/W R/W
Default 1 1 1 1 0 0 0 0
Addr |Register Name D7 D6 D5 D4 D3 D2 D1 DO
28H SAR GND SHORT | THSG_ { THSG_ | THSG_ | THSG_ { THSG_ | THSG_ { THSG_ | THSG_
Threshold High byte 12 11 10 09 08 07 06 05
RIW RIW R/IW RIW RIW RIW RIW R/W R/W
Default 0 0 0 0 0 1 1 0
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Addr |Register Name D7 D6 D5 D4 D3 D2 D1 DO
29H SAR GND SHORT | THSG_ { THSG_ | THSG_ | THSG_ 0 0 0 0
Threshold Low byte 04 03 02 01
RIW RIW RIW RIW RIW RIW RIW R/IW R/W
Default 1 1 1 1 0 0 0 0
Addr |Register Name D7 D6 D5 D4 D3 D2 D1 DO
2AH SAR VBAT SHORT | THSV_ | THSV_ | THSV_ | THSV_ | THSV_ | THSV_ | THSV_ | THSV_
Threshold High byte 12 11 10 09 08 07 06 05
RIW RIW RIW RIW RIW RIW R/W R/W R/W
Default 0 0 0 0 0 1 1 0
Addr |Register Name D7 D6 D5 D4 D3 D2 D1 DO
oBH | SAR VBAT SHORT | THSV_ | THSV_ | THSV_ | THSV_ 0 0 0 0
Threshold Low byte 04 03 02 01
RIW R/IW RIW RIW R/IW RIW RIW R/IW R/W
Default 1 1 1 1 0 0 0 0
Addr | Register Name D7 D6 D5 D4 D3 D2 D1 DO
2CH SAR VBIAS SHORT [ THSM_ | THSM_ | THSM_ | THSM_ | THSM_ | THSM_ | THSM_ | THSM_
Threshold High byte 12 11 10 09 08 07 06 05
RIW R/IW RIW RIW R/IW RIW RIW R/IW R/W
Default 0 0 0 0 0 1 1 0
Addr |Register Name D7 D6 D5 D4 D3 D2 D1 DO
opH | SAR VBIAS SHORT [ THSM_ | THSM_ | THSM_ | THSM_ 0 0 0 0
Threshold Low byte 04 03 02 01
RIW R/IW R/IW R/W R/IW R/IW R/W R/W R/W
Default 1 1 1 1 0 0 0 0

24H-2DH: High Accuracy Error Detection Threshold Setting

Default value of High byte is, “00000110”

Default value of Low byte is, “11110000”

This setting is valid when SARTH bit = “1”. Threshold voltage of the SAR ADC can be setby a
12-bit straight binary code with AVDD full scale. The threshold setting is applied to all
channels.

When AVDD = 3.3V, the minimum value of the threshold voltage is 3.3V/4096 = 0.81mV.

Addr Register Name D7 D6 D5 D4 D3 D2 D1 DO
2EH | Error State Select | ERRPDSEL 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Default 0 0 0 0 0 0 0 0

ERRPDSEL: Error State Select (Table 16)
Error state of internal circuits when MIC bias overvoltage, MIC bias overcurrent or charge
pump undervoltage is detected can be selected.
0: Active (default)
1: Power down
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Addr |Register Name D7 D6 D5 D4 D3 D2 D1 DO
30H SAR IN1 +Highbyte | A1P12 | A1P11 { A1P10 | A1P09 | A1P08 | A1P07 | A1P06 | A1P05
31H SARIN1 +Lowbyte | A1P04 | A1P0O3 | A1IP 02 | A1P01 0 0 0 0
32H SAR IN1-Highbyte | AIN12 | AIN11 { AIN10 | A1P09 | A1P08 | A1P07 | A1P06 | A1P05
33H SAR IN1 -Low byte | AINO4 | AINO3 { AINO2 | A1NO1 0 0 0 0
34H SAR IN2 +Highbyte | A2P12 | A2P11 { A2P10 | A2P09 | A2P08 | A2P07 | A2P06 | A2P05
35H SARIN2 +Lowbyte | A2P04 | A2P03 | A2P 02 | A2P01 0 0 0 0
36H SARIN2 -Highbyte | A2N12 | A2N11 { A2N10 | A2P09 | A2P08 | A2P07 | A2P06 | A2P05
37H SARIN2 -Low byte | A2NO4 | A2NO3 i A2N02 | A2NO1 0 0 0 0
38H SARIN3 +High byte | A3P12 | A3P11 { A3P10 | A3P09 { A3P08 | A3P07 | A3P06 | A3P05
39H SARIN3 +Lowbyte | A3P04 | A3P03 |{ AP 02 | A3P01 0 0 0 0
3AH SARIN3 -Highbyte | A3N12 | A3N11 { A3N10 | A3P09 { A3P08 | A3P07 | A3P06 | A3P05
3BH SARIN3 -Lowbyte | A3NO4 | A3NO3 i A3N0O2 | A3NO1 0 0 0 0
3CH SAR IN4 +High byte | A4P12 | A4P11 i A4P10 | A4P09 | A4P08 | A4P07 | A4P06 | A4P05
3DH SAR IN4 +Low byte | A4P04 | A4P03 | A4P 02 | A4P01 0 0 0 0
3EH SARIN4 -Highbyte | AAN12 | A4N11 | A4N10 | A4P09 | A4P08 | A4P07 | A4P06 | A4P05
3FH SAR IN4 -Low byte | A4NO4 | ASNO3 | A4NO02 | A4NO1 0 0 0 0
40H SAR IN5 +High byte | A5P12 | A5P11 i A5P10 | A5P09 { A5P08 | A5P07 | A5P06 | A5P05
41H SARIN5 +Low byte | A5P04 | A5P03 { AP 02 | A5P01 0 0 0 0
42H SAR IN5 -Highbyte | ABN12 | A5N11 { ABN10 | A5P09 | A5P08 | A5P07 | A5P06 | A5P05
43H SARIN5 -Lowbyte | A5NO4 | ASNO3 i AS5N02 | AS5NO1 0 0 0 0
44H SAR IN6 +High byte | A6P12 | A6P11 { A6P10 | A6P09 { A6P08 | A6P07 | A6P06 | A6P05
45H SARIN6 +Lowbyte | A6P04 | A6P03 | A6P 02 | A6P01 0 0 0 0
46H SAR IN6 -Highbyte | ABN12 | A6N11 { A6N10 | A6P09 | A6P08 | A6P07 | A6P06 | A6P05
47H SARIN6 -Lowbyte | A6NO4 | AGNO3 | A6N02 | ABNO1 0 0 0 0
48H SAR VBAT High byte | VBAT12 | VBAT11 | VBAT10 | VBAT09 | VBAT08 | VBATO7 | VBAT06 | VBATO5
49H SAR VBAT Low byte | VBAT04 | VBAT03 | VBATO02 | VBATO1 0 0 0 0
4AH | SARVBIAS High byte | VBIAS12 | VBIAS11 | VBIAS10 | VBIAS09 | VBIAS08 | VBIASO7 | VBIAS06 | VBIASO05
4BH | SARVBIAS Low byte | VBIAS04 | VBIAS03 | VBIAS02 | VBIASO1 0 0 0 0
RW R R R R R R R R
Default 0 0 0 0 0 0 0 0

SAR Raw Data Read
Default value is “00000000".
Read out Low bytes before High bytes when reading the addresses above. To prevent data
mismatch of Low byte and High byte, the AK5736 High byte and Low byte will not be updated
once High byte is read until reading other addresses. Therefore, addresses from 30H to 4BH
should be read continuously. Do not stop the data read; there is a possibility of data mismatch
of High and Low bytes, or the data might not be updated.

Addr Register Name D7 D6 D5 D4 D3 D2 D1 DO
5EH | Power down control| PDMP N 1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Default 1 1 1 1 1 1 1 1

PDMP_N: MIC Bias Voltage Power Down Negative
0: Power down
1: Power up (default)
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| 13. Recommended External Circuits |

Figure 68 shows recommended external connection. An evaluation board (AKD5736) is available for fast
evaluation as well as suggestions for peripheral circuitry.

Analog 3.3V
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Figure 68. Typical Connection Diagram

The resistors surrounded by the dotted line are protection resistors, intended to address a potential short
between the battery and the analog input pins. These resistors are not necessary when a battery short is
not expected.

018001042-E-03 2019/11
-77 -



AsahiKASEI [AK5736]

m Analog input pin protection resistor
If a battery short at the INxP / N pin input is expected, insert a protection resistor between the signal input

terminal and the INxP / N pins.

Battery short is not assumed
When the voltage applied to INxP / N pins is up to 10.1 V, no protection resistor is required.

MPWRI
) CPVDD
Mic

Bias
CP

Mic VINA

- INXP
_ VINA INXN

O—C>

AK5736

Figure 69. No Battery Short

Battery short is assumed
Insert a protection resistor between the signal input terminal and INxP / N pins. The voltage VINR that can

be applied to the input terminal is up to 18V.

MPWRI

Short to Battery Mic cPVDD
Bias
cp 10k

Figure 70. Battery Short using Built-in Microphone Bias

When the internal mic. bias circuit is not used, the voltage VINR is up to 48V.

MPWR
Mic e
Bias . CPVDD

Short to Battery

Figure 71. Battery Short using Built-in Microphone Bias
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Choose protection resistor
The recommended resistance value of the protection resistor Rjim and the required rated power are
shown in the table below. Use resistors with a tolerance of 10% or less.

Short Voltage
Riim 18V 30V 42V 48V

2200 > 0.25W - - -
270Q >0.2W - - -
330Q > 0.2W - - -
3900 > 0.125W - - -
4700 > 0.125W - - -
560Q > 0.1W - - -
680Q >0.1W > 1W - -
8200 > 0.063W > 1W - -
1000Q > 0.05W > 0.5W - -
12000 > 0.05W >0.5W > 1.5W -
15000 > 0.05W > 0.5W > 1W > 1.5W
- . Not Available

Table 19. Rated Power of Protection Resistor

W Internal circuit protection resistor

If a battery short at the INXP / N pin input is expected, pull down the CPVDD pin with a resistor of 10kQ or
less.

If the INXP / N pin input is shorted to the battery while the CPVDD power is off, the voltage from the battery
is applied to the internal circuitry (which has a low tolerance for high voltages) through the internal path
from the MPWR pin. This may damage the internal circuitry. By pulling down the CPVDD pin with 10kQ or
less, destruction can be prevented. If the internal mic bias circuit (MPWR pin) is not used, the CPVDD pin
pull-down resistor is not required, even if a battery short is expected.
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| 14. Package
m Outline Dimensions
48-pin QFN (Unit: mm)
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m Material & Lead Finish
Package Molding Compound: Epoxy Resin
Lead Frame Material: Cu
Pin Surface Treatment: Solder, (Pb free), Plate
m Marking
O
1

1)
2)
3)
4)
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Pin #1 indication

Date Code: XXXXXXX (7 digits)
Marketing Code: AK5736VN
AKM Logo
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15. Ordering Guide

AK5736VN -40 ~ 105°C 48-pin QFN
AKD5736 Evaluation Board for AK5736
018001042-E-03 2019/11
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16. Revision History |

Date (Y/M/D) |Revision |Reason Page |Contents
18/03/27 00 First Edition
18/04/12 01 Specification 4 |IMPWR pin : Input —Output
Change 7 |lohm resistor in parallel with a 10F
— 1ohm resistor and a 10F
8 |VINBAT
VTT_VB bit="H": 10V —10.1V
Error Correction| 8 |VTT_VB bit="L"—>"0"
VTT_VB bit ="H" —"1”
11 [The below sentence was deleted.
The VREFMP pin has an internal resistor, (typ:
187.5kohm, max: 255kohm).
25 |The below sentence was deleted.
Note 32-34 The AK5736 should be in
Quad/Double/Normal Speed mode.
Description 25 |The below note was added.
Addition It is a case that when the duty of MCLK is 50%.
Error Correction| 59 [Vth =3/4095 x 23.3 =2.43mV.
— Vth = 3/4095 x 3.3 = 2.43mV.
19/04/12 02 Error Correction| 3 |INSN — IN5P
Error Correction| 12 |VBATM pin Attenuation error
+186 — +1.8
Description and | 21, |Specification of MCLK on page 21, 23 and page 34 was
Specification 23 |unified because there was difference in their description.
Change The specification of Table 4 “System Clock Example” on
page 34 was not changed.
(Page 21, 23)
Description of MCLK input timing was simplified.
In master mode, MCLK 3.072MHz is not available when
MCLK = 384fs, and MCLK 27.648MHz is not available
when MCLK = 512fsn, 256fsd, 128fsq.
The minimum MCLK frequency was changed to
4.096MHz.
Note 30, 32 and 33 were added.
Specification 39 |Mode switching must be executed when RSTN bit ="0”.
Change
Error Correction| 51 |Description was changed.
“Errors 1-5 are only detectable when the microphone is
connected as shown in recommended examples,
(Figure38, Figure40).”
— “Errors 1-5 are detectable only in DC connection
mode.”
19/11/21 03 Specification 8 |Absolute Maximum Ratings
Change IN1-6P, IN1-6N Input Voltage
Added rating when connecting protection resistor.
Specification 11 |ADC Analog Characteristics
Change PSRR (20dB): typ.80dB — 100dB
Specification 59 |SHTB: Short to Battery
Change Removed the Zener diode from the protection circuit
example.
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Added description of protection resistors.

Date (Y/M/D) |Revision |Reason Page |Contents
19/11/21 03 Description 77- |Recommended External Circuits
added 79 Added protection resistors to connection diagram.
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IMPORTANT NOTICE

0. Asahi Kasei Microdevices Corporation (“AKM”) reserves the right to make changes to the
information contained in this document without notice. When you consider any use or application
of AKM product stipulated in this document (“Product”), please make inquiries the sales office of
AKM or authorized distributors as to current status of the Products.

1. All information included in this document are provided only to illustrate the operation and
application examples of AKM Products. AKM neither makes warranties or representations with
respect to the accuracy or completeness of the information contained in this document nor
grants any license to any intellectual property rights or any other rights of AKM or any third party
with respect to the information in this document. You are fully responsible for use of such
information contained in this document in your product design or applications. AKM ASSUMES
NO LIABILITY FOR ANY LOSSES INCURRED BY YOU OR THIRD PARTIES ARISING FROM
THE USE OF SUCH INFORMATION IN YOUR PRODUCT DESIGN OR APPLICATIONS.

2. The Product is neither intended nor warranted for use in equipment or systems that require
extraordinarily high levels of quality and/or reliability and/or a malfunction or failure of which may
cause loss of human life, bodily injury, serious property damage or serious public impact,
including but not limited to, equipment used in nuclear facilities, equipment used in the
aerospace industry, medical equipment, equipment used for automobiles, trains, ships and
other transportation, traffic signaling equipment, equipment used to control combustions or
explosions, safety devices, elevators and escalators, devices related to electric power, and
equipment used in finance-related fields. Do not use Product for the above use unless
specifically agreed by AKM in writing.

3. Though AKM works continually to improve the Product’s quality and reliability, you are
responsible for complying with safety standards and for providing adequate designs and
safeguards for your hardware, software and systems which minimize risk and avoid situations in
which a malfunction or failure of the Product could cause loss of human life, bodily injury or
damage to property, including data loss or corruption.

4. Do not use or otherwise make available the Product or related technology or any information
contained in this document for any military purposes, including without limitation, for the design,
development, use, stockpiling or manufacturing of nuclear, chemical, or biological weapons or
missile technology products (mass destruction weapons). When exporting the Products or
related technology or any information contained in this document, you should comply with the
applicable export control laws and regulations and follow the procedures required by such laws
and regulations. The Products and related technology may not be used for or incorporated into
any products or systems whose manufacture, use, or sale is prohibited under any applicable
domestic or foreign laws or regulations.

5. Please contact AKM sales representative for details as to environmental matters such as the
RoHS compatibility of the Product. Please use the Product in compliance with all applicable laws
and regulations that regulate the inclusion or use of controlled substances, including without
limitation, the EU RoHS Directive. AKM assumes no liability for damages or losses occurring as
a result of noncompliance with applicable laws and regulations.

6. Resale of the Product with provisions different from the statement and/or technical features set
forth in this document shall immediately void any warranty granted by AKM for the Product and
shall not create or extend in any manner whatsoever, any liability of AKM.

7. This document may not be reproduced or duplicated, in any form, in whole or in part, without
prior written consent of AKM.
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