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Product Description

The KX224-1053 is a tri-axis +8g, £16g or +32g silicon micromachined
accelerometer with integrated 2048-byte buffer, orientation,
Directional-Tap™/Double-Tap™, activity detecting, and Free 4fall
algorithms. The sense element is fabricated using Kionix’s ptOprietary
plasma micromachining process technology. Acceleration sensing 1S
based on the principle of a differential capacitance arisings from
acceleration-induced motion of the sense element,which further
utilizes common mode cancellation to decrease errors from process
variation, temperature, and environmental stress£The sense element
is hermetically sealed at the wafer level by bonding asecond silicod lid
wafer to the device using a glass frit. A separate ’ASIC devicegpackaged with the sense element provides
signal conditioning, and intelligent usergprogrammable application” algorithms. The accelerometer is
delivered in a 3 x 3 x 0.9 mm LGA plastic'package operatingsfrom a 1.71V — 3.6V DC supply. Voltage
regulators are used to maintain cemstantyinternal operating/voltages over the range of input supply
voltages. This results in stable ogerating characteristics over the range of input supply voltages. I°C or
SPI digital protocol is used teseommunicate Mwith, the ehip to configure and check for updates to the
orientation, Directional-Tap™/Double-Tap™ detection, Free fall detection, and activity monitoring
algorithms.

Features
e 3x3x09mMmLGA
User-gelectable’g Range up to +32g
User-selectable Output Data Rate up to 25600Hz
User-selectable Low‘Power oiHigh Resolution modes
Digital High-PassfFilter Outputs
Extrazlarge embedded 2048 byte FIFO/FILO buffer
Low Power Consumption with FlexSet™ Performance Optimization
Internal voltage regulator
Enhanced integrated Free fall, Directional-Tap™/Double-Tap™, and Device-orientation Algorithms
User-configurable wake-up function
Digital I1>°C up to 3.4MHz and Digital SPI up to 10MHz
Lead-free Solderability
Excellent Temperature Performance
High Shock Survivability
Factory Programmed Offset and Sensitivity
Self-test Function
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Functional Diagram
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Product Specifications

Mechanical
(specifications are for operation at 2.5V and T = 25C unless s erwise)
Parameters Max
Operating Temperature Range +85
Zero-g Offset +175
Zero-g Offset Variation from RT over Temp.
GSEL1=0, GSEL0=0 (+8Q) 4424
Sensitivity! GSEL1=0, GSEL0=1 (+16g) 2212
GSEL1=1, GSEL0=0 (+32g) 1106
o GSEL1=0, GSEL0=0 (8g) 15 16 17
(S;J]f?::\/é%it modeyt2 | GSELL=0, GSELO=1 (216 ounts/g 8 9
GSEL1=1, GSELO=0 (£ 4 5
Sensitivity Variation from RT over Temp. %/°C 0.01
Positive Self Test Output change on Acti g 0.5
Signal Bandwidth (-3dB) 850100%(2(2);)
Non-Linearity 0.6
Cross Axis Sensitivity % 2
Noise3®5 me 3.3
ug/NHz 630

hanical Specifications

Notes:
es are user selectable via 12C or SPI

BRES in BUF_CNTL2

ta Rate (ODR), and the Average Filter Control settings and can
exSet™ Performance Optimization Tool found at

5. Measured with ODR=50Hz, IIR_BYPASS=0, LPRO=1 (filter corner frequency set to ODR/2)
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Electrical
(specifications are for operation at 2.5V and T = 25C unless st therwise)
Parameters Units Min ‘ Max
Supply Voltage (VDD)| Operating V 3.6
1/0 Pads Supply Voltage (I0_VDD) V 3.6
High Resolution Mode (RES =1)
Current Consumption | Low Power Mode! (RES = 0) pA
Standby
Output Low Voltage (I0_VDD < 2V)? .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 - -
Start Up Time® 1300
Power Up Time* 20 50
12C Communication Rate 3.4
12C Slave Address (7-bit) Ox1E /Ox1F
SPI Communication Rate 10
Output Data Rate (ODR 0.781 50 25600
Bandwidth (-3dB)° Hz ODR/S or
ODR/2

\A@ut Data Rate (ODR) as shown in Figure 2, types and number of
, and the Average Filter Control settings that can be tested using
erformance Optimization Tool found at http://www.kionix.com/flexset.
cation, this assumes a minimum 1.5kQ pull-up resistor on SCL and

Start up time is from PC1 set to valid outputs. Time varies with Output Data Rate (ODR)
and power mode setting. See Figure 1 for details.

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

User selectable through 12C or SPI.

User selectable and dependent on ODR. See ODCNTL register description for details.
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Start Up Time Profile

Start Up Time over ODR setting

1400.0

1 I Power mode depends on RES hit setting I
1200.0

1000.0 \
800.0 \
600.0 \

400.0

Startup Time(ms)

200.0
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6.4 3.9 2.7 20 17 16 1.5 14

)ata Rate (ODR) and Power Mode Settings

Figure 1: Start up Ti

Current Profile

Representative Current (LA)
16x Averaging Filter (default)
1000.0
145 145 145 145 145 145 145 145 145 145 145 145 145 145 145 145
A A A A A A A A A B B BB O OB A
_ 1000 145 145 145 145 145 145 145
25 145 7 <
50 145 13 g °
7] 43
100 145 21 g )
200 145 43 ° 00 o 2
400 145 145 o B
800 145 145 ° 5 @ RES =0 (Low Power Mode)
e 5 RES =1 when ODR 2400Hz
1600 145 145 o © © 30 , _
3200 145 145 o 1820 22 A RES =1 (High Resolution Mode)
6400 145 145 ! - 2 g g g g
12800 145 145 - =1 §
25600 145 145 Accelerometer ODR (Hz)

Figure 2: Current as a function of the Output Data Rate (ODR) and Power Mode Settings
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Power-On Procedure

Proper functioning of power-on reset (POR) is dependent on the specific , VDD_ow, Tvop (rise time),
and Tvop_orr profile of individual applications. It is recommended to VDD.ow, and Tvop, and
maximize Tvop_orr. It is also advised that the VDD ramp up time Tvp onic. Note that the outputs

will not be stable until VDD has reached its final value.

er the customer specified range of

ance C@ depending on these

>
<

To assure proper POR, the application should be evalu
VDD, VDD.ow, Tvop, Tvoo_orr and temperature as P
e parameters.

Please refer to Technical Note TNO0O4 Power-On

o
¢
,&Q{g‘é

RO
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Environmental
Parameters Units Min Typical Max
Supply Voltage (VDD)| Absolute Limits V -0.5 b 3.60
Operating Temperature Range °C -40 - 85
Storage Temperature Range °C -55 - 150
Mech. Shock (powered and unpowered) g - 5000 for 0.5ms
10000 for 0.2ms
ESD |HBM v . - 2000

Table 3: Environmental Speeifications

‘ Caution: ESD Sensitive and Mechanical Shock Sensitiveg€ompenent, improper handling can
‘E 4 cause permanent damage to the device.

These products conform 8- RoHS’ Directive 2014#65/EU of the European Parliament and of
the Council of the Europ@an, Union that wasisstiedidune 8, 2011. Specifically, these products
RoHS do not contain any nofi-exempted amounts oflead, mercury, cadmium, hexavalent chromium,
2011/65/EU  polybrominated biphenyls’ (PBB) orpolybrominated diphenyl ethers (PBDE) above the
maximum concentration valuest (MCV) by weight in any of its homogenous materials.
Homogenous materials are “of uniform compaosition throughout”. The MCV for lead, mercury, hexavalent

chromium, PBB, and RBDEfis 0.10%. The MCV4or cadmium is 0.010%.

Applicable Exemption.47C-I - Electrical and\electronic components containing lead in a glass or ceramic
other thanddielectricfceramic in capacitors (piezoelectronic devices) or in a glass or ceramic matrix

compound.

COMPLIANCE

less than 900-ppm chlorine.

Soldering

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 Substanees of Very High Concern (SVHC-174) as identified by the European Chemicals
Agency as of 12 July 2017.

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

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

m
19 =9.8—
§2

Sensitivity

The sensitivity of an accelerometer is the chapgeésineutput per unitof input acceleration at nominal VDD
and temperature. The term is essentially thé gain‘ef the sensor, expressed in counts per g (counts/g) or
LSB’s per g (LSB/g). Occasionally, sensitivity 1S expressed as aresoldtion, i.e. milli-g per LSB (mg/LSB)
or milli-g per count (mg/count). Sensitiity,for @ given axis i§ determined by measurements of the formula:

(Output @& 19"~ Output @—19g)
29

Sepsitivity =

The sensitivity tolerance desgribes the range ofisensitivities that can be expected from a large population
of sensors at room temperature and over life. When the temperature deviates from room temperature
(25°C), the sensitivity will'vary by the amount shown in Table 1.

Zero-g offset

Zero-g offset or 0-g offsetydescribes the actual output of the accelerometer when no acceleration is
applied. Ideally, the oatputwould always be in the middle of the dynamic range of the sensor (content of
the XOW®#, YOUT, ZOUT, registers = 0x00, expressed as a 2’s complement number). However, because
ofmismatches in the sensor, calibration errors, and mechanical stress, the output can deviate from 0x00.
Lhis 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.
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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 siligon Structdres which are essentially mass-
spring systems that move in the direction of the applied accelerationi#Acceleration sensing is based on
the principle of a differential capacitance arising from the accgleratien-induced motion. Capacitive plates
on the moving mass move relative to fixed capacitive platesyanchored toghe_substrate. The sense
element is hermetically sealed at the wafer level by bonding‘asecond siliconllidwafer to the device using
a glass frit.

ASIC interface

A separate ASIC device packaged withthe sense element¢provides all the signal conditioning and
communication with the sensor. The_complete measurement chain is composed by a low-noise
capacitance to voltage amplifier which'eonverts the differéntial capacitance of the MEMS sensor into an
analog voltage that is sent through yan“analog-to-digital &£6nverter. The acceleration data may be
accessed through the 1°C digital‘é@mmunications provided by the ASIC. In addition, the ASIC contains
all the logic to allow the user t@'cheose data rates, 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 acceleration.

Factory calibration

Kionix trim§'the offset'and sensitivitylof each accelerometer by adjusting gain (sensitivity) and 0-g offset
trim codes 'stored’in non-volatile.-memory (OTP). Additionally, all functional register default values are
also programmed into théynonvolatile memory. Every time the device is turned on or a software reset
command is iSsued, the trimming parameters and default register values are downloaded into the volatile
registers,;to be used during-active operation. This allows the device to function without further calibration.
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Application Schematic and Pin Description

Application Schematic

VDD

—_— T

]

o 16 15 14
IO_VDDﬁ1 13 TRIG
c, — —2 12
—3 1 » INTA
SCLK/SCL (4 10
5 9 = INT2
8

SDO/ADDR——» ~
nes
|

Pin Description
Pin Name  Description

1 IO VDD The powerstpply‘input for the digital communication bus. Optionally decouple this pin to ground with a 0.1uF ceramic
- capacitorf

2 NC Not Internally,Gonnected - Can bé&eonnected to VDD, 10_VDD, GND or leave floating.

3 NC NotAnternally Connected - Camgbe connected to VDD, 10_VDD, GND or leave floating.

4 SCLK/SCL [“SPland42C Serial Clock

5 GND Graund

6 SDI[SDA SPI Data inputd 12€;SerialData

7 SDO/ADDR ﬁgarllt?rllgata Out'pin.during4 wire SPI communication and part of the device address during 12C communication. Do not leave

8 nCS Chip Select (active LOW) for SPI communication. Connect to I0_VDD for I2C communication. Do not leave floating.

9 INT2 Physical Interrupt 2 (Push-Pull). The pin is in High-Z state during POR and driven LOW following POR. Leave floating if not
used.

10 NC Not Internally Connected - Can be connected to VDD, 10_VDD, GND or leave floating.

11 INT1 Physical Interrupt 1 (Push-Pull). The pin is in High-Z state during POR and driven LOW following POR. Leave floating if not
used.

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 leave floating.

16 NC Not Internally Connected - Can be connected to VDD, 10_VDD, GND or leave floating.

36 Thornwood Dr. - Ithaca, NY 14850
tel: 607-257-1080 - fax: 607-257-1146
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‘ + 8g/16g / 32g Tri-axis Digital KX224-1053

Kionix® Accelerometer Specifications , 2[‘;"- -g 17

Package Dimensions and Orientation
Dimensions

3x3x0.9mm LGA

(X
PIN 1 CORNER
(3.00]

|

SIDE VIEW

PIN 1 ID (0.300x0.300)
— (0.700)

1

10X 0.350x0.250 £0.050
L/ [&]o10@|c]a]B]
[T 1

1[ (0.100)

t : f

A — 0.100

V,‘?; ( ) 6X 0.250x0.350 £0.050

e [@]o10@[caB]

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

36 Thornwood Dr. - Ithaca, NY 14850 © 2017 Kionix - All Rights Reserved
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Orientation
+X
When device is accelerated in +X, +Y or +Z di e correspo will increase.
Static X/Y/Z Output Resp e versu ientatio s surface (19):
Position 1 2 6
Bottom
. 1
Diagram Top
Resolution
(bits) 16 8 16 8 16 8
X (counts) 0 +4096 +16 0 0 0 0
Y (counts) +16 0 0 0 0 0 0
Z (counts) 0 0 0 +4096 +16 -4096 -16
X-Polarity + 0 0
Y- Polarlty

Earth’s Surface

36 Thornwood Dr. - Ithaca, NY 14850 © 2017 Kionix - All Rights Reserved
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Static X/Y/Z Output Response versus Orientation to Earth’s surface (1q9):
GSEL1=0, GSELO=1 (+169)

Position 1 2 3 4 5 6
Top Bottom
Diagram [ 1 L 1
@ Bottom Top
Resolution 16 8 16 8 16 8 16 8 16 8 16
(bits)

X (counts) 0 0 -2048 -8 0 0 +2048 +8 0 0 0
Y (counts) -2048 -8 0 0 +2048 +8 0 0 0 0 0
Z (counts) 0 0 0 0 0 0 0 0 +2048 +8 -2048
X-Polarity 0 - 0 + 0 0
Y-Polarity - 0 + 0 0 0
Z-Polarity 0 0 0 + -

0
dag)

Earth’s'Surface

Static X/X/Z Qutput Response versus Orientation to Earth’s surface (1q):
GSELi=1, GSELO0=0 (+329)

Position X 2 3 4 5 6
Top Bottom
Diagram PS ; L 1 L 1
Bottom Top
Resolution 16 8 16 8 16 8 16 8 16 8 16
(bits)
X (counts) 0 0 -1024 -4 0 0 +1024 +4 0 0 0
Y {counts) -1024 -4 0 0 +1024 +4 0 0 0 0 0
Z(counts) 0 0 0 0 0 0 0 0 +1024 +4 -1024
X-Polarity 0 - 0 + 0 0
Y-Polarity - 0 + 0 0 0
Z-Polarity 0 0 0 0 + -

; (19)

|
Earth’s Surface

36 Thornwood Dr. - Ithaca, NY 14850 © 2017 Kionix - All Rights Reserved
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Digital Interface

The Kionix KX224 digital accelerometer can communicate via the 12C and SPI digital serial interface protocols.
This allows for easy system integration by eliminating analog-to-digital converter requirements and by providing
direct communication with system micro-controllers.

The serial interface terms and descriptions as indicated in Table 5 belowswill be observed throughout this
document.

Term Desghiption
Transmitter The device that transmits data to the buss
Receiver The device that receives data from the/bus.
Master The device that initiates a transfer, generates clock signalsyand terminates a transfer.
Slave The device addressed by the Master.

Table 5: Serial Intesface Terminolagies

I°C Serial Interface

As previously mentioned, the KX224 aecelerometerfcan cemmunicate on an 12C bus. 1?C is primarily used for
synchronous serial communicationtbetween a Master, device and one or more Slave devices. The Master,
typically a micro controller, providestthe serial clock signaland addresses Slave devices on the bus. The KX224
always operates as a Slave deviee during standard Master-Slave 1°C operation.

I2C is a two-wire sefial intérface that contains a Serial Clock (SCL) line and a Serial Data (SDA) line. SCL is a
serial clock that. s provided by the Master, but.can be held LOW by any Slave device, putting the Master into a
wait condition. SDA is a“bi-directional line ssed to transmit and receive data to and from the interface. Data is
transmitted MSB (Mest SignificantyBit) first in 8-bit per byte format, and the number of bytes transmitted per
transfer is‘unlimited. The 1°Cdbussis considered free when both lines are HIGH.

The 12@ intekface is compliant with*high-speed mode, fast mode, and standard mode 1C protocols.

36 Thornwood Dr. - Ithaca, NY 14850 © 2017 Kionix - All Rights Reserved
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I2C Operation

Transactions on the I12C bus begin after the Master transmits a start condition (S), Which is defined as a HIGH-
to-LOW transition on the data line while the SCL line is held HIGH. The bus isjconsidered busy after this
condition. The next byte of data transmitted after the start condition containsythe Slave Address (SAD) in the
seven MSBs (Most Significant Bits), and the LSB (Least Significant Bit), tells whether the Master will be receiving
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.£fIf they match, the device considers itself
addressed by the Master. The KX224 Slave Address is comprised of a user progfammable part, a factory
programmable part, and a fixed part, which allows for connegtion‘ofymultiple accelerometers to the same 12C
bus. The Slave Address associated with the KX224 is 00111¥X, where thel liserprogrammable bit X, is
determined by the assignment of ADDR pin to GND or IQ_VDD. Also, the fac¢tory pregrammable bit Y is set at
the factory. For KX224-1053, the factory programmablegdbit Y is fixédhto & (contact your Kionix sales
representative for list of available devices). Table 6.lists possible 1°G addresses for KX224-1053. It is possible
to have up to four accelerometers on a shared 1°C bus as shown in Figure 3(i.e. two KX224-1053 accelerometers
and two additional accelerometers with the factory programmable_bit Yset t6°0).

Y X
L Address 7-bit
Description Pad Addfess Address | <7> (<65 | <5> | <4> | <3> | <2> | <1> | <0>
12C Wr GND Ox1E 0x3C, 0 0 1 1 1 1 0 0
12C Rd GND Ox1E 0x3D 0 0 1 1 1 1 0 1
12C Wr I0 VDD Ox1F Ox3E 0 0 1 1 1 1 1 0
12C Rd I0_VDD Ox1F Ox3F 0 0 1 1 1 1 1 1

Table 6: I1°CSlave Addresses for KX224-1053

It is mandatory that receiving devices_acknowledge (ACK) each transaction. Therefore, the transmitter must
release the SDA'Ine during this ACKépulse: The receiver then pulls the data line LOW so that it remains stable
LOW during the HIGHyperiod of‘the ACKsClock pulse. A receiver that has been addressed, whether it is Master
or Slave, is @bliged to generatesan ACK after each byte of data has been received. To conclude a transaction,
the Master'mustytransmit a stop, condition (P) by transitioning the SDA line from LOW to HIGH while SCL is
HIGH. Ahe I2C bus is now free. Note that if the accelerometer is accessed through 1°C protocol before the startup
isffinished.a NACK signal is sent.

36 Thornwood Dr. - Ithaca, NY 14850 © 2017 Kionix - All Rights Reserved
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10_VDD 10_VDD 10_vDD 1o_vop

R R

SDA

SCL + *

MCU

—| SDA m
ADDR

scL ADDR[—

12C Device 1 12C Device 4
I2C Device Part Number it 1in 7-bit address)
1 KX224-1053 Factory Setto 1
2 KX224-1053 Factory Setto 1
3 Factory Setto O
4 Factory Setto O

Writing

ri e KX224’s control registers to set its operational mode. Therefore,

C bus, as shown Sequence 1, the following protocol must be observed:
After a stal ition, SAD+ Ission, and the KX224 ACK has been returned, an 8-bit Register Address
(RA) C s transmitted b Master. This command is telling the KX224 to which 8-bit register the Master
the data. Since this is I2C mode, the MSB of the RA command should always be zero (0). The
nowledges the RA and the Master transmits the data to be stored in the 8-bit register. The KX224
edges that it has received the data and the Master transmits a stop condition (P) to end the data transfer.
data sent to the KX224 is now stored in the appropriate register. The KX224 automatically increments the
received RA commands and, therefore, multiple bytes of data can be written to sequential registers after each
Slave ACK as shown in Sequence 2.

Upon power up, th
when writi a control regi

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

36 Thornwood Dr. - Ithaca, NY 14850 © 2017 Kionix - All Rights Reserved
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Reading from an 8-bit Register

When reading data from a KX224 8-bit register on the 12C bus, as shown in Sequ
must be observed: The Master first transmits a start condition (S) and the appro
the LSB set at ‘0’ to write. The KX224 acknowledges and the Master transmi

e 3, the following protocol
Slave Address (SAD) with
2 8-bit RA of the register it
=peated start condition (Sr). After
the repeated start condition, the Master addresses the KX224 with LSB (SAD+R) to read from the
previously selected register. The Slave then acknowledges and tra e data from the requested register.
The Master does not acknowledge (NACK) it received the trans , but trans stop condition to end
the data transfer. Note that the KX224 automatically increme qglsters allowing data
to be read from multiple registers following a single SAD+R Sequence 4. Reading
data from a buffer read register is a special case becaus ister addres et to buffer read register
(BUF_READ) in Sequence 4, the register auto-incre re is auto dlsabled Instead, the Read
Pointer will increment to the next data in the buffer |n e bytes of data from the buffer

using a single SAD+R command.
in a single |on using the auto-increment feature to
intended co@ the read transaction.

**Note** Accelerometer’s output data shoul
prevent output data from being updated

36 Thornwood Dr. - Ithaca, NY 14850 © 2017 Kionix - All Rights Reserved
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Data Transfer Sequences

n the 12C bus and how the
ring the data transfers.

The following information illustrates the variety of data transfers that can occur

Term Definition
S Start Condition
Repeated Start Con

NOt Acknowledge (£

‘ =
'Register Addresséh, |

ed/Receiyed Data |

)\ Stop Condifiod” ) |

Sequence 1: The Master is writing

Master | S | SAD +W P

Slave ACK
Sequence 2: The o the Slave

Master | S DATA DATA P

Slave ACK ACK
Seque : Master is receiving one byte of data from the Slave

SAD + W RA Sr | SAD +R NACK | P
ACK ACK ACK| DATA

uence 4: The Master is receiving multiple bytes of data from the Slave

Master | S | SAD +W RA Sr | SAD+R ACK NACK | P
Slave ACK ACK ACK| DATA DATA

36 Thornwood Dr. - Ithaca, NY 14850 © 2017 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 to t

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 o the Slav

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

FS-mode

ACK
s + ack.

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

Speed
Master
Slave

Speed FS-mode
Master

Slave

O

36 Thornwood Dr. - Ithaca, NY 14850 © 2017 Kionix - All Rights Reserved
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PART NUMBER:

KX224-1053
.0

Rev.

22-D 017

I2C Timing Diagram

)

'] .
= |
SCL | I I I |
[
SDA A vir7 X bits \_
S
ts | 1o
Number Description Units
to SDA LOW to SCL LOW transition (S - ns
t1 SDA LOW to first SCL rising edge, - ns
t2 SCL pulse width: HIGH - ns
t3 SCL pulse width: LOW - ns
ta SCL HIGH before SDA 50 - ns
ts SCL pulse width: HI 100 - ns
te SCL HIGH before 50 - ns
t7 SDA pulse widt 25 - ns
ts i 50 - ns
to 50 - ns
t10 e to SDA valid (When slave is transmitting) - 100 ns
edge to SDA i en slave is transmitting) 0 - ns
nimended 12C CL 25 ; us

é“

36 Thornwood Dr. - Ithaca, NY 14850
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SPI Communications
4-Wire SPI Interface

The KX224 also utilizes an integrated 4-Wire Serial Peripheral Interface igital communication. The
SPI interface is primarily used for synchronous serial communicatiop be@une Master device and one or
more Slave devices. The Master, typically a micro controller, pro SPI clock signal (SCLK) and
determines the state of Chip Select (nCS). The KX224 always op atesyas a Slave device during standard
Master-Slave SPI operation.

4-wire SPIis a synchronous serial interface that uses two ¢ two data li respect to the Master,
the Serial Clock output (SCLK), the Data Output (SDI or and the Dat DO or MISO) are shared
among the Slave devices. The Master generates an i tChip S ) for each Slave device that

goes LOW at the start of transmission and goes at th
remains in a high-impedance (hi-z) state when t

devices. This allows multiple Slave devices to

Master e

lave Data Output (SDO) line,
es not interfere with any active

e
e'is not sele
aster SP|Ert n in Figure 4 below.

Slave 0
S ck ) g SCLK
nCS0 nCcs
nCS1
Sl (Data O ¢ S0l SDO
MISO (
& Slave 1
o SCLK
ncs
S0l SDO —*
Figure 4: 4-wire SPI Connections
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4-Wire SPI Timing Diagram

13 t L, | .
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

t6 t7 — o

Number MAX Units
ta CLK pulse width: HIGH ns
t2 CLK pulse width: LOW ns
t3 nCS LOW to first CL 20 ns
ta nCS LOW after the 30 ns
ts SDI valid to CLK ri 10 ns
ts CLKrising ed 10 ns
tz CLK falling e 35 ns

¢ e
Notes
1. t7is during rea
2. Ti a VDD of 1. 6V with 1kQ pull-up resistor and maximum 20pF load
SDO. 0

RO
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4-Wire Read and Write Registers

The registers embedded in the KX224 accelerometer have 8-bit addresses. Uponypower 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 initiatessth@write to the appropriate register,
and is followed by the user-defined, data byte. The MSB (Most Significant Bit)fof 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 return n€CS HIGH for at least one clock cycle
before the next data request. However, when data is being readfrom a buffer read register (BUF_READ), the
nCS signal can remain LOW until the buffer is read. Figure 5%elow'shows the gimingsediagram for carrying out
an 8-bit register write operation.

Write Address First 8 bits , Second 8 bits LLast 8 bits ,

SDI -@@@®@®@@@®@@@@@®@@@t 0@@@.

SDO Hl-7

cs |\
Figure 5: fiming Diagramor 8-Bit Register Write Operation

In order to read ang8=bitiregister, an 8-bitgcegister address must be written to the accelerometer to initiate the
read. The MSB of this register addressbytewill indicate “0” when writing to the register and “1” when reading
from the registerUpon‘receiving, the@address, the accelerometer returns the 8-bit data stored in the addressed
register. This operation also occurs,overd6 clock cycles. All returned data is sent MSB first, and the host must
return nCS HIGH for at leastfone,cloek cycle before the next data request. Figure 6 shows the timing diagram
for an 8-bit'register read operation.

Read Address | First 8 bits , Second 8 bits Last 8 bits
1 »t

Figure 6: Timing Diagram for 8-Bit Register Read Operation
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3-Wire SPI Interface

The KX224 also utilizes an integrated 3-Wire Serial Peripheral Interface (SPI) for
SPI is a synchronous serial interface that uses two control lines and one data
the Serial Clock output (SCLK), the Data Output/Input (SDI) are shared a
generates an independent Chip Select (nCS) for each Slave device that

and goes back HIGH at the end. This allows multiple Slave device
Figure 7 below.

gital communication. 3-wire
ith respect to the Master,
lave devices. The Master
W at the start of transmission
a master SPI port as shown in

Master

Serial Clock
nCS0
nCSs1

MOSIMISO (Data O SDI
Slave 1
SCLK
hCSs
SDI

Figure 7: 3-wire SPI Connections

éo
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3-Wire SPI Timing Diagram

t. t t
: 3 1 2

nCS

CLK | L L I
SDI bit7 X bit6 )c bt X bito

—

6

1 ><

ts

Number Descriptio

1 CLK pulse width: HIGH - ns
2 CLK pulse width: LOW - ns
t3 nCS LOW to first CLK rising - ns
ta nCS LOW after the final 20 - ns
ts SDI valid to CLK rising,¢ 10 - ns
te 10 - ns

yele rising edge to SDIG

@ {0,5DI output becomes v
.
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3-Wire Read and Write Registers

The registers embedded in the KX224 accelerometer have 8-bit addresses. Uponypower 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 initiatessth@write to the appropriate register,
and is followed by the user-defined, data byte. The MSB (Most Significant Bit)fof the register address byte will
indicate “0” when writing to the register and “1” when reading from thesregister. A read operation occurs over 17
clock cycles and a write operation occurs over 16 clock cycles. All commands are sent MSB first. The host must
return nCS HIGH for at least one clock cycle before the next data request. However,alhen data is being read
from a buffer read register (BUF_READ), the nCS signal can remain LOW until theybufferis read. Figure 8 below
shows the timing diagram for carrying out an 8-bit registerWwrite operation.

scbl 1T LU U TR LT L Bl e L ]
SDI [ XereokasXagpe JEXAIR007X0oXaf0X 0520 0K

cs [

Figure 8: [liming Diagramdor 8-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 register address byte willindicate “0” when writing to the register and “1” when reading
from the register. Upon réceiving the addresgjthie\accelerometer returns the 8-bit data stored in the addressed
register. For 3-wireg€ad ‘operations, one extra clock cycle between the address byte and the data output byte is
required. Therefore, this,operation occurs,over17 clock cycles. All returned data is sent MSB first, and the host
must return nCS'HIGH for at least gnesclock cycle before the next data request. Figure 9 shows the timing
diagram for an 8-bit'register read operation.

seekf@ TUUUUUUUUUUUU LU ET
SDI [ Xerkeokesreikeapeaketeol Xonkeoskoaxosparooo -

cs 0\ [

Figure 9: Timing Diagram for 8-Bit Register Read Operation
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Embedded Registers

The KX224 has 57 embedded 8-bit registers that are accessible by the user. Thi
for all embedded registers and describes bit functions of each register. Table
accessible 8-bit registers and their addresses.

tion contains the addresses
provides a listing of the

Address | Register Name R/W Address Redisterdlame R/W
0x00 XHPL R 0x21 ) CINCE RW
0x01 XHPH R 0x22 _a TIMER* R/W
0x02 YHPL R 0x23__ § wd "WUFC* RW
0x03 YHPH R ) TDTRC* RIW
0x04 ZHPL R R/W
0x05 ZHPH R R/W
0x06 XOUTL R R/W
0x07 XOUTH R R/W
0x08 YOUTL R R/W
0x09 YOUTH N R/W
OX0A ZOUTL R. RIW
0x0B ZOUTH R 7 FFTH* RIW
0x0C COTR L R FFC* RIW
0x0D Kionix Reserved . | X FFCNTL* R/W
Ox0E Kionix Resefved . | X[ Kionix Reserved
OxOF WHO AM | ATH* R/W
0x10 0x31 Kionix Reserved
0x11 0x32 TILT ANGLE LL* R/W
0x12 0x33 TILT _ANGLE HL* R/W

0x34 HYST SET* R/W
0x35 LP CNTL* R/W
0x36 Kionix Reserved
0x37 Kionix Reserved
0x38 Kionix Reserved
0x18 0x39 Kionix Reserved
0x19 R/W Ox3A BUF CNTL1* R/W
Ox1A R/W 0x3B BUF CNTL2* R/W
0x1B RW 0x3C BUF STATUS 1 R
0x1C RIW 0x3D BUF STATUS 2 R
0x1D INC2* R/W Ox3E BUF CLEAR W
Ox1E INC3* R/W Ox3F BUF_READ R
Ox1F INC4* R/W 0x60 SELF TEST w
0x20 INC5* R/W
* Note:

= When changing the contents of these registers, the PC1 bit in CNTL1 register 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 each,axis:
choose to read only the 8 MSB thus reading an effective 8-bit resolutionyVVhen BRES =0 in BUF_CNTL2
register, the 8 MSB is the only data recorded in the buffer. Theydata,is updated every user-defined ODR
period, is protected from overwrite during each read, and can, be“converted from digital counts to
acceleration (g) per Table 12 below. The register acceleration output binary data is represented in 2’s
complement format. For example, if N = 16 bits, then theg@ounts'range is fram 32768 to 32767, and if

N = 8 bits, then the Counts range is from -128 to 127.

16-bit Equivalent
Register Data Counts in
(2’s complement) decimal Range =,+8g Range = £16g Range = +32¢g
0111111111111112 32767 +7.999769g +15.99951g +31.99902g
0111 111111111110 32766 +7.99951g #15:99902g +31.99805g
0000 0000 0000 0001 +0.00024g +0.00049g +0.00098g
0000 0000 0000 0000 0 0.00000g 0.00000g 0.00000g
1111111112221 1111 -1 <0.00024¢ -0.00049¢g -0.00098g
1000 0000 000040004 -32767 -7.999769g -15.99951g -31.99902g
1000 0000,0000:0000 -32768 -8.00000g -16.00000g -32.00000g
8-bit Equivalent
Register Data counts'in
2’s complement) decimal Range = +8g Range = +16g Range = +32¢g
0111 1111 127 +7.937509g +15.875009g +31.750009
0111 1110 126 +7.875009g +15.750009g +31.500009g
0000 0001 +0.062509g +0.125009g +0.250009g
0000 0000 0 0.0000g 0.0000g 0.0000g
11111111 -1 -0.062509g -0.125009g -0.250009g
1000 0001 -127 -7.937509g -15.875009g -31.750009g
1000 0000 -128 -8.00000g -16.00000g -32.00000g

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

date he ODR frequency

XHP_L
engine is enabled (WUFE

X-axis high-pass filter accelerometer output least significant byte. Data i
determined by OWUF in CNTL3 register. Data is only available when wa

=1in CNTL1 register)

R R R R R R
XHPD7 | XHPD6 | XHPD5 | XHPD4 | XHPD3 | XHPD2 DO
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 BitO
* 0x00 e

ted at the ODR frequency
up engine is enabled (WUFE

XHP_H
X-axis high-pass filter accelerometer output most @ant byte. D
determined by OWUF in CNTL3 register. Datad ailable w

= 1in CNTL1 register) @
R R R R \ R
XHPD15 | XHPD14 | XHPD13 | XHPD12 XHPD8
Bit7 Bit6 Bit5 Bit4 Bit0

YHP_L
Y-axis high-pass filter
determined by OW,

=1inCNTL1re
R R R R
YHPD7 YHPD YHPD5 YHPD2 YHPD1 YHPDO
Bit7 it6 Bit5 Bit3 Bit2 Bitl Bit0
Address: 0x02

Qs high-pass filter accelerometer output most significant byte. Data is updated at the ODR frequency
etermined by OWUF in CNTL3 register. Data is only available when wake-up engine is enabled (WUFE

=1in CNTL1 register)

R R R R R R R R
YHPD15 | YHPD14 | YHPD13 | YHPD12 | YHPD11 | YHPD10 | YHPD9 | YHPDS8
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
Address: 0x03

© 2017 Kionix - All Rights Reserved
756-10411-1712221306-0.37
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017

date he ODR frequency

ZHP_L
engine is enabled (WUFE

Z-axis high-pass filter accelerometer output least significant byte. Data i
determined by OWUF in CNTL3 register. Data is only available when wa

=1in CNTL1 register)

R R R R R R
ZHPD7 | ZHPD6 | ZHPD5 | ZHPD4 | ZHPD3 | ZHPD2
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2
ZHP_H
Z-axis high-pass filter accelerometer output most nt byte. D ted at the ODR frequency
determined by OWUF in CNTL3 register. Datagi ailable w up engine is enabled (WUFE
= 1in CNTL1 register) @
R R R R \ R
ZHPD15 | ZHPD14 | ZHPD13 | ZHPD12 ZHPD8
Bit7 Bit6 Bit5 Bit4 Bit0
XOUT_L o
X-axis accelerometer @utput least significant b ata is updated at the ODR frequency determined by
OSA bits in ODC .
R R R R
XOUTD7 | XO XOUTD2 | XOUTD1 | XOUTDO
Bit7 Bit6 Bit2 Bitl Bit0
Address: 0x06

Xouas’&

R R R R R R R R
XOUTD15|X0OUTD14|XOUTD13|XOUTD12|XOUTD11|XOUTD10| XOUTD9 | XOUTDS8
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

Address: 0x07

36 Thornwood Dr. - Ithaca, NY 14850
tel: 607-257-1080 - fax: 607-257-1146
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accelerometer output most significant byte. Data is updated at the ODR frequency determined
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YOUT L

Y-axis accelerometer output least significant byte. Data is updated at th
by OSA bits in ODCNTL register.

DR fr ncy determined
R R

R R R R
YOUTD7 | YOUTD6 | YOUTDS5 | YOUTD4 | YOUTD3 | YOUTD2
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2

YOUT_H

Y-axis accelerometer output most significant byte.

by OSA bits in ODCNTL register. 0
R R R

dated at t eguency determined

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

ZOUT L

Z-axis accelerometer outpuignifica
by OSA bits in ODCN ‘

-Ib
R R R
Z0UTD7

ta is updated at the ODR frequency determined

R R R
Z0UTD6_| Z Z0UTD4 Z0UTD2 | ZOUTD1 | ZOUTDO
Bit7 Bit Bit4 Bit2 Bitl Bit0
Address: 0x0A
ZOUT _

Z- eleromete

st significant byte. Data is updated at the ODR frequency determined
its in ODCN ister.

R

R R R R R R
Z0UTD14|70UTD13|Z0UTD12|Z0UTD11|Z0UTD10| ZOUTD9 | ZOUTD8
Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

Address: 0x0B

36 Thornwood Dr. - Ithaca, NY 14850
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COTR

The Command Test Response (COTR) register is used to verify prope
The value of this register will change from a default value of 0x55 to O
register is set. After reading OXAA from this register, the byte value ret

and COTC bit in CNTL2 register is cleared.

A&

integrat

R R R R R R
DCSTR7 | DCSTR6 | DCSTR5 | DCSTR4 | DCSTR3 | DCSTR2 CSTRO Reset Value
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit0 1010101
ss: 0x0C
WHO_AM_|
This register is used for supplier recogni nown byte value. The default
value is 0x2B.
R R R R
WIA7 WIAB WIAS WIAOQ Reset Value
Bit7 Bit6 Bit5 Bit0 00101011

36 Thornwood Dr. - Ithaca, NY 14850
tel: 607-257-1080 - fax: 607-257-1146
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Tilt Position Registers
These two registers report previous and current position data that is u
frequency OTP<1:0> in CNTL3 register. Data protected during registe

reported position for each bit value.
Q)sition.

ted at

TSCP
The Tilt Status Current Position (TSCP) register reports the ¢

user-defined ODR
. Table 13 describes the

R R R R R

0 0 LE RI DO
Bit7 Bit6 Bit5 Bit4 Bit3 00100000

TSPP
The Tilt Status Previous Position (TSPP

R R R R

0 0 LE FU Reset Value
Bit7 Bit6 Bit5 Bitl Bit0 00100000

Address: 0x11

X

RO

36 Thornwood Dr. - Ithaca, NY 14850

<

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

Left State (X-)

Right State (X+)

Down State (Y-)

[

Up State (Y+)

FD

Face-Down State (Z-)

FU

Face-Up State (Z+)

Table 13: Tilt Position

© 2017 Kionix - All Rights Reserved
756-10411-1712221306-0.37
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Interrupt Source Registers
These three registers report interrupt state changes. This data is upd
occurs and each application’s result is latched until the interrupt release

when ew interrupt event
er is read.

The Interrupt Source 1 (INS1) register indicates the triggerin Q a Tap/Double-Tap™ interrupt

INS1
occurs. Data is updated at the ODR settings determined by :0> bits in CNTL3 register.
R R R
0 0 TLE
Bit7 Bit6 Bit5

(Y+) Reported
(Z-) Reported
e (Z+) Reported

Z Po

Table 1 tional-Tap™ Reporting

The Interr @er reports which function caused an interrupt.

R & R R R R R
FF | WMI RDY | TDTS1 | TDTSO | WUFS | TPS

Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
Address: 0x13

INS2

FFS — Free fall. This bit is cleared when the interrupt latch release register (INT_REL) is read.

FFS = 0 — No Free fall
FFS = 1 — Free fall has activated the interrupt

BFI — Buffer Full Interrupt. Automatically cleared when at least one sample is read from the
buffer or following the write to BUF_CLEAR register.
BFI = 0 — Buffer is not full
BFI = 1 — Buffer is full

36 Thornwood Dr. - Ithaca, NY 14850 © 2017 Kionix - All Rights Reserved
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WMI — The Watermark Interrupt bit is set to 1 when FIFO has filled up e value stored in the

SMP_TH <9:0> bits. This bit is automatically cleared_anhen
SMP_LEV<10:0> returns to a value below the value store
following the write to BUF_CLEAR register.

WMI = 0 — Buffer watermark has not been exc de@
WMI = 1 — Buffer watermark has been exceed

DRDY - The Data Ready bit indicates that new lon data to OxOB) is available.
read or th rupt release register

This bit is cleared when acceleratio
INT_REL is read.

DRDY = 0 — new acceleration ailable
DRDY =1 — new acceleratio

TDTS1, TDTSO — The Tap/Do
and what kind. The

read.
O

WU Qake-Up Funeti tus bit is cleared when the interrupt release register
ELisr

e
on

WUF ion has activated the interrupt

Double-Tap
undefined

o PS — The Tilt Position Status bit is cleared when the interrupt release register INT_REL is
read.

TPS = 0 — Position has not changed
TPS = 1 — Position has changed

36 Thornwood Dr. - Ithaca, NY 14850 © 2017 Kionix - All Rights Reserved
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INS3
The Interrupt Source 3 (INS3) register reports the axis and direction of

R R R R R R R
0 0 XNwWU XPWU YNWU YPWU
Bit7 Bit6 Bit5 Bit4 Bit3
STATUS_REG
The Status Register reports upt is present.
R R R R
0 0 0 0
Bit7 Bit6 Bitl Bit0
Address: 0x15

—The INT bit r

WMI bit

WMI
FIFO

RO

the combined (OR) interrupt information of all features. If BFI and
ister are 0, the INT bit is set to 0 when INT_REL register is read. If
in INS2 register is 1, INT bit remains at 1 until these bits are cleared by
er read.

INT = 0 — no interrupt event
INT = 1 — interrupt event has occurred

36 Thornwood Dr. - Ithaca, NY 14850
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INT_REL
Interrupt Release (INT_REL) register: Latched interrupt source informatien reportedin INS1, INS2, and
INS3 registers is cleared and physical interrupt latched pin is changed_toits inactive state when this
register is read. However, WMI and BFI bits in INS2 register are (not ‘cleared by this command.
Furthermore, INT bit in STATUS_REG will not be cleared by readingsthis register if WMI or BFI bits in
INS2 register are set to 1. 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 Bit® Bit0
Address: 0x17
CNTL1

R/W

R/W

R/W

R/W

R/W

R/W

RO

R/W

The Control 1 (CNTL1) register controls thegmain feature setfof the,aceelerometer.

PC1

RES

DRDYE

GSEL1

GSELO

TDTE

WUEE

TPE

Reset Value

Bit7

Bit6

Bit5

Bit4

Bit3

Bit2

Bitl

Bit0

00000000

Address: 0x18

PC1 — The PGy bit_ €ontrols the ‘aperating mode of the KX224. Note, when configuration
changes néed to be made, please allow 2/ODR (sec) delay time after setting PC1=0
(i.egtransitioning from operating mode to standby mode)

PC1 =0 - Standby‘mede
PC1 = 1 - operating mode (Low Power or High Resolution)

RES - The RES bit determines the performance mode of the KX224. The noise varies with
ODR, RES and different LP_CNTL settings possibly reducing the effective resolution.
Notethat to change the value of this bit, the PC1 bit must first be set to “0”.

RES = 0 — Low Power mode (higher noise, lower current, 16-bit output data)
RES = 1 — High Resolution mode (lower noise, higher current, 16-bit output data)

DRDYE - The Data Ready Enable bit enables the reporting of the availability of new
acceleration data as an interrupt. Note that to change the value of this bit, the PC1 bit
must first be set to “0”.

DRDYE = 0 — availability of new acceleration data is not reflected as an interrupt
DRDYE = 1 — availability of new acceleration data is reflected as an interrupt

36 Thornwood Dr. - Ithaca, NY 14850
tel: 607-257-1080 - fax: 607-257-1146
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© 2017 Kionix - All Rights Reserved
756-10411-1712221306-0.37
Page 40 of 82



PART NUMBER:

‘ + 8g/16g/ 32g Tri-axis Digital KX224-1053
Kionix" Accelerometer Specifications .

GSEL1, GSELO — The G-Select bits allow to select the acceleration r of the accelerometer
outputs per Table 16. Note that to change the value of this bit, the/PC1 bit must first be
set to “0”.

GSEL1 | GSELO Range

0 0 189
0 1 +169g
1 0 +32¢g
Table 16: Selected Accelerati

f this bit, the PC1 bit must

[ Ta ¥

first be set to “0”.

TDTE = 0 — Tap/Double- isabled ’ é
TDTE = 1 — Tap/Double-Tap™ enabled

WUFE - The Wake-up F n‘Enable bit e
that to change alue of this bit,

b

e
TDTE — The Tap/Double-Tap™ Enable bit e the Directio &nction that will detect
single and double tap events. No@t change th I

Wake-Up (motion detect) function. Note
1 bit must first be set to “0”.

WUFE =0 - Up functi d

Up functio ed

it enables the Tilt Position function that will detect changes in
t to change the value of this bit, the PC1 bit must first be set

function disabled
on function enabled

36 Thornwood Dr. - Ithaca, NY 14850 © 2017 Kionix - All Rights Reserved
tel: 607-257-1080 - fax: 607-257-1146 756-10411-1712221306-0.37
www.kionix.com - info@kionix.com Page 41 of 82



Kionix”

+ 8g/16g / 32g Tri-axis Digital

Accelerometer Specifications

PART NUMBER:

KX224-1053
Rev. 2.0
22-D 017

CNTL2

The Control 2 (CNTL2) register provides additional feature set control.
value of this register, the PC1 bit in CNTL1 register must first be set to “

e that

roperly change the

R/W R/W R/W R/W RW RW RW
SRST COoTC LEM RIM DOM UPM Reset Value
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 00111111

36 Thornwood Dr. - Ithaca, NY 14850
tel: 607-257-1080 - fax: 607-257-1146
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SRST — The Software Reset bit initiates so
This bit will remain 1 until the RA

, Which perfo
outlne is f|

Note TNO0O4 Power-On Procedur ore inform

SRST = 0 — no action
SRST =1 — start RAM reb r

COTC — The Command Test C
COTC =0 —no acti
COTC =1 -sets
COTC bitto 0

LEM, RIM, DOM,
direction’
zero

is used 1t

Description

Left state enable (X-)
Right state enable (X+)
Down state enable (Y-)

Up state enable (Y+)

DM Face-Down state enable (Z-)
FUM Face-Up state enable (Z+)
Table 17: Tilt Direction Axis Mask

RAM reboot routine.
ease refer to Technical
ftware reset.

r ASIC functionality.

gisterto O n COTR register is then read, sets
OTR regi x55.
S s control the tilt axis mask. Per Table 17, if a

hat direction will generate an interrupt. If it is set to
generate an interrupt.

© 2017 Kionix - All Rights Reserved
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CNTL3
The Control 3 (CNTL3) register sets the output data rates for Tilt, Dirgetional-Tap™, and the Motion
Wake-Up digital engines. The output data rate set in this register and the aging filter control settings
set in LP_CNTL register, will influence overall performance of the ngines and the power
consumption of the accelerometer. Note that to properly change th this register, the PC1 bit in
CNTL1 register must first be set to “0”.

R/W R/W RW R/W R/W
OTP1 OTPO OTDT2 | OTDT1 | OTDTO
Bit7 Bit6 Bit5 Bit4 Bit3

OTP1, OTPO — The ODR Tilt bits se
18. The default Tilt Positi

ble 18: Tilt Position ction Output Data Rate

OTDT2 1, OTDTO — DR Tap/Double-Tap™ bits set the output data rate for the
é ional-Tap" ion per Table 19. The default Directional-Tap™ ODR is 400Hz.
DT1 | OTDTO | Output Data Rate
& 0 0 50Hz
0 1 100Hz
o 0 1 0 200Hz
0 1 1 400Hz
1 0 0 12.5Hz
1 0 1 25Hz
1 1 0 800Hz
1 1 1 1600Hz

Table 19: Directional-Tap™ Function Output Data Rate

36 Thornwood Dr. - Ithaca, NY 14850 © 2017 Kionix - All Rights Reserved
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data rate for the
per Table 20. The

OWUF2, OWUF1, OWUF0 — The ODR Wake-Up Function bits set t
general motion detection function and the high-pass filtered out
default Motion Wake-Up ODR is 0.781Hz.

OWUF2 | OWUF1 | OWUFOQ | Output Data
0 0
0 0
0 1
0 &
1 0
1 0
1 1
1 1
Table 20: Motion unctio

o(“ o°
04‘
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ODCNTL
The ODR Control (ODCNTL) register is responsible for configuring Ou

pass filter settings. Note that to properly change the value of this register
must first be set to “0”.

t Data ‘Rate (ODR) and low-
PC1 bit in CNTL1 register

R/W R/W R/W R/W R/W R/W
IR BYPASS| LPRO |RESERVEDIRESERVED| OSA3 OSA2 OSA0 Reset Value
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 \ Bit0 00000010
ess: 0x1B

IIR_BYPASS filter bypass mode

IIR_BYPASS = 0 —filtering applied
IIR_BYPASS = 1 —filter bypassed. etting may the resolution of the output
data.
L/
LPRO low-pass filter roll off \
ncy set to @(default)

LPRO = 0 —filter cor
LPRO =1 —filter

Low Pass IIR Filter
with filter corner

frequency set to:

P >
ODR/9 (LPRO=0)* 4
or
‘ ODR/2 (LPRO=1)
L IR Bypass Select
IIR_BYPASS =0 (IIR filtering applied)*

ITIR BYPASS =1 (IIR filter bypassed)

* - indicates reset value

When I[IR_BYPASS =0 : Double Pole Filter
When IIR_ BYPASS = 1 : Single Pole Filter

Figure 10: Low-Pass Filter Design and Control Circuitry
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OSA3, OSA2, OSA1, OSAO0 — The OSA <3:0> bits set the accelerati
(ODR). The default ODR is 50Hz.

OSA3 | 0SA2| OSA1 | OSA0

0 0

0 0

0 1

0 1

0 0

0 0

0 1

0 1

1 0

1

1

1

1 3200Hz

1 6400Hz

12800Hz

e 25600Hz

ter Output Data Rates (ODR)

* Low P available, r data rates will default to High Resolution mode
** 400Hz esoluti 0 (will not output in Low Power mode)

X

R
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INC1
The Interrupt Control 1 (INC1) register controls the settings for the physi€al interrupt pin INT1, the Self-
test function, and 3-wire SPI interface. Note that to properly change th of this register, the PC1
bit in CNTLL1 register must first be set to “0”.

R/W RW R/W R/W R/W RW
PWSEL11 | PWSEL10| [IEN1 IEA1 IEL1 Reserved Reset Value
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 00010000

PWSEL1<1:0> — Pulse interrupt 1 width

00 =50 usec (10 usec if OSA
01 =1 * OSA period

10 = 2 * OSA periods

11 =4 * OSA periods

When PWSEL1 —ciiearing (ACLR1=1) should be set to keep

rupt sour
consistency ln e inte the physical interrupt.
i a t pin INT1

isabled

physical interrupt pin is active LOW
the physical interrupt pin is active HIGH

of the physical interrupt pin INT1

(excludes buffer full interrupt (BFI) and watermark interrupt (WMI)).
IEL1 = 1 — the physical interrupt pin will transmit one pulse configurable by PWSEL1

STPOL sets the polarity of Self-test
STPOL = 0 — Negative
STPOL =1 - Positive

SPI3E sets the 3-wire SPI interface (set to 0 when I°C communication is used)
SPI3E = 0 — disabled
SPI3E =1 — enabled
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INC2
The Interrupt Control 2 (INC2) register controls which axis and directio detected motion can cause
an interrupt. Note that to properly change the value of this register, the it in CNTL1 register must
first be set to “0”.

R/W RW R/W R/W R/W RW
0 AOI XNWUE | XPWUE | YNWUE | YPWUE Reset Value
Bit7 Bit6 Bit5 Bit4 Bit3 00111111

AOI — AND-OR configuration on motion
0 — OR combination between sele

1 — AND combination betwee

Ex. If all directions

Active state in OR config

Active state in AND ¢ n= (XN || N || YP) && (ZN || ZP)

XNWU - x negative = enabled
XPWU - x positi 1 = enabled
YNWU - y nega 1 = enabled
YPWU - vy posgt ( 1 = enabled
ZNWU - z ( : = 1 = enabled
ZPWU - i ( = disabled, 1 = enabled
INC3
The Int I3 (INC3) ercontrols which axis and direction of Tap/Double-Tap™ can cause
an interru o;@ange the value of this register, the PC1 bit in CNTLL1 register must

firsﬁt to“0".
R/W. W R/W R/W R/W R/W

oLl o TLEM | TRIM | TDOM | TUPM | TFDM | TFUM Reset Value
0 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 00111111
Address: Ox1E

TLEM - Tilt left state mask: 0 = disabled, 1 = enabled
TRIM - Tilt right state mask: 0 = disabled, 1 = enabled
TDOM - Tilt down state mask: 0 = disabled, 1 = enabled
TUPM - Tilt up state mask: 0 = disabled, 1 = enabled

TFDM - Tilt face-down state mask: 0 = disabled, 1 = enabled
TFUM - Tilt face-up state mask: 0 = disabled, 1 = enabled
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INC4
The Interrupt Control 4 (INC4) register controls routing of an interrupt r
INT1. Note that to properly change the value of this register, the PC1 bi

rting t ysical interrupt pin
TL1 register must first be

set to “0”.
R/W R/W R/W R/W R/W R/W
FFI1 BFI1 WMI1 DRDYI1 | Reserved TDTI1 Reset Value
Bit7 Bit6 Bit5 Bit4 Bit3 00000000

TDTI1 — Tap/Double-Tap™ interr
WUFI1 — Wake-Up (motion d rrupt repor,

TPI1 — Tilt position interrup 0 on physi
INC5
The Interrupt Control 5 (IN ster con ttings for the physical interrupt pin INT2. Note that
to properly change the& is register, bit in CNTL1 register must first be set to “0”.

W R/W R/W R/W
IEA2 Reserved | ACLR2 ACLR1 Reset Value
Bit4 Bit2 Bitl BitO 00010000
Address: 0x20

e interrupt 2 width configuration

int t pin INT1
ysical interrupt pin INT1
t pin INT1

R/W R/W
PWSEL21|PWSEL
Bit7 Bi

NDW EL2<
00 =50u (10usec if OSA > 1600Hz)
01 =1 * OSA period

10 = 2 * OSA periods
11 =4 * OSA periods

When PWSEL?2 > 0, Interrupt source auto-clearing (ACLR2=1) is strongly recommended
to keep consistency between the internal status and the physical interrupt.

IEN2 enables/disables the physical interrupt pin INT2
IEN2 = 0 — physical interrupt pin is disabled
IEN2 = 1 — physical interrupt pin is enabled
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IEAZ2 sets the polarity of the physical interrupt pin INT2
IEA2 = 0 — polarity of the physical interrupt pin is active LW
IEA2 = 1 — polarity of the physical interrupt pin is active HIGH

IEL2 sets the response of the physical interrupt pin INT2
IEL2 = 0 — the physical interrupt pin latchesguntil it*isécleared by reading INT_REL.

(excludes buffer full interrupt (BFI) and watermarkiinterrupt (WMI)).
IEL2 = 1 — the physical interrupt pin will transmit oneypulse configurable by PWSEL2

ACLR2 - Latched interrupt source informatioa(INS1+INS3) is cleared'and physical interrupt-1
latched pin is changed to its inactive'state at pulse interrupt=2 trailing edge. Note:
WMI and BFI are not auto-cleared by a pulse interfupt trailing edge.
ACLR2 = 0 — disable
ACLR2 =1 — enable

ACLR1 - Latched interrupt soureeiinfermation(INSt-INS8) is cleared and physical interrupt-2
latched pin is changed,to'its inactive staté"at pulse interrupt-1 trailing edge. Note:
WMI and BFI are'net auto-clearedday,a pulse interrupt trailing edge.
ACLR1 = 0 — disahble
ACLR1 =1 — gnable

Note: New data is blockeéd frombeing written ta the sample buffer when this register is read from / written
to using SPI interfacelonly) To prevent this, complete the serial communication transacting before the

next ODR update (synchronous with Data\Ready).

INC6
The Interrupt Control 6 (INC6)eqgister controls routing of interrupt reporting to physical interrupt pin INT2.

Note that to'preperly change the,value of this register, the PC1 bit in CNTL1 register must first be set to

“0™

R/W R/W R/W RW R/W R/W R/W R/W

FFI12 BFI2 WMI2 DRDYI2 | Reserved | TDTI2 WUFI2 TPI2 Reset Value

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 00000000

Address: 0x21
FFI12 — Free fall interrupt reported on physical interrupt INT2
BF12 — 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
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Note: New data is blocked from being written to the sample buffer when this re ad from / written
to using SPI interface only. To prevent this, complete the serial communication sacting before the
next ODR update (synchronous with Data Ready).

TILT_TIMER
This register is the initial count register for the tilt position st
calculated as 1/ODR delay period, where the ODR is user-
change the value of this register, the PC1 bit in CNTL1 regi

ti@to 255 counts). Every count is
Table 18. Note that to properly

first be set to “0”.

R/W R/W R/W R/W R/W R/W
TSC7 TSC6 TSCS5 TSC4 TSC3
Bit7 Bit6 Bit5 Bit4 Bit3

eset Value
00000000

Note: New data is blocked from being wri
to using SPI interface only. To preve

is register is read from / written
mmunication transacting before the

The Wake-Up Function Co [ nt register for the motion detection timer (0 to
255 counts). Every count y period, where the ODR is user-defined per Table
20. Note that to proper, ister, the PC1 bit in CNTL1 register must first be set
to “07!.

ge the value of t

R/W R/W R/W R/W R/W R/W
WUFC7 | WU 5 | WUF C3 | WUFC2 | WUFC1 | WUFCO0 Reset Value
Bit7 Bit it5 Bi Bit3 Bit2 Bit1 Bit0 00000000
Address: 0x23

ing SPI interface only. To prevent this, complete the serial communication transacting before the
ODR update (synchronous with Data Ready).

5&/ data is bloc rom being written to the sample buffer when this register is read from / written
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TDTRC
The Tap/Double-Tap™ Report Control (TDTRC) register is responsible fer enabling/disabling reporting
of Tap/Double-Tap™ events. Note that to properly change the value of this régister, the PC1 bitin CNTL1
register must first be set to “0”.

R/W R/W R/W R/W R/W R/W RAM. RAV
0 0 0 0 0 0 DTRE STRE Reset Value
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO 00000011
Address: 0x24
DTRE — enables/disables the double tap intersupt
DTRE = 0 — do not update/trigger iterrupts on Double-Tap™events
DTRE = 1 — update interrupts omPouble-Tap™ events
STRE — enables/disables singledap interrupt
STRE = 0 — do not updaie/trigger interruptsfon.single tap events
STRE = 1 — update jnterrupts on single tap.events
TDTC

The Tap/Double-Tap™ Counter (TDTC) register eontains 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 thé 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-défined per Table 19. The TDTC counts starts at the beginning of
the first tap@nd it represents the minimum-time separation between the first tap and the second tap in a
double tap event. More specifically, the second tap event must end outside of the TDTC. The Kionix
recommended default value is'0.3'seconds (0x78). Note that to properly change the value of this register,
the,PC1 bit In CNTL1 register must first be set to “0”.

R/W R/W R/W R/W R/W R/W R/W R/W
TDTCY TDTC6 TDTC5 |“TDTC4 | TDTC3 TDTC2 TDTC1 TDTCO Reset Value
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 01111000
Address: 0x25

Note: New data is blocked from being written to the sample buffer when this register is read from / written
to using SPI interface only. To prevent this, complete the serial communication transacting before the
next ODR update (synchronous with Data Ready).
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TTH

The Tap Threshold High (TTH) register represents the 8-bit jerk high threshold to determine if a tap is
detected. The value is compared against the upper 8 bits of the 16g output, value (independent of the
actual g-range setting of the device). Though this is an 8-bit register;, the register value is internally
multiplied by two to set the high threshold. This multiplication results in a range of 0 to 510 with a
resolution of two counts. The Performance Index (PI) is the jetk signalthat is expected to be less than
this threshold, but greater than the TTL threshold during single‘and ‘dauble tap events. Equation 1 shows
how to calculate the Performance Index. See AN090 Getting' Started for recommended settings (LINK).
Note that to properly change the value of this register, thegRCL bit in CNTL1 s€gister must first be set to
“0"

X =X (current) — X (previous)

Y’ =Y (current) 4Y {previous)

Z’ = Z (current),~Z (previous)

PIZIPX Y] + |2

Equationy1:"Performance Index

R/W R/W R/W R/W R/W R/W. R/W R/W

TTH7 TTH6 TTH5 TIHA TTH3 TTH2 TTH1 TTHO Reset Value

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 11001011
Address: 0x26

TTL

Note: New data isblocked from beingdmritten to the sample buffer when this register is read from / written
to using SPiginterface only. To prevent this, complete the serial communication transacting before the
next ODRupdate (Synchronouswith*Data Ready).

The Tap Threshold KOWaGETL),register represents the 8-bit (0-255) jerk low threshold to determine if a
tap is'detected. The value is compared against the upper 8 bits of the 16g output value (independent of
the actual g-range setting of the device). 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.
See ANO090 Getting Started for recommended settings (LINK). Note that to properly change the value of
this register, the PC1 bit in CNTL1 register must first be set to “0”

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

TTLY7

TTL6

TTLS

TTL4

TTL3

TTL2

TTL1

TTLO

Reset Value

Bit7

Bit6

Bit5

Bit4

Bit3

Bit2

Bitl

Bit0

00011010
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FTD

Note: New data is blocked from being written to the sample buffer when this register istead from / written
to using SPI interface only. To prevent this, complete the serial communication transacting before the
next ODR update (synchronous with Data Ready).

This register contains counter information for the detection of any tap.€vent. When the Directional-Tap™
ODR is 400Hz or less, every count is calculated as 1/ODR delay‘péfiod. When the Directional-Tap™
ODR is 800Hz, every count is calculated as 2/ODR delay périod.\When the Directional-Tap™ ODR is
1600Hz, every count is calculated as 4/ODR delay periqds TheiDirectional-Tap™ ODR is user-defined
per Table 19. To ensure that only tap events are detected, these time limits;are'used. A tap event must
be above the performance index threshold for at least.thelow limit (FTDEO»-— ETDL2) and no more than
the high limit (FTDHO — FTDH4). The Kionix recomimended default value forthe high limit is 0.05 seconds
and for the low limit is 0.005 seconds (0xA2). Note that'to properly €hangerthe value of this register, the
PC1 bit in CNTL1 register must first be set to“0%

R/W R/W R/W R/W RAV R/W R\W R/W
FTDH4 FTDH3 FTDH2 FTDH1 ETDHO FTDL2 FTDL1 FTDLO Reset Value
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 10100010
Address: 0x28

STD

Note: New data is blocked framybeing writtenitoithe sample buffer when this register is read from / written
to using SPI interface @nly. aro prevent this, complete the serial communication transacting before the
next ODR update (synchrenous with Data Ready).

This register cantains counter infermation for the detection of a double tap event. When the Directional-
Tap™ ODR'is 400Hz or lessfevery count is calculated as 1/ODR delay period. When the Directional-
Tap™ ODR'is 800Hz, everycountiis calculated as 2/ODR delay period. When the Directional-Tap™ ODR
is 1600Hz, every countiisscalculated as 4/ODR delay period. The Directional-Tap™ ODR is user-defined
per Table 19. To ensureithatonly tap events are detected, this time limit is used. This register sets the
totahamount of time thatithe 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 (0x24). Note that to properly change the
value of this register, the PC1 bit in CNTL1 register must first be set to “0”.

R/W R/W R/W R/W R/W R/W R/W R/W
STD7 STD6 STD5 STD4 STD3 STD2 STD1 STDO Reset Value
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO 00100100
Address: 0x29
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Note: New data is blocked from being written to the sample buffer when this register. is read from / written
to using SPI interface only. To prevent this, complete the serial communication tra@nsacting before the
next ODR update (synchronous with Data Ready).

TLT

This register contains counter information for the detection ofsa tap eveht. When the Directional-Tap™
ODR is 400Hz or less, every count is calculated as 1/ODR delay‘péfiod. When the Directional-Tap™
ODR is 800Hz, every count is calculated as 2/ODR delay périod.\When the Directional-Tap™ ODR is
1600Hz, every count is calculated as 4/ODR delay periqds TheiDirectional-Tap™ ODR is user-defined
per Table 19. To ensure that only tap events are detegted, this time limit isfused. This register sets the
total amount of time that the tap algorithm will count samples that are aboveithedPl threshold (TTL) during
a potential tap event. It is used during both singlefand double tap events. However, reporting of single
taps on the physical interrupt pin INT1 or INT2 will accurat the end of the TWS. The Kionix recommended
default value for TLT is 0.1 seconds (0x28)..Noteithat to properly change the value of this register, the
PC1 bit in CNTL1 register must first be setto“0.

R/W R/W R/W R/W R/W R/W R/W R/W
TLT7 TLT6 TLT5 TLT4 TLI3 TLT2 TLT1 TLTO Reset Value
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 00101000
Address: 0x2A

Note: New data is blocked fram being written to'the sample buffer when this register is read from / written
to using SPI interface ‘@nly. To preventthis, complete the serial communication transacting before the
next ODR updatedsynchronous with Data Ready).

TWS

This register. contains countér infarmation for the detection of single and double taps. When the
Directional-Tap™ ODR is 400Hz0r less, every count is calculated as 1/ODR delay period. When the
Directional-Tap™ ODRuis;800Hz, every count is calculated as 2/ODR delay period. When the Directional-
Tap™ OPR is 1600HZ, everycount is calculated as 4/ODR delay period. The Directional-Tap™ ODR is
userdefined per Table 19t defines the time window for the entire tap event, single or double, 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 (0xAOQ). Note that to properly change the
value of this register, the PC1 bit in CNTL1 register must first be set to “0”.

R/W R/W R/W R/W R/W R/W R/W R/W
TWS7 TWS6 TWS5 TWS4 TWS3 TWS2 TWS1 TWSO0 Reset Value
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO 10100000
Address: 0x2B
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Note: New data is blocked from being written to the sample buffer when this register. is read from / written
to using SPI interface only. To prevent this, complete the serial communication transacting before the
next ODR update (synchronous with Data Ready).

FFTH
The Free Fall Threshold (FFTH) register contains the threshold offthe Ffee fall detection. This value is
compared to the top 8 bits of the accelerometer 32g output value(independent of the actual g-range setting
of the device). See AN090 Getting Started for recommended séttingsy(LINK). Note that to properly change
the value of this register, the PC1 bit in CNTL1 register mustfirstibe set to “0”,

R/W R/W R/W R/W R/W R/W RW RN
FFTH7 FFTH6 FFTH5 FFTH4 FFTH3 FFTH2 FFTH1 EETHQ Reset Value
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 00000000
Address: 0x2C

Note: New data is blocked from being written tothe sample bufferwhen‘this register is read from / written
to using SPI interface only. To prevent this; complete thé séfrial Communication transacting before the
next ODR update (synchronous with Data Ready).

FFC
The Free Fall Counter (FFC) register contains the counter setting of the Free fall detection. Every count is
calculated as 1/ODR delaygperiod'where ODR is@kree fall ODR set by OFFI<2:0> bits in FFCNTL register.
Note that to properly changefthe value of this register, the PC1 bit in CNTL1 register must first be set to

“Oll.
R/W R/W R R/W RIW R/W R/W R/W
FFC7 FFE6 EECH FFC4 FEC3 FFC2 FFC1 FFCO Reset Value
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1l Bit0 00000000
Address: 0x2D

Nete:‘New data is blocked,from being written to the sample buffer when this register is read from / written
to using SPI interface only. To prevent this, complete the serial communication transacting before the
next ODR update (synchronous with Data Ready).

FFCNTL
The Free Fall Control (FFCNTL) register contains the control setting of the Free fall detection. Note that
to properly change the value of this register, the PC1 bit in CNTL1 register must first be set to “0”.

R/W R/W R/W R/W R/W R/W R/W R/W
FFIE ULMODE 0 0 DCRM OFFI2 OFFI1 OFFIO Reset Value
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 00000000
Address: 0x2E
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FFIE — Free fall engine enable
FFIE = 0 — Free fall engine disabled
FFIE = 1 — Free fall engine enabled

ULMODE - Free fall interrupt latch/un-latch control
ULMODE = 0 — latched
ULMODE =1 — unlatched

DCRM — Debounce methodology control
DCRM = 0 - count up/down
DCRM =1 — count up/reset

gine p@e unction.
OHZ.

OFFI<2:0> — Output Data Rate at which the

The default Free fall ODR .7‘

)

written to the sample buffer when this register is read from / written
ent this, complete the serial communication transacting before the

ne R update (s s with Data Ready).

ATH
@ctivity Threshold (ATH) register sets the threshold for wake-up (motion detect) interrupt is set. This
e is compared to the top 8 bits of the accelerometer 32+75g output value (independent of the actual
-range setting of the device). The KX224 will ship from the factory with this value set to correspond to
a change in acceleration of 0.5g. See AN090 Getting Started for recommended settings (LINK). Note
that to properly change the value of this register, the PC1 bit in CNTL1 register must first be set to “0”.

R/W R/W R/W R/W R/W R/W R/W R/W
ATH7 ATH6 ATH5 ATH4 ATH3 ATH2 ATH1 ATHO Reset Value
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 00000010
Address: 0x30
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Note: New data is blocked from being written to the sample buffer when this register. is read from / written
to using SPI interface only. To prevent this, complete the serial communication transacting before the
next ODR update (synchronous with Data Ready).

TILT_ANGLE_LL
Tilt Angle Low Limit: This register sets the low-level threshald forilidangle detection. The low-level
threshold value is compared against the upper 8 bits of the 169 sutputvalue (independent of the actual
g-range setting of the device). Note that the minimum suggested tilt angle is 10°. See AN090 Getting
Started for recommended settings (LINK). Note that to preperly change thegvalue of this register, the
PC1 bit in CNTL1 register must first be set to “0”.

R/W R/W R/W R/W R/W RW R/W RV

TA7 TA6 TAS TA4 TA3 T A2 TAl JTAOD Reset Value

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitd, BitO 00001100
Address. 0x32

Note: New data is blocked from being written to the samplebuffer when this register is read from / written
to using SPI interface only. To preveatithis, completé“the serial communication transacting before the
next ODR update (synchronous,withhData Ready).

TILT_ANGLE_HL
Tilt Angle High Limit: This gégister sets the high-level threshold for tilt angle detection. The high-level
threshold is used by anyginternal algorithm to eliminate dynamic g-variations caused by the device
movement. Instedd, only static g-variatien (gravity) caused by the actual tilt changes are used. The high-
level thresheldyvalueds compareddagainst the upper 8 bits of the 16g output value (independent of the
actual g-range setting of the deviee). See AN090 Getting Started for recommended settings (LINK). Note
that to properly change the valug'offthis register, the PC1 bit in CNTL1 register must first be set to “0”.

R/W R/W R/, R/W R/W R/W R/W R/W

HL7 HL6 HL5 HL4 HL3 HL2 HL1 HLO Reset Value

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 00101010
Address: 0x33

Note: New data is blocked from being written to the sample buffer when this register is read from / written
to using SPI interface only. To prevent this, complete the serial communication transacting before the
next ODR update (synchronous with Data Ready).
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HYST _SET

This register sets the Hysteresis that is placed in between the Screen Rotation states. The KX224 ships
from the factory with HYST_SET set to +15° of hysteresis. Note that whemwriting a new value to this
register the current values of RESO and RES1 must be preserved. These values are set at the factory
and must not change. Note that to properly change the value of this,register, the PC1 bit in CNTL1
register must first be set to “0”.

R/W R/W R/W R/W R/W R/W RMW R/W
Reserved | Reserved | HYSTS HYST4 HYST3 HYST2 HYST1 HYSTO Reset Value
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit2 Bit0 00010100
Address: 0x34

Note: New data is blocked from being written tasthe'sample buffer when,this register is read from / written
to using SPI interface only. To prevent thisgcomplete the sérial'cemmunication transacting before the
next ODR update (synchronous with DatasReady).

LP_CNTL

The Averaging Filter Control setting canh,be used in thé'optimization of current and noise performance of
the accelerometer and can be,_tested” using Kionix FlexSet™ Performance Optimization Tool. More
specifically, this setting detefmines the number-of internal acceleration samples to be averaged in Low
Power mode. Also, it determines the number of internal acceleration samples to be averaged for digital
engines operation (Dirgctiopal-Tap™, Tilt, Wake=Up, Free fall) both in High Resolution and Low Power
modes. Note that to properly change theivalue of this register, the PC1 bit in CNTL1 register must first
be set to “0”".

tel: 607-257-1080 - fax: 607-257-1146
www.kionix.com - info@kionix.com

R/W RAW R/W RW, R/W R/W R/W R/W
Reserved | AVC2 AVC1 AVCOs |Reserved | Reserved | Reserved | Reserved Reset Value
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 01001011
Address: 0x35
AVC<2:0> — Averaging Filter Control. The default setting is 16 samples and was found to
work for most case.
000 = No Averaging
001 = 2 Samples Averaged
010 = 4 Samples Averaged
011 = 8 Samples Averaged
100 = 16 Samples Averaged (default)
101 = 32 Samples Averaged
110 = 64 Samples Averaged
111 = 128 Samples Averaged
36 Thornwood Dr. - Ithaca, NY 14850 © 2017 Kionix - All Rights Reserved
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Note: New data is blocked from being written to the sample buffer when this r read from using
SPI interface only. To prevent this, complete the serial communication transactin fore the next ODR
update (synchronous with Data Ready).

BUF_CNTL1
The Buffer Control 1 (BUF_CNTLL1) register controls the buff
change the value of this register, the PC1 bit in CNTL1 regist

reshold. Note that to properly
t be set to “0”.

R/W R/W R/W R/W R/W R/W
SMP_TH7|SMP_TH6|SMP_THS5|SMP_TH4|SMP_TH3|SMP_TH
Bit7 Bit6 Bit5 Bit4 Bit3 i 00000000

f samples that will trigger a
vent. When BUF_RES=1, the
ES=0, the maximum number of

SMP_TH [9:0] Sample Thresh
watermark interrupt or
maximum number o
samples is 681.

Buffer Model Function

s how many buffer samples are needed
a watermark interrupt.

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

pecifies how many buffer samples are needed
& to trigger a watermark interrupt.
Q ‘ 3: Sample Threshold Operation by Buffer Mode
: New data is blocked from being written to the sample buffer when this register is read from / written

using SPI interface only. To prevent this, complete the serial communication transacting before the
next ODR update (synchronous with Data Ready).

36 Thornwood Dr. - Ithaca, NY 14850 © 2017 Kionix - All Rights Reserved
tel: 607-257-1080 - fax: 607-257-1146 756-10411-1712221306-0.37
www.kionix.com - info@kionix.com Page 60 of 82



PART NUMBER:
‘ + 8g/16g / 32g Tri-axis Digital KX224-1053
Kionix® Accelerometer Specifications , 2'_‘;;’(-:_22-3 .
BUF_CNTL2

The Buffer Control 2 (BUF_CNTL2) register controls sample buffer operation. Note that to properly
change the value of this register, the PC1 bit in CNTL1 register must firstbeyset to “0”.

R/W R/W R/W R/W R/W R/W R/W RAN

BUFE BRES BFIE 0 SMP TH9|SMP_TH8| BUF M1 | BURCMO Reset Value

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 00000000
Address: 0x3B

BUFE controls activation of the sample buffer;
BUFE = 0 — sample buffer inactive
BUFE = 1 — sample buffer active

Note: Disabling the sample buffer(BUFE = O)fwill ‘Clear the buffer. The buffer will also be
cleared (1) following writedto ‘BUF_CLEAR register and/or (2) after setting PC1 bit in
CNTLL1 register to 0 (standby mode).

BRES determines the regsolutien of the accegleration data samples collected by the sample
buffer.
BRES = 0 — 8=bit'samples arefaccumulated in the buffer
BRES = 1 — 16=bit' samples are accumulated in the buffer

BFIE buffer fulbinterrupt enabletbit
BFIE =0 — buffer full interrupt disabled
BRIE =1 — buffer fullinterrupt updated in INS2

BUE "M1, BUF_MO selects the operating mode of the sample buffer per Table 24.

BUF M1 \BUF MO Mede Description
The buffer collects 681 sets of 8-bit low resolution values or 340 sets of 16-bit
0 0 FIFO high resolution values and then stops collecting data, collecting new data only

when the buffer is not full.

The buffer holds the last 681 sets of 8-bit low resolution values or 340 sets of
0 1 Stream 16-bit 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 of SMP_TH[9:0]
1 0 Trigger samples before the trigger event and then continues to collect data until full. New
data is collected only when the buffer is not full.

The buffer holds the last 681 sets of 8-bit low resolution values or 340 sets of
16-bit high resolution values. Once the buffer is full, the oldest data is discarded

1 1 FILO to make room for newer data. Reading from the buffer in this mode will return
the most recent data first.
Table 24: Selected Buffer Mode
36 Thornwood Dr. - Ithaca, NY 14850 © 2017 Kionix - All Rights Reserved
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Note: New data is blocked from being written to the sample buffer when this register. is read from / written
to using SPI interface only. To prevent this, complete the serial communication transacting before the
next ODR update (synchronous with Data Ready).

BUF_STATUS_1
Buffer Status 1: This register reports the status of the sample buffer.

R R R R R R R R
SMP LEV7/SMP LEV6|SMP LEV5SMP LEV4|SMP LEV3|SMP LEV2|SMP LEV1SMP LEVO
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

Address: 0x3C

SMP_LEV [10:0] Sample Level: reperis thefnumber of data bytes that have been stored in the
sample buffer. When BRES=1, this count will.increase by 6 for each 3-axis sample in
the buffer. When BRES=0, theycount will increase by#3 for each 3-axis sample. If this
register reads 0, no data has,been storeddin the buffer.

Note: New data is blocked from beingWwiitten to the safmple Buffer when this register is read using I1°C/SPI
interface. To prevent this, completeithe serial communication transacting before the next ODR update
(synchronous with Data Rea@dy) o perform adburst readfrom 0x3B to 0x3C.

BUF_STATUS 2
Buffer Status 2: This register reports the Status of the sample buffer trigger function.

R R R R R R R R
BUF TRIG 0 0 Q 0 SMP LEV10 |SMP LEV9 |SMP LEVS8
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

Address: 0x3D

BUF_TRIG reports the status of the buffer’s trigger function if this mode has been selected.
When using trigger mode, a buffer read should only be performed after a trigger event.
This bit is cleared after writing to BUF_CLEAR register. This will prevent Buffer Full
interrupt from firing while TRIG pin remains de-asserted.

Note: New data is blocked from being written to the sample buffer when this register is read from using
I’C/SPI interface. To prevent this, complete the serial communication transacting before the next ODR
update (synchronous with Data Ready) or perform a burst read from 0x3B to 0x3D.
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BUF_CLEAR
Buffer Clear: When any data is written to this register, the entire samplegbuffer i ared. This causes
the sample level bits SMP_LEV [10:0] to be cleared in BUF_STATUS 1 UF_STATUS_2 registers.
In addition, if the sample buffer is set to Trigger mode, the BUF_TRIG F _STATUS 2is cleared
too. Finally, the BFl and WMI bits in INS2 will be cleared and physicald latched pin will be changed
to its inactive state.

W W W W W
X X X X X
Bit7 Bit6 Bit5 Bit4 Bit3

BUF_READ
Buffer Read: Buffer output register

R R R R
X X X X X
Bit7 Bit6 Bit5 Bit4 Bit0
Address: 0x3F

g°en tothe b

Note: New data is not bei
taken when reading f buffer. If data |
completed within cycle.

(*/

ring the buffer read operation. Thus, care must be
is not desired, the buffer read operation should be

SELF_TEST

Self-Test: Qritten to this register, the MEMS self-test function is enabled.
El static- i erometer, results in a DC shift of the X, Y and Z axis outputs. Writing
Ox this register e accelerometer to normal operation.
@e, this is a write-only'register. Read back value from this register will always be 0x00.

W W W W W W W

0 0 0 0 0 0 0 Reset Value

Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO 00000000

Address: 0x60
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Embedded Applications
Orientation Detection Feature

The orientation detection feature of the KX224 will report changes in facepup, face down, * vertical and +
horizontal orientation. This intelligent embedded algorithm considers very importéant factors that provide accurate
orientation detection from low cost tri-axis accelerometers. Factors such as: hysteresis, device orientation angle,
and delay time are described below as these techniques are utilizedfinsideythe KX224.

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 device ‘near 45°. Slight_vibrations, noise and inherent sensor
error will cause the acceleration to go above andbelow the threshold rapidly and randomly, so the screen
will quickly flip back and forth between the 0% and the 90° orientations. This problem is avoided in the
KX224 by choosing a 30° threshold angle:With'a 30° threshold;the Sereen will not rotate from 0° to 90°
until the device is tilted to 60° (30° from 90%). To rotate back to 0°, the user must tilt back to 30°, thus
avoiding the screen flipping problem. This‘example essentially'applies + 15° of hysteresis in between the
four screen rotation states. Table'25,shows the accelesation limits implemented for ¢+ =30°.

Orientation | X Acceleration (g) | Y Acceleration (g)
0°/360° -0.5<ax<05 a, > 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,<0.5

Table 25: Acceleration at the four orientations with £ 15° of hysteresis

The KX224 allows the user te change the amount of hysteresis in between the four screen rotation states.
By‘simply writing to themHYSTh, SET register, the user can adjust the amount of hysteresis up to + 45°.
The plotfin Figure 11 shews the typical amount of hysteresis applied for a given digital count value of
HYST_SET.
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HYST_SET vs Hysteresis
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Figure 12: Device Orientation Angle

ka Tilt Angle)

orientation changes are detected, even when it isn’t in the
le 8 in Figure 12 is 90°, the KX224 considers device orientation

As the angle in Figure 12 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
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the screen orientation change. When the device orientation angle approaches is flat on a desk
or table), ax = ay = 0g, a, = +1g, and there is no way to determine which way screen should be
oriented, the internal algorithm determines that the device is in eitherythe face-up or face-down
orientation, depending on the sign of the z-axis. The KX224 will only cha screen orientation when
the orientation angle is above the factory-defaulted/user-defined set in the TILT_ANGLE_LL

register. Equation 2 can be used to determine what value to wiite ILT_ANGLE_LL register to set
the device orientation angle. The value for TILT_ANGLE_HL the factory but can be adjusted
in special cases (e.g. to reduce the effect of transient g-vari ch as when device is being moved

rather than just being rotated).
TILT_ANGLE_LL (coun Q(S (coun e
'ae Thresh 0
O

in orientation. The KX224 does this by
value in TILT _TIMER for each set of
tation state is maintained. A user defined Tilt

in CNTL3 register, determines the time period
the TILT_TIMER register value for a desired delay

Equation
Tilt Timer
The 8-bit register, TILT_TIMER can

incrementing a counter with a
acceleration samples to verify th

Position output data rate (O
for each sample. Equation
time.

TI (counts) = Delay Time (sec) x Tilt Position ODR (Hz)

E . Tilt Position Delay Time

o’&
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Motion Interrupt Feature Description

The Motion interrupt feature of the KX224 reports qualified changes in the high-passfiltered acceleration based
on the wake-up Activity Threshold (ATH). If the high-pass filtered acceleration @n any axis is greater than the
user-defined wake-up activity threshold (ATH), the device has transitionedgfrem:an inactive state to an active
state. Equation 4 shows how to calculate the ATH register value for aydesired wake-up threshold. The wake-up
engine function is independent of the user selected g-range and resolutien.

ATH (counts) = Wake-Up Thresholdg(g) %X 47(counts/g)
Equation 4: Wake-Up, Threshold

An 8-bit raw unsigned value represents a counter that permits the user fopgualify each active/inactive state
change. Note that each Wake-Up Function Counter (WUEC) count yalue gualifies 1 (one) user-defined Wake-
up Function ODR period as set by OWUF<2:0> hitsiimCNTL3 register, Equation 5 shows how to calculate the
WUFC register value for a desired wake-up delay-time:

WUFC (counts) = Wake-Up Belay Time (see)pWake-up Function ODR (Hz)
Equation 5: \Wake:=tp Delay Time

The latched motion interrupt résponse algorithm warksfas following: while the part is in inactive state, the
algorithm evaluates differential measurement between each new acceleration data point with the preceding one
and evaluates it against the?Activity Threshold (ATH). When the differential measurement is greater than ATH,
the wake-up function,counter (WUFC) starts‘the'count. Differential measurements are now calculated based on
the difference between the'current acceleration and the acceleration when the counter started. The part will
report that motion has‘occurred at thefend’of the count assuming each differential measurement has remained
above the threshold. If at any m@mentidufing the count the differential measurement falls below the threshold,
the countenwill stop the count.and the part will remain in inactive state.

To illustrate, how the algorithmiwerks, consider the Figure 13 below that shows the latched response of the
metion detection algorithm with the Wake-up Function Counter (WUFC) set to 10 counts. Note how the
difference between the acceleration sample marked in red and the one marked in green resulted in a differential
measurement represented with orange bar being above the Activity Threshold (ATH). At this point, the Wake-
upyFunction Counter (WUFC) begins to count number of counts stored in WUFC register and the wake-up
algorithm will evaluate the difference between each new acceleration 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 Activity Threshold (ATH), as is the case in
the example showed in Figure 13 a motion event will be reported.
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Figure 13: Latched Motion Interrupt Response
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Directional-Tap Detection Feature Description

2 tap inputs and reports the
ers, as well as a user-

The Directional-Tap™ Detection feature of the KX224 recognizes single and dou
acceleration axis and direction that each tap occurred. Eight performance
selectable ODR are used to configure the KX224 for a desired tap detection

Performance Index
The Directional-Tap™ detection algorithm uses low and high thr

elp dete when a tap event has
occurred. A tap event is detected when the previously desc summatio ds the low threshold
(TTL) for more than the tap detection low limit, but less th detecti“ as contained in FTD.

Samples that exceed the high limit (TTH) will be ignore 14 shows e ple of a single tap event
meeting the performance index criteria.

Pl

: Sampled Data

k (counts)

r

|
0

20— ———————=—- 3
\/\
d/\/\

3.14 3.15 3.16 3.17 3.18 3.19 3.2 3.21
time(sec)

Figure 14: Jerk Summation vs Threshold
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Single Tap Detection

The latency timer (TLT) sets the time period that a tap event will only be cterized as a single tap. A
second tap must occur outside of the latency timer. If a second tap occ e the latency time, it will

be ignored as it occurred too quickly. The single tap will be report nd of the TWS. Figure 15
shows a single tap event meeting the PI, latency and window seq ts.

Calculated Performance |

160 r -
Pl
140
~ TWS R
120 - <
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)
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3 80 <
L
% (
2
NAVVONIOS, W SN TSN A nsna A A Mam A
2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3 3.1
time(sec)
Figure 15: Single Directional-Tap™ Timing
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Double-Tap Detection

An event can be characterized as a double tap if the second tap cross
inside the TWS period and ends outside the TDTC. This means that th
time separation that must exist between the two taps of a double ta
first tap event must exceed the performance index for the timeylimi
when the first and second events combined exceed the perfo
double tap will be reported at the end of the second TLT. Fi

the PI, latency and window requirements.
WQW

Calculated Pe

jerk (counts)

3.5
time(sec)

Figure 16: Double-Tap™ Timing
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Free fall Detect

The KX224 features a Free fall interrupt that sends a flag through the INT1 or theyNT2 output pins when the
accelerometer senses a Free fall event. The interrupt event is also reflectedjon the INT (bit 4) of the
STATUS_REG and FFS (bit 7) of the INS2 registers. A Free fall event is evidentwhen all three accelerometer
axes simultaneously fall below a certain acceleration threshold for a_set ameunt of time. The KX224 gives the
user the option to define the acceleration threshold value through thehsERTH 8-bit register where 256 counts
cover the g range of the accelerometer. This value is compared to theé top 8)bits of the accelerometer 32g output
value (independent of the actual g-range setting of the device).£quation 6 shows how to calculate the FFTH
register value for a desired Free fall threshold. The threshold ofi0.5@%s a good starting point.

FFTH (counts) = Free fall Threshald (g) x 4 (counts/g)
Equation 6: Freexfall Thresheld

Through the Free Fall Counter (FFC), the user canyset the amountrof time“all three accelerometer axes must
simultaneously remain below the FFTH acceleration threshold befere the Free fall interrupt flag is sent through
the INT1 or the INT2 output pins. This delay/debounce time ispdefined by the available 0 to 255 counts, which
represent accelerometer samples taken‘at the Free fall ODR defided by OFFI<2:0> bits in the FFCNTL register.
Every count is calculated as 1/ODRdelay period. Equation 7.shows how to calculate the FFC register value for
a desired Free fall delay. The delay of 0:32 sec is a geod starting point.

FFC (caunts) = Freefall delay (sec) x Free fall ODR (Hz)
Equation 7: Free fall Threshold

When the Free Talhinterrupt is enabled“the part must not be in a physical state that would trigger the Free fall
interrupt or the delay will not be€orrectfor the present Free fall.
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Typical Freefall Interrupt Example (nonLatching) x

2EE
290

N\,

Pos. Motion limit 216 / 4

Pos. Freefall limit 148
Og 128
Neg. Freefall limit 108

Neg. Motion limit 4o
0

Freefall debounce timer o L ___________ L2l T 0
Set to 10 counts.

FF/MOT Interrupt

Figure 17: Typiq
Typical Freefall@ pt ching)
Pos. Motio@

P

eg. Fr

o Neg. Motion limit 4o
0

Freefall debounce timer ;o Lo ________________
Set to 10 counts.

FF/MOT Interrupt

Figure 18: Typical Free Fall Interrupt Example (FFCNTL ULMODE = 0)
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Sample Buffer Feature Description

The sample buffer feature of the KX224 accumulates and outputs acceleration, data based on how it is
configured. There are 4 buffer modes available, and samples can be accumulated; ab either low (8-bit) or high
(16-bit) resolution. Acceleration data is collected at the ODR specified bys@SA[3:0] in the ODCNTL register.
Each buffer mode accumulates data, reports data, and interacts with status imdi¢ators in a slightly different way.

FIFO Mode

Data Accumulation
Sample collection stops when thie buffer is full.

Data Reporting
Data is reported with the oldest hyte of the oldest sample first (X_L or X based on
resolution).

Status Indicators
A watermark interript oceurs when the aumber©of samples in the buffer reaches
the Sample Thresheldr The watermark nterrupt stays active until the buffer
contains lessgthan this number of'samples. This can be accomplished through
clearing the buffer or explicitly reading greater than SMPX samples (calculated
with Equation 8).

BUF RES=0:
SMPX = SMP_LEV[10:0] /3 — SMP_TH[9:0]

BUF RES=1;
SMPX =SMP_LEV[10:0] /6 — SMP_TH[9:0]

Equation 8: Samples Above Sample Threshold
Stream 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 8).
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Trigger Mode

Data Accumulation
When a physical interrupt is caused by one of th engines or when a logic
high signal occurs on the TRIG pin, the trigge sserted and SMP_TH][9:0]
samples prior to the event are retained. Sam ection continues until the buffer

is full.
uses FIFQJI pointer).
ere are P_TH[9:0] samples in

Data Reporting
UsS 2is as@

Data is reported with the oldest sa

Status Indicators
ues when Qer is full; older data is discarded to make

When a physical interrupt oc
the buffer, BUF_TRIG in Bk@ﬁ
e of the newest sample first (Z_H or Z based

FILO Mode

Data Accumulation
Sample collecti
room for n
Data Reporting

Data 07 with t
).

per

e following ams illustrate the operation of the buffer conceptually. Actual physical
o implementation has been abstracted to offer a simplified explanation of how the different buffer
modes operate. Figure 19 represents a high-resolution 3-axis sample within the buffer. Figure 20
— Figure 28 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. Figure 19 shows
one 6-byte data sample. Note the location of the FILO read pointer versus that of the FIFO read

pointer.
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Index Byte
0 X L <--FIFO re ointer
1 X H
2 Y L
3 Y H
4 Z L
5 Z H read pointer
buffer write pointer --> 6

Figure 19: One Buffe

ills sequenti
rsus tha?
be ertte

ample at a time. Note in Figure
read pointer. The buffer write

Regardless of the selected mode, the
20 the location of the FILO read
pointer shows where the next sa

o <— FIFO read pointer
2 Data2 | «— FILO read pointer
te pointer

4

(=

é 6
7 «— Sample Threshold

O 8

9

é Figure 20: 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

!@1 pointer
Datal

Data2 e
pointer

|
buffer write pointer — % hreshold

ple Threshold

ote in Figure 21

Index | Sample

ga|lhjw|IN|FP|O

ark interrupt is issued when the number of samples
d. In trigger mode, this is the point where the oldest
ke room for newer data.

<— FIFO read pointer

Data7 | «— Sample Threshold/FILO read pointer

O N[OOI~ IWN

buffer write pointer —

9
Figure 22: 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 23 how Data0 was thrown make room for Data8.

r@ad pointer

Index | Sample
0 Datal
Data2

Trigger write pointer —

After a trigger event er discards the oldest samples, and instead begins
accumulating s | he buffer then stops collecting samples, as seen in
Figure 24. Thi [ r holding SMP_TH[9:0] samples prior to the trigger event, and
SMPX sa [

o’&

«— Trigger read pointer
Data2
Data3
Data4
Data5
Data6

Data7

Data8 | «— Sample Threshold
Data9

9 DatalO
Figure 24: Additional Data after Trigger Event

3
4
5
6
7
8
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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
0 Data0 | «— FIFO rea
Datal
Data2
Data3

shold

O N[O~ WIN|F

ead pointer

After the bu en filled in(EILO or Stream mode, the oldest samples are discarded when
new sam e collected. in Figure 26 how Data0 was thrown out to make room for
Da

o’&

Datal
Data?
Data3
Data4
Data5
Data6

Datar
Data8 | «— Sample Threshold
Data9

9 DatalO | «— FILO read pointer
Figure 26: Buffer Full — Additional Sample Accumulation in Stream or FILO Mode

<— FIFO read pointer

2
3
4
5
6
7
8
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In FIFO, Stream, or Trigger mode, reading one sample from the bu ill'remove the oldest

sample and effectively shift the entire buffer contents up, as se

buffer write pointer

In FILO mode, reaﬂ
the older samb ed, as se

&
& &
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0 Datal
Data2
Data3

Sample

DataO

Datal

Data2

Data3

Datad

Data5

Data6

Data7

O IN|O OB W|IN|F-

Data8

in Figu

— FIF@] pointer

buffer will remove the newest sample and leave
ure 28.

«— FIFO read pointer

<— Sample Threshold
<— FILO read pointer

Figure 28: FILO Read from Full Buffer
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Appendix x

The following Notice is included to guide the use of Kionix products in its ication and manufacturing
processes. Kionix, Inc., is a ROHM Group company. For purposes of this Noti me “ROHM” would also

imply Kionix, Inc. 0

\

0

‘;O Q~ éa
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Datasheet

Notice

Precaution on using ROHM Products
1. Our Products are designed and manufactured for application in ordinary electronic equipments (such as AV equipment,
OA equipment, telecommunication equipment, home electronic appliances, amusement equipment, etc.). If you
intend to use our Products in devices requiring extremely high reliability (such as medical equipment (Note 1) transport
equipment, traffic equipment, aircraft/spacecraft, nuclear power 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 ROHM sales representativefin advance.
Unless otherwise agreed in writing by ROHM in advance, ROHM shall not be in any way responsible af liable for any
damages, expenses or losses incurred by you or third parties arising from the use of any ROHM'’s Products for Specific

Applications.
(Notel) Medical Equipment Classification of the Specific Applications
JAPAN USA EU CHINA
CLASSII CLASSIb
CLASSIV CLASSII CLASSI CLASSII

2. ROHM designs and manufactures its Products subject to strict quality contrel system. However, semiconductor
products can fail or malfunction at a certain rate. Please be sure to implément, af" your own responsibilities, adequate
safety measures including but not limited to fail-safe design against the physicalinjury, damage to any property, which
a failure or malfunction of our Products may cause. The following are examplesiof safety measures:

[a] Installation of protection circuits or other protective devices to improve system safety.
[b] Installation of redundant circuits to reduce the impact of single or mtltiple circuit failure

3. Our Products are designed and manufactured for use unden, standard conditions ‘and 16t under any special or
extraordinary environments or conditions, as exemplified below. Accordingly, {ROHM “shall not be in any way
responsible or liable for any damages, expenses or losses afising from the usélef any ROHM’s Products under any
special or extraordinary environments or conditions.”_If, you intend_to @se ‘Qumh, Products under any special or
extraordinary environments or conditions (as exemplified below), yodr independent verification and confirmation of
product performance, reliability, etc, prior to use amust'hemnecessary:

[a] Use of our Products in any types of liguid, including water, oils,"Chemicals, and organic solvents

[b] Use of our Products outdoors or in_placesiwhere the Productssare exposed to direct sunlight or dust

[c] Use of our Products in places where the“Products are exposedito sea wind or corrosive gases, including Cl2,

H2S, NH3, SO2, and NO2

[d] Use of our Products in placesmwhereithe ProduetsSiate'expesed 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 Produets with resin or'ather coating materials

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

[h] Use of the Rraductsiin places subje€t toxdew condensation

4. The Produgts are netsubject to radiation=proofdesign.
5. Please verify andieonfirm characteristics(of the final or mounted products in using the Products.

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

7. De-rate Power Dissipation depending on ambient temperature. When used in sealed area, confirm that it is the use in
the range that does not exceed the maximum junction temperature.

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

9. ROHM 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. When a highly active halogenous (chlorine, bromine, etc.) flux is used, the residue of flux may negatively affect product
performance and reliability.

2. In principle, the reflow soldering method must be used on a surface-mount products, the flow soldering method must
be used on a through hole mount products. If the flow soldering method is preferred on a surface-mount products,
please consult with the ROHM representative in advance.

For details, please refer to ROHM Mounting specification

Notice-PGA-E Rev.003
© 2015 ROHM Cao., Ltd. All rights reserved.
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Precautions Regarding Application Examples and External Circuits
1. If change is made to the constant of an external circuit, please allow a sufficient margin considering variations of the

characteristics of the Products and external components, including transient characteristics, as well as static
characteristics.

2. You agree that application notes, reference 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 you must exercise your own independent verification and judgment in the use of such information
contained in this document. ROHM 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 Electrostatic
This Product is electrostatic sensitive product, which may be damaged due to electrostatic dischargef Please take proper
caution in your manufacturing process and storage so that voltage exceeding the Products maxifsumirating will not be
applied to Products. Please take special care under dry condition (e.g. Grounding of human body{/ equipment / solder iron,
isolation 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 storeddn the places where:
[a] the Products are exposed to sea winds or corrosive gases, including CI2;°H2S,"NH3, SO2, and NO2
[b] the temperature or humidity exceeds those recommended by RQHM
[c] the Products are exposed to direct sunshine or condensation
[d] the Products are exposed to high Electrostatic

2. Even under ROHM recommended storage condition, solderability of products out of recommended storage time period
may be degraded. It is strongly recommended to confirm soldefability ‘before using Produets_of which storage time is
exceeding the recommended storage time period.

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

4. Use Products within the specified time after opening a“humidity barrier bag. Bakinggis required before using Products of
which storage time is exceeding the recommended sterage time peria@.

Precaution for Product Label
A two-dimensional barcode printed on ROHM Products label is forfROHM’s internal use only.

Precaution for Disposition
When disposing Products please disposeithem properly using,an authorized industry waste company.

Precaution for Foreign Exchange.,and Foreign Tgade act

Since concerned goods miight'be fallen under listedtitems of export control prescribed by Foreign exchange and Foreign
trade act, please consultiwith' ROHM in case of export.

Precaution Regarding Intellectual Propérty Rights
1. All information and data including (butfnet limited to application example contained in this document is for reference
only, ROHM does’not warrant that foregoing information or data will not infringe any intellectual property rights or any
other rights of any third partyaregarding such information or data.

2. ROHM<Yshall not have any:obligations where the claims, actions or demands arising from the combination of the
Products with other articles such as components, circuits, systems or external equipment (including software).

3 “Nolicense, expressly or implied, is granted hereby under any intellectual property rights or other rights of ROHM or any
third parties with respect to the Products or the information contained in this document. Provided, however, that ROHM
will not assert its intellectual property rights or other 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.

Other Precaution
1. This document may not be reprinted or reproduced, in whole or in part, without prior written consent of ROHM.

2. The Products may not be disassembled, converted, modified, reproduced or otherwise changed without prior written
consent of ROHM.

3. In no event shall you use in any way whatsoever the Products and the related technical information contained in the
Products or this document for any military purposes, including but not limited to, the development of mass-destruction
weapons.

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

Notice-PGA-E Rev.003
© 2015 ROHM Cao., Ltd. All rights reserved.
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