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AKM AK9754
Ultra-small IR Sensor IC with I°C I/F

1. General Description |
The AK9754 is an ultra-low power and ultra-small quantum infrared-ray (IR) sensor module with signal
processing circuits and Human Approach Detection algorithm. It can detect a human approach and
outputs a signal from interrupt pins. An integral analog-to-digital converter provides 16-bits data outputs.
Human detection can be easily realized by using built-in Human Approach Detection algorithm. The
AK9754 is suitable for human sensing application.

2. Features |

O Quantum-type IR Sensor

O Integrated Temperature Sensor: -30 to 85°C Output on I°C bus

O 16-bits Digital Outputs to 1°C Bus

O Integrated Digital Filters:
IR Sensor: Cut-off Frequency 0.9Hz, 0.445Hz
Temperature Sensor: Cut-off Frequency 0.9Hz, 0.445Hz

* Only with 10Hz of Data Output Rate(ODR)

O I*C Interface:
Support Standard mode(100Hz) and Fast modes(400Hz).
*Pull-up resistors must be connected to the same level as the power supply of the AK9754.

O Multiple Synchronization Connection:
Eight devices can be connected in synchronization at maximum, and setting I°C bus slave
addresses for each.

O Interrupt Function:
INTN pin goes to active when detecting a human approach or measurement data is ready to be
read.

O Power Supply: 1.71 to 3.63V
O Low Consumption Current:
10 pA (Max.) 10Hz of Data Output Rate (Low-noise Mode OFF)

5uA (Typ.) 10Hz of Data Output Rate (Low-noise Mode OFF)
*TOPT[1:0] = 11B

O Ultra-small and Thin Package: 8-pin SON
2.2mm x 2.2mm x t0.6mm
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4. Block Diagram and Functions

4.1. Block Diagram

IR IR .| Digital
Sensor [ | AFE — ADC | Filter
Digital
. < » | SDA
0SC FCIF | q ] scL
TSENS  |—»
POR »[ | INTN
[ Detection
Algorithm
[] [] [] []

4.2. Functions

SYNC VSS CADO  CAD1

Figure 4.1. AK9754 Block Diagram

Table 4.1. Functions

Block Function
IR Sensor IR Sensor Element.
0OSsC Built-in Oscillator.
TSENS Built-in Temperature Sensor.
IR AFE Convert current from the IR sensor element into voltage signal.
Cancel offset of the sensor signal.
ADC Convert analog outputs of IR AFE and TSENS into digital signals.
Digital filter (LPF) for ADC output. Two types of cut-off frequencies (Fc) are
Digital Filter selectable for IR sensor and built-in temperature sensor. In addition, it is
possible to bypass this filter.
EIZ tgr(i:';[;womn Human Approach Detection algorithm is executed.
2C I/F Interface to external host MCU. The SCL and SDA pins are available for I°C
interface. Support Standard Mode (100kHz) and Fast Mode (400kHz).
POR Power-On Reset Circuit.

018006915-E-00

2018/06



AsahiKASEI

[AK9754]

5. Pin_Configurations and Functions |

5.1. Pin Configurations

VSS
VDD
CADO
CAD1

5.2. Functions

IR receiving surface

R —T

R —

- - = -

R —T

T T8 |scL scL[s ] [4 T 1]vss

. 7 _|SDA SDA| 7 2 |vDD
6 |INTN  INTN| 6 J[ 3 |cApo

1 5_|SYNC SYNC[5 ] S| CAD!1

Top View Bottom View

Exposed Pad

Note: The exposed pad is internally connected to the VSS pin.

Figure 5.1. Pin Configurations

Table 5.1 Functions

Pin
No.

Pin Name

I/O

Function

1

VSS

GND Pin

2

VDD

Power Supply Pin

CADO

Slave Address Input Pin
A slave address is assigned by setting this pin non-connect or
connecting to VDD or VSS. Make sure that there are no devices with the
same slave address on the same data bus.

CAD1

Slave Address Input Pin
A slave address is assigned by setting this pin non-connect or
connecting to VDD or VSS. Make sure that there are no devices with the
same slave address on the same data bus.

SYNC

I/O

Synchronize sampling timing between AK9754s.
Please non-connect when SYNC pin is not used.

INTN

Interrupt Pin
It goes to “L” in the following cases.

(1) When detecting a human approach.

(2) ADC output is ready to be read.
The INTN pin is an open drain output (N-type transistor). This pin must be
connected to the same level as the power supply of the AK9754 via a
pull-up resistor.

SDA

I/O

I°C Data Input / Output Pin
A bidirectional pin which is used to transmit data into and out of the
device. It is composed of a signal input and an open drain output (N-type
transistor). SDA pin is connected to the power supply line via a pull-up
resistor.

SCL

I°C Clock Input Pin
Signal processing is executed on a rising and falling edge of SCL clock.
SCL pin is connected to the power supply line via a pull-up resistor.

018006915-E-00
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| 6. Absolute Maximum Ratings

(VSS=0V)
Parameter Symbol Min. Max. Unit
Power Supply VDD pin VDD -0.3 4.3 Vv
Input Current All pins lin -10 10 mA
Output Current All pins lout -10 10 mA
SDA pin, SCL pin, INTN pin, .
Input Voltage CAD(?pin, CAIIF))1 oin, SYpNC oin Vin -0.3 4.3 Vv
Storage Temperature Tst -40 85 °C

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

(VSS=0V)
Parameter Symbol Min. Typ. Max. Unit
Power Supply VDD 1.71 3.3 3.63 Vv
Operating Temperature Ta -30 25 85 °C

| 8. Power Supply Conditions |
(Unless otherwise specified, VDD=1.71 to 3.63V, Ta= -30 to 85°C)

Parameter Symbol | Min. | Typ. | Max. | Unit
: : Time until VDD is set to
P*OW*er Supply Rise Time the operating voltage V.DD PSUP 50 ms
(*1,72) from 0.2V. pin
- Time until AK9754
F:o1w*egOn Reset Time becomes Stand-by Mode V.DD PORT 100 [V
(*1,72) after PSUP. pin
Shutdown Voltage Shutdown Voltage for VDD
(*2,*3) POR re-starting. pin Sbv 0.2 v
: Voltage retention time
E°1WF;S*“§F"V Interval Time | 0\ 5w SDV for POR VDD | pgINT | 100 us
(1,72, ) re-starting. pin
Note:

* 1. Reference data only, not tested in production.

* 2. Power-On Reset circuit detects the rising edge of VDD, resets the internal circuit, and initializes
the registers. After POR circuit works, AK9754 is set to Stand-by Mode.

* 3. Unless this condition is satisfied, the reset may not be correctly performed.

' Stand-by Mode
PORT: 100us —»

oV ----- : ' < >
PSUP: 50ms PSINT: 100ps

Figure 8.1. Power Supply Conditions

018006915-E-00 2018/06
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9. Electrical Characteristics

9.1. Total Characteristics
VDD=1.71 to 3.63V, Ta= -30 to 85°C, unless otherwise specified , TYP: Ta = 25 °C VDD = 3.3V)
Parameter Symbol Min. Typ. Max. Unit
IR output resolution 16 bit
Temperature sensor output resolution 16 bit
Temperature sensor output Ta=-30°C 27726
oo e S aay | Ta=25°C 1515 0 1515 | Code
- Ta=85°C 30247
[}
Temperature sensor resolution 0.00198 CoCd/e
Average Current Consumption | Stand-by Mode IDDO 1.1 3.0 HA
Low-Noise Mode ON .
Ta < 35°C %SE{”E%SH'\Z")O"G IDD1 350 | 1000 | pA
TOPT[1:0] = 11B B
Average Current Consumption | Stand-by Mode IDD2 1.1 3.0 HA
Low-Noise Mode OFF .
Ta < 35°C %SE{”E‘;UOSH'\Z")O"G IDD3 50 | 100 | pA
TOPT[1:0]=11B B
9.2. Digital Characteristics
9.2.1. DC Characteristics
(VDD=1.71 to 3.63V, Ta= -30 to 85°C, unless otherwise specified)
Parameter Symbol Min. Typ. Max. Unit
High level input Voltage SCL pin, VIH 70%VDD Y
SDA pin
. SCL pin, o
Low level input Voltage SDA pin VIL 30%VDD \Y
Input Current | Vin=VSS/VDD All pins [IN -10 10 HA
Hysteresis Input Voltage1 (* 4) SCL pin, o
(VDD22V) SDApin | YHST | 5%VDD v
Hysteresis Input Voltage2 (* 4) SCL pin, 5
(VDD<2V) SDA pin VHS2 10%VDD \Y
Low level output IOL=3mA | SDApin
Voltage 1 ) VOLA1 0.4 V
(VDDZ 2V) IOL= 300|JA INTN pmn
Low level output IOL=3mA SDA pin
Voltage 2 : VOL2 20%VDD Vv
(VDD<2V) IOL= 300pA | INTN pin
Note:
* 4. Reference data only, not tested in production.
018006915-E-00 2018/06
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9.2.2. AC Characteristics (1): Standard Mode (100 kHz)

(VDD=1.71 to 3.63V, Ta= -30 to 85°C, unless otherwise specified)

Parameter Symbol Min. Typ. Max. Unit
SCL Frequency fSCL 100 kHz
SDA bus idle time to the next

command input tBUF 4.7 us
Start condition Hold time tHD:STA 4.0 us
Clock Low period tLOW 4.7 Us
Clock High period tHIGH 4.0 ys
Start condition set-up time tSU:STA 4.7 Us
Data hold time tHD:DAT 0 us
Data set-up time tSU:DAT 250 ns
Rise time SDA pin,

SDA, SCL (* 5) SCL pin R 1.0 us
Fall time SDA pin,

SDA, SCL (* 5) SCL pin tF 0.3 ks
Stop condition set-up time tSU:STO 4.0 us
Note:

* 5. Reference data only, not tested in production.

9.2.3. AC Characteristics (2): Fast Mode (400 kHz)

(VDD=1.71 to 3.63V, Ta= -30 to 85°C, unless otherwise specified)

Parameter Symbol Min. Typ. Max. Unit
SCL frequency fSCL 400 kHz
Noise suppression time tSP 50 ns
SDA bus idle time to the next

command input tBUF 1.3 HS
Start condition Hold time tHD:STA 0.6 us
Clock Low period tLOW 1.3 Us
Clock High period tHIGH 0.6 Us
Start condition set-up time tSU:STA 0.6 us
Data hold time tHD:DAT 0 us
Data set-up time tSU:DAT 100 ns
Rise time SDA pin,

SDA, SCL (* 6) SCL pin R 0.3 us
Fall time SDA pin,

SDA, SCL (* 6) SCL pin tF 0.3 us
Stop condition set-up time tSU:STO 0.6 us
Note:

* 6. Reference data only, not tested in production.

018006915-E-00 2018/06
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Figure 9.1. Bus Timing

9.2.4. AC Characteristics (3): INTN
(Unless otherwise specified, VDD=1.71 to 3.63V, Ta= -30 to 85°C)

[AK9754]

Parameter Symbol Min. Typ. Max. Unit
Rise time (* 7, * 8) INTN pin tR 2 us
Fall time (* 7, * 8) INTN pin tF 0.25 us
Note:
* 7. Reference data only, not tested in production.
* 8. When the load circuit of Figure 9.2 is connected
VDD
RL
INTN RL= 24kQ (Max.)
CL= 50pF (Max.)
I CL
Figure 9.2. INTN Output Load Circuit
018006915-E-00 2018/06
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10. Functional Descriptions

10.1. Power Supply States

When VDD turns on from the OFF state (0V), all registers are initialized since Power-On Reset (POR) is
automatically executed, and the AK9754 is set to Stand-by Mode.

Table 10.1. Power Supply States and Functions

State VDD pin I°C INTN pin Analog Circuit IDD
1 OFF(0V) Disable Unfixed Power Down Not specified
gy (x Power Down Max. 3.0uA
2 1.71V to 3.63V Enable H” (* 9) except POR circuit " Ta < 35°C
Note:

* 9. “H” level output by a pull-up resistor

10.2. Reset functions

The AK9754 is initialized in the following conditions,

(1) Power-On Reset (POR)
When VDD turns on, AK9754 is reset by Power-On Reset (POR) until VDD reaches the operation
voltage. After POR, The AK9754 is in Stand-by mode and all registers are set to their initial values.
Register accesses should be made after releasing POR.

(2) Software Reset
The AK9754 is reset by writing software reset register.
After software reset, the AK9754 generates an acknowledgement and becomes the same state as

after releasing POR.

018006915-E-00
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10.3. Operation Mode
It is assumed that the AK9754 is connected to a Host MCU.

The AK9754 and a Host MCU should be connected with the I°C interface (SCL and SDA pins).

INTN -
AK9754 scL R
_ SDA | <
[~ / rd

I°C Interface

HOST
MCU

Figure 10.1. Connection Diagram

[AK9754]

The operation mode of the AK9754 can be controlled and the data can be readout from the AK9754 via

the I°C interface. The slave address is determined by setting the CADO and CAD1 pins.

Table 10.2. Slave Address Settings

CAD1 CADO Slave Address
VSS VSS 60H
VSS non-connected 61H
VSS VDD 62H
non-connected VSS 64H
non-connected non-connected 65H
non-connected VDD 66H
VDD VSS 68H
VDD non-connected 69H
VDD VDD Do Not Use

INTN pin output can be used as interrupt control signal.
Refer to Recommended External Circuits (Figure 17.1) for details.

There are two operation modes.

(1) Stand-by Mode
(2) Continuous Mode

018006915-E-00
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10.4. Operation

Modes

10.4.1. Stand-by Mode (MODE = “0”)
The AK9754 goes to Stand-by Mode by resetting (POR or Software RST) or setting the operating mode
setting register. All circuits are powered down except for POR circuit. All registers can be accessed in

this mode.

[AK9754]

Parameters and measurement data in registers are retained, and INTN is set to the initial state(“H”) in

this mode.

10.4.2. Continuous Mode (MODE = “17”)
When Continuous Mode (MODE = “1”) is selected, the measurement is automatically repeated at the

period of 100ms (typ.). The read-out registers will be updated every after completion of a measurement.
This mode is terminated by setting Stand-by Mode (MODE = “0”).
When MODE is changed during a measurement, the measurement is interrupted. Then the last data is
retained in the registers.

Register Change Register Change

MODE y N2
| o 1 0 |
Analog Circuti

| Power Down Power ON Power Down |

1.7ms (typ.)
Digital Calculation - \ /"\‘
Wait Measurement Measurement Measurement | Measurement !" l\}easurerq:e '; Wait
Measuring Time N \_ﬁ When changing mode,
N measurement is interrupted.

Analog Stabilizing Time

018006915-E-00
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Figure 10.2. Continuous Mode

-11 -

Last data is retained in the registers.
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10.5. Synchronization Function
When using multiple AK9754s, the data sampling of each device can be synchronized by connecting the
SYNC pins.

INTN R
“| HosT
le}o—SCL MOCSU
lel [ o SDA | o
< 4 rd
I°C Interface
—e
AK9754 [
SYNC 40 <19
& @
J Akgzsa [
- #3 P>

Figure 10.3. SYNC Pin Connection Example

The AK9754 should be set by the host MCU for synchronization. There are a master and slave devices

for synchronization communication. Figure 10.3 shows an example of when the AK9754(#1) is a master
device, and the AK9754(#2) and the AK9754(#3) are slave devices. Master/Slave mode setting of each

device is set by the synchronization setting register (SYNCM][1:0], Address 21H).

10.6. Sampling Data Storage Function

The AK9754 has a streaming buffer that can store maximum 10 samplings of IR sensor data. Only the
data from IR sensor is stored to the streaming buffer and the data from temperature sensor will not be
stored.

The AK9754 starts storing the data by writing “1” to SBEN bit (Address: 2AH). In this time, the data
previously stored to the streaming buffer will be deleted. When the data storing is executed for more than
10 samplings, the oldest data is deleted and the newest data is stored. Therefore, the streaming buffer
always stores 10 newest sampling data.

Data update of the streaming buffer will be stopped by writing “0” to SBEN bit or when the internal
algorithm detects a human approach (Stop/Continue setting of the data update on Human Approach
Detection can be set by SBHBD). When data update is stopped, data stored in the streaming buffer is
kept. Therefore, maximum 10 sampling data before Human Approach Detection can be readout.

When using multiple AK9754s at the same time, start storing of the streaming buffer data and stop timing
of the data update can be set independently for each device. AK9754s stop data update simultaneously
when detecting a human approach. Refer to “10.7 Measurement Data Read” for storing data of the
streaming buffer and readout sequence of the data.

018006915-E-00 2018/06
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10.7. Measurement Data Read

Measurement data of the AK9754 can be read out by reading Measurement Data Registers or
Streaming Buffers.

* Measurement Data Register Read
Measurement data that is updated in every Measurement Cycle of the AK9754 is read out.
There are two kinds of measurement data: IR sensor and internal temperature sensor. The
latest data of these can be read out by this function.

+ Streaming Buffer Read
Streaming Buffer that is able to store the measurement data for 10 samples at maximum can
be read out. Only the IR sensor measurement data is read out by this operation. Write “1” to
SBEN bit (address: 2AH) to start storing measurement data to the Streaming Buffer when using
this function.

Use “Measurement Data Register” Read when reading the latest Measurement Data.
Use “Streaming Buffer Read” when reading the latest data (10 samples at maximum) from detecting
Human approach.

1. Read Measurement Data Registers
The latest Measurement Data is read out.
DRDY bit of ST1 register changes to “1” when Measurement Data read becomes available after the
data is stored and updated. This is called “Data Ready” status.
HBDR1 bit of ST1 register changes to “1” when the internal algorithm of the AK9754 detects a human
approach. The INTN pin can be set to output “L” by interrupt register settings, HBDIEN and DRIEN
bits (Address: 2AH), when these changes are occurred.

Table 10.3. Measurement Data Register Read

Register Address Data
ST1 04H DRDY, HBDR1
IRL 05H IR[7:0]
IRH 06H IR[15:8]
TMPL 07H TMP[7:0]
TMPH 08H TMP[15:8]
ST2 09H DOR, HBDR2

(1) Read ST1 Register

DRDY: Indicate data ready status. When this bit is “1”, the AK9754 is in data ready status.
HBDR1: Indicate whether the algorithm detected a human approach.
This bit changes to “1” and the value is kept when the AK9754 detects a human
approach.

By reading these bits, interruption factor of the INTN pin output “L” can be determined.

(2) Read Measurement Data Registers
Read out IR sensor or internal temperature sensor data.
When read out these registers, measurement data is transferred to read registers and saved.
The INTN pin output returns to “H” after reading out the IR sensor data.

018006915-E-00 2018/06
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(3) Read ST2 Register
DOR: Indicate if there is data that was not read before the data that is read out.
When this bit is “0”, there is no data that was not read out from the previous data read.
When this bit is “1”, there is data that was not read out.

HBDR2: Indicate whether the algorithm detected a human approach in the latest measurement
data. This bit changes to “1” when the AK9754 detects a human approach.

The AK9754 recognizes that a data read out has finished by read out the ST2 registers.
Measurement data is not updated during data read since it is protected. This data protection is
released by reading ST2 register. It must be read out after reading the Measurement Data
Registers.

By reading this register, DRDY and HBDR1 bits return to “0” automatically.

Procedure for reading "Measurement Data Register"”

[detect |

(N)th (N+1)th (N+2)th
Measurement Meas. Meas. Meas.
Read-out Register (N-1)th data | (N)th data [ (N+1)th data [ (N+2)th data
DRDY I
DOR
HBDR1 [
HBDR2 |
INTNpin output
SDApin output [sT1] (N)th data [sT2] [STI[_ (N+i)thdata  [ST2]

Figure 10.2. Interruption by Human Detection
(HBDIEN="1",DRIEN="0")

N)th N+1)th N+2)th
Measurement Meas. Meas. Meas.

Read-out Register (N-1)th data | (N)th data [ (N+1)th data [ (N+2)th data
DRDY .
DOR

HBDR1 [ Meas.Resultof (N)thdata | [ Meas. Resultof (N+1)th data | [
HBDR2 | Meas. Result of (N)th data | Meas. Result of (N+1)th data |

INTNpin output | ]

SDApin output [sT1]  (Njthdata  [sT?] [sT1] (N+f)ythdata [sST2]

Figure 10.3. Interruption by Data Ready
(HBDIEN="0",DRIEN="1")

018006915-E-00 2018/06
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2. Read Streaming Buffer

To store measurement data in the Streaming Buffer, set SBEN = "1" (Address 2AH D [2]).

By setting SBHBD = "1" (Address 2AH D [3]), data update in the Streaming Buffer can be stopped
when the internal algorithm detects human approach.

By reading the Streaming Buffer at the above setting, it is possible to read the latest data (10 samples
at maximum) from detecting Human approach.

SBEN bit returns to “0” automatically when data updating of the Streaming Buffer is stopped.

SBNMBJ[3:0] bits shows the number of measurement data stored in the Streaming Bulffer.
HBDRS3 bit (ST3 Register) changes to “1” when detecting a human approach.

(1)

Table 10.4. Streaming Buffer Read

Register Address Data
ST3 0AH HBDR3, SBNMB[3:0]
SBOL 0BH SBO0[7:0] (latest)
SBOH 0CH SBO0[15:8] (latest)
SBIL 1DH SB9[7:0] (9 samples before)
SB9H 1EH SB9[15:8] (9 samples before)
ST4 1FH HBDR4

Read ST3 Register

SBNMBJ[3:0]: Indicate the number of data that stored in the Streaming Buffer. (Max. 10)
The number of valid data can be confirmed by reading these bits.

HBDRS3: Indicate whether the algorithm detected a human approach.
This bit changes to “1” and the value is kept when the AK9754 detects a human
approach.

Read Streaming Buffer

Read out Streaming Buffer data.

Once starting to read this register, measurement data obtained during register read will not be
stored to the Streaming Buffer.

Read ST4 Register
HBDR4: Indicate whether the algorithm detected a human approach in the latest measurement
data. This bit changes to “1” when the AK9754 detects a human approach.

The AK9754 recognizes that a data read out has finished by read out the ST4 registers.
Measurement data is not updated during data read since it is protected. This data protection is
released by reading ST4 register.

SBNMB[3:0] and HBDRS bits and measurement data stored in the Streaming Buffer is reset by
setting SBEN bit = “1”.

In order to return the INTN pin output to “H”, read the measurement data of the IR sensor(Address 05H).
After reading the IR register, read the ST2 register(Address 09H).

018006915-E-00 2018/06
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Procedure for reading "Streaming Buffer"

[AK9754]

Measurement [#0 T | #2 ] [ #o T#0 w1 [m2 [ #13 [ #14 [ #15 [ #ie6 [ #17 [ #18 [ #19 [ #20 [ #21 [ #22 [ #23 [ #24 |
SB Buffer [reset [ #0 #0m1] [ #8™0 [ #9~0 J#10™1[#1172] Fese] #19 J#0™19[#21~19[#22"19[#23"19]
SBNMB [ 2 1] o o fesel 2 3 [& 5|
HBDR3 [ |

HBDR4 [ |

SBEN | |

INTNpin output | |

SDApin output [sT3[#1273 [sT4] TIRUSTZ] [sBEN

Figure 10.4. “Stop SB update at Human Detection”
(HBDIEN="1",SBHBD= "1")

detect

[
[#0 ] m | #] [ #9 Jmo | #1 [ma w3 ma|ms [ me |7 [ 48] #9 [#e0 ] #e1 [ #e2 | #e3 | #24 [ #25 | #26 |

Measurement

.
| #16, |#17~16,|#1B~16,|#19~16,|#20~16 #21~16, [ #22~16, [ #23~16, | #24~16,

SB Buffer |reset | #0 |#0~1| |#8~O|#9~0|#10~1|#11~2|#12~3 12-a | w125 | w126 | w127 | w12-8 | w12-9 [ #1210 [ #1211 | w12

SBNMB I o Tio !

HBDR3 |

HBDR4 |

—

SBEN }

INTNpin output | |

SDApin output brs#12~3 [s74 [IRL|sTZ]
Figure 10.5. "Update SB at Human Detection”
(HBDIEN="1",SBHBD= "0")
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10.8. Data Read Sequence Example
Data read sequence of the AK9754 is shown below.

Table 10.5. Data read sequence setting

Address

Name

DATA

21H

CNTL2

FCH

SYNCMI[1:0]: Synchronization Mode Setting
“00”: No Synchronization (default)

22H

CNTL3

A9H

LNM: Low Noise Mode
“0”: Low-noise Mode Disable (default)

ODR][1:0]: Data Output Rate(Frequency) Setting
“10” : ODR 10Hz(default)

FCTMP[1:0]: Low Pass Filter Cutoff Frequency (Fc) Setting for internal
temperature sensor
“10” : Fc =0.445Hz(default)

FCIR[1:0]: IR Sensor Low Pass Filter Cutoff Frequency (Fc)
“01” : Fc =0.9Hz(default)

23H

CNTL4

F&H

TOPTI[2]: Automatic threshold adjustment according to signal
temperature characteristics.
“0: Disable

TOPT][1:0]: Optimize noise and current consumption with Built-in
Temperature Sensor.
“00”: Disable

24H

CNTLS5

80H

TMPOFS][6:0]: Temperature Sensor Offset Setting
0000000:0 °C

25H

CNTL6

FAH

IRGAIN[4:0]
11010

26H

CNTL7

FOH

IRINV: Human Approach Detection algorithm input signal Invert Setting
“0”: Normal (default)

IDLET[2:0]: Human Approach Detection algorithm ldling Time Setting
“000” : Osec (default)

27H

CNTL8

81H

DTCT[6:0]: Detection Time Setting
“0000001” : 1 [A](default)

28H

CNTL9

2CH

Threshold of Human Approach Detection Algorithm (Lower)
Default : HBDTH[7:0] = “00101100”

29H

CNTL10

81H

Threshold of Human Approach Detection Algorithm (Upper)
Default : HBDTH[14:8] = “0000001”

2AH

CNTL11

F2H

HBDEN : Human Approach Detection Enable
“1”: Human Approach Detection Algorithm ON

SBHBD: Update of Streaming Buffer (SB) by Human Approach
Detection
“0”: Do Not Stop Updating SB (default)

SBEN: Streaming Buffer (SB) Enable
“0”: SB OFF (default)

HBDIEN : Interrupt Enable on Human Sensing
“1”: Interrupt Setting Enable

DRIEN : Interrupt Enable on Data Ready
“0”: Interrupt Setting Disable (default)

018006915-E-00
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|

Register Read

(11) Status 1
Address : 04H

(12) A/D Converted data of IR
Address : 05H, 06H

(13) A/D Converted data of
Integrated Temperature Sensor
Address : 07H, 08H

(14) Status2
Address : 09H

018006915-E-00
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Power On
\4
Wait Time 100 us
A 4
Register Write
(1) Soft Reset Address:20H Data:FFH
(2) SYNCM[1:0] Address:21H Data:FCH
(3) Low Noise Mode, ODR, FC setting Address:22H Data:A9H
(4) TOPT setting Address:23H Data:F8H
(5) TMP offset setting Address:24H Data:80H
(6) IR Gain setting Address:25H Data:FAH
(7) IRINV,IDLET setting Address:26H Data:FOH
(8) DTCT setting Address:27H Data:81H
(9) HBDTH setting Address:28H Data:2CH
Address:29H Data:81H
(10)HBDIEN,DRIEN setting Address:2AH Data:F2H
(11)Mode setting Address:2BH Data:FFH
v
Wait INTN = “L"

[AK9754]
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10.9. Internal Algorithm

The AK9754 integrates a Human Approach Detection algorithm. The outline of this algorithm is shown as
below. When HBDEN bit set to "1" ,changing the bit of MODE to "1" starts this algorithm. After this
algorithm start to working, the AK9754 is idled to being set time. When the IDLE time is over, the
Threshold Judgment is carried out for the IR measurement data. If it exceeds the threshold
continuously for more than a certain number of times, it is judged that a human approached. HBDR* bit
(ST* Register) is changes to “1” when detecting a human approach. At this time, if the HBDIEN bit is
“1”, the INTN pin is asserted.

In state of HBDEN=1, Write MODE=1 to Register

Start of IDLE

IDLE

End of IDLE *1)
Judgment in progress

Continuous Judgment
Counter Reset

I
Vi

IR Data
Waiting for measurement completion

I Threshold Judgment *2)

Continuous Judgment
Counter Increment

Continuous Judgment
ounter==DTCT Registe *1) The IDLE time is set by the

IDLET Register

*2) The threshold Judgment
level is set by the HBDTH

Judgment of Approach Detection *3) The continuous Judgment times
HBDR*=1 are set by the DTCT Register

INTN pin Assert *4)
*4) The INTN pin assert setting

is set by the HBDIEN

Figure 10.6 Outline of Human Approach Detection Algorithm
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11. Serial Interface

The I°C bus interface of the AK9754 supports Standard Mode (Max. 100kHz) and Fast Mode (Max.

400kHz)

11.1. Data Transfer
Access AK9754 through the I°C bus after POR.

Initially the Start Condition should be input to access the AK9754 through the bus. Next, send a one byte
slave address, which includes the device address. The AK9754 compares the slave address, and if
these addresses match, the AK9754 generates an acknowledge signal and executes a read / write
command. The Stop Condition should be input after executing a command.

11.1.1. Changing state of the SDA line

The SDA line state should be changed only while the SCL line is “L”. The SDA line state must be
maintained while the SCL line is “H”. The SDA line state can be changed while the SCL line is “H”, only

when a Start Condition or a Stop Condition is input.

SCL

won /) Y

Enable

Constant Changing Stare

Figure 11.1.Changing state of SDA line

11.1.2. Start / Stop Conditions

A Start Condition is generated when the SDA line state is changed from “H” to “L” while the SCL line is

“H”. All command start from a Start Condition.

A Stop condition is generated when the SDA line state is changed from “L” to “H” while the SCL line is

“H”. All command end after a Stop Condition.

SDA _\

Start Condition

Figure 11.2. Start / Stop Conditions

018006915-E-00
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11.1.3. Acknowledge

The device transmitting data will release the SDA line after transmitting one byte of data (SDA line state
is “H”). The device receiving data will pull the SDA line to “L” during the next clock. This operation is
called “Acknowledge”. The Acknowledge signal can be used to indicate successful data transfers.

The AK9754 will output an acknowledge signal after receiving a Start Condition and the slave address.

The AK9754 will output an acknowledge signal after receiving each byte, when the write instruction is
transmitted.

The AK9754 will transmit the data stored in the selected address after outputting an acknowledge signal,
when a read instruction is transmitted. Then the AK9754 will monitor the SDA line after releasing the
SDA line. If the master device generates an Acknowledge instead of Stop Condition, the AK9754
transmits an 8-bit data stored in the next address. When the Acknowledge is not generated, transmitting
data is terminated.

Clock pulse for
Acknowledge

SCLofMaster | N /. \ /
Device. \_/1_\_/ 8 9

Data Output of _\ / >< >< /
Transmitter

Non-Acknowledge

Data Output \ /
of Receiver

Start Condition Acknowledge

Figure 11.3. Acknowledge
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11.1.4. Slave Address
A slave address of the AK9754 is determined by connecting the CADO pin and the CAD1 pin to VDD or
VSS, or leaving them to open.

Table 11.1. Setting of CADO and CAD1 Pins, and Slave Address

CAD1 CADO Slave Address
VSS VSS 60H
VSS non-connected 61H
VSS VDD 62H
non-connected VSS 64H
non-connected non-connected 65H
non-connected VDD 66H
VDD VSS 68H
VDD non-connected 69H
VDD VDD Do Not Use

When the first one byte data including the slave address is transmitted after a Start Condition, the
device, which is specified as the communicator by the slave address on bus, is selected.

After transmitting the slave address, the device that has the corresponding device address will execute a
command after transmitting an Acknowledge signal. The 8-bit (Least Significant bit-LSB) of the first one
byte is the R/W bit.

When the R/W bit is set to “1”, a read command is executed. When the R/W bit is set to “0”, a write
command is executed.

MSB LSB

1 1 0 0/ 0/ 0/ 0N R/W

Figure 11.4. Slave Address

11.1.5. Write Command

When the R/W bit set to “0”, the AK9754 executes a write operation. The AK9754 will output an
Acknowledge signal and receive the second byte, after receiving a Start Condition and first one byte
(slave address) in a write operation. The second byte has an MSB-first configuration, and specifies the
address of the internal control register.

MSB LSB
A7 A6 A5 A4 A3 A2 A1 A0

Figure 11.5. Register Address

The AK9754 will generate an Acknowledge and receive the third byte after receiving the second byte
(Register Address).

The data after the third byte are the control data. The control data consists of 8-bit and has an MSB-first
configuration. The AK9754 generates an Acknowledge for each byte received. The data transfer is
terminated by a Stop Condition, generated by the master device.

MSB LSB
D7 D6 D5 D4 D3 D2 D1 DO

Figure11.6. Control data

018006915-E-00 2018/06
-22.



AsahiKASEI [AK9754]

Two or more bytes can be written at once. The AK9754 generates an Acknowledge and receives the
next data after receiving the third byte (Control Data). When the following data is transmitted without a
Stop Condition, after transmitting one byte, the internal address counter is automatically incremented,
and data is written in the next address.

This automatic address increment works for the registers of CNTL1 to CNTL12 (20H to 2BH).

The address counter returns to address 20H after reaching address 2BH.

- RW=0
s l 5
@ n
spA |s|Stave Register p
Address Address(n) | [PATAM | [PATA(n+1) DATA(n+Xx)
X ¢ ¥ ¢ N~ N
&) O O O O O
< b, < b < <

Figure 11.7. Write Operation

11.1.6. Read Command
When the R/W bit is set to “17, the AK9754 executes a read operation. When the AK9754 transmits data

from the specified address, the master device generates an Acknowledge instead of a Stop Condition
and the next address data can be read out.

This automatic address increment works for the registers which store ST1, IR measurement data,
Temperature Sensor data, ST2 data (04H to 09H), ST3, SB and ST4 data (0AH to 1FH) and setting

registers of CNTL1 to CNTL12 (20H to 2BH).
The address counter returns to address 04H after reaching address 09H, returns to 0AH after 1FH and

returns to 20H after 2BH.
The AK9754 supports both current address read and random address read

(1) Current Address Read
The AK9754 has an integrated address counter. The data specified by the counter is read out in the

current address read operation. The internal address counter retains the next address which is accessed
at last. For example, when the address which was accessed last is “n”, the data of address “n+1” is read
out by the current address read instruction.

The AK9754 will generate an Acknowledge after receiving the slave address for a read command (R/W
bit = “1”) in the current address read operation. Then the AK9754 will start to transmit the data specified
by the internal address counter at the next clock, and will increment the internal address counter by one.
When the AK9754 generates a Stop Condition instead of an Acknowledge after transmitting the one byte

data, a read out operation is terminated.

- R/W=“1
g l g
@ n
SDA IS f\fg’gss DATA() | [DATA(n+1) | |DATA(+2) I_ _| DATA(n+x) Fl
x X X x N X
Q O O O O O
< < < < < <

Figure 11.8. Current Address Read
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(2) Random Read

Data from an arbitrary address can be read out by a random read operation. A random read requires the
input of a dummy write instruction before the input of the slave address of a read instruction (R/W bit =
“1”). To execute a random read, first generate a Start Condition, then input the slave address for a write
instruction (R/W bit = “0”) and a read address, sequentially.

After the AK9754 generates an Acknowledge in response to this address input, generate a Start
Condition and the slave address for a read instruction (R/W bit = “1”) again. The AK9754 generates an
Acknowledge in response to the input of this slave address. Next, the AK9754 output the data at the
specified address, then increments the internal address counter by one.

When a Stop Condition from the master device is generated in generated instead of an Acknowledge
after the AK9754 outputs data, Read operation stops.

R/W-= “0” RW= “1”

T t Q
Slave Register Slave
SDA IS Address| Address(n) SAddress DATA(n) DATA(n+1) |_ _I DATA(N+x) H
g 5 5 5 5" 8 -
Q ? < 2 < <
Figure 11.9. Random Read
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12. Memory Map |

Table 12.1. Register Map

Name Address Soft Reset R/W ﬁgirniit Co[iletl;arll s
WIA1 O00H Disable R Company code
WIA2 01H Disable R Device ID
INFO1 02H Disable R Information
INFO2 03H Disable R Information
ST | o | Enbe | R | |e B ek
IRL 05H Enable R IR measurement data low bit
IRH 06H Enable R IR measurement data high bit
TMPL 07H Enable R Integrated temperature sensor measurement data low bit
TMPH 08H Enable R Integrated temperature sensor measurement data high bit
ST2 09H Enable R HBDR2: Detection result, DOR: Data overrun flag
ST3 0AH Enable R < HBDR3: Detection rgsult, .
SBNMBJ3:0]: Number of Valid Data in SB
SBOL 0BH Enable R
SBOH 0CH Enable R
SB1L 0DH Enable R
SB1H OEH Enable R
SB2L OFH Enable R
SB2H 10H Enable R
SB3L 11H Enable R
SB3H 12H Enable R
SB4L 13H Enable R SBNL: (N+1)-th latest IR measurement data low bit
SB4H 14H Enable R
SB5L 15H Enable R SBNH: (N+1)-th latest IR measurement data high bit
SB5H 16H Enable R
SB6L 17H Enable R
SB6H 18H Enable R
SB7L 19H Enable R
SB7H 1AH Enable R
SB8L 1BH Enable R
SB8H 1CH Enable R
SBIL 1DH Enable R
SB9H 1EH Enable R
ST4 1FH Enable R HBDR4: Detection result,
CNTL1 20H Enable RW < SRST: Soft reset
CNTL2 21H Enable RwW SYNCMI[1:0]: Synchronized operation mode setting
LNM: Low noise mode setting, ODR[1:0]: Output data rate setting,
CNTL3 22H Enable RW FCTMP[1:0]: TMP data lowpass filter setting, FCIR[1:0]: IR data
lowpass filter setting
CNTL4 23H Enable RW TOPT: Mode settin% r?]fp%;?gmiéege%p;irration by integrated
CNTL5 24H Enable RW TMPOFS: Offset value of integrated temperature sensor
CNTL6 25H Enable RW IRGAIN[4:0]: IR signal gain setting.
CNTL7 26H Enable RW IRINV: Inversion setting of IR, IDLET[2:0]: Idling time setting
CNTL8 27H Enable RW DTCT[6:0]: Detection time setting
CNTL9 28H Enable RwW HBDTH[7:0]: Human detection threshold setting low bit
CNTL10 29H Enable RW HBDTH[15:8]: Human detection threshold setting high bit
HBDEN: Enabling of Human Approach Detection,
ot | ean | e | w s Eraingf Sty DS B0l Eln o
DRIEN: Enabling of interrupt caused by data ready
CNTL12 2BH Enable RW MODE: Measurement start setting
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