Tactical Grade
Ten Degrees of Freedom Inertial Sensor

KT-EX9-2

FEATURES

Triaxial, digital gyroscope, #50fsec dynamic range
#0.05°0rthogonal alignment error ,4.0thr in -run bias stability ,0.26°/hr angular random walk, 0.01% nonlinearity
Triaxial, digital accelerometer, #18 g
Triaxial, delta angle and delta velocity outputs
Triaxial, digital magnetometer, £2.5 gauss
Digital pressure sensor, 300 mbar to 1100 mbar
Factory-calibrated sensitivity, bias, and axial alignment
Operating and calibration temperature range: -45C to +85 T
SPIl-compatible serial interface
Programmable operation and control
4 FIR filter banks, 120 configurable taps
Digital input/output: data-ready alarm indicator, optional external sample clock up to 2.4 kHz
Alarms for condition monitoring
Single-supply operation: 3.0V to 3.6 V
10000 g shock survivability

GENERAL DESCRIPTION

The KT-EX9-2 device is a complete inertial system that includes a triaxis gyroscope, a triaxis accelerometer, triaxis
magnetometer, and pressure sensor. Each inertial sensor in the KT-EX9-2 combines industry-leading technology with signal
conditioning that optimizes dynamic performance. The factory calibration characterizes each sensor for sensitivity, bias,
alignment, and linear acceleration (gyroscope bias). As aresult, each sensor has its own dynamic compensation formulas
that provide accurate sensor measurements. The KT-EX9-2 adopts a technical solution of internal shock absorption design
in a closed chamber, and the inertial sensors are packaged in a vacuum ceramic shell. These measures greatly improve the
product's noise acoustic resistance.

The KT-EX9-2 provides a simple, cost-effective method for integrating accurate, multiaxis inertial sensing into industrial
systems, especially when compared with the complexity and investment associated with discrete designs. All necessary
motion testing and calibration are part of the production process at the factory, greatly reducing system integration time.
The KT-EX9-2 is packaged in a module that is approximately 47 mm x44 mm x14 mm and includes a standard connector
interface.

APPLICATIONS

Platform stabilization and control
Navigation

Personnel tracking
Instrumentation

Robotics
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Figure 1.Functional Block Diagram

Rev. A | Page 2 of 33




KT-EX9-2 |

TABLE OF CONTENTS

FEATURES ....cooeiiiiie ettt ettt e e e e e e ettt et e e e e e e e e s et ettt e e e e e e e e aan s s s ettt e e e e e e e e e s e et e et e e e e e e e e aannsebeeeeeeeeeeeannnnneneeeeeens 1
GENERAL DESCRIPTION ....titititiieiiieiittt ettt e e e e e ettt e e e e e st taae et e e e e e e e s s nsateaeeeaeeeesaanssseeeeeeeeeeasannssbsseeeeaeeeasnnsnnnnes 1
F N I (0 AN I 1 N PSR SOUPPRERPR 1
FUNCTIONAL BLOCK DIAGRAM .....ceetitttieeeieiiteeeet e e e e e e et ettt e e e e e s e st e e eeeaaaaassetaeeeeeeeeesaansssseaeeeeeeeasansnsaneeeeeens 2
REVISION HISTORY ...eiiiiiiiiiiiie ettt e e e e e e sttt e e e e e e s et eee et e e eeeaaaasssaeeeeaeeeaaaassstteeeeeeeeeeaannssseaeeeeaeeeeannsnsnneeeeeens 5
ST o = O | [Ny 1\ RS 6
TIMING SPECIFICATIONS ...coei ettt e e e ettt e e e e e e e sttt eeeeeessa s s eaeeeeeeeeesaanssseeeeeeeeeeasannsssaeeeaaeeeesannnnenees 9

LI L0 T = Vo | = U P 10
ABSOLUTE MAXIMUM RATINGS ...ceitii ettt ettt e e e e e e e sttt e e e e e e s sttt e e eaeeeesaansssaaeeeeeeeeeaannnnnnneeeeaeeens 11
THERMAL RESISTANCE ...coiiiiii ettt ettt e e e e e e e sttt et e e e e e e aans et eeeeaeeaaaansstaeeaaeeeeessanssssnneeeeeeesannnnes 11
] I 2 X U 8 I8 ] PO 11

PIN CONFIGURATION AND FUNCTION DESCRIPTIONS .....ootiiiiiiiiiiiiiiiee ettt e e e e e e e e e e e ennseeees 12
TYPICAL PERFORMANCE CHARACTERISTICS ... .ttt ettt e e e et e e e e e e e e nnnnnnneeeaaeeeas 13
Bias Variation OVEr TEMPEIALUIE .........oieeiiiiieie e e e et eeettiirs e e e e e e e e et e e e e e eeeeaetaareeeeeeeesstnnaaaeeeeeeesnnsnnnsaeeeeernnes 13

T F Y £ Ta = (o] I @AY= T g o) T | 1] .1 14
AN VAIANCE ... 14

Yo 1= L o ] 15
THEORY OF OPERATION .. .iiiiiiitit e ettt e e e e e s ettt e e e e e e e e aa st e e e e e e e e aa e nsteeeeeeaeeeesannssssneeeeeeeeaeannnssnneeeeaeeenn 16
REGISTER STRUCTURE ..ottt e e e et e e e e e e e e st e e e e e e e e s s sntee et eeeeeeeaannnnnnneeeaaeeans 16

SPl COMMUNICATION Leeiiiiieeeiiitite ettt e e e st e e e e e e e e sttt e e e e e e s s as s taeaeeeeaeeaaansaseaeeeeaaeeeaanssssseeeaaeeeenannnssnneees 17
DEVICE CONFIGURATION ....ettitttte ettt e e e e e e s et e et e e e e e s st eeeaaeaa e s sssaaeeeaeeeeesaassseeeneeeeeeeaannsnnnnneeaaeeens 17
DU I =T T VS (o (0 (= R 17
READING SENSOR DAT A L. oeieeitttie ettt e e e e e e e e ettt et e e e e e s s eeeeaaeaaaaasssaeeeaeeeeesaanssssseaeeeeeesaaansnnnneeeaaeeans 17
USER REGISTERS ... ... iiiiiiiiiie ettt e e ettt e e e e e e e ettt e e e e e e e e e s et e e e e eeeeeeaannsseeeeeeeeeeeaaannssaeeeeeaeeeeeannnnseneees 18
OUTPUT DATA REGISTERS ...ttt ettt e e e e e e e sttt e e e e e e e aa s et e e e e e e e e e e e nsssaneaaaeeeeeannnnsnneees 20
INERTIAL SENSOR DATA FORMAT ..ottt oottt e e e e e s st e e e e e e e e sttt e e eeaeessannsseseaeeeeeeeaannssnnneeeaaeeens 20
ROTATION RATE (GYROSCOPE) ... . itiiiiiiee e ettt e e e ettt e e e e e e e ettt e e e e e e e e s s nsaeeeteeeeeeeaannnnnnneeaaaaeeas 20

O @ = I 1 N I 1 S RERRP 21
DELTA ANGLES ...cceeoieiie ettt ettt e e e e e et ettt et e e e e e s ettt et e e e e e e e e e s s b bt et e e eeeeeeeanstseeaeeeeeeeaannnnnnneeeaaeeens 21
3= I 1Y I L 3 SRR 22
MAGNETOMETERS ...ttt e e oo e e sttt et e e e e e e et eeeeeaeaa e e ssbeeeeeeeaeesaansssseaeeeeeeeaannssnnneeeaaeeens 22

2 O 1Y I SO 23
INTERNAL TEMPERATURE ..ottt e sttt e e e e e e e et e e e e e e e e e a st eeeeeeeeaannnnnneeeeaeeeeas 23
PRODUCT IDENTIFICATION ...eititieiiiiiitiiiit e e e e sttt e e e e e s ettt ee e e e e e e e s nnsbeeeaaeeeeeesansssseaeeeeeeeaannssnsneeeaeeeens 23
DIGITAL SIGNAL PROCESSING......uuuiiitiiieeiiiiiiiiieeeee e e et aaieeeeeaaeeaaaassabeaeeaaeeeasaaasssaseeeeeaeaaaaassssseeeaaeeessanssseneees 24
GYROSCOPES/ACCELEROMETERS .......otttiiiiiiei ettt e e e e sttt a e e e e e e s st e e e e e e e s s nsna e e aeeeeeeannnsnneees 24
AVERAGING/DECIMATION FILTER ...eeiteiieeiiiiittiete ettt e e e e s ettt e e e e e e e e st e aaaeeeessannsnnaneeeeeeesannnnes 24
MAGNETOMETER/BAROMETER ...ttt ettt e ettt e e e e e e et a e e e e e s s st e e e e e e e e aannnnnnneeeaaeeeas 24

FIR FILTER BANKS ... 25
LTV [=T g aTo ] YA @] o F= 1012 11 o] o PR 25
D= = U0 1 1= g =T o (0] 1 =V o o SRR 26
Y 1 27
ALARNM USE .....ctiiiiiii ettt e e e e e ettt e e e e e e sttt e eaeeeeesass et e eeeeeeeeeeaassssaseeeeaeeeaa e s ssseeeeeeeeeeasnnsssnnneaeeeeeeannnnes 27
ALARM REG CONFIG .. .oiiiiiiiiiie ettt e e e e e e e sttt e e e e e e e e e s sssateeeeaeaeaaanssssseeeaaaeeasansssnnneaeeeeessannnes 27

Rev. A | Page 3 of 33



KT-EX9-2

= 14 0 0 == V1 1] ] 27
SYSTEM CONTROLS ...ttt ettt e e st e e e e e e e s sttt eeaeeeesaasn e tee et eeeeeeaaanssaeseeeeeeeeaaanssbeneeaaeeeesannnnseneees 28
GENERAL-PURPOSE INPUT/OUTPUT ...ttt ettt e e e e e e s s ssaaaee e e e e e e e s annsnnnseeeaeeeeesnnnsneneees 28
(D= 1= B Y= T Y [ T [ o (o] 28
[T 10 AR} g o3 L @ o Tod | O o |1 (o ] 28
APPLICATIONS INFORMATION ...ettttttieeiaettteet e e e e e e e e ettt e e e e e e e e st eeeeeeeaaaanssaaeeeeaeeeesaansssaneeeeeeeesaannnnsnneeeeaeeans 29
MOUNTING BEST PRACTICES ... ttiiiiie ettt e e e e e s ettt e e e e e e e et e e e e e e e e s snsssseaeeeeeesaannsnnnaeeeaaeeaas 29
POWER SUPPLY CONSIDERATIONS ....oiiiiiiie ettt et e e e s e sttt e e e e e e e sttt eaaeaeessannsseseeeeeeeesaannsnnnneeeaaaeaas 30
DG N ] = VS I I Y 8 PSSR 32
ACOUSTIC NOISE SENSITIVITY L.oiiiiiitiee e e eeeite et e e e e e ettt e e e e e e s aassaae e eeaeeaaaaanssasseeaaeaeessassssnneeeeeessannnes 32
OUTLINE DIMENSIONS ....ceeeeiiiieie ittt ettt e e ettt e e e e e e ettt e e e e e e e e s as st tee e e e e e e e e aaannsssseeeeeeeeaaannsssaneaeaeeeeeannnnsnneees 33

Rev. A | Page 4 of 33



KT-EX9-2 |

REVISION HISTORY

12/2023—Revision A: Initial Version

Rev. A | Page 5 of 33



KT-EX9-2

SPECIFICATIONS

Tc =25€C, VDD = 3.3V, angular rate = O?sec, dynamic range = #50?sec  , £1 g, 300 mbar to 1100 mbar, unless otherwise

noted.
Table 1. Specifications
Parameter Test Conditions/Comments Min Typ Max Unit
GYROSCOPES
Dynamic Range 450 1510 fsec
Sensitivity X_GYRO_OUT and x_GYRO_LOW (32-bit) 3.052 x 107 fsec/LSB
Repeatability* -45C <Tc<+85C 0.02 %
Sensitivity Temperature Coefficient | =45C <Tc<+85C, 1o +0 ppm/T
Misalignment Axis to axis 40.03 Degrees
Axis to frame (package) .03 Degrees
Nonlinearity Best fit straight line, FS = 450fsec 0.01 % of FS
Bias Repeatability?-2 -45C <Tc<+85C, 10 0.016 fsec
In-Run Bias Stability lo 4.0 fhr
Angular Random Walk lo 0.26 °Ahr
Bias Temperature Coefficient -45C <Tc<+85C, 10 #0.00025 fsec/T
Linear Acceleration Effect on Bias Any axis, 1 o (CONFIG[7] = 1) 0.003 fsec/ g
Output Noise No filtering 0.1 fsec rms
Rate Noise Density f =10 Hz to 40 Hz, no filtering 0.0049 °/sec/VHz rms
3dB Bandwidth 330 Hz
Sensor Resonant Frequency 22 kHz
ACCELEROMETERS Each axis
Dynamic Range +18 +20 g
Sensitivity X_ACCL_OUT and x_ACCL_LOW (32-bit) 1.221 x 108 g/LSB
Repeatability* -45€ <Tc<+85C #0.02 | %
Sensitivity Temperature Coefficient | -45C <Tc<+85C, 1o 5 ppm/T
Misalignment Axis to axis 40.06 Degrees
Axis to frame (package) #.06 Degrees
Nonlinearity Best fit straight line, £10 g 0.05 % of FS
Best fit straight line, £18 g 0.08 % of FS
Bias Repeatability?-23 -45€ <Tc<+85C, 10 5 mg
In-Run Bias Stability lo 0.01 mg
Velocity Random Walk 1o 0.007 m/sec/Nhr
Bias Temperature Coefficient -45C <Tc<+85C #.025 mg/T
Output Noise No filtering 1 mg rms
Noise Density f =10 Hz to 40 Hz, no filtering 0.088 mg/VHz rms
3dB Bandwidth 330 Hz
Sensor Resonant Frequency 55 kHz
MAGNETOMETER
Dynamic Range 25 gauss
Sensitivity 0.1 mgauss/LSB
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Parameter Test Conditions/Comments Min Typ Max Unit
Initial Sensitivity Tolerance 2 %
Sensitivity Temperature Coefficient | KT-EX9-2, -45€C < Tc<+85C, 10 60 ppm/T
Misalignment Axis to axis 0.35 Degrees
Axis to frame (package) 1.0 Degrees
Nonlinearity Best fit straight line 0.5 % of FS
Initial Bias Error 0 gauss stimulus #5 mgauss
Bias Temperature Coefficient KT-EX9-2, -45C < T.<+85C, 10 0.03 mgauss/T
Output Noise No filtering 0.22 mgauss rms
Noise Density f=2Hz to 5 Hz, no filtering 0.042 mgauss/\Hz
3 dB Bandwidth 330 Hz
BAROMETER
Pressure Range 300 1100 mbar
Extended 10 1200 mbar
Sensitivity BAROM_OUT and BAROM_LOW (32-bit) 6.1x1077 mbar/LSB
Total Error 45 mbar
Relative Error* -45C <Tc<+85C 25 mbar
Nonlinearitys Best fit straight line, FS = 1100 mbar 0.1 % of FS
-45C <Tc<+85C 0.2 % of FS
Linear-g Sensitivity #lglo 0.005 mbar/g
TEMPERATURE SENSOR
Scale Factor Output = 0x0000 at 25€ (45€C) 0.00565 CI/LSB
LOGIC INPUTS®
Input High Voltage, Vi 2.0
Input Low Voltage, Vi 0.8 Vv
Logic 1 Input Current, In V=33V 10 A
Logic O Input Current, Iv V=0V
All Pins Except RST and CS 10 HA
RST and CS Pins’ 0.33 mA
Input Capacitance, Ci 10 pF
DIGITAL OUTPUTS
Output High Voltage, Vou Isource = 0.5 MA 2.4 v
Output Low Voltage, Vo lsnk = 2.0 MA 0.4 Y
FLASH MEMORY Endurance? 100,000 Cycles
Data Retention® T,=85€C 20 Years
FUNCTIONAL TIMES? Time until data is available
Power-On Start-Up Time 1000 ms
Reset Recovery Time 500 ms
Flash Memory
Update Time 375 ms
Test Time 50 ms
CONVERSION RATE 2.46 kSPS
Initial Clock Accuracy 0.01 %
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Parameter Test Conditions/Comments Min Typ Max Unit
Temperature Coefficient 20 ppm/T
Sync Input Clock 0.712 24 kHz

POWER SUPPLY, VDD Operating voltage range 3.0 3.6 \Y

Power Supply Current? Normal mode, VDD =3.3V,put0o 60 mA

POWER SUPPLY, VDDRTC Operating voltage range 3.0 3.6 \Y

Real-Time Clock Supply Current Normal mode, VDDRTC = 3.3V 13 A

1 The repeatability specifications represent analytical projections based on the following drift contributions and conditions: temperature hysteresis (-45C to +85C),
electronics drift (high temperature operating life test: +110T, 500 hours), drift from temperature cycling, rate random walk and broadband noise.

2 Bias repeatability describes a long-term behavior over a variety of conditions. Short-term repeatability relates to the in-run bias stability and noise density specifications.
3 X-ray exposure can degrade this performance metric.

4The relative error assumes that the initial error, at 25€, is corrected in the end application.

5 Specification assumes a full scale (FS) of 1000 mbar.

6 The digital input/output signals use a 3.3 V system.

7RST and CS pins are connected to the VDD pin through 10 kQ pull-up resistors.

8 Measured at -45T, +25T, +85C.

9 Data retention lifetime decreases with TJ.

10 These times do not include thermal settling and internal filter response times, which may affect overall accuracy.

11 The RST line must be in a low state for at least 10 ys to assure a proper reset initiation and recovery.

12 Device functions at clock rates below 0.7 kHz, but at reduced performance levels.

13 Supply current transients can reach 800 mA(200us) during initial start up or reset recovery.
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TIMING SPECIFICATIONS

TC =25€C, VDD = 3.3V, unless otherwise noted.

Table 2. Timing Specifications

Normal Mode

Parameter Description Mint Typ Max! Unit
fscLk Serial clock 4 16 MHz
tsTaLL? Stall period between data 2 13
tcLs Serial clock low period 31 ns
(S Serial clock high period 31 ns
tcs Chip select to clock edge 32 ns
tbav DOUT valid after SCLK edge 10 ns
tosu DIN setup time before SCLK rising edge 2 ns
toHD DIN hold time after SCLK rising edge 2 ns
toR, tDF DOUT rise/fall times, <100 pF loading 3 8 ns
tosoe CS assertion to data out active 0 11 ns
tHD SCLK edge to data out invalid 0 ns
tsFs Last SCLK edge to CS deassertion 32 ns
tosHI CS deassertion to data out high impedance 0 9 ns
t1 Input sync pulse width 5 13
t2 Input sync to data invalid 490 13
t3 Input sync period 417 13

! Guaranteed by design and characterization, but not tested in production.

? See Table 3 for exceptions to the stall time rating.

Table 3. Register Specific Stall Times

Register Function Minimum Stall Time (ms)
FNCTIO_CTRL Configure DIOx functions 500
FLTR_BNKO Enable/select FIR filter banks 500
FLTR_BNK1 Enable/select FIR filter banks 500
DEC_RATA Configure the number of frequency divisions 500
ALM_CFG_x Enable/select Alarm Line 500
XxG_ALM_MAGN Sets the gyro threshold for an axis 500
XA _ALM_MAGN Sets the acce threshold for an axis 500
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TIMING DIAGRAMS
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ABSOLUTE MAXIMUM RATINGS

Table 4. Absolute Maximum Ratings

THERMAL RESISTANCE

Table 5. Package Characteristics

Device
Package Type 6:a 6ic Weight
24-Lead Module 22.8C/W | 10.1CT/W | 48¢g

ESD CAUTION

&

A

ESD (electrostatic discharge} sensitive dewice.
Charged devices and crount boards can dacharge
without  detectione Althowgh this. product . feastures
patented ar proprietary profection croosng, damage
may oo o devces subpectad W lgh enengy E50
Therelire, progger BSD precautions shouddd b= taken 1o
awHid pertarmance degradation or loss ol |'u-'|r|i|.-ru:i|:r.

Parameter Rating
Acceleration

Any Axis, Unpowered 10000 g

Any Axis, Powered 10000 g
VDD to GND -0.3Vto+3.6V
Digital Input Voltage to GND -0.3VtoVDD + 0.2V
Digital Output Voltage to GND -0.3VtoVDD +0.2V
Operating Temperature Range

KT-EX9-2 -45C to +85C
Storage Temperature Range! -55€C to +105C
Barometric Pressure 2 bar

Stresses at or above those listed under Absolute

Maximum Ratings may cause permanent damage to the

product. This is a stress rating only; functional operation

of the product at these or any other conditions above

those indicated in the operational section of this

specification is not implied. Operation beyond the

maximum operating conditions for extended periods may

affect product reliability.
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PIN CONFIGURATION AND FUNCTION DESCRIPTIONS

KT-EX9-2
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Note

ITHIS REPRESENTATION DISPLAYS THE TOP VIEW PINOUT FOR THE
MATING SOCKET CONNECTOR.

2THE ACTUAL CONNECTOR PINS ARE NOT VISIBLE FROM

THE TOP VIEW.

SMATING CONNECTOR: SAMTEC CLM-112-02 OR EQUIVALENT. FIN1 PIN 2

“DNC = DO NOT CONNECT TO THESE PINS.

Figure 5. Mating Connector Pin Assignments Figure 6. Axial Orientation (Topside Facing Up)

Table 6. Pin Function Descriptions

Pin No. Mnemonic Type Description

1 DIO3 Input/output Configurable Digital Input/Output.

2 DIO4 Input/output Configurable Digital Input/Output.

3 SCLK Input SPI Serial Clock.

4 DOUT Output SPI Data Output. Clocks output on SCLK falling edge.
5 DIN Input SPI Data Input. Clocks input on SCLK rising edge.
6 (5 Input SPI Chip Select.

7 DIO1 Input/output Configurable Digital Input/Output.

8 RST Input Reset. Float if not used.

9 DIO2 Input/output Configurable Digital Input/Output.

10,11, 12 VDD Supply Power Supply.

13,14, 15 GND Supply Power Ground.

16t0 22,24 DNC Not applicable Do Not Connect. Do not connect to these pins.
23 VDDRTC Supply Real-Time Clock Power Supply.

Rev. A | Page 12 of 33



KT-EX9-2

TYPICAL PERFORMANCE CHARACTERISTICS

BIAS VARIATION OVER TEMPERATURE
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Figure 7. X-axis gyroscope bias variation over Temperature Figure 10. X-axis accelerometer bias variation over Temperature
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BIAS VARIATION OVER LONGTIME
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Figure 13. 3-axis Gyroscope bias variation over long time
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Figure 14. 3-axis Accelerometer bias variation over long time
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SCALE ERROR OVER TEMPERATURE
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Figure 21. 3-axis Gyroscope Scale Error Over Temperature Figure 22. 3-axis Accelerometer Scale Error Over Temperature
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