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Product Description

The KX023 is a tri-axis *2g, *4g or 8g silicon micromachined
accelerometer with integrated 256 byte buffer, orientation, tap/double
tap, and activity detecting algorithms. The sense element is fabricated
using Kionix’s proprietary plasma micromachining processechnology.
Acceleration sensing is based on the principle of agedifferential
capacitance arising from acceleration-induced motion_of the “sense
element, which further utilizes common mode cancellationto decrease
errors from process variation, temperature, and enyvironmental stresst
The sense element is hermetically sealed at the wafer level by bonding a
second silicon lid wafer to the device using a glass frit. A separate’ ASIC
device packaged with the sense element provides signal gonditioning,
and intelligent user-programmable gapplication algorithms. ™ _d&he
accelerometer is delivered in a 3 x 8mx 0.9 mm LGA plastic ‘package
operating from a 1.71 — 3.6V DC supply. Voltage regulators are used to
maintain constant internal operating voltages over ghe range of input supply voltages. This results in
stable operating characteristieéSpover the rangénofinput supply voltages and virtually undetectable
ratiometric error. 1°C or SPI digital protocél is used to communicate with the chip to configure and
check for updates to theforientation, Directional Bap™ detection and activity monitoring algorithms.

Features
e 3x3x0S9mMmLGA
User-selectable’g Range and Output Data Rate
User-selectable low power mode or high resolution mode
Digital High-Pass FilterOutputs
Embedded FIFO/FIk@buffer
LowiPower Consumption with FlexSet™ Performance Optimization
Internal voltage regulator
Enhanced integrated Directional Tap/Double-Tap™, and Device-orientation Algorithms
User-configurable wake-up function
Digital I1°C up to 3.4 MHz
Digital 3-wire and 4-wire SPI up to 10 MHz
Lead-free Solderability
Excellent Temperature Performance
High Shock Survivability
Factory Programmed Offset and Sensitivity
Self-test Function
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Functional Diagram

X

Accel

Y > . ADC

Accel Amplifier —;

Z

Accel .

Digital

Power
OO @4
VDD GND IO_VE DA SCL ADDR TRIG INT1 INT2

o’&
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Product Specifications
Mechanical

(Specifications are for operation at VDD = 2.5V and T = RT = 255, stated otherwise)

Parameters Units i Typical Max
Operating Temperature Range 85
Zero-g Offset +2 +90
Zero-g Offset Variation from RT over Temp.
GSEL1=0, GSEL0=0 (+ 2g) 17203
Sensitivity! GSEL1=0, GSELO0=1 (+ 49g) 8602
GSEL1=1, GSELO=0 (+ 4096 4301
" GSEL1=0, GSEL0=0 64 67
Sensitivity GSEL1=0, GSELO= counts/g 32 34
(Buffer 8-bit mode)*2 ’
GSEL1=1, GS 8 15 16 17
Sensitivity Variation from RT ove 0.01
0.35 0.5 0.65
3500 (xy)
1800 (2)
% of FS 0.6
% 2
mg 0.75

Sensitivity is proportional to BRES in BUF_CNTL2.

Resonance as defined by the dampened mechanical sensor.

Noise varies with Output Data Rate (ODR) and Current Consumption settings. Contact
Kionix Engineering for additional details on FlexSet™ Performance Optimization.
Requires changing of STPOL bit in INC1 register to 1 prior to performing self-test.
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Electrical

(Specifications are for operation at VDD = 2.5V and T = 25°C unles ed otherwise)

Parameters Units Min ‘ Max
Supply Voltage (VDD) | Operating \Y 3.6
I/0O Pads Supply Voltage (I0_VDD) V VDD
High Resolution Mode (RES =1)
gg:sgaption Low Power Mode! (RES = 0) nA
Standby

Output Low Voltage (I0_VDD < 2V)? 0.2*10_VDD

Output Low Voltage (I0_VDD 2 2V)? 0.4
Output High Voltage -
Input Low Voltage 0.2*10 VDD
Input High Voltage -
Input Pull-down Current

Start Up Time3 650
Power Up Time*

I2C Communication Rate 3.4
SPI Communication Rate 10
Output Data Rate (ODR)> 1600
Bandwidth (-3dB)®

ctrical Specifications
N

ionix Engineering for additional details on FlexSet™
tion.

tion, this assumes a minimum 1.5KQ pull-up resistor on SCL and

nt varies WWU ata Rate (ODR) as shown the chart below, and with Noise

from PC1 set to valid outputs. Time varies with Output Data Rate (ODR);
see chart below

Power up time is from VDD valid to device boot completion.

User selectable through 12C or SPI.

User selectable and dependent on ODR and RES.
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Start Up Time Profile

KX023 Start Up Tim
100.0
KX023 Start Up Time

ODR Time =

(Hz) (ms) £
1600 3.0 E

800 3.0 2

400 4.4 £

200 7.0 &

100 12

50 22

25 40
12.5 81

Current Profileo

Representative Current (HA)
16x Averaging Filter (default)

146 146 146
e o o
0 i 43
= °
0 € 21
Q
0 £ 13 o
o °
0 10.0 7
0 > e
30 © _
®RES=0
>0 0 13 18 20 22 o RES =1 when ODR > 400Hz
100 0 21 ol ©® L
200 0 43 10
400 1 146 p - S § § §
800 1 146 = S
1600 1 146 Accelerometer ODR (Hz)
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Proper functioning of power-on reset (POR) is dependent on the sp VDD, VDDiow, Tvop (rise

time), and Tvop_orr profile of individual applications. It is recommende imize VDDyow, and Tvpp,

and maximize Tvop or. It is also advised that the VDD ramp up ti monotonic. Note that the
outputs will not be stable until VDD has reached its final valu

er the customer specified range of

ance ca@ depending on these

cceleromet 0 -On Procedure for more

Kionix” Accelerometer Specifications

Power-On Procedure

To assure proper POR, the application should be eval
VDD, VDDviow, Tvop, Tvop_off and temperature as P
e parameters.

Please refer to Technical Note TN014 KX022, K
information.

o
¢
,&Q{g‘é

RO
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Environmental
Parameters Units Min Typical Max
Supply Voltage (VDD)| Absolute Limits \ -0.5 = 3.63
Operating Temperature Range °C -40 - 85

Storage Temperature Range °C -55 - 150

Mech. Shock (powered and unpowered) g - - 15()000000f?(:r0()'52n:s
ESD |HBM v - - 2000

A
Aza\

v
RoHS

2011/65/EU

Table 3: Environmental Speeifications

Caution: ESD Sensitive and Mechanical Shock Sensitived€ompenent, improper handling can
cause permanent damage to the device.

These products conform t@ ReHS Directive 2011465/EU of the European Parliament and of
the Council of the European Union thatgwas dssued June 8, 2011. Specifically, these
products do not contain any.non-exempteéd amounts of lead, mercury, cadmium, hexavalent
chromium, polybreminated biphenylSn(PBB) or polybrominated diphenyl ethers (PBDE)

above the maximum concentration values (MCV) by weight in any of its homogenous materials.
Homogenous materialsgiare“®of uniform cemposition throughout”. The MCV for lead, mercury,
hexavalent chromium,/PBB§ and PBDE is 0.10%. The MCV for cadmium is 0.010%.

Applicable Exemption# 7C-l1 - Electrical and electronic components containing lead in a glass or

ceramic other than dielectric ceramie Ih capacitors (piezoelectronic devices) or in a glass or ceramic
matrix compeund:

COMPLIANCE

These products are“also in conformance with REACH Regulation No 1907/2006 of the
European‘Parliament and of the Council that was issued Dec. 30, 2011. They do not contain
any Substances of Very High Concern (SVHC-161) as identified by the European Chemicals
Agency as of 17 December 2014.

This product is halogen-free per IEC 61249-2-21. Specifically, the materials used in this
HF product contain a maximum total halogen content of 1500 ppm with less than 900-ppm
bromine and less than 900-ppm chlorine.
Soldering

Soldering recommendations are available upon request or from www.kionix.com.
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Terminology

g
A unit of acceleration equal to the acceleration of gravity at the earthiSisurface.
m
1g = 9.8—2
S

One thousandth of a g (0.0098 m/ s?) is referred to as 1 milli-g (mQ).
Sensitivity

The sensitivity of an accelerometer is the changesin/output per unit ‘eflinput acceleration at nominal
VDD and temperature. The term is essentiallyythe gain of thé 'sensor expressed in counts per g
(counts/g) or LSB’s per g (LSB/g). Occasighally, sensitivity is_expressed as a resolution, i.e. milli-g per
LSB (mg/LSB) or milli-g per count (mg/count). Sensitivity. for €@ given axis is determined by
measurements of the formula:

(Output @+1g ~ Quitput @-19)
29

Sensitivity,=

The sensitivity tolerance_deseribes the range of sensitivities that can be expected from a large
population of sensors @t foem temperature and over life. When the temperature deviates from room
temperature (25°C), the sensitivity will vaky by the amount shown in Table 1.

Zero-g offset

Zero-g offset or'0-g offset describes the actual output of the accelerometer when no acceleration is
applied. Ideally, the outputhwouldslways be in the middle of the dynamic range of the sensor (content
of the>OUTX, OUTYmOUTZ) registers = 00h, expressed as a 2's complement number). However,
becausefef mismatches in the sensor, calibration errors, and mechanical stress, the output can deviate
from\00h. This deviation‘from the ideal value is called 0-g offset. The zero-g offset tolerance describes
the/range of 0-g offsets of a population of sensors over the operating temperature range.

Self-test

Self-test allows a functional test of the sensor without applying a physical acceleration to it. When
activated, an electrostatic force is applied to the sensor, simulating an input acceleration. The sensor
outputs respond accordingly. If the output signals change within the amplitude specified in Table 1,
then the sensor is working properly and the parameters of the interface chip are within the defined
specifications.

36 Thornwood Dr. - Ithaca, NY 14850 © 2016 Kionix - All Rights Reserved
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Functionality
Sense element

The sense element is fabricated using Kionix’s proprietary plasma mieromachining process technology.
This process technology allows Kionix to create mechanical, silicon” structures which are essentially
mass-spring systems that move in the direction of the appliedyaccéleration. Acceleration sensing is
based on the principle of a differential capacitance arising from the acceleration-induced motion.
Capacitive plates on the moving mass move relativegte fixed capacitive®plates anchored to the
substrate. The sense element is hermetically sealed atithe:wafer level by honding a second silicon lid
wafer to the device using a glass frit.

ASIC interface

A separate ASIC device packaged with the“sense element provides_all of the signal conditioning and
communication with the sensor. The, complete measurement echain is composed by a low-noise
capacitance to voltage amplifier which“cenverts the différential capacitance of the MEMS sensor into
an analog voltage that is sent through an analog-tosdigitalfconverter. The acceleration data may be
accessed through the 1°C digital @@mmunications provideé by the ASIC. In addition, the ASIC contains
all of the logic to allow the userte choose datarates, g-ranges, filter settings, and interrupt logic. Plus,
there are two programmable state machines which allow the user to create unique embedded functions
based on changes in agteleration.

Factory calibratign

Kionix trims the offset and sensitivity of each accelerometer by adjusting gain (sensitivity) and 0-g
offset trim codes stored in nopvolatie memory (OTP). Additionally, all functional register default values
are also pragrammed intoythe ‘nonvolatiie memory. Every time the device is turned on or a software
resetdeommand is issued, the,trimming parameters and default register values are downloaded into the
volatileyregisters to be used-during active operation. This allows the device to function without further
calibration.

36 Thornwood Dr. - Ithaca, NY 14850 © 2016 Kionix - All Rights Reserved
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Application Schematic

Vidd

e 71
O 16 15 14
10 Vdd —e 1 13/ TRIG
C, —— 2 12 ]
3 " <= [MT4
SCLK/SCL -4 10
» 5 4) = [NT2
8

|
SDISDA =+—» &
SDOBDDR—» ~
ncs

Pin Descriptions

Description

1 10_VDD The power supply inpdtifor the digital communication bus. Optionally decouple this pin to ground with a 0.1uF ceramic capacitor.
2 NG Not Internally Connected =Can‘be connected to VDD, 10_VDD, GND or Float
3 NC Not Internally Connectéd — Can be connected to VDD, 10 VDD, GND or Float
4 SCLK/SCL |¢SPI and I>C SerialClock
5 GND Ground
6 SDI/SDA SPI Data input / 12C Serial Data
7 SDOJADDR | Serial Data Out pin during 4 wire SPI communication and part of the device address during 12C communication.
8 nCS SPI enable / 12C mode select (GND = SPI enabled, I12C communication disabled / |O_VDD = SPI disabled, 12C communication
enabled)
9 INT2 Physical Interrupt 2
10 NC Not Internally Connected — Can be connected to VDD, I0_VDD, GND or Float
11 INT1 Physical Interrupt 1
12 GND Ground
13 TRIG Trigger pin for FIFO buffer control — Connect to GND when not using external trigger option
14 VDD The power supply input. Decouple this pin to ground with a 0.1uF ceramic capacitor.
15 NC Not Internally Connected — Can be connected to VDD, 10_VDD, GND or Float
16 NC Not Internally Connected — Can be connected to VDD, 10_VDD, GND or Float
Table 4: Pin Descriptions
36 Thornwood Dr. - Ithaca, NY 14850 © 2016 Kionix - All Rights Reserved
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Test Specifications

m Special Characteristics:

@omer. Every part is tested to

These characteristics have been identified as being critica
verify its conformance to specification prior to shipment.

Parameter

Zero-g Offset @ RT? (2g range)

Sensitivity @ RT! (2g range)
Table 5: Test S

'Room Temperature = 25°

&

Q\g

éo
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Package Dimensions and Orientation

Dimensions
3x3x0.9mm LGA

PIN 1 CORNER

[3 00!
3.00

n

SIDE VIEW

PIN 1 ID (0.300x0.300)
— (0.700)
= EH
il o 10X 0.350x0.250 £0.050
i '—j,/ [$o10@][c[a]B]
== == (12X)
1 1
| I T
HH tH (0.100)
| H-H s b i
f L eI f
e (0-100) 6X 0.250x0.350 +0.050
= |4 ]o.100)[c|a]B]
BOTTOM VIEW

All dimensions and tolerances conform to ASME Y14.5M-1994
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Orientation

Pin 1 .

1 a®
e

ection, the corr@ut will increase.

ta to Earth’s surface (19):

When device is accelerated in +X, +Y

Position 4 5 6
Top Bottom
: f I | |1 |
Diagram Bottom Top
Resolution 8 16 8 16 8 16 8
-64 0 0 |16384| 64 0 0 0 0
0O |16384| 64 0 0 0 0 0 0
0 0 0 0 0 |16384| 64 | -16384 | -64
0 + 0 0
+ 0 0 0
0 0 + -

Earth’s Surface

36 Thornwood Dr. - Ithaca, NY 14850
tel: 607-257-1080 - fax:607-257-1146
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Static X/Y/Z Output Response versus Orientation to Earth’s surface (19):

GSEL1=0, GSELO=1 (*+ 49)

Position 1 2 3 4 5 6
Top Bottom
: f I [| | |
Diagram [ Bottom Top
Resolution (bits) 16 8 16 8 16 8 16 8 16" (@8 16 8
X (counts) 0 0 | -8192 |-32| O 0, ['8192 | 32 0 0 0 0
Y (counts) -8192 | -32 0 0 | 8192732 0 0 0 0 0 0
Z (counts) 0 0 0 0 0 0 0 08192 | 32| -8192 | -32
X-Polarity 0 - 0 * 0 0
Y-Polarity - 0 + 0 0 0
Z-Polarity 0 0 0 0 + -
‘ (19)
Earth’s, Surface
Static X/Y/Z Output Responsé versus Orientation to Earth’s surface (19):
GSEL1=1, GSELO=0 (+ 89)
Position 1 2 3 4 5 6
Top Bottom
: E I [ |
Diagram [ ﬂ Bottom Top
Resolution (bits) 16 8 16 8 16 8 16 8 16 | 8 16 8
Xd(Counts) 0 0O | -4096 |-16| O 0 | 4096 | 16 0 0 0 0
Y (counts) -4096 | -16 0 0 | 4096 | 16 0 0 0 0 0 0
Z (counts) 0 0 0 0 0 0 0 0 | 4096 |16 | -4096 | -16
X-Polarity 0 - 0 + 0 0
Y-Polarity - 0 + 0 0 0
Z-Polarity 0 0 0 0 + -
; (19)

36 Thornwood Dr. - Ithaca, NY 14850
tel: 607-257-1080 - fax:607-257-1146
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Digital Interface

The Kionix KX023 digital accelerometer has the ability to communicate via_théy’C and SPI digital serial
interface protocols. This allows for easy system integration by eliminating janalog-to-digital converter
requirements and by providing direct communication with system micro-coatrollers.

The serial interface terms and descriptions as indicated in Table 6 below®will be observed throughout this
document.

Term Deseription
Transmitter The device that transmits data to the buss
Receiver The device that receives data from the pus.
Master The device that initiates a transfer, generates clock signalsand terminates a transfer.
Slave The device addressed by the Master.

Table 6. Seriallnterface Terminelegies

I2C Serial Interface

As previously mentioned, the KX023has the ability to,communicate on an I12C bus. I1°C is primarily used for
synchronous serial communicationfbetween a Master device and one or more Slave devices. The Master,
typically a micro controllergprovides the serial clock signal and addresses Slave devices on the bus. The
KX023 always operates @s a Slave device ddring standard Master-Slave I°C operation.

I2C is a two-wirefserialinterface that cemtains‘a Serial Clock (SCL) line and a Serial Data (SDA) line. SCL is a
serial clock that isiprovided by the Mastergfbut can be held low by any Slave device, putting the Master into a
wait condition. SDA"is a bi-directionallineé used to transmit and receive data to and from the interface. Data is
transmitted MSB (Most Significant Bit) first in 8-bit per byte format, and the number of bytes transmitted per
transfer is,unfimited. The 12C bus)is considered free when both lines are high.

Theyl2C interface is compliant with high-speed mode, fast mode and standard mode 12C protocols.

36 Thornwood Dr. - Ithaca, NY 14850 © 2016 Kionix - All Rights Reserved
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I0_VDD x

MCU

" £
@onnection
5S

Description 7> | <6> | <5 <3> | <2> | <1> | <0>
12C Wr 1Fh h 0 0 1 1 1 1 1 0
1Fh 0 0 1 1 1 1 1 1
1E Ch 0 0 1 1 1 1 0 0
12C 3Dh 0 0 1 1 1 1 0 1

ion on the data line while the SCL line is held high. The bus is considered busy after this
he next byte of data transmitted after the start condition contains the Slave Address (SAD) in the
SBs (Most Significant Bits), and the LSB (Least Significant Bit) tells whether the Master will be
iving data ‘1’ from the Slave or transmitting data ‘0’ to the Slave. When a Slave Address is sent, each
device on the bus compares the seven MSBs with its internally stored address. If they match, the device
considers itself addressed by the Master. The KX023’s Slave Address is comprised of a programmable part
and a fixed part, which allows for connection of multiple KX023’s to the same I1°C bus. The Slave Address
associated with the KX023 is 001111X, where the programmable bit, X, is determined by the assignment of
ADDR (pin 7) to GND or IO_VDD. Figure 1 above shows how two KX023’s would be implemented on an I1°C
bus.

ﬁ: Operatio
Q the I°C bus b after the Master transmits a start condition (S), which is defined as a high-

36 Thornwood Dr. - Ithaca, NY 14850 © 2016 Kionix - All Rights Reserved
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It is mandatory that receiving devices acknowledge (ACK) each transaction. Therefore;ithe transmitter must
release the SDA line during this ACK pulse. The receiver then pulls the data line lew so that it remains stable
low during the high period of the ACK clock pulse. A receiver that has been addressed, whether it is Master or
Slave, is obliged to generate an ACK after each byte of data has been reeeived. To conclude a transaction,
the Master must transmit a stop condition (P) by transitioning the SDA line from low to high while SCL is high.
The I2C bus is now free. Note that if the KX023 is accessed through'2€, protocol before the startup is finished
a NACK signal is sent.

Writing to 8-bit Register

Upon power up, the Master must write to the KX023’s control registers to setits operational mode. Therefore,
when writing to a control register on the 1°C bus, as_shownsSequence 1 6hn, thefollowing page, the following
protocol must be observed: After a start condition, SAD+W transmission; and the KX023 ACK has been
returned, an 8-bit Register Address (RA) commandiisytransmitted by‘the“Master. This command is telling the
KX023 to which 8-bit register the Master will be"writing the data.gSinceithis'is 1°C mode, the MSB of the RA
command should always be zero (0). The KX028 acknowledges the ' RA and the Master transmits the data to
be stored in the 8-bit register. The KX023@cknowledges thatdtthasfréceived the data and the Master transmits
a stop condition (P) to end the data transfer.” The data senistofthe KX023 is now stored in the appropriate
register. The KX023 automatically increments the réceived RA commands and, therefore, multiple bytes of
data can be written to sequential registers after gach Slave ACK as shown in Sequence 2 on the following
page.

Note** If a STOP condition is sent/on the least significant bit of write data or the following master acknowledge
cycle, the last write operati@mjis‘not guaranteed'and it may alter the content of the affected registers.

Reading fram 8-bit Register

When reading data frem a KX028,8-hitfregister on the 1°C bus, as shown in Sequence 3 on the next page, the
following pretecol must be observed: The Master first transmits a start condition (S) and the appropriate Slave
Address (SAD) with the LSB set‘at ‘0’ to write. The KX023 acknowledges and the Master transmits the 8-bit
RA of théregister it wants to readk, The KX023 again acknowledges, and the Master transmits a repeated start
condition (Sr). After the repeated start condition, the Master addresses the KX023 with a ‘1’ in the LSB
(SADs#R)to read from the previously selected register. The Slave then acknowledges and transmits the data
from the requested register. The Master does not acknowledge (NACK) it received the transmitted data, but
transmits a stop condition to end the data transfer. The accelerometer automatically increments through its
sequential registers, allowing data to be read from multiple registers following a single SAD+R command as
shown below in Sequence 4 on the following page. Reading data from a buffer read register is a special case
because if register address (RA) is set to buffer read register (BUF_READ) in Sequence 4, the register auto-
increment feature is automatically disabled. Instead, the Read Pointer will increment to the next data in the
buffer, thus allowing reading multiple bytes of data from the buffer using a single SAD+R command.

Note** Accelerometer’s output data should be read in a single transaction using the auto-increment feature to
prevent output data from being updated prior to intended completion of the read transaction.
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Data Transfer Sequences

r on the 12C bus and how
s used during the data

The following information clearly illustrates the variety of data transfers that ca
the Master and Slave interact during these transfers. Table 7 defines the
transfers.

Definition

Master | S
Slave

bytes to the Slave.

Master DATA DATA P
Slave ACK ACK ACK
: The Master is receiving one byte of data from the Slave.
S |SAD+W RA Sr | SAD+R NACK | P
ACK ACK ACK| DATA
Sequence 4: The Master is receiving multiple bytes of data from the Slave.
Master | S |SAD +W RA Sr [SAD+R ACK NACK
Slave ACK ACK ACK| DATA DATA

36 Thornwood Dr. - Ithaca, NY 14850 © 2016 Kionix - All Rights Reserved
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HS-mode

To enter the 3.4MHz high speed mode of communication, the device must rec
conditions from the master: a Start condition followed by a Master code (
acknowledge. Once recognized, the device switches to HS-mode communi
then proceed as described in the sequences above. Devices return
on the bus.

the following sequence of
X) and a Master Non-
. Read/write data transfers
ode after a STOP occurrence

Sequence 5: HS-mode data transfer of the Master writing multi

Speed FS-mode FS-mode
Master | S | M-code |[NACK| Sr | SAD +W P
Slave

s + ack.

Sequence 6: HS-mode data transfer of the of data from the Slave.

Speed FS-mode
Master | S | M-code |NACK
Slave

Speed
Master | Sr
Slave

R

FS-mode

36 Thornwood Dr. - Ithaca, NY 14850 © 2016 Kionix - All Rights Reserved
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SCL

SDA

Table 8: [2C Timing (Fast Mode)

I2C Timing Diagram

To

t |

A vit7 X blins X X vito Yesss e’

ts | fo

Number

to

t1

to

ts

ts

ts

te

36 Thornwood Dr. - Ithaca, NY 14850
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Descriptiof MAX | Units
SDA low to SCL low transition ( - ns
SDA low to first SCL rising ed ] - ns
SCL pulse width: high 100 - ns
SCL pulse width: low 100 - ns
SCL high before SDAfalling edge (Start Repea 50 - ns
SCL pulse width.shigh ‘e Prevent ./ 100 - ns
i SD top). 50 - | ns
hi v 25 - ns
50 - ns
50 - ns
en slave is transmitting) - 100 ns
id (when slave is transmitting) 0 - ns
25 - us

© 2016 Kionix - All Rights Reserved
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SPI Communications
4-Wire SPI Interface

The KX023 also utilizes an integrated 4-Wire Serial Peripheral Interface igital communication. The
SPI interface is primarily used for synchronous serial communication,be ne Master device and one or
more Slave devices. The Master, typically a micro controller, pra SPI clock signal (SCLK) and

determines the state of Chip Select (nCS). The KX023 always op atesyas a Slave device during standard

Master-Slave SPI operation. Q
4-wire SPI is a synchronous serial interface that uses ?and two lines. With respect to the
Master, the Serial Clock output (SCLK), the Data Output OSl) and Input (SDO or MISO) are
shared among the Slave devices. The Master gene ndepend elect (nCS) for each Slave
device that goes low at the start of transmission a ack highpat The Slave Data Output (SDO)

o0 it does not interfere with any

line, remains in a high-impedance (hi-z) state w vice is no
active devices. This allows multiple Slave devi are a masEi s shown in Figure 2 below.

<

Slave O

SCLK
cs

KX023
SDI  SDO

Qoa a Out) Slave 1
a In) || SCLK

L CS
KX023

— SDI  SDO |

Figure 2: 4-wire SPI Connections
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4-Wire SPI Timing Diagram

t3 %1 t,
nCS
CLK I L. 1 I 111
SDI X 1otz X bits )C bit1 X bito | X bit7 Cbitr X bito X
SDO— bi it 6 bi bito X
ts=l | v

&

&

<

O

Table 9: 4-Wire SPI Timing

Number Desctiption MIN | MAX | Units
ta width: high 40 ns
40 ns
ing edge 20 ns
: inal CLK rising edge 30 ns
hto CLKdrising edge 10 ns
ing edge to SDI invalid 10 ns
dge to SDO valid 35 ns

tes

1. tyis only present during reads.

2. Timings are for VDD of 1.8V to 3.6V with 1KQ pull-up resistor and maximum 20pF load
capacitor on SDO.
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4-Wire Read and Write Registers

The registers embedded in the KX023 have 8-bit addresses. Upon power up, the Master must write to the
accelerometer’s control registers to set its operational mode. On the falling edge,of nCS, a 2-byte command is
written to the appropriate control register. The first byte initiates the writé"toythe appropriate register, and is
followed by the user-defined, data byte. The MSB (Most Significant, Bit) of the register address byte will
indicate “0” when writing to the register and “1” when reading from the‘register. This operation occurs over 16
clock cycles. All commands are sent MSB first. The host must _returRnnCS high forgat least one clock cycle
before the next data request. However, when data is being readftom a buffer read register (BUF_READ), the
nCS signal can remain low until the buffer is read. Figure 3 belewshows the timihg di@gram for carrying out an
8-bit register write operation.

Write Address First 8 bits , Second 8 bits, Last 8 bits ,

SDI -@@@®@®@@@®@@@@@@@@@t 0@@@.

SDO Hl-7

cs |\

Figure 3:Timing Diagram for 8-Bit Register Write Operation

In order to read an 8-bit xegister,"an 8-bit register address must be written to the accelerometer to initiate the
read. The MSB of this registef address byte'willlindicate “0” when writing to the register and “1” when reading
from the register 4Upon receving the address, the accelerometer returns the 8-bit data stored in the addressed
register. This operation also occurs over 16 clock cycles. All returned data is sent MSB first, and the host must
return nCS high for at,least onefelock €ycle before the next data request. Figure 4 shows the timing diagram
for an 8-bitregister read operation.

Read Address | First 8 bits , Second 8 bits Last 8 bits
T d q

Figure 4: Timing Diagram for 8-Bit Register Read Operation

36 Thornwood Dr. - Ithaca, NY 14850 © 2016 Kionix - All Rights Reserved
tel: 607-257-1080 - fax:607-257-1146
www.kionix.com - info@kionix.com Page 27 of 77



PART NUMBER:
l + 29 | 4g | 8g Tri-axis Digital KX023.1025
Rev. 12.0
5-A

Kionix” Accelerometer Specifications

3-Wire SPI Interface

The KX023 also utilizes an integrated 3-Wire Serial Peripheral Interface (SPI) for digital communication. 3-wire
SPl is a synchronous serial interface that uses two control lines and one data line.With respect to the Master,
the Serial Clock output (SCLK), the Data Output/Input (SDI) are shared al lave devices. The Master
generates an independent Chip Select (nCS) for each Slave device at@ow at the start of transmission
and goes back high at the end. This allows multiple Slave devices a master SPI port as shown in
Figure 5 below.

Master

Serial Clg

Slave 1

SCLK
csS

KX023
SDI

e 5: 3-wire SPI Connections
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3-Wire SPI Timing Diagram

t. t t
: 3 1 2

nCS

CLK | LI L I

SDI X | itz X bits )c bit1 X bit
ts—)l [ ’
ts
Number Description
ta CLK pulse width: high - ns
to CLK pulse width: low - ns
i3 - ns
ta 20 - ns
ts 10 - ns
ts 10 - ns
ty - - ns
ts - 35 ns
Notes
: d nly prese eads.
e for VDD 8V to 3.6V with 1KQ pull-up resistor and maximum
ad capacit DI.
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3-Wire Read and Write Registers

The registers embedded in the KX023 have 8-bit addresses. Upon power up, the Master must write to the
accelerometer’s control registers to set its operational mode. On the falling edge,of nCS, a 2-byte command is
written to the appropriate control register. The first byte initiates the write"tothe appropriate register, and is
followed by the user-defined, data byte. The MSB (Most Significant, Bit) of the register address byte will
indicate “0” when writing to the register and “1” when reading from the register. A read operation occurs over
17 clock cycles and a write operation occurs over 16 clock cycles. Alhcommands aressent MSB first. The host
must return nCS high for at least one clock cycle before the next data request. Howeéver, when data is being
read from a buffer read register (BUF_READ), the nCS signal‘€ean remain low until thé'buffer is read. Figure 6
below shows the timing diagram for carrying out an 8-bit register Write operation.

scLl 1T LU L, Il BP0 1T 1T MEA G 1
SDI [ X reokasXaaphAX R0 0X0oK0940 g0 0N 0K

cs [

Figure 6: fiming Diagram _for8-Bit"Register Write Operation

In order to read an 8-bit register, .an 8-bit register address must be written to the accelerometer to initiate the
read. The MSB of this registér address byte aillindicate “0” when writing to the register and “1” when reading
from the register. Upen reeeiving the address, the accelerometer returns the 8-bit data stored in the addressed
register. For 3-wire read operations, one _extra clock cycle between the address byte and the data output byte
is required. Therefore,this operationgoceurs over 17 clock cycles. All returned data is sent MSB first, and the
host must return n€Sshigh for at least one clock cycle before the next data request. Figure 7 shows the timing
diagram forah 8-bit register read. operation.

see T UUUUUUTTUUU U ET
SDI L Xerkeokesreikeaeakaaeol DXonkeXoskoaxoskpaxoee -

cs [

Figure 7: Timing Diagram for 8-Bit Register Read Operation
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Embedded Registers

The KX023 has 57 embedded 8-bit registers that are accessible by the user. T
addresses for all embedded registers and also describes bit functions of each r,
provides a listing of the accessible 8-bit registers and their addresses.

ction contains the
Table 11 below

Address Register Name R/W Address R/W
00h XHPL R 21h R/W
01h XHPH R 22h R/W
02h YHPL R 23h R/W
03h YHPH R
04h ZHPL R
05h ZHPH R
06h XOUTL R
07h XOUTH R
08h YOUTL R
0%h YOUTH R
OAh ZOUTL R
0Bh ZOUTH ionix Reserved
0Ch COTR ionix Reserved
0Dh Kionix Reserved Kionix Reserved
OEh Kionix Resen Kionix Reserved
OFh Who_Al _ ATH* R/W
10h 31h Kionix Reserved
11h 32h TILT _ANGLE_LL* R/W
12h 33h TILT_ANGLE_HL* R/W

34h HYST_SET* R/W

35h LP_CNTL* R/W

36h Kionix Reserved

37h Kionix Reserved

38h Kionix Reserved

39h Kionix Reserved
19h 3Ah BUF_CNTL1* R/W
1Ah R/W 3Bh BUF_CNTL2* R/W
1Bh CN R/W 3Ch BUF _STATUS 1 R
1Ch INC1* R/W 3Dh BUF_STATUS 2 R
1Dh INC2* R/W 3Eh BUF_CLEAR w
1Eh INC3* R/W 3Fh BUF_READ R
1Fh INC4* R/W 60h SELF_TEST W
20h INC5* R/W

* Note: - When changing the contents of these registers, the PC1 bit in CNTL1 must first be set to “0”.
- Reserved registers should not be written.

Table 11: Register Map
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Register Descriptions

Accelerometer Outputs

These registers contain up to 16-bits of valid acceleration data for eac
of the RES bit in CNTL1, the user may choose to read only the 8
resolution. When BRES = ‘0’ in BUF_CNTL2 the 8 MSB is
data is updated every user-defined ODR period, is protected rite during each read, and can
be converted from digital counts to acceleration (g) per below. The register acceleration
output binary data is represented in 2’s complement r exampl = 16 bits, then the
Counts range is from -32768 to 32767, and if N = 8 bit e Counts ra rom -128 to 127.

epending on the setting
reading an effective 8-bit
ta recorded in the buffer. The

16-bit Equivalent
Register Data Counts in
(2’s complement) decimal Range = +8¢g
011111111111 1111 32767 +7.999769g
011111111111 1110 32766 +7.99951g
0000 0000 0001 +0.00012g +0.00024g
0000 0000 0000 0.0000g 0.0000g
1111111112221 1111 -0.00012g -0.000249g
-1.99994¢g -3.99988¢g -7.999769g
-2.00000g -4.00000g -8.00000g
Range = +2¢g Range = +4g Range = +8¢g
+1.98449 +3.96889g +7.9375g
0111 1110 126 +1.9688g +3.9375¢g +7.87509g
0000 0001 1 +0.01569 +0.0313g +0.0625¢g
0000 0000 0 0.0000g 0.0000g 0.0000g
11111111 -1 -0.01569g -0.0313¢g -0.0625¢g
1000 0001 -127 -1.98449g -3.9688¢g -7.9375¢g
1000 0000 -128 -2.000g -4.000g -8.000g

Table 12: Acceleration (g) Calculation
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XHP_L

X-axis high pass filter accelerometer output least significant byte. Data i
frequency determined by OWUF in CNTLS3.

R

R

date the ODR

R R R
XHPD7 XHPD6 XHPD5 XHPD4 XHPD3 0
Bit7 Bit6 Bit5 Bit4 Bit3
XHP_H

X-axis high pass filter accelerometer output most si

frequency determined by OWUF in CNTL3.

R R R R
XHPD15 | XHPD14 | XHPD13 | XHPD12
Bit7 Bit6 Bit5 Bit4
YHP_L

Y-axis high pass filter accel

frequency determined

R

YHPD7

Bit7

YHP_H
Y

pass filte

er outpu
in CNTL3.

ificant byte. Data is updated at the ODR

R R R
YHPD2 YHPD1 YHPDO
Bit2 Bit1l Bit0

I2C Address: 0x02h

meter output most significant byte. Data is updated at the ODR

ncy determined b UF in CNTL3.
R R R R R R R
5 | YHPD14 | YHPD13 | YHPD12 | YHPD11 | YHPD10 | YHPD9 YHPDS8
it7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

36 Thornwood Dr. - Ithaca, NY 14850
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ZHP_L
Z-axis high pass filter accelerometer output least significant byte. Data i
frequency determined by OWUF in CNTLS3.

date the ODR

R R R R R
ZHPD7 ZHPD6 ZHPD5 ZHPD4 ZHPD3
Bit7 Bit6 Bit5 Bit4 Bit3
ZHP_H

Z-axis high pass filter accelerometer output most
frequency determined by OWUF in CNTL3.

R R R R
ZHPD15 | ZHPD14 | ZHPD13 | ZHPD12
Bit7 Bit6 Bit5 Bit4
XOUT _L

catg significant

X-axis accelerometer
by OSA in ODCNTL.

ata is updated at the ODR frequency determined

R R R R R R
XOUTD7 XOUTD2 | XOUTD1 | XOUTDO
Bit7 Bit2 Bitl BitO
I12C Address: 0x06h
XOUT

is accelerometer o

most significant byte. Data is updated at the ODR frequency determined

36 Thornwood Dr. - Ithaca, NY 14850
tel: 607-257-1080 - fax:607-257-1146
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YOUT_L
ncy determined

by OSA in ODCNTL.

Y-axis accelerometer output least significant byte. Data is updated at thaDR fre

R R R R R R
YOUTD7 | YOUTD6 | YOUTDS | YOUTD4 | YOUTD3 | YOUTD2
Bit7 Bit6 Bit5 Bit4 Bit3
YOUT_H

Y-axis accelerometer output most significant byte.
by OSA in ODCNTL.

R R R R
YOUTD15|YOUTD14|YOUTD13|YOUTD12
Bit7 Bit6 Bit5 Bit4

ZOUT_L
Z-axis accelerometer outpu
by OSA in ODCNTL.

ignifica

R R R
Z0OUTD7 Z0UTD2 | ZOUTD1 | ZOUTDO
Bit7 Bit4 Bit2 Bit1 Bit0

I2C Address: 0x0Ah

ZOUT_H
- eleromet @)st significant byte. Data is updated at the ODR frequency determined
é in ODCNTL
R R R R
5/YOUTD14|YOUTD13|YOUTD12|YOUTD11|YOUTD10| YOUTD9 | YOUTDS8
Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
I2C Address: 0x0Bh
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COTR
This register can be used to verify proper integrated circuit functionalit
0x55h unless the COTC bit in CNTL2 is set. At that point this value is
returned to 0x55h after reading this register and the COTC bit in CNTL

t alwa as a byte value of
OxAAh. The byte value is
red.

R R R R R R
DCSTR7 | DCSTR6 | DCSTRS | DCSTR4 | DCSTR3 | DCSTR2 | DCS RO Reset Value
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 B Bit0 01010101

a * OxOCh

it can I" ten to a known byte value.

WHO_AM |
This register can be used for supplier reco
The default value is 0x15h.

R R R R
WIA7 WIAG WIAS WIAO Reset Value
Bit7 Bit6 Bit5 Bit0 00010101
I2C Address: 0xOFh

Tilt Position

These two registers rep
fre cy and is pro
val
e Current Tilt Position Register.

and current position data that is updated at the user-defined ODR
register read. Table 13 describes the reported position for each bit

R R R R R R R R
0 0 LE RI DO UupP FD FU Reset Value
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 00100000
I2C Address: 0x10h
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TSPP
Previous Tilt Positon Register.

R R R R R R R
0 0 LE RI Reset Value
Bit7 Bit6 Bit5 00100000

Interrupt Source Registers
These three registers repor (
occurs and each applicatio It is latc

0

data is updated when a new interrupt event
e interrupt release register is read.

INS1
This regi he triggeri when a tap/double tap interrupt occurs. Data is updated at the
ODR settings d OTDT< CNTL3.
R R R R R R
0 TDO TUP TFD TFU
' Bit5 Bit3 Bit2 Bitl Bit0
I2C Address: 0x12h

Bit Description
TLE X Negative (X-) Reported
TRI X Positive (X+) Reported

TDO Y Negative (Y-) Reported
TUP Y Positive (Y+) Reported
TFD Z Negative (Z-) Reported
TFU Z Positive (Z+) Reported

Table 14: Directional Tap™ Reporting
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INS2
This register tells witch function caused an interrupt.

R R R R R R R
0 BFI WMI DRDY TDTS1 TDTSO WUES ‘
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bi
[2C Ad

BFI — indicates buffer full interrupt. Automatica eared when b e@d.
BFI = 0 — Buffer is not full 0

BFI = 1 — Buffer is full
when F up to the value stored in the
lly cleared ILO is read and the content
lue stored j ple bits.
has not been ed
rk has bee d

WMI — Watermark interrupt, bitis s
sample bits. This bit is a
returns to a value bel

WMI = 0 — Buffer w
WMI = 1 — Buffer

DRDY - indicates th accelerati 6h to 0x0Bh) is available. This bit is cleared
when ac dataisr interrupt release register INT_REL is read.
DRDY - pew acceleration ot available

DRD w acceleration data available

tus of tap/ , bit is released when interrupt release register INT_REL is

TDTSO Event

0 No Tap

1 Single Tap

0 Double Tap

o 1 Do not exist

é WUFS - Status of Wake up. This bit is cleared when the interrupt release register INT_REL is
read.

WUFS = 1 — Motion has activated the interrupt

WUES = 0 — No motion

TPS — Tilt Position status. This bit is cleared when the interrupt release register INT_REL is

read.
TPS = 0 — Position not changed
TPS = 1 — Position changed

36 Thornwood Dr. - Ithaca, NY 14850 © 2016 Kionix - All Rights Reserved

tel: 607-257-1080 - fax:607-257-1146

www.kionix.com - info@kionix.com Page 38 of 77



Kionix"

+ 2g/4g/ 8g Tri-axis Digital
Accelerometer Specifications

PART NUMBER:
KX023-1025
Rev. 12.0

5-A

INS3

This register reports the axis and direction of detected motion.

R R R R R R
0 0 XNWU XPWU YNWU YPWU
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2
STATUS_REG

This register reports th

the interrup

R R R R R
0 0 0 0 0
Bit7 Bi Bit2 Bitl Bit0

I2C Address: 0x15h

o

wT reports t

at 1 unti

are 0,

d (OR) interrupt information of all features. When BFI and WMI in INS2
it is released to O when INL is read. If WMI or BFl is 1, INT bit remains

y are cleared by FIFO/FILO buffer read.
0 = no interrupt event
1 = interrupt event has occurred

Latched interrupt source information (INS1, INS2, INS3 except WMI/BFI and INT when WMI/BFI is
zero) is cleared and physical interrupt latched pin is changed to its inactive state when this register is
read. Read value is dummy.

R R R R R R R R
X X X X X X X X
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

I2C Address: 0x17h
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CNTL1
Read/write control register that controls the main feature set.

R/W R/W R/W R/W R/W
PC1 RES DRDYE | GSEL1 | GSELO Reset Value
Bit7 Bit6 Bit5 Bit4 Bit3 00000000
PC1 controls the operating mode of the KX023 allow 1.2/0ODR

delay time when transitioning from st mode PC1=1to
allow new settings to load.
0 = stand-by mode

1 = operating mode

RES determines the performan
different LP_CNTL setti
change the value

0 = low current.
1 = high resoluti

e varies with ODR, RES and
ective resolution. Note that to
rst be set to “0”.

DRDYE enable i F pility of new acceleration data as an interrupt. Note

that t e the value of th " the PC1 bit must first be set to “0”.
= of new aceeleration data is not reflected as an interrupt
ility of new ration data is reflected as an interrupt

LO sele eleration range of the accelerometer outputs per Table 16.
ote that to the value of this bit, the PC1 bit must first be set to “0”.

GSEL1 | GSELO| Range

& 0 0 +2g

o 0 1 +4g
1 0 +8g
Table 16: Selected Acceleration Range

TDTE enables the Directional Tap™ function that will detect single and double tap events.
Note that to change the value of this bit, the PC1 bit must first be set to “0”.
TDTE = 0 — disable
TDTE =1 - enable
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WUFE enables the Wake Up (motion detect) function. 0= disabled, 1
change the value of this bit, the PC1 bit must first be se “0”.

0 = Wake Up function disabled

1 = Wake Up function enabled

. Note that to

TPE enables the Tilt Position function that will detectsch
fo change the value of this bit, the PC1 bit m
TPE = 0 — disable

TPE =1 - enable

CNTLZ2 Q
Read/write control register that provides more fea@t ontrol. No

value of this register, the PC1 bitin CNTL1 m set to “0”

device orientation. Note that

@et to “0”.
t@properly change the
R/W R/W

SRST COTC Reset Value
Bit7 00111111

n
&)TR register to OxAAh and when COTR is read, sets this bitto O
x55h

TUPM, TEDM these bits control the tilt axis mask. Per Table 17, if a
bit is set to one (1), tilt in that direction will generate an interrupt. If it is set
to zero (0), tilt in that direction will not generate an interrupt. Note that to properly
change the value of this register, the PC1 bit in CNTL1 must first be set to “0”.

Bit Description
TLEM X Negative (X-)
TRIM X Positive (X+)
TDOM Y Negative (Y-)
TUPM Y Positive (Y+)
TFDM Z Negative (Z-)
TFUM Z Positive (Z+)
Table 17: Tilt Direction™ Axis Mask
36 Thornwood Dr. - Ithaca, NY 14850 © 2016 Kionix - All Rights Reserved
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CNTL3
Read/write control register that provides more feature set control. Note

value of this register, the PC1 bit in CNTL1 must first be set to “0”.

to properly change the

R/W R/W R/W R/W R/W R/W
OTP1 OTPO OTDT2 | OTDT1 | OTDTO | OWUF2 Reset Value
Bit7 Bit6 Bit5 Bit4 Bit3 10011000

OTPA, OTPB sets the output data rate for th
Tilt Position ODR is 12.5Hz.

i @able 18. The default

OTP1

Output Data Rate

Tabl ilt Positi
ts the output data

OTDTA, OT
de i

for the Directional Tap™ function per Table 19. The

OTDTO | Output Data Rate

0 0 50Hz

0 1 100Hz
1 0 200Hz
1 1 400Hz
0 0 12.5Hz
0 1 25Hz

1 0 800Hz
1 1 1600Hz

Table 19: Directional Tap™ Function Output Data Rate

36 Thornwood Dr. - Ithaca, NY 14850 © 2016 Kionix - All Rights Reserved
tel: 607-257-1080 - fax:607-257-1146
www.kionix.com - info@kionix.com Page 42 of 77



‘ + 2g/4g/ 8g Tri-axis Digital
Kionix” Accelerometer Specifications

PART NUMBER:
KX023-1025

OWUF2, OWUF1, OWUFO sets the output data rate for the general
ult Mo

and the high-pass filtered outputs per Table 20. The d

0.781Hz.
OWUF2 | OWUF1 | OWUFO | Output Data
0 0
0 0
0 1
0 1
1 0
1 0
1 1
1 1
Table 20: Motion unctio

o(“ o°
04‘
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ODCNTL
This register is responsible for configuring ODR (output data rate) and filter settings.”Note that to
properly change the value of this register, the PC1 bit in CNTL1 must fi&t to “0”.
R/W R/W R/W R/W R/W
IIR_ BYPASS| LPRO |RESERVEDIRESERVED| OSA3 Reset Value
Bit7 Bit6 Bit5 Bit4 Bit3 00000010

IIR_BYPASS filter bypass mode
IIR_BYPASS = 0 — filtering applie
IIR_BYPASS = 1 —filter bypas

LPRO low-pass filter roll off co
LPRO = 0 —filter corn
LPRO =1 —filter co

Reserved — The Re
behavior. 6

heir Reset state to avoid unexpected

OSA3, OSA2, OSAO accelerati tput data rate. The default ODR is 50Hz.
OSAO0 Output Data Rate

0 12.5Hz*
0 1 25Hz*
1 0 50Hz*

& 1 1 100Hz*
1 0 0 200Hz*
o 0 1 0 1 400Hz
0 1 1 0 800Hz

0 1 1 1 1600Hz

1 0 0 0 0.781Hz*

1 0 0 1 1.563Hz*

1 0 1 0 3.125Hz*

1 0 1 1 6.25Hz*

Table 21: Accelerometer Output Data Rates (ODR)

* Low power mode available, all other data rates will default to high resolution mode
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INC1
This register controls the settings for the physical interrupt pin INT1. that t

value of this register, the PC1 bit in CNTL1 must first be set to “0”.

roperly change the

R/W R/W R/W R/W R/W R/W
Reserved | Reserved IEN1 IEA1 IEL1 Reserved Reset Value
Bit7 Bit6 Bit5 Bit4 Bit3 00010000

i !ve high

ntil it is cleared by reading INT_REL
ansmit one pulse with a period of 50 us

IEL sets the response

IEL = 0 —the icalbinterrup
IEL =1 —the al interr
STPOL sets rity of Self-Test
STP, N
the 3-wir [
3E= di
PI3E =

egative
&eserved -

S 1 — Positive
behavior.

face

eserved bits should remain at their Reset state to avoid unexpected

This register controls which axis and direction of detected motion can cause an interrupt. Note that to
properly change the value of this register, the PC1 bit in CNTL1 must first be set to “0”.

R/W R/W R/W R/W R/W R/W R/W R/W
0 0 XNWUE | XPWUE | YNWUE | YPWUE | ZNWUE | ZPWUE Reset Value
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 00111111
I2C Address: 0x1Dh
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XNWU - x negative (x-): 0 = disabled, 1 = enabled
XPWU - x positive (x+): 0 = disabled, 1 = enabled
YNWU -y negative (y-): 0 = disabled, 1 = enabled
YPWU -y positive (y+): 0 = disabled, 1 = enabled
ZNWU - z negative (z-): O = disabled, 1 = enabled
ZPWU - z positive (z+): 0 = disabled, 1 = enabled

INC3
This register controls which axis and direction of tap/detibletap can causgfan,interrupt. Note that to

properly change the value of this register, the PC1 bit it CNTE1 must first be'setto “0”.

R/W R/W R/W R/W R/W R, R/W RAN:
0 0 TLEM TRIM TDOM TUPM TFDM TEUM Reset Value
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 00111111
I2C Addressy 0xdEh
TLEM — x negative (x-): 0= disabled, 1 = enabled
TRIM — x positive (x+): Q= disabled, 1 = enabled
TDOM -y negative y=); 0. =>disabledgiy= enabled
TUPM -y positive/(y+): 0 = disabled, 1 = enabled
TFDM — z negative(z%): 0 = disabled, 4 = enabled
TFUM — z positivedz+): 0 = disabled, 1 = enabled
INC4
This registér. controls routing of“amyinterrupt reporting to physical interrupt pin INT1. Note that to
properly‘change the value of this register, the PC1 bit in CNTL1 must first be set to “0”.
R/W R/W R/W R\ R/W R/W R/W R/W
0 BFI1 WMIT DRDYI1 | Reserved | TDTI1 WUFI1 TPI1 Reset Value
Bit7, Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO 00000000
I2C Address: 0x1Fh

BFI1 — Buffer full interrupt reported on physical interrupt pin INT1
WMI1 - Watermark interrupt reported on physical interrupt pin INT1

DRDYI1 — Data ready interrupt reported on physical interrupt pin INT1
TDTI1 - Tap/Double Tap interrupt reported on physical interrupt pin INT1
WUFI1 — Wake-Up (motion detect) interrupt reported on physical interrupt pin INT1

TPI1 — Tilt position interrupt reported on physical interrupt pin INT1

Reserved — The Reserved bits should remain at their Reset state to avoid unexpected
behavior.
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INC5
This register controls the settings for the physical interrupt pin INT2. Ne@te that to‘properly change the
value of this register, the PC1 bit in CNTL1 must first be set to “0”.

R/W R/W R/W R/W R/W R/W R/W RMW
Reserved | Reserved IEN2 IEA2 IEL2 Reserved | Reserved |[Reserved Reset Value
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitdl Bit0 00010000
I2C Address: 0x20h
IEN2 enables/disables the physical interrupt pin
IEN2 = 0 — physical interrupt pin is disabled
IEN2 = 1 — physical interrupt pin is'enabled
IEA2 sets the polarity of the physi€alinterrupt pin
IEA2 = 0 — polarity of the physicalinterrupt pin IS activellow
IEA2 = 1 — polarity of thelphysical interrupt{pingis, active high
IEL2 sets the responsedfthe physical interrupt pin
IEL2 = 0 — the gahysical interrupigpin, latches until it is cleared by reading INT_REL
IEL2 = 1 — the physical interrdpt pinwill transmit one pulse with a period of 50 us
Reserved — The Réserved bits shouldifemain at their Reset state to avoid unexpected
behavior.,
INC6

This register/contrels routing efiinterrupt reporting to physical interrupt pin INT2. Note that to properly
change thewalue of this gegister, the PC1 bit in CNTL1 must first be set to “0”.

R/W

RAW

R/W

RIW

R/W

R/W

R/W

R/W

0

BFI2

WMI2

DRDYI2

Reserved

TDTI2

WUFI2

TPI2

Reset Value

Bit7

Bit6

Bit5

Bit4

Bit3

Bit2

Bitl

Bit0

00000000

I2C Address: 0x21h

BFI2 — Buffer full interrupt reported on physical interrupt pin INT2

WMI2 - Watermark interrupt reported on physical interrupt pin INT2

DRDYI2 — Data ready interrupt reported on physical interrupt pin INT2

TDTI2 - Tap/Double Tap interrupt reported on physical interrupt pin INT2

WUFI2 — Wake-Up (motion detect) interrupt reported on physical interrupt pin INT2

TPI2 — Tilt position interrupt reported on physical interrupt pin INT2

Reserved — The Reserved bits should remain at their Reset state to avoid unexpected

behavior.
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TILT_TIMER

This register is the initial count register for the tilt position state timer (0 t@y255 counts). Every count is
calculated as 1/ODR delay period, where the ODR is user-defined per Table,18. A new state must be
valid as many measurement periods before the change is accepted. Note that'to properly change the
value of this register, the PC1 bit in CNTL1 must first be set to “0”.

R/W R/W R/W R/W R/W R/W R/\W R/W
TSC7 TSC6 TSC5 TSC4 TSC3 TSC?2 TSC1 TSCO Reset Value
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 BitT BitO 00000000
{2C\Address: 0x22h
WUFC

This register is the initial count register forhe, mation detection timer (0'to 255 counts). Every count is
calculated as 1/ODR delay period, wheré the"ODR is user-defined pefr Table 20. A new state must be
valid as many measurement periods Jefore the change i aeeepted. Note that to properly change the
value of this register, the PC1 bit ing€NTLDmust first be set'to “0”.

R/W R/W R/W R/, R/W RAN R/W R/W
WUFC7 | WUFC6 | WUFC5 | WUEC4 | WUFC3¢| WUFC2 | WUFC1 | WUFCO Reset Value
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO 00000000
I2C Address: 0x23h
TDTRC

This registerfis résponsible fofenabling/disabling reporting of Tap/Double Tap. Note that to properly
change thewalue of this gegister; the PC1 bit in CNTL1 must first be set to “0”.

R/W R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 DTRE STRE Reset Value
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 00000011
I2C Address: 0x24h
DTRE enables/disables the double tap interrupt
DTRE = 0 — do not update/trigger interrupts on double tap events
DTRE = 1 —update interrupts on double tap events
STRE enables/disables single tap interrupt
STRE = 0 — do not update/trigger interrupts on single tap events
STRE = 1 —update interrupts on single tap events
36 Thornwood Dr. - Ithaca, NY 14850 © 2016 Kionix - All Rights Reserved
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TDTC

This register contains counter information for the detection of a double tap event."When the Directional
TapTM ODR is 400Hz or less, every count is calculated as 1/ODR delay period. When the Directional
TapTM ODR is 800Hz, every count is calculated as 2/ODR delay periad. When the Directional TapTM
ODR is 1600Hz, every count is calculated as 4/ODR delay period. TheyDirectional TapTM ODR is user-
defined per Table 19. The TDTC counts starts at the beginning' offthé fist tap and it represents the
minimum time separation between the first tap and the secendtap in a double tap event. More
specifically, the second tap event must end outside of thef TDTC: The Kionix recommended default
value is 0.3 seconds (0x78h). Note that to properly change“the value of thiS register, the PC1 bit in
CNTL1 must first be set to “0”.

R/W R/W R/W R/W R/W RNV R/W R/W.
TDTC7 TDTC6 TDTC5 TDTC4 TDTC3 TDTE2 TDIE1 TDTCO Reset Value
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 BitT BitO 01111000
12C Address: 0x25h
TTH

This register represents the/8-bit jerk high threshald to determine if a tap is detected. Though this is an
8-bit register, the registervalue’is internallyzmultiplied by two in order to set the high threshold. This
multiplication results in‘a range of 0d to 510d 'with a resolution of two counts. The Performance Index
(PI) is the jerk signal thatis expected tolbe less than this threshold, but greater than the TTL threshold
during single andédauble tap events.dNete that to properly change the value of this register, the PC1 bit
in CNTL1 must firstde set to “0nThe Kionix recommended default value is 203 (OxCBh) and the
Performancedndex Is calculatedsas:

X=X (current) — X (previous)
Y’ =Y (current) — Y (previous)
Z' = Z (current) — Z (previous)

PI=IX]+Y]+|Z]

Equation 1: Performance Index

R/W R/W R/W R/W R/W R/W R/W R/W
TTH7 TTH6 TTH5 TTH4 TTH3 TTH2 TTH1 TTHO Reset Value
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 11001011
I2C Address: 0x26h
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TTL

This register represents the 8-bit (0d— 255d) jerk low threshold to determine if aitap is detected. The
Performance Index (PI) is the jerk signal that is expected to be greater than this threshold and less
than the TTH threshold during single and double tap events. The KioniX recommended default value is
26 (0Ox1Ah). Note that to properly change the value of this register gthe,PC1 bit in CNTL1 must first be
set to “0”.

R/W R/W R/W R/W R/W R/W R R/W
TTL7 TTL6 TTL5 TTL4 TTL3 TTL2 TILT TTLO Reset Value
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit? BitO 00011010
12C'Address: 0x27h
FTD

This register contains counter informati@n.for the detection @fyanystap event. When the Directional
TapTM ODR is 400Hz or less, every gountis calculated as #ODR delay period. When the Directional
TapTM ODR is 800Hz, every countsis calculated as 2/ODR delay period. When the Directional TapTM
ODR is 1600Hz, every count is calculated as 4/ODRddelay period. The Directional TapTM ODR is user-
defined per Table 19. In orderde,ensure that only,tap évents are detected, these time limits are used. A
tap event must be above the performance dndex threshold for at least the low limit (FTDLO — FTDL2)
and no more than the high, limitf(FTDHO — FTDHA4). The Kionix recommended default value for the high
limit is 0.05 seconds and far the low limit is 0.005 seconds (0xA2h). Note that to properly change the
value of this register, thedPC1 bit in CNTL1 must first be set to “0”.

R/W R/ RANV R/W. RMW R/W R/W R/W
FTDH4 FTDHS FTDH2 ETDHY FTDHO FTDL2 FTDL1 FTDLO Reset Value
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO 10100010
I2C Address: 0x28h
STD

36 Thornwood Dr. - Ithaca, NY 14850

This register contains counter information for the detection of a double tap event. When the Directional
Tap™ ODR is 400Hz or less, every count is calculated as 1/ODR delay period. When the Directional
Tap™ ODR is 800Hz, every count is calculated as 2/ODR delay period. When the Directional Tap™
ODR is 1600Hz, every count is calculated as 4/ODR delay period. The Directional Tap™ ODR is user-
defined per Table 19. In order to ensure that only tap events are detected, this time limit is used. This
register sets the total amount of time that the two taps in a double tap event can be above the PI
threshold (TTL). The Kionix recommended default value for STD is 0.09 seconds (0x24h). Note that to
properly change the value of this register, the PC1 bit in CNTL1 must first be set to “0”.
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R/W R/W R/W R/W R/W R/W R/W R/W
STD7 STD6 STD5 STD4 STD3 STD2 STD1 STDRO Reset Value
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitQ 00100100
I12C Address: 0x29h
TLT

This register contains counter information for the detection of a tap’ event. When the Directional Tap™
ODR is 400Hz or less, every count is calculated as 1/QDR,delay period. Whemthe Directional Tap™
ODR is 800Hz, every count is calculated as 2/ODR délay petiod. When_the Directional Tap™ ODR is
1600Hz, every count is calculated as 4/ODR delaygp€riod. The Directional TapTM ODR is user-defined
per Table 19. In order to ensure that only tap events afe detected, this time limit is used. This register
sets the total amount of time that the tap algerfithm will count samples, that are above the PI threshold
(TTL) during a potential tap event. It is used ‘during bothfsingle,and\double tap events. However,
reporting of single taps on the physical inferruptypin INT1 or INT2 will@ccur at the end of the TWS. The
Kionix recommended default value fomILT is 0.1 seconds (0x28h). Note that to properly change the
value of this register, the PC1 bit in€€NTLLmust first be set'to ‘0.

R/W R/W R/W RIW R/W R/W R/W R/W
TLT7 TLT6 TLT5 TET4 TLT3 TLT2 TLT1 TLTO Reset Value
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO 00101000
I2C Address: 0x2Ah
TWS

This registerycontains counterdinformation for the detection of single and double taps. When the
Dirgctional Tap™ ODR iS'4B0Hz or less, every count is calculated as 1/ODR delay period. When the
Directional Tap™ ODRis 800Hz, every count is calculated as 2/ODR delay period. When the
Directional Tap™ ODR'i$,1600Hz, every count is calculated as 4/ODR delay period. The Directional
Tap™ ODR is user-defined per Table 19. It defines the time window for the entire tap event, single or
daouble, to occur. Reporting of single taps on the physical interrupt pin INT1 or INT2 will occur at the
end of this tap window. The Kionix recommended default value for TWS is 0.4 seconds (0OxAOh). Note
that to properly change the value of this register, the PC1 bit in CNTL1 must first be set to “0”.

R/W R/W R/W R/W R/W R/W R/W R/W
TWS7 TWS6 TWSH TWS4 TWS3 TWS2 TWS1 TWSO Reset Value
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO 10100000
I2C Address: 0x2Bh
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ATH
This register sets the threshold for wake-up (motion detect) interrupt is The 3 will ship from
the factory with this value set to correspond to a change in acceleration . Note that to properly
change the value of this register, the PC1 bit in CNTL1 must first be se
R/W R/W R/W R/W R/W
ATH7 ATHG6 ATH5 ATH4 ATH3 Reset Value
Bit7 Bit6 Bit5 Bit4 Bit3 00001000

ships from the factory with
It tilt angle can be requested

TILT_ANGLE_LL
This register sets the low level threshold for tj

tilt angle set to a low threshold of 22° fro
from the factory. Note that the minimu
value of this register, the PC1 bit in C]

R/W R/W R/W R/W R/W

TA7 TA6 TAbS TA4 TAO Reset Value

Bit7 Bit6 Bit5 Bit0 00001100
I12C Address: 0x32h

TILT_ANGLE_HL

L

gh level t

C1lbitin 1
R/W R/W R/W R/W
HL3 HL2 HL1 HLO Reset Value
i Bit3 Bit2 Bit1l BitO 00101010
12C Address: 0x33h

or tilt angle detection. Note that to properly change the value
st first be set to “0”.

G
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HYST_SET

This register sets the Hysteresis that is placed in between the Screen R

tion st

. The KX023

ships from the factory with HYST_SET set to +15° of hysteresis. A differ
requested from the factory. Note that when writing a new value to this r
RESO and RES1 must be preserved. These values are set at the f
that to properly change the value of this register, the PC1 bit in,C

fault hysteresis can be
he current values of
must not change. Note
ust first be set to “0”.

R/W

R/W

R/W R/W R/W
RES1 RESO HYST5 HYST4 HYST3
Bit7 Bit6 Bit5 Bit4 Bit3
LP_CNTL

Low Power Control sets the number of sal

t to be averaged. Note that to
properly change the value of this registe

acceler
1 bitin CNT be set to “0”.

R/W R/W R/W R/W

R/W
Reserved | AVC2 AVC1 Reserved Reset Value
Bit7 Bit6 Bit5 BitO 01001011
12C Address: 0x35h

Reserved — The Reserved bits should remain at their Reset state to avoid unexpected
behavior.
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BUF_CNTL1
Read/write control register that controls the buffer sample threshold. No
value of this register, the PC1 bit in CNTL1 must first be set to “0”.

hat to erly change the

R/W R/W R/W R/W R/W R/W
- SMP_TH6|SMP_TH5|SMP_TH4|SMP_TH3|SMP_TH2|SMP Reset Value
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 00000000

g that will trigger a

hen BUF_RES=1, the
e maximum number of

SMP_TH[6:0] Sample Threshold; deter
watermark interrupt or will be sa
maximum number of sample
samples is 84.

Buffer Model unction

ermark interrupt.

s how many buffer samples are needed

a watermark interrupt.

rigger | ies how many puffe_r samples before the
gger event are retained in the buffer.

pecifies how many buffer samples are needed

to trigger a watermark interrupt.

2: Sample Threshold Operation by Buffer Mode
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BUF_CNTL2

Read/write control register that controls sample buffer operation. Note that.to properly change the
value of this register, the PC1 bit in CNTL1 must first be set to “0”.

R/W R/W R/W R/W R/W R/W R/W RV
BUFE BRES BFIE 0 0 0 BUF M1 | BUETMO Reset Value
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitd Bit0 00000000
I2C Address: 0x3Bh
BUFE controls activation of the sample buffef,
BUFE = 0 — sample buffer inactive
BUFE = 1 — sample buffer active
BRES determines the resolution ofithe ‘acceleration data samples collected by the sample
buffer.
BUF_RES = 0 — 8-bit samplesyare accumulatee,inithe buffer
BUF_RES =1 — 16-hit Samples are accumulated in the buffer
BFIE buffer full interrupt enable bit
BFIE = 0 — bufferfull interruptddisabled
BFIE = 1 —bufferfull interruptiupdated in INS2
BUF_M1, BUFAMO selects thefoperating mode of the sample buffer per Table 23.
BUF_M1 | BUE MO Mode Description
The buffer collects 84 sets of 8-bit low resolution values or 41
0 0 EIFO Sets of 16bit high resolution values and then stops collecting
data, collecting new data only when the buffer is not full.
The buffer holds the last 84 sets of 8-bit low resolution values
0 1 Stream | or 41 sets of 16bit high resolution values. Once the buffer is
full, the oldest data is discarded to make room for newer data.
When a trigger event occurs, the buffer holds the last data set
1 0 Triager of SMP_THI[6:0] samples before the trigger event and then
99 continues to collect data until full. New data is collected only
when the buffer is not full.
The buffer holds the last 84 sets of 8-bit low resolution values
or 41 sets of 16bit high resolution values. Once the buffer is
1 1 FILO full, the oldest data is discarded to make room for newer data.
Reading from the buffer in this mode will return the most
recent data first.
Table 23: Selected Buffer Mode
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BUF_STATUS 1
This register reports the status of the sample buffer.

R R R R R R
SMP_LEV7/SMP_LEV6/SMP_LEV5|SMP_LEV4|SMP_LEV3|SMP_LEV2
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2

SMP_LEV[7:0] Sample Level; reports the nu ta bytes t e been stored in the
sample buffer. When BUF_RES=1, t will incre r each 3-axis

sample in the buffer; when BUF_ e count wi by 3 for each 3-axis

sample. If this register reads 0, n has been s in the buffer.
BUF_STATUS 2 @
This register reports the status of the sa er trigger fu .
R

R R R
BUF_TRIG 0 0 0
Bit7 Bit6 Bit5 Bit0

12C Address: 0x3Dh

r’s trigger function if this mode has been selected.

BUF_TRIG réeports the status of the b
b trigger a buffer read should only be performed after a trigger event.

BUF_CLEAR
Latched
this regist

& W W W w W
X X X X X X

Bit5 Bit4 Bit3 Bit2 Bitl BitO
12C Address: 0x3Eh

S informa@d e entire sample buffer are cleared when any data is written to

W
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BUF_READ
Buffer output register

R R R R R R R
X X X X X X X
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bi
12C Ad
Note: new data is not being written to the buffer during t ead oper hus, care must be
taken when reading from the buffer. If data loss is not ir he buffer ﬁaﬂon should be
completed within ODR clock cycle. Qe é
SELF_TEST
When 0xCA is written to this register, the f-test fu led. Electrostatic-actuation of
the accelerometer, results in a DC shift e X)Y and Z axis riting Ox00 to this register will
return the accelerometer to normal opéers
**Note, this is a write-only register. n@gister will always be 0x00.
W W W W W
1 1 1 0 Reset Value
Bit7 Bit6 Bitl BitO 00000000
I2C Address: 0x60h

&
X
&°

36 Thornwood Dr. - Ithaca, NY 14850
tel: 607-257-1080 - fax:607-257-1146
www.kionix.com - info@kionix.com

© 2016 Kionix - All Rights Reserved

Page 57 of 77



PART NUMBER:

+ 2g/4g/ 8g Tri-axis Digital KX023-1025
- i PE ot Rev. 12.0
Kionix Accelerometer Specifications ;Kpr-m

Embedded Applications
Orientation Detection Feature

The Orientation detection feature of the KX023 will report changes in facélup;“face down, + vertical and *
horizontal orientation. This intelligent embedded algorithm considers (vefydimportant factors that provide
accurate orientation detection from low cost tri-axis accelerometers.yFactors such as: hysteresis, device
orientation angle and delay time are described below as these techniques are utilized inside the KX023

Hysteresis

A 45° tilt angle threshold seems like a good choicg because it is halfway,between 0° and 90°. However,
a problem arises when the user holds the deviee neaf45°. Slightvibrations, noise and inherent sensor
error will cause the acceleration to go above and below the threshold rapidly and randomly, so the
screen will quickly flip back and forth between the 0° and thef90  orieatations. This problem is avoided
in the KX023 by choosing a 30° thresheld*angle. With a 3@%threshold, the screen will not rotate from 0°
to 90° until the device is tilted to 602(30%from 90°). To rotate back to 0°, the user must tilt back to 30°,
thus avoiding the screen flipping problem. This examplefessentially applies + 15° of hysteresis in
between the four screen rotation states. Table 24(shows the acceleration limits implemented for ¢+

=30°.
Orientation | X Acceleration (g) | Y Acceleration (g)
0°/360° -06<ax<0.5 ay > 0.866
90° ax > 0.866 -0.5<a,<05
180° -0.5<ax<0.5 ay <-0.866
270° ax < -0.866 -0.5<a,<05

Table 24; Acceleration at the four orientations with £ 15° of hysteresis

The KX023 allows thetuser to change the amount of hysteresis in between the four screen rotation
states. By simply writing to the HYST_SET register, the user can adjust the amount of hysteresis up to
+45°. The plot in Figure 8 shows the typical amount of hysteresis applied for a given digital count value

of HYST_SET.
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HYST_SET vs Hysteresis

50

45
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o 35
il
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o5 —&— Hysteresis
n
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5
0 T T T
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T_SET Value (|

re8: H S s Hysteresis

orientation changes are detected, even when it isn’t in the
le © in Figure 9 is 90°, the KX023 considers device orientation

/Angle

Figure 9: Device Orientation Angle

As the angle in Figure 9 is decreased, the maximum gravitational acceleration on the X-axis or Y-axis

will also decrease. Therefore, when the angle becomes small enough, the user will not be able to make

the screen orientation change. When the device orientation angle approaches 0° (device is flat on a
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desk or table), ax = a, = 0g, a, = +1g, and there is no way to determine which creen should be
oriented, the internal algorithm determines that the device is in either the -up or face-down
orientation, depending on the sign of the z-axis. The KX023 will only ge the screen orientation
when the orientation angle is above the factory-defaulted/user threshold set in the
TILT_ANGLE register. Equation 2 can be used to determine wh write to the TILT_ANGLE
register to set the device orientation angle. The value for Tl HL is preset at the factory but
can be adjusted in special cases (e.g. to reduce the effect o -variation such as when device
is being moved rather than just being rotated).

TILT_ANGLE (counts) 02 (count

Equation 2: Ti reshold

Tilt Timer

The 8-bit register, TILT_TIMER ¢
incrementing a counter with a

s in orientation. The KX023 does this by
the value in TILT TIMER for each set of
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Motion Interrupt Feature Description

The Motion interrupt feature of the KX023 reports qualified changes in the high-pass filtered acceleration
based on the Wake Up (ATH) threshold. If the high-pass filtered acceleration;on any axis is greater than the
user-defined wake up threshold (ATH), the device has transitioned from ampinactive state to an active state.
Equation 4 shows how to calculate the ATH register value for a desiredavake up threshold. Note that this
calculation varies based on the configured g-range of the part.

ATH (counts) = Wake Up Threshold (g). X126 (counts/q)
Equation 4: Wake Up,Threshold

An 8-bit raw unsigned value represents a counter that permits the userfongualify each active/inactive state
change. Note that each WUFC Timer count qualifies 1 (ene) user«defined JODR period (OWUF). Equation 5
shows how to calculate the WUFC register valuedoradesired wake dpydelay time.

WUFC (counts) = Wake,Up Delay Time (§ec) x OWUF (Hz)
Equation 5: Wake Up Delay Time

The latched motion interrupt respanse/ algorithm ‘works as following: while the part is in inactive state, the
algorithm evaluates differentialfmeasurement betweenyéach new acceleration data point with the preceding
one and evaluates it against the/ATH thresheld. When the differential measurement is greater than ATH
threshold, the wakeup counter starts the count. Differential measurements are now calculated based on the
difference between the curfent acceleration andthe acceleration when the counter started. The part will report
that motion has o€eurred at'the end of the“equnt assuming each differential measurement has remained above
the threshold. IFfab@ny-moment during the count the differential measurement falls below the threshold, the
counter will stop the ceunt and the,part'will remain in inactive state.

To illustrate“hew, the algorithm werks, consider the Figure 10 below that shows the latched response of the
motiongdetection algorithm witht WWUF Timer (WUFC) set to 10 counts. Note how the difference between the
aeceleration sample marked in red and the one marked in green resulted in a differential measurements
represented with orange bar being above the WUF threshold. At this point, the counter begins to count number
of‘counts stored in WUFC register and the wakeup algorithm will evaluate the difference between each new
aceeleration measurement and the measurement marked in green that will remain a reference measurement
for'the duration of the counter count. At the end of the count, assuming all differential measurements were
larger than WUF threshold, as is the case in the example showed in Figure 10, a motion event will be reported.
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Acceleartion

Differential measurement

er
ter=10

[T
unts MOTION

INACTI

éo Figure 10: Latched Motion Interrupt Response
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Directional Tap Detection Feature Description

ap inputs and reports the
ers, as well as a user-

The Directional Tap Detection feature of the KX023 recognizes single and doul
acceleration axis and direction that each tap occurred. Eight performance
selectable ODR are used to configure the KX023 for a desired tap detectl

Performance Index
to help d
ibed jerk s

an the tap
. Figure 11

ce Inde’

ine when a tap event
n exceeds the low
gh limit as contained
example of a single tap

The Directional Tap™ detection algorithm uses low and high
has occurred. A tap event is detected when the prewou
threshold (TTL) for more than the tap detection low limit, b
in FTD. Samples that exceed the high limit (TTH) will be
event meeting the performance index criteria.
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Figure 11: Jerk Summation vs Threshold
36 Thornwood Dr. - Ithaca, NY 14850 © 2016 Kionix - All Rights Reserved

tel: 607-257-1080 - fax:607-257-1146
www.kionix.com - info@kionix.com Page 63 of 77



PART NUMBER:
l + 29 | 4g | 8g Tri-axis Digital KX023.1025

- e T Rev. 12.0
Kionix Accelerometer Specifications S

Single Tap Detection

The latency timer (TLT) sets the time period that a tap event will only b
A second tap has to occur outside of the latency timer. If a second tap inside the latency time, it

will be ignored as it occurred too quickly. The single tap will be re e end of the TWS. Figure
12 shows a single tap event meeting the PI, latency and window r ents.

racterized as a single tap.

Calculated Performance |
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Figure 12: Single Directional Tap™ Timing
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Double Tap Detection

An event can be characterized as a double tap if the second tap cros
(TTL) inside the TWS period and ends outside the TDTC. This mean
minimum time separation that must exist between the two taps o
single tap, the first tap event must exceed the performance inde
Also, the duration when the first and second events combin
not exceed STD. The double tap will be reported at the e

double tap event meeting the PI, latency and window requi
Calculated Pe Qex

&

up the performance index
e TDTC determines the
tap event. Similar to the
e time limit contained in FTD.
the performance index should
e second TLT. Figure 13 shows a

jerk {counts)

i
31 3.2 3.3 34 3.5 36 3.7 3.8 39
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Figure 13: Double Directional Tap™ Timing
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Sample Buffer Feature Description

The sample buffer feature of the KX023 accumulates and outputs acceler
configured. There are 4 buffer modes available, and samples can be accumu
(16-bit) resolution. Acceleration data is collected at the ODR specified b
Each buffer mode accumulates data, reports data, and interacts
way.

data based on how it is
either low (8-bit) or high
] in the ODCNTL register.
dicators in a slightly different

&

sample first (X_L or X based

FIFO Mode

Data Accumulation
Sample collection stops wh
Data Reporting
Data is reported wit
on resolution).
Status Indicators
A watermark j

buffer is full.
est byte ‘ t
meer of samples in the buffer reaches

interrupt stays active until the buffer

contains | amples. This can be accomplished through
cleari ding greater than SMPX samples (calculated

ccurs whe

6. Samples Above Sample Threshold

O\eam Mode
Data Accumulation
Sample collection continues when the buffer is full; older data is discarded to

make room for newer data.

Data Reporting
Data is reported with the oldest sample first (uses FIFO read pointer).

Status Indicators
A watermark interrupt occurs when the number of samples in the buffer reaches
the Sample Threshold. The watermark interrupt stays active until the buffer
contains less than this number of samples. This can be accomplished through
clearing the buffer or explicitly reading greater than SMPX samples (calculated
with Equation 6).
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Trigger Mode

Data Accumulation
When a physical interrupt is caused by one ofgthe digital engines or when a logic
high signal occurs on the TRIG pin, theftrigger event is asserted and
SMP_TH[6:0] samples prior to the “event @are retained. Sample collection
continues until the buffer is full.

Data Reporting
Data is reported with the oldest samplefirst (uses FIROfread pointer).

Status Indicators
When a physical interrupt o€curs.and there ared@at\least SMP_TH[6:0] samples in
the buffer, BUF_TRIG inBUF .STATUS_2 is@sserted.

FILO Mode

Data Accumulation
Sample colléction continues when, the buffer is full; older data is discarded to
make room:for newer data.

Data Reporting
Data isreported withéhe newest byte of the newest sample first (Z_H or Z based
on resolution).

Status Indicators
A'watermark interrupt occurs when the number of samples in the buffer reaches
the Sample_ Threshold. The watermark interrupt stays active until the buffer
contains leSsithan this number of samples. This can be accomplished through
clearingdthe huffer or explicitly reading greater than SMPX samples (calculated
withhEquation 6).

Buffer Operation

The following diagrams illustrate the operation of the buffer conceptually. Actual physical
implementation has been abstracted to offer a simplified explanation of how the different buffer
modes operate. Figure 14 represents a high-resolution 3-axis sample within the buffer. Figure
15 — Figure 23 represent a 10-sample version of the buffer (for simplicity), with Sample
Threshold set to 8.

Regardless of the selected mode, the buffer fills sequentially, one byte at a time. It it important
to keep in mind that new data is not being written to the buffer during the buffer read operation.
Thus, care must be taken when reading from the buffer. If data loss is not desired, the buffer
read operation should be completed within ODR clock cycle.
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Figure 14 shows one 6-byte data sample. Note the location of the FIL Inter versus that

of the FIFO read pointer.
Index Byte
0 X L <-- FIE inter
X

~-FILOre @

OO |W|IN|F

buffer write pointer -->

Figure 14:

Regardless of the selecte
Figure 15 the location of

write pointer shows \b

entially, one sample at a time. Note in
us that of the FIFO read pointer. The buffer
ritten to the buffer.

Data0 | «<— FIFO read pointer

Data2 | <— FILO read pointer

«— Sample Threshold

OO N[ojOo | W[IN|F

Figure 15: Buffer Filling
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The buffer continues to fill sequentially until the Sample Threshold is r
the location of the FILO read pointer versus that of the FIFO readgpointer.
Data0

F@ pointer
Datal

Data2

pointer
buffer write pointer — hreshold

ote in Figure 16

Index | Sample

In FIFO, Stre atermark interrupt is issued when the number of
samples i ample Threshold. In trigger mode, this is the point where the
oldest da i to make room for newer data.

o’&

«— FIFO read pointer

Data3
Data4
Datab
Data6

Data7 | «— Sample Threshold/FILO read pointer

buffer write pointer —

O O NO|O|AR|W[IN|F

Figure 17: Buffer at Sample Threshold
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In trigger mode, data is accumulated in the buffer sequentially until le Threshold is
reached. Once the Sample Threshold is reached, the oldest samples ar carded when new
samples are collected. Note in Figure 18 how Data0 was thrown make room for Data8.

0 Datal

r@ad pointer
1 Data2
2 Data3
3 Dato
4
5
’ Y/
‘ hreshold

o Trigger Event

Index | Sample

Trigger write pointer —

After a trigger
begins accum
seen in Fj

longer discards the oldest samples, and instead
until full. The buffer then stops collecting samples, as
he buffer holding SMP_TH[6:0] samples prior to the trigger

«— Trigger read pointer

Data8 | «— Sample Threshold

OO |N | |O|R~|WIN

Figure 19: Additional Data After Trigger Event
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In FIFO, Stream, FILO, and Trigger (after a trigger event has occ des, the buffer
continues filling sequentially after the Sample Threshold is reached. Sample’ accumulation after
the buffer is full depends on the selected operation mode. and Trigger modes stop
accumulating samples when the buffer is full, and Stream and es begin discarding the
oldest data when new samples are accumulated.

Index | Sample
Data0 | «— FIFO rea
Datal
Data2
Data3
Data4

o

shold

O INO|(O|PA|WIN|F

ead pointer

After the as been filledi O or Stream mode, the oldest samples are discarded when
ne e collecte Figure 21 how DataO was thrown out to make room for

Sample

Datal | «<— FIFO read pointer
Data2
Data3
Data4
Datab5
Data6

Data7

Data8 | «— Sample Threshold
Data9

Datal0 | <— FILO read pointer

1
2
3
4
5
6
7
8
9

Figure 21: Buffer Full — Additional Sample Accumulation in Stream or FILO Mode
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In FIFO, Stream, or Trigger mode, reading one sample from the buffer. ve the oldest
sample and effectively shift the entire buffer contents up, as seenin Figu

Index | Sample

Datal | « FI pointer
Data2

Data3

&

read pointer

buffer write pointer

In FILO mode, Qe sampleQ buffer will remove the newest sample and leave

the oIder sam touched, as seen igure 23.

Sample
Data0 | «— FIFO read pointer
Datal
Data2
Data3
Data4
Data5
Data6

Data7 | «— Sample Threshold
Data8 | «— FILO read pointer

O O N|O OB WIN|FL|O

buffer write pointer —

Figure 23: FILO Read from Full Buffer
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Revision History
REVISION | DESCRIPTION DATE

1.0 Initial Release 30-Aug-2013
1.1 Added Offset and Sensitivity Tolerances 12-Sept-2013
1.2 Added LP_CNTL Accelerometer Output Averaging Register, Updated Test Spec limits in Table 5 and 02-Oct-2013

Table 8.
2.0 Added reference to FlexSet™ Performance Optimization, Updated reference to"OSA in ODCNTL for 19-Nov-2013

output registers.
3.0 Updated default values for TSPP, TSCP 03-Dec-2013
4.0 Added Min and Max Self-Test limits to Table 1, replaced bottom view of package in diagramis, pictures. 08-Jan-2014
5.0 Improved high resolution and low power mode descriptions, corrected'test specification limitsfTable 5. 16-Jan-2014
6.0 Administrative adjustment
7.0 Revised Accelerometer Outputs table 17-Sep-2014
8.0 Updated Package Drawing 15-Oct-2014
9.0 Revised ODR settings and current profile 08-Dec-2014
10.0 Added Power-On procedure details. 01-Apr-2015

Updated Figure 1.

Updated Motion Interrupt feature plot anddescription

Updated Double-Tap Detection plot andsdeseription

Fixed factory value set for TILT_ANGLE Lk,
11.0 Updated Table 12: Acceleration (g) ‘Caleulation 09-Sep-2015

Updated Current Profile plot and table

Updated POR section

Updated RoHS compliancesAdded REACH complianee,

Updated “Reading from{/Writing To KX023 8-bit Register section

Updated I2C Timing diagram

Updated 12C addressitable

Added note to Writing t0 8-bit Register 12C section

Updated8-Wire andid-Wire Read and Wirite, Registers

Updated Wake,Up Threshold equatien

Added"Notice section
12.0 Fixed References to SMRXeaquation calculations 05-Apr-2016

Added note'in Reading. from 8=bit'Register section

Changed VSS to GND referencein the 12C Address Table / Figure

Updated R / W status fer SELF_TEST, BUF_STATUS_1, 2, BUF_READ, BUF_CLEAR registers.
Changed minimum operating voltage in Product Description to 1.71V (from 1.8V)
Updated Pin Description Table

Updated Block Diagram and product photo

Updated Sample Buffer Feature description

Updated Trigger Buffer description

Fixed bit name (SMP>SMP_TH) in BUF_CNTL1

Fixed reference to CNTL1 from CTRL_REG1

Fixed COTC bit description in CNTL2 register

Added “Positive” to the Self Test Spec in Mechanical Specifications Table

Updated name for RES=1 mode in CNTL1 register

Fixed register name from BUF_STATUS_REG2 to BUF_STATUS_2 in Trigger Mode
Added note under mechanical spec to change STPOL bit to 1 for Positive Self Test
Added note to avoid changing reserved bits from their reset value where applicable.
Added note buffer write is blocked during buffer read operation.

Updated Intelectual Property Section of the Notice
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"Kionix" is a registered trademark of Kionix, Inc. Products described herein are protected by patents issued or pending. No license
under any patent or other rights of Kionix. The information contained herein is believed to be accurate and reliable but is not
responsibility for its use or distribution. Kionix also reserves the right to change product specifications or discontinue this®product at al
publication supersedes and replaces all information previously supplied.

mplication or otherwise
ed. Kionix does not assume
e without prior notice. This
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Notice

Precaution on using KIONIX Products

1. Our Products are designed and manufactured for application in ordinary electronic equipment (such as AV
equipment, OA equipment, telecommunication equipment, home electropicsappliances, amusement equipment,
etc.). If you intend to use our Products in devices requiring extremely high selidbility (such as medical equipment
(Note 1), transport equipment, traffic equipment, aircraft/spacecraft,‘auclearpower controllers, fuel controllers, car
equipment including car accessories, safety devices, etc.) and whose malfunction or failure may cause loss of
human life, bodily injury or serious damage to property (“Specific ‘Applications”), please consult with the KIONIX
sales representative in advance. Unless otherwise agreed in Wwriting by KIONIX in @dvance, KIONIX shall not be
in any way responsible or liable for any damages, expensesi@nlosses incurred by you or third parties arising from
the use of any KIONIX's Products for Specific Applications?

(Notel) Medical Equipment Classification’of the Specific Applications

JAPAN USA EU CHINA
CLASSII CLASSII'b
CLASSIV CLASSIII CUASST CLASSII

2. KIONIX designs and manufactures its Products subject togStriet quality control system. However, semiconductor
products can fail or malfunction at*a eertain rate. Pleasegbefsure to implement, at your own responsibilities,
adequate safety measures includinghybut not limited to fail-safe” design against the physical injury, damage to any
property, which a failure or malfunction of odr Products may cause. The following are examples of safety
measures:

a) Installation of protection cifcuits or other protective devices to improve system safety
b) Installation of redundanti€ircuits to redu€e\the impact of single or multiple circuit failure

3. Our Products are designed and manufaCtured, for use under standard conditions and not under any special or
extraordinaryfénvironments or conditiens,\as exemplified below. Accordingly, KIONIX shall not be in any way
responsiblé or liable for any damages, expenses or losses arising from the use of any KIONIX’s Products under
any special or extraordinary environments or conditions. If you intend to use our Products under any special or
extraordinarycenyironments or, conditions (as exemplified below), your independent verification and confirmation
of preduct performancegteliability, etc., prior to use, must be necessary:

a) <Use, of our Products in any.types of liquid, including water, oils, chemicals, and organic solvents

bymUse of our Products outdoors or in places where the Products are exposed to direct sunlight or dust

€) ‘Use of our Products in places where the Products are exposed to sea wind or corrosive gases, including CI2,
H2S, NH3, SO2, and NO2

d) Use of our Products in places where the Products are exposed to static electricity or electromagnetic waves

e) Use of our Products in proximity to heat-producing components, plastic cords, or other flammable items

f)  Sealing or coating our Products with resin or other coating materials

g) Use of our Products without cleaning residue of flux (even if you use no-clean type fluxes, cleaning residue of
flux is recommended); or Washing our Products by using water or water-soluble cleaning agents for cleaning
residue after soldering

h) Use of the Products in places subject to dew condensation

The Products are not subject to radiation-proof design.

Please verify and confirm characteristics of the final or mounted products in using the Products.

In particular, if a transient load (a large amount of load applied in a short period of time, such as pulse. Is applied,

confirmation of performance characteristics after on-board mounting is strongly recommended. Avoid applying

oA
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power exceeding normal rated power; exceeding the power rating under steady-state)loading condition may
negatively affect product performance and reliability.

De-rate Power Dissipation (Pd) depending on ambient temperature (Ta). Whenwsed in sealed area, confirm the
actual ambient temperature.

Confirm that operation temperature is within the specified range described in the product specification.

KIONIX shall not be in any way responsible or liable for failure induced under deviant condition from what is
defined in this document.

Precaution for Mounting / Circuit board design

1.

2.

When a highly active halogenous (chlorine, bromine, etc.) fluX isyused, the residugfoidiux may negatively affect
product performance and reliability.

In principle, the reflow soldering method must be used; ifsflow seldering methad isypreferred, please consult with
the KIONIX representative in advance.

For details, please refer to KIONIX Mounting specification.

Precautions Regarding Application Examples and External Cireuits

1.

If change is made to the constant of an éxternaliCircuit, pleasé allow a sufficient margin considering variations of
the characteristics of the Products and external componentsgincluding transient characteristics, as well as static
characteristics.

You agree that application notesmreference designs,, and,associated data and information contained in this
document are presented only as guidance for Products use. Therefore, in case you use such information, you are
solely responsible for it and ot must exercise youriewn independent verification and judgment in the use of such
information contained inghis decument. KIONIX shall not be in any way responsible or liable for any damages,
expenses or losses incurred, by you or third parties arising from the use of such information.

Precaution for Eleetrostatic
This Product is electrostatic sensitive produet, which may be damaged due to electrostatic discharge. Please take
proper caution infyour manufacturing process and storage so that voltage exceeding the Products maximum rating
will not be appliedyto ProductSh Please/take special care under dry condition (e.g. Grounding of human body /
equipmenty/ solder iron, isglation from charged objects, setting of lonizer, friction prevention and temperature /
humidity control).

Precaution for Storage / Transportation

1.

Product performance and soldered connections may deteriorate if the Products are stored in the places where:

a) the Products are exposed to sea winds or corrosive gases, including Cl2, H2S, NH3, SO2, and NO2

b) the temperature or humidity exceeds those recommended by KIONIX

c) the Products are exposed to direct sunshine or condensation

d) the Products are exposed to high Electrostatic

Even under KIONIX recommended storage condition, solderability of products out of recommended storage time
period may be degraded. It is strongly recommended to confirm solderability before using Products of which
storage time is exceeding the recommended storage time period.

Store / transport cartons in the correct direction, which is indicated on a carton with a symbol. Otherwise bent
leads may occur due to excessive stress applied when dropping of a carton.

Use Products within the specified time after opening a humidity barrier bag. Baking is required before using
Products of which storage time is exceeding the recommended storage time period.
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Precaution for Product Label
QR code printed on KIONIX Products label is for KIONIX’s internal use only.

Precaution for Disposition
When disposing Products please dispose them properly using an authorized industry.waste company.

Precaution for Foreign Exchange and Foreign Trade act
Since our Products might fall under controlled goods prescribed by thefapplicable foreign exchange and foreign trade

act,

please consult with KIONIX representative in case of export.

Precaution Regarding Intellectual Property Rights
1. All information and data including but not limited togapplication examplegcontained in this document is for

Other

reference only. KIONIX does not warrant that foregoin@ information orgdatahwill’ not infringe any intellectual
property rights or any other rights of any third partyfrégarding such information,or data.

KIONIX shall not be in any way responsible orgliable‘for infringemient ‘ofyany.intellectual property rights or other
damages arising from use of such informatioptor data.

No license, expressly or implied, is grantedshereby under any intélfectualproperty rights or other rights of KIONIX
or any third parties with respect to the Products or the informationfecontained in this document. Provided, however,
that KIONIX will not assert its intelleCtuahproperty rightsqormoth€f rights against you or your customers to the
extent necessary to manufacture or sell products containing the Products, subject to the terms and conditions
herein.

Precaution

This document may not be reprinted or reproduced, iR'whole or in part, without prior written consent of KIONIX.
The Products may net,be disassembled, ¢onverted, modified, reproduced or otherwise changed without prior
written consent of KIONIX.

In no event shall you use in any waygnuhatsoever the Products and the related technical information contained in
the Products or this document forary milifary purposes, including but not limited to, the development of mass-
destructionweapons.

The proper names of companies.or,products described in this document are trademarks or registered trademarks
of KIGONIX, its affiliated eempanies or third parties.

GenerallPrecaution

1.

Befare you use our Products, you are requested to carefully read this document and fully understand its contents.
KIONIX shall not be in any way responsible or liable for failure, malfunction or accident arising from the use of
any KIONIX’s Products against warning, caution or note contained in this document.

All information contained in this document is current as of the issuing date and subject to change without any
prior notice. Before purchasing or using KIONIX’s Products, please confirm the latest information with a KIONIX
sales representative.

The information contained in this document is provided on an “as is” basis and KIONIX does not warrant that all
information contained in this document is accurate and/or error-free. KIONIX shall not be in any way responsible
or liable for any damages, expenses or losses incurred by you or third parties resulting from inaccuracy or errors
of or concerning such information.
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