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Data Sheet
SCC400T Series
SCR410T-K03 X gyroscope with digital SPI interface
SCC433T-K03 XZ gyroscope and XYZ accelerometer with digital SPI
interface
Features Applications
e +300°/s X- or X/Z-axis angular rate measurementrange SCC400T series is targeted at applications
e 169 3-axis acceleration measurement range demanding high stability with tough environmental
(XYZ, SCC433T-K03 only) requirements. Typical industrial applications
e +8g 3-axis acceleration measurement range include:

(XYZ, SCC433T-K03 only)

e —-40°C...+110°C operating temperature range e Inertial Measurement Units (IMUs)
e 3.0V...3.6V supply voltage ¢ Robotic control systems
o SPI digital interface e Machine control systems
e Extensive self-diagnostics features ¢ Platform stabilization and control
e Housing body size 10.4 x 7.65 x 2.3 mm (I x w x h) ¢ Motion analysis and control
¢ RoHS compliant robust SOIC plastic package suitable
for lead free soldering process and SMD mounting Restriction
e Proven capacitive 3D-MEMS technology e https://www.murata.com/en-

global/support/militaryrestriction

Overview

SCC433T-K03 is a combined high performance angular rate and accelerometer sensor component based on
Murata's proven capacitive 3D-MEMS technology. Signal processing is done in one mixed signal ASIC that
provides angular rate and acceleration output via flexible SPI digital interface. Sensor elements and ASIC are
packaged to overmolded SOIC-16W plastic housing that guarantees reliable operation over product's lifetime.

SCR410T-K03 is a high performance angular rate sensor component based on the same technology, housing
and SPI digital interface as SCC433T-K03.

SCC433T-K03 and SCR410T-KO03 are designed, manufactured and tested for high stability, reliability and quality
requirements. Components have extremely stable output over temperature, humidity and vibration. Components
have several advanced self-diagnostic features and it is suitable for SMD mounting and is compatible with RoHS
and ELV directives.
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Introduction

This document contains essential technical information related to all SCC400T series sensors
including specifications, SPI interface descriptions, user accessible register details, electrical
properties and application information. This document together with the document "APP 10207
Assembly instructions for SCC400T Series” should be used as a reference when designing in
SCC400T series component. All content of this document is not valid for all product versions,
please see below for register and functionality validity.

Table 1. Register and functionality validity for SCC400T series product versions.

SCC433T-K03 | SCR410T-K03

X-gyro functionality (£300°/s)

Z-gyro functionality (+300°/s)

ACC functionality (x69)

ACC LGS functionality (+8g)

XX XXX

X OOOxX

Temperature sensing functionality

Specifications

This chapter includes all specifications, typical performance and general information for
SCC400T series.

Abbreviations

ASIC Application Specific Integrated Circuit
SPI Serial Peripheral Interface

RT Room Temperature

DPS Degrees per second

FS Full scale

(O] Out of specification

CSB Chip Select

SCK Serial Clock

MOSI Master Out Slave In

MISO Master In Slave Out

MCU Microcontroller

LGS Secondary accelerometer output
BIST Built-in Self test

DSP Digital Signal Processor

CCM Channel calibration and monitoring
Rx Rate X axis

Rz Rate Z axis

Ax Accelerometer X axis

Ay Accelerometer Y axis

Az Accelerometer Z axis

F_prim Nominal operation frequency of the sensor element
DOF Degrees of Freedom

Murata Electronics Oy SCC400T Series Doc.No. 10183
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2.2 Performance Specifications for Gyroscope
Table 2.Performance specifications with VDD = 3.3 V and at room temperature (RT) unless otherwise specified.
SCC400T series
Parameter Condition Unit SCC433T-K03 and SCR410T-K03
Axis Min * Typ * Max *
Operating temperature range ** °C X/Z -40 110
Measurement range ** °Is 4 -300 300
Total offset error 40°C ... +110 °C °/s X 1.2 1.2
z -0.7 0.7
. e X -0.9 0.9
ok After HTOL 1000h °
Offset drift over lifetime er /s z 0.4 04
. X 0 0.8
-40°C ... +110°C °
Offset drift over temperature + /s z 0 04
Offset drift velocity 25K /min, -40 °C ... +110°C | °/s / min )Z( 00015 00_615
Sensitivity Target value LSB/°/s X/Z 80
Total sensitivity error (lifetime) -40°C...+110°C % )Z( ::13 :13
-300dps ... +300dps, of X -0.5 0.5
Linearit -40°C ... +110 °C S 7 0.4 0.4
inearity error
y -250dps ... +250dps, of X -0.4 04
-40°C ... +110 °C s z 03 03
13 Hz filter, -40 °C ... +110 °C °ls Xiz 0.009 0.014
20 Hz filter, -40 °C ... +110 °C °ls Xiz 0.011 0.017
. 46 Hz filter, -40 °C ... +110 °C °ls X/Z 0.015 0.025
Noise (RMS) 200Hz filter, -40 °C ... +110 °C °/s X/z 0.1 0.15
200Hz filter, -40 °C ... +110 °C o
Gyro CST disabled Is X/Z 0.05 0.1
300Hz filter, -40 °C ... +110 °C °ls Xiz 0.05 0.1
Noise density -40°C ... +110 °C °/siNHz X/z 0.002
Angle Random Walk °Ah Xiz 0.09
Allan Variance minimum °/h X 1.3
. . Z 1.1
Bias Instability
Allan Variance minimum °/h X 1.9
divided by 0.664 7 1.6
Cross-axis sensitivity -40°C...+110°C % Xz -1.5 1.5
13 Hz filter Hz X/Z 13
Amplitude response 20 fiz fter Hz Xz 20
-3 dB frequency 46 Hz filter Hz XIZ 46
200 Hz filter Hz X/Z 219
300 Hz filter Hz X/iz 299
13, 20 Hz filter (after SPI
Power on start-up time ** power on command) ms Xz 620
46, 200, 300 Hz filter (after
SPI power on command) ms X/z 500
F_prim **
Nominal operation frequency of the X 15.8 16.8 17.8
sensor element. All ASIC internal clocks kHz
are derived from a multiple of this 7 18.3 193 20.3
frequency ) ’ ’
Electrical Dynamic Range ! o
(Headroom) Output signal /s X/Z +409.6
Output update rate kHz Xz F_prim/2
G sensitivity (19 x,y,z axis) DC gravity input (°/s)IG X/z -0.01 0.01
Murata Electronics Oy SCC400T Series Doc.No. 10183
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* Specified Min/Max values contain +3 sigma variation limits of original test population. Typical values are validation population mean (unless otherwise
specified). Min/Max and typical values are not guaranteed, values represent validation population characteristics.

** Guaranteed value

*** Min/max values are example of original test population +3 sigma limits, values not guaranteed.

Note :

« Specification is valid after 24hours from reflow.
« Each system design including SCC400T series component must be evaluated by the customer in advance to guarantee proper functionality during operation.

Table 3. Gyroscope parameter definitions

Parameter

Description

Total offset error

Includes offset error from calibration, temperature, supply voltage and drift over lifetime. Lifetime tests include following tests
listed in AEC-Q100: TC, HTSL, HTOL, HBM, CDM, LU, MS, VFV, CA, DROP. Statistical mean and +3sigma is evaluated
only for tests with N = 30pcs.

Offset drift over lifetime

Offset change in room temperature (RT) during HTOL test, offset zeroed to initial measurement, N = 90pcs
HTOL: 1000 hours of high temperature operating life at +125°C, VDD=3.6V.

Offset drift over temperature

Offset drift over temperature is determined by ((maximum offset value over temperature) - (minimum offset value over
temperature)) / 2 in condition of one temperature sweep in specified temperature range.

Sensitivity

Sensitivity is defined as
ARmeas (-Qmax) - ARmeas (ﬂmin)

ﬂmax - Qmin

Sensitivity =

Where

max=applied angular rate at maximum operating range
Qmin=applied angular rate at minimum operating range
ARmeas(Qn) = measured angular rate at Qn [LSB]

Total sensitivity error

Includes sensitivity error from calibration, temperature, supply voltage and drift over lifetime. Lifetime tests listed in total
offset error.

Linearity error

Linearity is the maximum deviation from the straight line defined by the measured values at the operating range endpoints.

Cross-axis sensitivity

Cross axis sensitivity is the ratio between the sensitivity of the sensing axis and the two orthogonal axes.

X duct on: C s (¥) = Sensitivity(Y) < 100%. C is (Z) = Sensitivity(Z) < 100%
gyro product version : Cross axis = Sensitivity(X) b, Cross axis = Sensitivity(X) o
7 duct on: C is (X) = Sensitivity (X) % 100%, C s (V) = Sensitivity(Y) » 100%
gyro product version : Cross axis = Sensitivity(2) 0, CT0Sss axis = Sensitivity(Z) 0

Where

Sensitivity(X)= Sensitivity when angular rate is applied in X direction
Sensitivity(Y)= Sensitivity when angular rate is applied in Y direction
Sensitivity(Z)=Sensitivity when angular rate is applied in Z direction

Murata Electronics Oy SCC400T Series Doc.No. 10183
www.murata.com Rev. 1
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2.3 Performance Specifications for Accelerometer
Table 4. Performance specifications with VDD = 3.3 V and at room temperature unless otherwise specified.
SCC400T series
Parameter Condition Unit SCC433T-K03
Axis Min * Typ * Max *
Operating temperature range ** °C XIYIZ -40 110
Measurement range ** g XYz -6 6
XY -25 25
-40°C ... +110 °C
Total Offset error + mg Z 45 45
. s XY -17 17
i In RT, after HTOL 1000h
Offset drift over lifetime n RT, after mg Z 25 o5
. XY 0 15
-40°C ... +110 °C
Offset drift over temperature + mg 7 0 20
, . 2.5K /min, -40 °C ... +85 °C mg/ min | X/Y/Z -3 3
Offset drift velocity 2.5K /min, -40 °C ... +110 °C mg/ min | X/Y/Z -6 6
Sensitivity Target value LSB/g XIYIZ 4905
. -1g...1grange, XY -0.5 0.5
Total sensitivity error 40°C ... +110 °C % Z 06 06
-1g...1grange mg XIYIZ -1 1
-1g...1grange, -
Linearity error “40°C... +110°C m9 X/Yiz S S
-6 g ...6 grange, XY -30 30
-40°C ... +110 °C mg z 45 45
Cross-Axis sensitivity per axis % X/YIZ -1.5 1.5
13 Hz filter, -40 °C ... +110 °C mg XIY/Z 0.35 0.5
20 Hz filter, -40 °C ... +110 °C mg XIYIZ 0.4 0.7
Noise (RMS) 46 Hz filter, -40 °C ... +110 °C mg XYz 0.6 0.8
200Hz filter, -40 °C ... +110 °C mg X/IYIZ 1.5 4
300Hz filter, -40 °C ... +110 °C mg XINYIZ 2 5
Noise density -40°C ... +110 °C pghlHz | XIYIZ 70
13 Hz filter Hz XY 13
20 Hz filter Hz XY 20
46 Hz filter Hz XY 46
200 Hz filter Hz XY 198
Amplitude response 300 Hz filter Hz XY 251
-3 dB frequency 13 Hz filter Hz Z 13
20 Hz filter Hz Z 20
46 Hz filter Hz Z 46
200 Hz filter Hz 4 208
300 Hz filter Hz 4 272
13, 20 Hz filter (after SPI
Power on start-up time ** power on command) ms XIYIZ 450
46, 200, 300 Hz filter (after
SPI power on comma(nd) ms XIYIZ 320
Electrical Dynamic Range
(Headroom) g XNIZ 16.7
Output update rate ch;rlsrggﬁﬁ: kHz XIYIZ F_prim/2

* Specified Min/Max values contain +3 sigma variation limits of original test population. Typical values are validation population mean (unless otherwise
specified). Min/Max and typical values are not guaranteed, values represent validation population characteristics.

** Guaranteed value

*** Example of test population +3 sigma limits, values not guaranteed.

Note :

« Specification is valid after 24hours from reflow.
« Each system design including SCC400T series component must be evaluated by the customer in advance to guarantee proper functionality during operation.
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24 Performance Specifications for Secondary Accelerometer Output
Table 5. Performance specifications with VDD = 3.3 V and at room temperature unless otherwise specified.
SCC400T series
Parameter Condition Unit SCC433T-K03
Axis Min * Typ * Max *
Operating temperature range ** °C XIYIZ -40 110
Measurement range ** g XIYIZ -8 8
XY -25 25
40 °C ... +110 °C
Total Offset error + mg b2 45 45
. XY 0 15
40 °C ... +110 °C
Offset drift over temperature + mg Z 0 20
Sensitivity Target value LSB/g X/YIZ 24525
o -1g...1grange, XY -0.5 0.5
Total sensitivity error 40°C . +110 °C % Z 06 06
-1g...1grange mg XIYIZ -1 1
-1g...1 grange, _
Linearity error “40°C... +110°C mg X/Yiz S S
-89 ...8 grange, XY -50 50
-40°C ... +110 °C mg z 2100 100
Cross-Axis sensitivity per axis % X/YIZ -1.5 1.5
, 200Hz filter, -40°C ... +110°C | mg RMS | X/Y/Z 1.5 4
Noise (RMS) 300Hz filter, -40 °C ... +110°C | mg RMS | X/Y/Z 2 5
200 Hz filter Hz XY 198
Amplitude response 300 Hz filter Hz XY 251
-3 dB frequency 200 Hz filter Hz Z 208
300 Hz filter Hz 4 272
Output update rate Accelerometer: kHz XIYIZ 16x
put up X-gyro F_prim F_prim

* Specified Min/Max values contain +3 sigma variation limits of original test population. Typical values are validation population mean (unless otherwise
specified). Min/Max and typical values are not guaranteed, values represent validation population characteristics.
** Guaranteed value

Note :
« Specification is valid after 24hours from reflow.
« Each system design including SCC400T series component must be evaluated by the customer in advance to guarantee proper functionality during operation.

Murata Electronics Oy SCC400T Series Doc.No. 10183
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Table 6. Accelerometer and secondary accelerometer parameter definitions

Parameter

Description

Total Offset error

Includes offset error from calibration, temperature, supply voltage and drift over lifetime. Lifetime tests include following
tests listed in AEC-Q100: TC, HTSL, HTOL, HBM, CDM, LU, MS, VFV, CA, DROP. Statistical mean and +3sigma is
evaluated only for tests with N = 30pcs.

Offset drift over lifetime

Offset change in room temperature (RT) during HTOL test, offset zeroed to initial measurement, N = 90pcs
HTOL: 1000 hours of high temperature operating life at +125°C, VDD=3.6V.

Offset drift over temperature

Offset drift over temperature is determined by ((maximum offset over temperature) - (minimum offset over temperature)) /
2 in condition of one temperature sweep in specified temperature range.

Sensitivity

Sensitivity is defined as
ACCmeas(a+1g) - ACCmeas(a—lg)

Ay1g — A-1g

Sensitivity =

Where

a+1g=applied acceleration at +1g (i.e. +1g gravity of manufacturing location)
a.1g=applied acceleration at -1g (i.e. -1g gravity of manufacturing location)
ACChmeas(an)=measured acceleration at an [LSB]

Total sensitivity error

Includes sensitivity error from calibration, temperature, supply voltage and drift over lifetime. Lifetime tests listed in total

offset error.

Linearity error

Linearity is the maximum deviation from the straight line defined by the measured values at the operating range end

points.

Cross-Axis sensitivity

Cross-axis sensitivity is the maximum sensitivity in the plane perpendicular to the measuring direction relative to the

sensitivity in the measuring direction.
ACCmeas —ACCmeasz

2XxSensitivity

Cross — axis_sensitivity = X 100%

Where
ACCmeas= measured acceleration in 0g position perpendicular to the measuring direction

Murata Electronics Oy SCC400T Series Doc.No. 10183
www.murata.com Rev. 1
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25 Gyro typical performance characteristics for SCC400T series
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2.6 Accelerometer typical performance characteristics for SCC433T-K03 series
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General specifications for SCC400T series component are presented in Table 7. All analog voltages are related
to the potential at GNDA and all digital voltages are related to the potential at GNDD.

Table 7. General specifications.

Parameter Condition cs:cc:;/ Unit Min Typ Max
Supply voltage: V3p3A Analog supply Voltage V 3.0 3.3 3.6
Supply voltage: V3p3D Digital supply voltage \Y 3.0 3.3 3.6
Total current, |_TOTAL Total current consumption during normal operation 1DOF cc mA 12 19

mode

|_ TOTAL= Analog + Digital supply current SDOF cc mA 19 25
Total current, |_TOTAL In lower power mode (Before operation mode on) mA 3 5
Total current reset Total average current during reset mA 2
POR_TH_H Threshold of Power On Reset (POR) for rising V3p3A, V3p3D vV 27 28 29
POR_TH_ L Threshold of Power On Reset (POR) for falling V3p3A, V3p3D vV 25 2.6 2.8
TRESD r Time to reset delay for rising inputs

Wait time that rising supply voltages and rising EXTRESN input ms 15

signal (optional) are above their threshold levels.
TMODE Wait time to set the operation mode after the supply in the

specification.

Wait time needed after power on or after reset. (Wait time starts ms 25

when supply is inside spec limits.) SPI is not functional during

this time.
TRES_SPI Time to reset SPI : ms 2

Wait time after reset. CSB shall be high.
2.8 Performance Specification for Temperature Sensor
Table 8. Temperature sensor performance specifications.
Parameter Condition Min. Typ Max. |Unit
Temperature signal range -50 +149 °C
Temperature signal sensitivity 30 LSB/°C
Offset error -15 +15 °C
Sensitivity error -10 +10 %
Linearity error +3 %

Temperature is converted to °C with following equation: Temperature [°C] = 25 + (TEMP / 30) where TEMP is
temperature sensor output register content in decimal format (2’s complement).

Murata Electronics Oy SCC400T Series
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Within the maximum ratings (Table 9. Absolute maximum ratings.) in an instant, no damage to the component
shall occur. Parametric values may deviate from specification, yet no functional deviation shall occur. All analog
voltages are related to the potential at GNDA, all digital voltages are related to GNDD.

Table 9. Absolute maximum ratings.

Parameter Remark Min. Recommended Max. Unit
SUPPLY Supply voltage (pins V3p3A, V3p3D) -0.3 4.3 \%
AINJAGUT Voltage at analog input and output pins -0.3 SUPZ‘§+0'3 \Y,
DIN/DOUT Voltage at digital input and output pins -0.3 SUPZI;?O'S \%
Tstg Storage temperature range » -50 140 °C
ESD_HBM |ESD according Human Body Model (HBM),

Q100-002 -2000 2000 \Y
ESD_MM ESD according Machine Model (MM),

Q100-003 -200 200 \Y
ESD_CDM |ESD according Charged Device Model (CDM), -500 500

Q100-011 -750 (corner 750 (corner \Y,

pins) pins)

- Max peak body temperature during reflow B 260 °C
- Maximum storage time before soldering 1 2 years
us Ultrasonic agitation (cleaning, welding, etc) Prohibited

A) No damage to the component shall occur within the maximum ratings in an instant and also max 24hour,

B) Maximum allowable time within 260°C +0°C/-5°C = 30s.
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210 Pin Description
The pinout for SCC400T is presented in Figure 1, while the pin descriptions can be found in Table 10.
rf
anoa 1[ T T ‘ [T_T1] 16 mosi
RESERVED 2[ [T [T T ]scs8
wexresn 3[ [ [T ] 2 sex
Reserveo a[ [ [ | [T ] 13 mis0
reserveo s [ [ | [T T ] 12 vaes0
VDDA sD]:E :]:H]j 11 V3p3A
GNDA 7[D|:[ :E]H:] 10 GNDD
enoas [ T[] [T 1] o veoo
. )
Figure 1. Pinout for SCC400T.
Table 10. SCC400T pin descriptions.
Pin# Name Type Description
1 GNDA GND EMC protection and ground
2 RESERVED - Factory use only, connect to GND
Optional external Reset, 3.3V logic compatible Schmitt-trigger input with
3 TI/EXTRESN DIN internal pull-up, LOW-HIGH transition causes system restart. Minimum
low time 100us.
4 RESERVED - Factory use only, connect to GND
5 RESERVED - Factory use only, connect to GND
Regulated supply for analog core. Use external capacitor which is
6 VDDA AOUT connected according to the diagram in
Figure 18.
7 GNDA GND Analog Supply return (ground), connect externally to GND
8 GNDA GND Analog Supply return (ground), connect externally to GND
Regulated supply for digital core. Use external capacitor which is
9 VDDD AOUT connected according to the diagram in
Figure 18.
10 GNDD GND Digital Supply return (ground), connect externally to GND
11 V3p3A SUPPLY  |Analog Supply voltage
12 V3p3D SUPPLY Digital Supply voltage
13 MISO DOUT Data Out of SPI Interface
14 SCK DIN Clock Signal of SPI Interface
15 CSB DIN Chip Selected of SPI Interface
16 MOSI DIN Data In of SPI Interface
Murata Electronics Oy SCC400T Series Doc.No. 10183
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2.1 Digital I/0 Specification

Table 11 describes the DC characteristics of SCC400T sensor SPI I/O pins. Supply voltage is 3.3 V unless
otherwise specified. Current flowing into the circuit has a positive value.

Table 11. SPI DC characteristics.

Symbol Description Min. | Nom. ‘ Max. Unit
Serial Clock SCLK
VinHigh Input high voltage 2 V3p3D+0.3 \Y,
VinLow Input low voltage -0.3 0.8 \%
Vhy Input hysteresis 0.2 \%
Isource Input current source (Pull down) , Vin = DVDD 24 36 uA
Cin Input capacitance 6 pF
Chip select CSB (Pull Up), low active
VinHigh Input high voltage 2 V3p3D+0.3 \Y,
VinLow Input low voltage -0.3 0.8 \Y,
Vhy Input hysteresis 0.2 \%
Isource Input current source (Pull Up), Vin = 0V 24 36 uA
Cin Input capacitance 6 pF
Vin_open Open circuit output voltage 2 Vv
Serial data input MOSI (Pull Down)
VinHigh Input high voltage 2 V3p3D+0.3 \Y,
VinLow Input low voltage -0.3 0.8 \%
Vhy Input hysteresis 0.2 \Y,
Isource Input current source (Pull Up), Vin = DVDD 24 36 uA
Cin Input capacitance 6 pF
Vin_open Open circuit output voltage 0.3 \Y,
Serial data output MISO (Tri state)
VoutHigh_-1mA Output high voltage, lout = -1mA V3p3D-0.5 \%
VinHigh_1mA Output low voltage, lout = +1TmA 0.5 \Y,
lout_Hz High impedance output current, -1 1 uA
0V < VMISO < V3p3D
Cld_miso Capacitive load. The slope of the MISO output 160 pF
signal can be controlled to meet EMI requirements
under specified load conditions.

Murata Electronics Oy SCC400T Series Doc.No. 10183
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Table 12. EXTRESN pin characteristics

Symbol Description Min. | Nom. ‘ Max. Unit

Digital pin EXTRESN

VinHigh Input high voltage 2 V3p3A+0.3 \%

VinLow Input low voltage -0.3 0.8 \Y,

Vhy Input hysteresis 0.2 \Y,

Isource Start-up indication phase inactive 60 160 MA
Start-up indication phase active 30 80 MA

Murata Electronics Oy SCC400T Series Doc.No. 10183
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212 SPI AC Characteristics

The AC characteristics of SCC400T are defined in Figure 2 and Table 13.
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e \ ____________________ Vint
| g tsue
sck o
) O A I_ _____ \
MOS' undefined X
v A ¥ /

M ISO e High impedance—<

Figure 2. Timing diagram of SPI communication.

Table 13. SPI AC electrical characteristics.

>_High impedance™=—

Symbol

Description

Min.

Nom.

Max.

Unit

fspi

Master (MCU):
SPI SCLK frequency

0.1

10

MHz

tspi

Master (MCU):
SPI SCLK period

1/ fspi

thigh

Master (MCU):
High time: duration of logical high level at
SCLK (frOm Vmngh min to Vmngh m\n)

35

tspi/2

ns

tlow

Master (MCU):
Low time: duration of logical low level at
SCLK (from VmLowimax to VmLowimax)

35

tspi/2

ns

tSUCS

Master (MCU):
Setup time CSB: time between the falling
edge of CSB and the rising edge of SCLK

(frOm VmLQW max to VmLow max)

40

tspi/2

ns

tsusi

Master (MCU):
Setup time at MOSI: setup time of MOSI

before the rising edge of SCLK (from Viou max to

VmLow max OF frOm \/mquh min tO VmLQW max)

10

ns

thsi

Master(MCU):
Hold time at MOSI: hold time of MOSI after

rising edge of SCLK (from Viytign min t0 Vintow max OF to

VmH\gh mm)

20

ns

thcs

Master (MCU):
Hold time of CSB: time between the falling
edge of SCLK and the rising edge of CSB

(from VmLow max to VmLow max)

30

tspi/2

ns
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Master (MCU):
thics Minimum high time of CSB between two 30 tspi/2 ns
consecutive transfers (from Viign min t0 Viakigh min)
Master (MCU): 0.15x
trisesfall_in Rise/fall time of SCK/MOSI signals (from - - ispl ns

VmLow max tO VmH\qh min OF frOm Vmquh min tO VmLow max)

Slave(=SCC400T ASIC):
Delay time: time delay from the falling edge _ _ 30 ns

t
o of CSB totab data valid at MISO (from V.., ..
tO VInLoW max OF tO V\nH\gh mm)
Slave(=SCC400T ASIC):
Delay time: time delay from falling edge of
t -
< SCLK to data valid at MISO (from Vi . t0 0 30 ns
VInLoW max OF to V\nH\gh mm)
Slave(=SCC400T ASIC):
i Tri-state delay time: time between the rising _ ) 25 ns
edge of CSB to MISO in Tri-state (from
VmH\gh min to X)
Slave(=SCC400T ASIC): Rise/fall time of
MISO S|gna| (VOut 10% to Vom 90% and from VOut 90% to
trise/fallfout Vout 10%) 4 10 16 ns
User selectable MISO slew rate control in Mode register
(19h)
Murata Electronics Oy SCC400T Series Doc.No. 10183
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213 Measurement Axis and Directions

15t pin indicator \

1st pin Indicator

Rx (1DOF) Rx-Rz-Ax-Ay-Az (5DOF)
Figure 3. SCC400T series measurement directions.
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£:1g £ 4905 LSB 210g £ OLSE £ -1 £1-4905 LS8
- E Annnoonan =
|2 i '3 E
g E || =
— = —
= o= goompoooo =
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Figure 4 Accelerometer measurement directions and outputs
(1g resolution depends on output channel).
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214 Packing Characteristics

A\, SERALNUNBER, 20 DATA MATRIX, TYPE ECC200
IDENTIFICATION [SERIAL NUMBER)
THIRTEEN DIGIT ALPHANUMERIC SERVAL NUMBER
CONTAINING THE FOLLOWING INFORMATION
XU X XXX C30
STANDARD CHARACTER
RUNNENG NUMBER (HEX)
RUNNING NUMBER [HEX|. CAN BE USED FOR FAB CODING
YEAR [DEC)
(4°-14°TYP ) JULIAN DATE [DEC)
A\ miraa 060
A PART NUMBER

! . A\ PN NDSE MARK

2.5+03 £\ CO-PLANARITY OF FORMED) LEADS 1O BE WITH: .1mm

i
\A A\ DHENSON 00es N1 CDE
DAMBAR AND $1 FROTRUSION

/A\ DIENSION DOES HOT INCLUDE
MOLD FLASH OR PROTRUSIONS

+0.1
o FOI IDOF G
0.2 -0.1 +0. O% A R e s
55 0.25 - 0.0: SN PLATING SPECIPCATION |5 NOT A7 PL'DW_‘C1IEAD
Base metal thickne! o7 0,025 A i srececa oo C
: =
$n plating thickness e ¥
A LEAD AND DOES NOT INCLUDE LOCAL PIN wm (CRATERS.
SN PROTRUSIONS. SHARP LEAD EDGES. OR CLAMP MARKS.
BASE METAL THICKNESS SPECIFICATION & NOT APPLIED ON
SEND RADHS AREAS
A & DIMENSION DOES NOT INCLUDE TOPOGRAPHY VARIATION
=ROM LASER MARK, MOLD YOIDS OR MOLD PROTRUSIONS
E-PIN MARK AT BOTIOM
1.27 £0.15 TYP. 0.4 £0.1 TYP. CONTAINS VENDOR MARKING
FOR MOLD TOCL AND CAWTY

16 J5 14 13 12 T

HEAEAH

§;§4‘

==

HERAEHAAAS

Figure 5. The outline of the SCC400T package (SOIC16-W) in mm.

2.15 PCB Footprint

27 [PITCH)

0,55

‘ ——-—‘—-_

—onoono

RECOMMENDED PWB PAD LAYOUT
INCLUDING SOLID GND PLANE BELOW
COMPONENT

(REFERENCE ONLY)

2.40
6,80
11,20

00000t

PIN]

Figure 6. Recommended PWB pad layout for SCC400T.
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For application schematic and PCB layout, please refer to chapter 9 Application information.
3 Assembly Instructions

The design of the application PCB, design of fixtures, conformal coating, vibration and mechanical shocks,
material selections, application environment and component assembly process can have an impact on the
sensor performance. Please refer to the document “APP 10207 Assembly instructions for SCC400T Series
ENG” for related details

4 Order codes
SCC433T-K03 order codes.

Order code Description Packing Qty
SCC433T-K03-004 bulk 4 pcs
SCC433T-K03-05 gg:n_bined gyro (X/Z-axis +£300°/s) and accelerometer (XYZ-axis +6g & 8g) with T&R 50 pos

interface
SCC433T-K03-10 T&R | 1000 pcs
SCR410T-K03 order codes.

Order code Description Packing Qty
SCR410T-K03-004 bulk 4 pcs
SCR410T-K03-05 |Gyro (X-axis £300°/s) with SPI interface T&R 50 pcs
SCR410T-K03-10 T&R | 1000 pcs

Murata reserves all rights to modify this document without prior notice.
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This is the end of publicly available document. For full version of this of this data
sheet and assembly instructions, please contact Murata.
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General Product Description

Component block diagram

SCC400T sensor consists of independent acceleration and angular rate sensing elements, and
single Application-Specific Integrated Circuit (ASIC) used to sense and to control those elements.
Figure 7 contains an upper level block diagram of the component. The ASIC provides one
common SPI interface used to control and read the accelerometer and the gyroscope. SCC433T-
KO3 version has additional gyro block. ASIC supports parallel XYZ acceleration channels for LGS
(Secondary accelerometer output) function to remove time uncertainty by compensating with
32xF_prim/2. For more details please see 7.1.7.

7
E x @ g S
f Ej gz =
MEMS [ ANALOG | DIGITAL — POWER
> on Clack gen
\--i*-—- S0 | acc | 1l
I -
I | | . =y [ | cxeEn
RC |
Ps1 - .{Ituﬁ.\; HPF { omi | @ [ o, b
Ps2 I e -
L ; T = = GsT
o — ._-Lccm»‘cra | GST [ beation ||
= DRIVE - <v_suries + l
w — 5 B4
2 MFlel—ow | szl It e
= ol | processing +— I
= I calibration ! |
e . I. . v A
QO Sl Il ™ werl | wr| | pem| | anc FILT + DEC | |
CSA > f it <l . —’Lf
S121 el - \.® T \.J, | |
522}t L~ | ] === I
o vttt of e | I
oz P — 2}l | P ——
ac1 e+ ]! S ’l\{_" CALMON1 FILT
rire Bl | s | T L ] FILT + DEC X) -
= < e S - 2y
, . . . = n_.\.\cnccin A | Sowe le—V3paA
M e+ ACC read *—' TEME M= o i ADC | JFT<+BEC) mhal I supply -4-——:3«%3;
| J bC |y e R ] it !
% 14— GNDD
s 1 . I __{ 'I’" — | T+DECI | srd)
g * L - (L ~ b I 1 e
ne—e o ] v . . ACST Jd :
w 12 (et | - f— —
= ‘ WV | processing I r
Y1 -Q-—J_- 4 calibration VDDA =
g w37 ! —
8 : Jis I vooD
1 = ) 2 MD
- —| |ST_CONTROL — —
SH et SD | | HV.GEN | | Sl I CONTROL P
I ==
___________ T_ST_CONTRO!
vl v

Figure 7. SCC400T component block diagram.

The angular rate and acceleration sensing elements are manufactured using Murata proprietary
High Aspect Ratio (HAR) 3D-MEMS process, which enables making robust, extremely stable and
low noise capacitive sensors.
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5.2

5.3

5.4

6.2

Acceleration sensing element

The acceleration sensing element consists of three acceleration sensitive masses. Acceleration
causes capacitance change that is converted into a voltage change in the signal conditioning
ASIC.

Gyroscope sensing element

Z-Gyro sensing element consists of moving masses that are intentionally exited to in-plane drive
motion. Rotation in sensitive direction causes in-plane movement that can be measured as
capacitance change with the signal conditioning ASIC.

X-Gyro sensing element consists of moving masses that are purposely exited to in-plane drive
motion. Rotation in sensitive direction causes out of plane movement that can be measured as
capacitance change with the signal conditioning ASIC.

Factory Calibration

SCC400T sensors are factory calibrated. No separate calibration is required in the application.
Parameters that are trimmed during production include offset and sensitivity for gyroscope and
accelerometer. Fail safe monitoring signals are also calibrated. Offset and sensitivity are
calibrated with 2 order polynomial at -40°C, +25°C and +110°C. Calibration parameters are
stored to non-volatile memory during manufacturing. The parameters are read automatically from
the internal non-volatile memory during the start-up.

It should be noted that assembly can cause minor offset/bias errors to the sensor output. If best
possible offset/bias accuracy is required, system level offset/bias calibration (zeroing) after
assembly is recommended.

Component Operation, Reset and Power Up
Component Operation

SCC400T component has internal power-on reset circuit. It releases the internal reset-signal
once the power supplies are within the specified range and reads configuration and calibration
data from the non-volatile memory to volatile registers. After the memory read, the sensor goes to
low power mode. An internal startup sequence is performed, when operation mode is activated
by SPI command. 1DOF (SCR410T-K03) version requires 1 time of SPI write command and
5DOF (SCR433T-K03) version requires 2 times of SPI write command to set operation mode.
Start-up time is dependent of low pass filter setting. After the power on or reset, sensor shall be
able to provide valid acceleration and angular rate data after specified Power on Start-up time.
SCC400T sensor uses lowest available low pass filter setting by default. In case some other low
pass filter is desired the filter can be selected by SPI command. SCC400T component has
extensive internal fail-safe diagnostics to detect over range and possible internal failures. The
diagnostic status can be monitored via SPI RS - and status register bits.

Internal Failsafe Diagnostics

During the startup sequence the sensor performs a series of internal tests that will set various
error flags in the sensor status registers and to clear them it is necessary to read summary status
register after the startup sequence is complete.

Murata Electronics Oy SCC400T Series Doc.No. 10183
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Once startup sequence is completed and End of Initialization bit (EQOI bit) has been written to
one, the SPI frame Return Status bits (RS bits) indicate sensor operation status. Normal
operation is indicated with RS bit content of 01b.

()
|

2. Wait until voltage
supplies are inside the
spec (3.0V ... 3.6V)

3. Wait 25ms for the

: NVM start-up ready.
non-volatile memory

NVM CRC check OK

(NVM) read
4. Set the operation *) With 5DOF product version step #4 has to be completed
mode on * twice, in 5DOF case delay between the two operation mode

commands (step #4 commands) has to be s1ms

|

5. Set the configuration =) After step #4, no SPI allowed during 50ms after step #4,
setting (data filter, step #5 can be completed > 50ms after step #4
flag filter) ®*

|

6. Wait 500ms / 820ms
(GYRO and ACC

Shield detection
Start-up seli-test of CCM
| Start-up self-test BIST of DSP

SR | Parallel tests for GYRO and ACC
v )
7.SetEOI=1 | GYRO tests ACC tests
(End of initialization - Start-up self-test of Gyro - Start-up self-test of ACC
command) | - Secondary channel connection loss check - Start-up self-test of TEMP
v

| The first reading of the summary status may incorrectly show "FAIL" after the start-up
Therefore the second reading is needed in order to check that all the status bits are
OK = 1. Wait time between 1st and 2nd summary status reading should be > 2.5ms

8. Read the summary
status two times.

9. Check if RS
=01 ok?

& NO *=+%) New start-up loop via reset is recommended:
¢ : In case RS check fails, execute
10. System in operation 11. System in a) EXRESN high-low-high (hardware reset) OR
and data ready to be FAILURE mode (= b) SPI reset command
read. then jump to step #3

Figure 8. Power up sequence.

r_A_\ A
/ \
0 i nosPI 100 400 500 600  [ms]
| allowed | I | | N
\ I 17 I I T =
t 7
ﬁ step 5,

note: no SPI allowed during ‘ 8,9,10/11 I I 8,9,10/11 I
50ms after completing step #4

with 46Hz, 200Hz with 13Hz, 20Hz
300Hz LPF

Time scale for reference only

Figure 9. Timing diagram of the power up sequence (references to the steps in Figure 8).
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7 Component Interfacing
71 SPI Interface
711 General

SCC400T has one common physical SPI interface for the accelerometer and the angular rate
sensor. SPI communication transfers data between the SPI master and registers of SCC400T
ASIC. SCC400T always operates as a slave device in master-slave operation mode. 3-wire SPI
connection cannot be used.

SPI interface pins:

CSB Chip Select (active low) MCU — ASIC

SCK Serial Clock MCU — ASIC

MOSI Master Out Slave In MCU — ASIC

MISO Master In Slave Out ASIC — MCU
7.1.2 Protocol

SPI communication uses off-frame protocol so each transfer has two phases.

The first phase contains the SPI command (Request) and the data (Response) of the previous
command. The second phase contains the next Request and the Response to the Request of the
first phase, see Figure 10.

Data word length is 32 bits, the data is transferred MSB first. The first response after reset is
undefined and shall be discarded.

= M e

SCK

Mos Request 1 Request 2

. s :
LS . Y ////// //////////////////// : Response 1 T

Figure 10. SPI protocol example.

The interleaved Request - Response cycle then continues as shown in Figure 11.

MOS| —{ Request 1 H Request 2 H Request 3 H Request 4 }—
T e

MISO /7///%//// | Response 1 H Response 2 H Response 3 }—

*The first response after reset is
undefined and shall be discarded.

Figure 11. Request — Response frame relationship.
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The SPI transmission is always started with the CSB falling edge and terminated with the CSB
rising edge. The data is captured on the SCK's rising edge (MOSI line) and it is propagated on
the SCK’s falling edge (MISO line). This equals to SPI Mode 0 (CPOL = 0 and CPHA = 0), see

Figure 12.
CSB
SCK 1 2 2 4 5 & 7 g .| |27 22| |2 | |21 32
MOSI | DI31 | DI30 | D29 | DI28 | DI27 | DIZE | DI25  DI24 | D5 ! Dl DIz D2 DL} Do
M|so—i D031 | DO30 | DO29 | DO28 | D027 | DO26 | DO2S | DO24 | i Dos i Dos | DO3 | Doz | DO1 ! DOO | —

Figure 12. SPI Frame Format.

71.3 General Instruction format

The SPI frame is divided into four parts (See Figure 13 and Table ):
1. Operation Code (OP)
2. Return status (RS, in MISO)
3. Data (DI, DO)
4. Checksum (CRC)

Unused bits shall be set to 0, this is important for the checksum calculation.

MSB LSB
Bit 31 30 29 28 27 26 25 24 23 22 9 8 ) 6 it o

MOSI | OP5:OPA;OP3;OP2:0OPL:OPO]| O 0

DI15 | DI14 | 3 T

MISQO | OP5;OPA:QP3;0OP2i0OPl;OPD; RS1 | RSO iDO15;D0O14}
}4— Operation Code —>|<— RS —>|<7 Data :I:

Figure 13. SPI instruction format.

{CRC1iCRCO:

CRC 4b|

Table 14. SPI bit definitions.

Bits Name MOSI MISO
OP[5:0] Operation code Requested operation: Performed operation:
e OP5: Write =1/ Read =0 e OP5: Write=1/Read =0
o OP[4:0] = Register address e OP[4:0] = Register address
RS[1:0] Return status n.a. Sensor status
D[15:0] Data Data to be written Return data
CR[7:0] Checksum Checksum of MOSI bits [31:8] Checksum of MISO bits [31:8]
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7.1.4 Operations
Table 15. Operations and their equivalent SPI frames.
Operation Register SPI Frame SPI Frame
Binary (OP, RS, Data, CRC) Hex

Set Operation mode | MODE (19h) 111001 00 0000000000000000 01100111 | E4000067h
Select 13Hz filter for | G_FILT_DYN (16h) | 110110 00 0000000000000000 01000101 | D8000045h
gglfmstﬁnerfor G_FILT_DYN (16h) | 110110 00 0001001000010010 10011110 | D812129Eh
ggZStBHzfilterfor A_FILT_DYN (1Ah) 111010 00 0000000000000000 01101101 E800006Dh
gggcmstﬁ”erfor A_FILT_DYN (1Ah) 111010 00 0000001000100010 01001000 E8022248h
RATE
Set EOI bit ResCTRL (18h) 111000 00 0000000000000010 01011011 E000025Bh
Reset via SPI ResCTRL (18h) 111000 00 0000000000000001 01111100 | E000017Ch
Read RATE_X RATE_X (01h) 000001 00 0000000000000000 11110111 040000F7h
Read RATE_Z RATE_Z (03h) 000011 00 0000000000000000 11111011 | OCOO00FBh
Read ACC_X ACCX (04h) 000100 00 0000000000000000 11101001 | 100000ESh
Read ACC_Y ACCY (05h) 000101 00 0000000000000000 11101111 | 140000EFh
Read ACC_Z ACCZ (06h) 000110 00 0000000000000000 11100101 | 180000E5h
Read TEMP TEMP (07h) 000111 00 0000000000000000 11100011 | 1CO000E3h
Read AX_LGS AX_LGS (08h) 001000 00 0000000000000000 11000001 | 200000C1h
Read AY_LGS AY_LGS (09h) 001001 00 0000000000000000 11000111 | 240000C7h
Read AZ_LGS AZ_LGS (0Ah) 001010 00 0000000000000000 11001101 | 280000CDh
Read RATE_X2 RATE_X2 (0Bh) 001011 00 0000000000000000 11001011 | 2C0000CBh
Read RATE_Z2 RATE_Z2 (0Dh) 001101 00 0000000000000000 11011111 | 340000DFh
Read Summary S_Sum (OEh) 001110 00 0000000000000000 11010101 | 380000D5h
Status
Read Rate Status 1 R_S1 (10h) 010000 00 0000000000000000 10010001 | 40000091h
Read Rate Status 2 R_S2 (11h) 010001 00 0000000000000000 10010111 | 44000097h
Read Accelerometer | A_S1 (12h) 010010 00 0000000000000000 10011101 4800009Dh
Status
Read Common C_S1 (14h) 010100 00 0000000000000000 10001001 50000089h
Status 1
Read Common C_S2 (15h) 010101 00 0000000000000000 10001111 | 5400008Fh
Status 2

ACC and ACC LGS is not functional for SCR410T-K03.

715 Return Status

SPI frame Return Status bits (RS bits) indicate the functional status of the sensor, see Return
Status definitions in Table 16 and in Figure 14.

Table 16. Return Status definitions.

RS[1] | RS[0] | Description
0 0 Initialization running
0 1 Normal operation of selected channel
1 0 Selftest of selected channel ongoing or not started
1 1 Reserved or not existing register addressed, error of selected channel or common failure

The priority of the return status states is from high to low: 10 - 00 — 11 — 01.
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SPI RS-bits SPI module
STATUS FLAG y
ENABLE CTRL
FROM NVM
LOGIC -
Y ) '
STATUS REGISTER USERCTRL
LATCH LOGIC
Summary Status fe—————J /l/
A
l LOGIC | LOGIC LOGIC LOGIC LOGIC
Fo| os F | os Fo| os
Common status 1 Common status 2 Aate Status 1 Tate status 2
(Gyro1) (Gyro2) ACC status 1

Figure 14. Return Status (RS) bits (in the 15t level) will be generated via logic from various

sources in the 2nd |evel.
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7.1.6

Checksum (CRC)
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For SPI transmission error detection a Cyclic Redundancy Check (CRC) is implemented, for

details see Table 17.
Table 17. SPI CRC definition.

Parameter Value

Name CRC-8

Width 8 bit

Poly 1Dh (generator polynom: X8+X4+X3+X2+1)
Init FFh (initialization value)

XOR out FFh (inversion of CRC result)

The CRC value used in system level software has to be initialized with FFh to ensure a CRC
failure in case of stuck-at-0 and stuck-at-1 error on the SPI bus. C-programming language
example for CRC calculation is presented in Figure 15. It can be used as is in an appropriate

programming context.

// Calculate CRC for 24 MSB's of the 32 bit dword

uint8 t CalculateCRC(uint32_t Data)
{

uint8 t BitIndex;

uint8 t BitValue;

uint8 t CRC;

CRC = OxFF;

for (BitIndex = 31; BitIndex > 7; BitIndex--)

{
BitValue = (uint8 t) ((Data >> BitIndex)
CRC = CRC8 (BitValue, CRC);

}

CRC = (uint8 t)~CRC;

return CRC;

& 0x01);

static uint8 t CRC8(uint8 t BitValue, uint8 t CRC)
{
uint8 t Temp;

Temp = (uint8 t) (CRC & 0x80);
if (BitValue == 0x01)
{
Temp ~= 0x80;
}
CRC <<= 1;
if (Temp > 0)
{
CRC "= 0x1D;
}
return CRC;

}

// (8 LSB's are the CRC field and are not included in CRC calculation)

Figure 15. C-programming language example for CRC calculation.
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7.1.7

CRC calculation example:
Read RATE register (01h) -> SPI[31:8] = 040000h -> CRC [7:0] -> F7h.
Further examples can be found in Table 15.

Output data rate

Accelerometer, Gyro and temperature data outputs have output data rate of F_prim/2.

The output data rate of secondary ACC (LGS) channels is 16xF_prim. The purpose of LGS
interpolation is to remove time uncertainty by compensating with 32xF_prim/2. But it is one cycle
late signal. ACC LGS is not available for SCR410T-KO03.

Get this output

Get this output at Point #2
at Point #1
Normal =
output | Get this output
at Point #0
ASICinternal
samplingrate : F_prim/2 Hz
System oo Point #1 Point #2 Point #3
pling e n o *
o Y Y ‘ T ‘ Time
timing System samplingrate ex; 8kHz |

[ |
|

Output with interpolation
one cycle delay but time
un-certainty is removed

Get this output
at Point #2

Get this output
at Point #3

Linear
compensation

Get this output
at Point #1

3.2 x F_prim/2 Hz

ASICinternal
samplingrate F_prim/2Hz

Figure 16. Secondary accelerometer (LGS) channels interpolation
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8 Register Definition

Table 18. Address space overview.

Reg (hex) R/W Register Name Description
00h N/A Reserved Reserved
01h R RATE_X X angular rate output
02h N/A Reserved Reserved
03h R RATE_Z Z angular rate output
04h R ACC X X acceleration channels output
05h R ACC Y Y acceleration channels output
06h R ACC Z Z acceleration channels output
07h R TEMP Temperature sensor output
o | R | axues | Parae X scosraton ot for Secondan
0%h R AY LGS ::g::f:o\r(n:f;:reloeurtar;thcin output for Secondary
o | R | Azies | Pereie Zacaenton ouutforSeconcary
0Bh R RATE_X2 Parallel X angular rate output
0Ch N/A Reserved Reserved
0Dh R RATE_Z2 Parallel Z angular rate output
OEh R S_Sum Status summary
OFh R/IW SCtrl Safe Control
10h R R_S1 Rate Status 1 (X angular rate status)
11h R R_S2 Rate Status 2 (Z angular rate status)
12h R A_S1 Accelerometer Status
13h N/A Reserved Reserved
14h R C_S1 Common Status 1
15h R C_S2 Common Status 2
16h R/W G_FILT_DYN Gyro filter control
17h R/IW SYS_TEST Test
18h R/W ResCTRL Reset Control
19h R/W Mode Mode
1Ah R/W A _FILT_DYN Accelerometer filter control
1Bh R C_ID Component ID 1
1Ch R T_ID2 Traceability 2
1Dh R T IDO Traceability 0
1Eh R T_ID1 Traceability 1

R/W operation to Reserved registers sets RS bits to “11°. User should not access to Reserved
registers. Z-axis gyro, ACC and LGS related signals (registers) and status bits are not functional
for SCR410T-KO03.
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8.1 Sensor Data Block
Table 19. Sensor data block
Addr Bits Register No. of | Read/ Descriotion
OP[4:0] Name Bits | Write P
01h [15:0] |RATE_X 16 R |Rate output in 2's complement format
03h [15:0] |RATE_Z 16 R |Rate outputin 2's complement format
04h [15:0] |ACC_X 16 R |X-axis 6g acceleration output in 2's complement format
05h [15:0] |ACC_Y 16 R |Y-axis 6g acceleration output in 2's complement format
06h [15:0] |ACC_Z 16 R |Z-axis 6g acceleration output in 2's complement format
07h [15:0] |TEMP 16 R  |Temperature sensor output in 2's complement format.
08h [15:0] |AX LGS 16 R Secondary X-axis 8g acceleration output in 2's
complement format
09h [15:0] |AY LGS 16 R Secondary Y-axis 8g acceleration output in 2's
complement format
0Ah | [15:0] |AZ LGS 16 R Secondary Z-axis 8g acceleration output in 2's
complement format
0Bh | [15:0] |RATE_X2 16 R Parallel X angular rate output in 2’'s complement format
ODh | [15:0] |[RATE_Z2 16 R Parallel Z angular rate output in 2’s complement format

SPI read frames with CRC content for these registers are shown in Table 15. Z-axis gyro, ACC
and LGS related signals (registers) and status bits are not functional for SCR410T-K03.

8.1.1 Example of Angular Rate Data Conversion

For example, if RATE X register (01h) read results: RATE X = 05FFE08BNh, the register content is
converted to angular rate as follows:
e 05h =000001 01b
o 000001b = operation code = Read RATE X
o 01b = return status (RS bits) = no error
e FFEOh=11111111 1110 0000b = RATE X register content
o FFEOh in 2's complement format = -32d
o Angular rate = -32LSB / sensitivity = -32LSB / (80LSB/(°/s)) = -0.4°/s
e 8Bh = CRC of 05FFEOh

8.1.2 Example of Acceleration Data Conversion

For example, if ACC_X register read results: ACC_X = 1100DCO02h, the register content is
converted to acceleration rate as follows:
e 11h=000100 01b
o 000100b = operation code = Read ACC_X
o 01b = return status (RS bits) = no error
e 00DCh = bin 0000 0000 1101 1100b = ACC_X register content
o 00DCh in 2's complement format = 220d
o Acceleration = 220LSB / sensitivity = 220LSB / (4905LSB/g) = 0.045g
e 02h = CRC of 1100DCh

Sensitivity is different for secondary accelerometer output LGS signal (AX_LGS, AY_LGS,
AZ_LGS).
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8.2

8.1.3

Example of Temperature Data Conversion

For example, if TEMP register read results: TEMP = 1DFE6F4Eh, the register content is
converted to temperature as follows:
e 1Dh =bin 000111 01b
o bin 000111b = operation code = Read TEMP
o 01 =return status (RS bits) = no error
e FEG6Fh =bin 1111 1110 0110 1111 = TEMP register content
o FE6Fh in 2's complement format = -401d
o Temperature = 25 + ( TEMP / 30) = 25 + [-401/30] = +11.6°C
o See section 2.8 for temperature conversion equation
e 4Eh = CRC of 1DFE6Fh

Sensor Status Block and Control

Table 20. Sensor status block and control.

oAP?j:E)] Bits |Register Name Ngi't:f Is\?:ti/ Description
OEh | [15:0] |S_Sum 16 R |Summary Status
OFh [15:0] |SCtrl 16 R/W |Safe control
10h [15:0] |R_S1 16 R |Rate_X Status (X-Gyro status)
11h [15:0] |R_S2 16 R |Rate_Z Status (Z-Gyro status)
12h [15:0] |A_S1 16 R |Accelerometer Status 1
14h [15:0] |C_S1 16 R  [Common Status 1
15h [156:0] |C_S2 16 R |Common Status 2
16h [15:0] |G_FILT_DYN 16 R/W |Gyro filter and dynamic control
Dummy R/W register for system R/W tests. Not
17h | [15:0] |SYS_TEST 16 | RW | dyby /|\5Aé| b?t y /
18h [15:0] |ResCtrl 16 RIW E(e)sleste?ontrol, ACC Z-channel saturation level and
19h [15:0] |Mode 16 R/W  |Mode Register
1Ah | [15:0] |A_FILT_DYN 16 R/W |ACC filter and dynamic control

R/W for the register means, that the content of the register can be read, and that it is also
possible to overwrite the content of the register in normal mode operation if EOl is 0. If EOI=1
only the reset bit b0 of ResCtrl register and SYS_TEST register can be written. The following
signal blocks will then operate with the value written to the register. After a write cycle to the
register, the register will keep its value until another write cycle or reset occurs.

SPI read and write frames with CRC content for these registers are shown in Table 15.

Z-axis gyro, ACC and LGS related signals (registers) and status bits are not functional for
SCR410T-K03.
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8.21 Summary Status Register, S_Sum (0Eh)
Table 21. Summary Status register.
D15|D14|D13|D12|D11|D10| D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | Bit
e e e e e e TS
Ll e e e e e e e e e @@l g9
oco|jlojl0o|l0o|]0O|]0Ooj0Oj]0O|]0O|O0O|O|O|0O|0O|Cc|c
el el I I e I T e T R Fe R N
° ﬁ ﬁ |>;? ? |¥ ? 9 F? il> 9 |')‘l> |')‘l> 0 | R | R |Read
m | O | M| O | M 8 I(>? m 8 |~(<n m 8 lcr\,I) lc) lo
@ @ o) o) o|X|N
» » »

Summary Status register indicates saturation or failure in component. Failure is indicated by

setting OK flag to 0, the condition will be latched until a read cycle on the register.

Table 22. Summary Status register bit description.

Register bit Description
S_OK_C Status summary flag for common blocks (1 = OK)
S OK Rz F Status summary flag for RATE Z-AXIS (expect *OS) (1 = OK)
— - = * Constant 0 for the product type without Z-Gyro
Status summary of saturation flags for RATE Z-AXIS (1 = OK
S—OK—RZ—OS * Constant 0 for the pryoduct type without Z-Gyr% ( )
S OK Rx F Status summary flag for RATE X-AXIS (expect *OS) (1 = OK)
— — = * Constant 0 for the product type without X-Gyro
Status summary of saturation flags for RATE X-AXIS (1 = OK
S—OK—RX—OS * Constant O for the pr)(/)duct type without X-Gyr% ( )
S OK Ax F Status summary flag for ACC X-AXIS (expect *OS) (1 = OK)
— - = * Constant 0 for the product type without accelerometer (Gyro only version)
Status summary of saturation flags for ACC X-AXIS (1 = OK
S—OK—AX—OS * Constant 0 for the pryoduct type without accelgrometer (Gyro only version)( )
S OK LGSx Os | Status summary of saturation flags for ACC LGS X-AXIS (1 = OK)
- - - * Constant 0 for the product type without accelerometer (Gyro only version)
S OK Ay F Status summary flag for ACC Y-AXIS (expect *OS) (1 = OK)
— — 7= * Constant 0 for the product type without accelerometer (Gyro only version)
S_OK_Ay OS Status summary of saturation flags for ACC Y-AXIS (1 = OK)

* Constant 0 for the product type without accelerometer (Gyro only version)

S_OK_LGSy_0S

Status summary of saturation flags for ACC LGS Y-AXIS (1 = OK)

* Constant 0 for the product type without accelerometer (Gyro only version)

Status summary flag for ACC Z-AXIS (expect *OS) (1 = OK)

S—OK—AZ—F * Constant 0 for the product type without accelerometer (Gyro only version)
Status summary of saturation flags for ACC Z-AXIS (1 = OK)
S—OK—AZ—OS * Constant 0 for the product type without accelerometer (Gyro only version)
S OK LGSz Os | Status summary of saturation flags for ACC LGS Z-AXIS (1 = OK)
— — — * Constant 0 for the product type without accelerometer (Gyro only version)
Status summary flag of startup functions (1 = OK)
STUP—O K—GX * Constant 1 for the product type without X-Gyro
Status summary flag of startup functions (1 = OK)
STUP—O K—GZ * Constant 1 for the product type without Z-Gyro
OS: Output saturation condition

Z-axis gyro, ACC and LGS related signals (registers) and status bits are not functional for

SCR410T-K03.
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8.2.2 Safe Control Register, SCtrl (OFh)
Table 23. Safe Control register.

D15|D14|D13|D12|D11|D10| D9 | D8 D7 |D6 | D5 | D4 | D3 | D2 | D1 | DO | Bit
Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Write
n > elelelelelala|Q
o 8 SOl N ag a e i Wiag g (-

5 s 3B BR1B 21 ¢
2 2 ) o = [N | X | > |@ Q
a |o |2 < | ® |Read

o |3 _g %) %) 8 o
[e)

Table 24. Safe Control register bit description.

Register bit | Description
Saturation flag filtering of rate signals. User can set the counter value, which is
Gsat[3:0] used to filter short output saturation periods before post filter. Same control is
’ used for all rate outputs. Time is between Gsat x LSB and (Gsat+1) x LSB.
One counter LSB=32 x F_pri_period
Saturation flag filtering of acceleration signals including LGS. User can set the
counter value, which is used to filter short output saturation periods before post
Asat[3:0] filter. Same control is used for all acceleration outputs. Time is between Asat x
LSB and (Asat+1) x LSB.
One counter LSB=32 x F_pri_period
Status read mode
0 - Reading of Summary Status register "S_Sum" will clear all BankO0 status
registers to 1 after delay of 36 x F_prim_period
1 - Reading of Summary Status register "S_Sum" will clear all BankO status
registers to 1 without delay
Stat_rmode Note1: After reading of “S_Sum”, the delay of 22.5ms is required before
“Stat_rmode” can be written 1
Note2: Reading other status register than S_Sum will clear the read status
register to 1 without delay regardless of Stat_rmode value.
Note3: 36 x F_prim_period depends on product type.
1DOF (X-Gyro version) :2.02-2.28ms
5DOF (XZ-Gyro version) :2.02-2.28ms
Request CCM self-test by writing this bit to '1'. Bit is set automatically to '0’
St req_ccm .
when test is over.
Request Temperature start-up self-test by writing this bit to '1". Bit is set
St_req_temp : e ;
automatically to '0' when test is over.
St_req_ZGyro Re|qluest Z-Gyrq start-up self-test by writing this bit to '1". Bit is set automatically
to '0' when test is over.
St_req_XGyro Re|qluest X-Gyrq start-up self-test by writing this bit to '1'. Bit is set automatically
to '0' when test is over.
Request ACC channels start-up self-test by writing this bit to '1". Bit is set
St req ACC . ' )
automatically to '0' when test is over.
S Request system start-up self-test by writing this bit to '1'. Bit is set automatically
t req_sys e :
to '0' when test is over.
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Saturation flag mode selection, common for all output data saturation flags:

0 - (default) Error flag is set when saturation occurs and it has to be
acknowledged (SPI read) by user before setting saturation status to OK state.
1 - Error flag is set when saturation occurs and it is automatically removed
when saturation does not occur anymore. This setting shall not be used (refer
the note).

Note: When sat_mode=1 is used in addition to OS flags, A_S1 CST and other
flags below are handled like OS flags and cleared automatically after failure.
However, S_Sum is not cleared without read.

Sat_mode

CST_X_OK
CST_Y_OK
CST Z OK
ACC_PP_CRC_OK
STU_MD_STAT OK

Z-axis gyro, ACC and LGS related signals (registers) and status bits are not functional for
SCR410T-K03.

Murata Electronics Oy SCC400T Series Doc.No. 10183
www.murata.com Rev. 1



mulata

INNOVATOR IN ELECTRONICS

38 (50)
CONFIDENTIAL

8.2.3 Rate Status 1 Register, R_S1 (10h)

Rate Status 1 register shows X-Gyro status

Table 25. Rate Status 1 register.

D15|D14|D13|D12|D11|D10| D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | Bit
A e e e e T
ol |3 | =2l |d@ 2@ @
S|/ |-|c|d|c|d|c|c|o|g |m|Xx|
N N Z1Z1Z12|2|%2|% |3 |5 5 | o
zl2lQ|Q|@|<s|z|le|a|z2|o|g |3 2|02
sl [Z|olg|Z |2 |IQ@ 0| R|=2]Z|ollo

l—‘ |A ®) o I-n 'IZ'I I_\ hie |< |O ICD | |_| X X Read
olo | ™| |ao | S B e U > B g o |°

x| > o2 M| m '8 =o' ~ |

I @) o
R QX QIX | X AR 2

Table 26. Rate Status 1 register bit description.

Register bit Description

OVS_ANA1_OK Overflow Saturation status of X-Gyro analog part (1 = OK)
OVS_DIG1_OK Overflow Saturation status of X-Gyro digital part (1 = OK)
CST_G1_OK X-Gyro Continuous self-test ok (1 = OK)

GST_G1_OK X-Gyro Start-up self-test ok (1 = OK)

PLL_OSC_FG1_OK

X-Gyro PLL frequency comparison to RC oscillator (1 = OK)

MON_VCMF_G1_OK

X-Gyro CCM Monitoring: VCMF1 ok (1 = OK)

MON_PRI1_FE_OK

X-Gyro primary front end ok (1 = OK)

MON_SEC1_FE_OK

X-Gyro secondary front end ok (1 = OK)

MON_DRV_G1_OK

CCM Monitoring: X-Gyro drive path ok (1 = OK)

MON_AGC_G1_OK

CCM Monitoring: X-Gyro AGC ok (1 = OK)

MON_QC_G1_OK

CCM Monitoring: X-Gyro quadrature compensation path ok (1 = OK)

MON_LPF_G1_OK

CCM Monitoring: X-Gyro force-feedback path ok (1 = OK)

Reserved

Bit value fixed to 1

MEMS_INT_G1_OK

X-Gyro MEMS interface ok (1 = OK)

GX_PP_CRC_OK

X-Gyro filter coefficient CRC status (1 = OK)

G1_PRI_OK

X-Gyro primary channel ok (1 = OK)
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Rate Status 2 Register, R_S2 (11h)

Rate Status 2 register shows Z-Gyro status
Table 27. Rate Status 2 register.

D15|D14|D13|D12(D11|D10| D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | Bit

B e e e e

R EHHEHHEHHEHE

S| 'g S N N Wl N N N é 5 | b

zZ192|19|Q <|3uv|o|lo|> = — s | 2

2|85 2|m|2|2|8 3|8 =2(2)

OO o | =S|I Q I <|O|! | 51219

| I X PN m Mmoo N | o o | [ A

o| 9 ® | I S o B O B I I olRs)

< | X N @ mlm NS lO | N | O Read
oMol oo R|Q o | T
12| QIX | R ~ X

Table 28. Rate Status 2 register bit description.

Register bit Description

OVS_ANA2_OK Overflow Saturation status of Z-Gyro analog part (1 = OK)
OVS DIG2 OK Overflow Saturation status of Z-Gyro digital part (1 = OK)
CST_G2_OK Z-Gyro Continuous self-test ok (1 = OK)

GST_G2_OK Z-Gyro Start-up self-test ok (1 = OK)

PLL_OSC_FG2_OK

Z-Gyro PLL frequency comparison to RC oscillator (1 = OK)

MON_VCMF_G2_OK

Z-Gyro CCM Monitoring: VCMF2 ok (1 = OK)

MON_PRI2_FE_OK

Z-Gyro primary front end ok (1 = OK)

MON_SEC2_FE_OK

Z-Gyro secondary front end ok (1 = OK)

MON_DRV_G2_OK

CCM Monitoring: Z-Gyro drive path ok (1 = OK)

MON_AGC_G2_OK

CCM Monitoring: Z-Gyro AGC ok (1 = OK)

MON_QC_G2_OK

CCM Monitoring: Z-Gyro quadrature compensation path ok (1 = OK)

MON_LPF_G2_OK

CCM Monitoring: Z-Gyro force-feedback path ok (1 = OK)

Reserved

Bit value fixed to 1

MEMS_INT_G2_OK

Z-Gyro MEMS interface ok (1 = OK)

DSP2_OK (5DOF)

Digital signal processor2 and Z-Gyro filter coefficient CRC status OK
(1=0K)

(DSP1 (X-Gyro) status is found from common status 2 register)

G2_PRI_OK

Z-Gyro primary channel ok (1 = OK)

Z-axis gyro, ACC and LGS related signals (registers) and status bits are not functional for
SCR410T-K03.
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8.2.5 Accelerometer Status 1 Register, A_S1 (12h)

Table 29. Accelerometer Status 1 register.

D15 | D14 | D13 | D12 | D11 | D10| D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 |DO| Bit

- - T Pwrite

Olo|lclolo|o|aclololalalalzlala|x

gl |2 |22z |22z |vlalo|lold|d|.

Im Im Im Im Im Im Im Im Im |_| |_| I_| |O |C 1>| @

zlz|z|lolglolo|log|lo | X|XIN2IZ'yIs

S| s|o|p|Pp|o|0|P|elglel]l[C|o]|s

L e e I I I el O ROl KO B R N Read

) ) o @) O | O ® ® | ®© 581>|0

olololQ|Q|lQ |2 2 |Q | 310

X | NS N N 2|5 I'o

| | A
olo|lololo|o

QIRIR|IX|X|X|X|X|X AR

Table 30. Accelerometer Status register bit description.

Register bit Description

OVS_ANA _ACCX_OK Overflow Saturation status of ACCX analog part (1 = OK)
OVS_ANA ACCY_OK Overflow Saturation status of ACCY analog part (1 = OK)
OVS_ANA ACCZ OK Overflow Saturation status of ACCZ analog part (1 = OK)

OVS_DIG_ACCX_OK Overflow Saturation status of ACCX digital part (1 = OK)
OVS DIG_ACCY_OK Overflow Saturation status of ACCY digital part (1 = OK)
OVS_DIG_ACCZ_OK Overflow Saturation status of ACCZ digital part (1 = OK)
OVS_DIG_LGSX_OK Overflow Saturation status of LGSX digital part (1 = OK)

OVS DIG LGSY_OK Overflow Saturation status of LGSY digital part (1 = OK)
OVS_DIG_LGSZ_OK Overflow Saturation status of LGSZ digital part (1 = OK)

CST_X_OK Status of continuous self-test of ACCX and LGSX (1=0K)
CST_Y OK Status of continuous self-test of ACCY and LGSY (1=0K)
CST_Z_OK Status of continuous self-test of ACCZ and LGSZ (1=0K)
ACC_PP_CRC_OK ACC filter coefficient CRC status (1=0K)
STU_MD_STAT_OK Status of ACC start-up mass deflection self-test (1=0K)
STAT_SD_ACC_OK Status of ACC shield detection self-test (1=0K)

Z-axis gyro, ACC and LGS related signals (registers) and status bits are not functional for
SCR410T-K03.
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8.2.6

Common Status 1 Register, C_S1 (14h)

Table 31. Common Status 1 register.

D15/D14|D13|D12|D11|D10| D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | Bit
- - - - - - - - - - - - - - - - | Write
m wn wn wn wn o < Py Py Py Z Z T (@) (@) @)
(o) — — — — O ) 9] 0] 1] 3 < < P X Py
" c% c% c% c% X 8|8 |8 g |§ IO |O |O |O
g o212 2o |Slglsls|l@|e|x|e|=m|z
T O |I| P |2|'s |ala|a|o|d I | m|<
N | & o |2 = [ ® | Z
N S P p) o || |
|U > - X | O | © | Read
O |0 0 AR
Z O ~
m |3

Table 32. Common Status 1 register bit description.

Register bit Description
EOI_state End of Initialization: Start-up sequence completed ok (1 = OK)
STDIS_C All common start-up self-tests inactive/active (1 = inactive / 0 = active)
STDIS Rz Sta_tgs of _aII the E-Gylro start-up self-tests: currently inactive/active

- (1 = inactive / 0 = active)
STDIS_Rx Sta_tgs of _aII the Z(-Gyro start-up self-tests: currently inactive/active

(1 = inactive / 0 = active)

STDIS_A All ACC start-up self-tests disabled/enabled (1 = disabled / 0 = enabled)

BIST_DSP2_DONE

Built-in self-test of Digital signal processor2 done, valid only for 5DOF

version. Constant 1 for other versions
In 1DOF X-Gyro version, DSP1 is X-Gyro (No DSP2)
In 5DOF XZ-Gyro version, DSP1 is X-Gyro and DSP2 is Z-Gyro

MCLK2_stat (5DOF)

Comparison of PLL signals from gyro 1 and gyro 2

Nmode OK

Normal mode OK (1 = normal mode; 0 = any test mode activated)

NVM_START_OK

NVM module OK (1 = OK)

HV_OK

HV generator OK (1 = OK)

CRC_SPI_OK SPI CRC comparison OK (1 = OK)
CRC_REG _OK Register map CRC OK (1 = OK)
CRC_NVM_OK NVM CRC OK (1 = OK)

Z-axis gyro, ACC and LGS related signals (registers) and status bits are not functional

for SCR410T-K03.

Murata Electronics Oy
www.murata.com

SCC400T Series Doc.No. 10183

Rev. 1




mulata

INNOVATOR IN ELECTRONICS

42 (50)

CONFIDENTIAL

8.2.7

Common Status 2 Register, C_S2 (15h)

Table 33. Common Status 2 register.

D15|D14|D13|D12|{D11|D10| D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO Bit
- - - - - - - - - - - - - - - - | Write
40| x| =» 4o |lo|»n
5|6|c|6|la|d|la|mlalg|g|g|m|al|a| 3
ELEE|E | E S S| = 15 |8 S22 e
I I | I =
72| S|s|2|2|s|=|28/8/8 |8 |elele|>
< ll_ -8, -8, w II_ O )Z> I'_ ,:E @) A I—l
g O | > @ = 1O o) O] Q m | Read
Olslolol|Q ] 0|17 o | <
2RIXIX|IX|IR|~A =2 T

Table 34. Common Status 2 register bit description.

Register bit

Description

MON_TEMP_OK

CCM Monitoring: Temperature sensor OK (1 = OK)

MON_FAIL_P_OK

CCM Monitoring: FAIL_P OK (1 = OK)

MON_V3p3D_OK

CCM Monitoring: V3p3D voltage supply OK (1 = OK)

MON_V3p3A_OK

CCM Monitoring: V3p3A voltage supply OK (1 = OK)

MON_DVBG_OK

CCM Monitoring: DVBG OK (1 = OK)

MON_FAIL_N_OK

CCM Monitoring: FAIL_N OK (1 = OK)

MON_VDDD_OK

CCM Monitoring: VDDD OK (1 = OK)

TEMP_ANA_OK

Temperature analog data path ok (1 = OK)

CCM_CAL_OK

CCM internal monitoring OK (1 = OK)

TEMP_CALC_OK

Ok status of temperature calculations (1=0K)

DSP1_CLOCK_OK

Digital signal processor1 clock OK (1 = OK)
In 1DOF X-Gyro version, DSP1 is X-Gyro (No DSP2)
In 5DOF XZ-Gyro version, DSP1 is X-Gyro and DSP2 is Z-Gyro

DSP1_OK

Digital signal processor1 OK (1 = OK)

In 1DOF X-Gyro version, DSP1 is X-Gyro (No DSP2)

In 5DOF XZ-Gyro version, DSP1 is X-Gyro and DSP2 is Z-Gyro (See Rate
Status 2 Register)

ST_STAT_TEMP

Status of Temperature start-up self-test (1=0K)
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Gyro filter control, G_FILT_DYN (16h)

Table 35. Gyro filter and dynamic control register.

D15|D14 (D13 |D12 (D11 |D10| D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO Bit
- |Yes|Yes|Yes|Yes|Yes|Yes|Yes| - |Yes|Yes|Yes|Yes|Yes|Yes|Yes | Write
21212(21212(21213|1RIBRIRIRIRIRIR
23 N N N N | | | @ N N N N | | |
@ || I I | m | M m | @ |I I I I M m | T
s 1212122 E|EIE|58|Q/2I2I2IS|515
SZ25 5|5 s2|3l21z2|3|58|52 8|23
N — S |= |— |= N = |l o |= |= |
N= 2 — = | = Read

Table 36. Gyro filter and dynamic control register bit description.

43 (50)

Register bit | Description
RX2 output dynamic range selection
0 - nominal dynamic range
RX2_DYN 1 - nominal dynamic range divided by 2
It's shift option after post filter (only digital gain).
LSB step is half and quantization noise is half.
RX2 filter selection
RX2_FILT[Z] 000 - 13Hz 3rd order filter
001 - 20Hz 3rd order filter
RX2_FILTI | 910 - 46Hz 3rd order filter
011 - 200Hz 3rd order filter (not recommended, see gyro noise specifications with and without CST)
RX2_FILTIO | 154 - 300Hz 3rd order filter
RX filter selection
RXFILTI2L | 900 - 13Hz 3rd order filter
001 - 20Hz 3rd order filter
RX_FILT[1] 010 - 46Hz 3rd order filter
011 - 200Hz 3rd order filter (not recommended, see gyro noise specifications with and without CST)
RX_FILTIO] | 14 - 300Hz 3rd order filter
RZ2 output dynamic range selection
0 - nominal dynamic range
RZ2 _DYN 1 - nominal dynamic range divided by 2
It's shift option after post filter (only digital gain).
LSB step is half and quantization noise is half.
RZ2 filter selection
Rz2_FILT[2] 000 - 13Hz 3rd order filter
001 - 20Hz 3rd order filter
RZ2_FILT(] 010 - 46Hz 3rd order filter
011 - 200Hz 3rd order filter (not recommended, see gyro noise specifications with and without CST)
RZ2_FILTIO] | 1,4 . 300Hz 3rd order filter
RZ filter selection
RZ_FILTIZI | 900 - 13Hz 3rd order fiter
001 - 20Hz 3rd order filter
RZ_FILT[] 010 - 46Hz 3rd order filter
RZ_F|LT[O] 011 - 200Hz 3rd order filter (not recommended, see gyro noise specifications with and without CST)

1xx - 300Hz 3rd order filter

Z-axis gyro, ACC and LGS related signals (registers) and status bits are not functional
for SCR410T-KO03.
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8.2.9 Test register, SYS_TEST (17h)

16bit read/write register which can be used to check the accessibility of the device or if multiple
devices are connected to the SPI bus, to check if the SC signals are working properly. 17h
register is not locked by EOI bit.

CSB

sk [T AU UUUTUvL. Ui ugammn—

(PR LOARAAIASOAIAAARSAALA 40001044 — Y Y Y Y Y Oy O
Wrrte the dal.a |ntc 1?h reglster Read 17h register Dummy command

mso— 1 XX X O O O (o O O O e T/ Youcangetthedatawhichyouwrite e

Figure 17. Test register operation

8.2.10 Reset Control Register, ResCTRL (18h)
Table 37. Reset Control register.
D15 D14 | D13 |D12 (D11 D10 | D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO Bit
- - - - - - - - - - |Yes|Yes|Yes|Yes|Yes|Yes| Write
= | 4 m
g S|gd| & |82
0] o) - Q.
2 ola| 3 3
g 519 & @
X Ry -
LI o Read
= |2

Table 38. Reset control register bit description.

Register bit Description

S_Sum TDEL (if Stat_rmode=0 in OF'h register):

00 - 36864 x MCLK [1.7...2.4ms]

01 - 15360 x MCLK [0.7...1.0ms]

10 - 7680 x MCLK [0.3...0.5ms]

11 - 1920 x MCLK [0.089...0.123ms]

Note: TDEL is started by read of S_Sum. If detailed status
registers are read after S_Sum read, they need to be read during
TDEL time, otherwise the failure information is lost.

End of Initialization, lock all R/W registers (expect Hardreset bit
in this register) and SYS_TEST register, reset needed to set
EOI=0

EOI This bit can be set/written to '1' only if all start-up self-tests have
been completed.

1 - Normal operation

0 - Initiliazation state, SPI RS cannot be 01 (normal operation)

Writing this bit to '1' resets the ASIC, and the bit will be set
automatically to zero

TDEL_CTRL[1]

TDEL_CTRLI[0]

HardReset
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www.murata.com Rev. 1



CONFIDENTIAL

mulata

INNOVATOR IN ELECTRONICS

45 (50)

8.2.11 Mode Register, Mode (19h)
Table 39. Mode register.

D15|D14 |D13 | D12 |D11|D10| D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO Bit
Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Write
|20 9|919 |99 |9 =5 Y
S I A R L N N N L 2
o} @
2131512/2|z2/28/8|% :
|—| % o |8 lS i |—| |—| Pl 2 Read
> m N | ' © |6 ea
8 S S
o o
N X

Table 40. Mode register bit description. 0 for default operation.

Register bit Description
Dis CST Acc Disable C_ST cif ACC channel (1 = disable, not useful with
- - EOI function)
Operation modes:
OP_MODE 1 - Low power mode (Default after reset)
0 - Normal operation mode
Dis_Gyro Z Disable Z-Gyro (1 = disable, not useful with EOI function)
Dis_Gyro_X Disable X-Gyro (1 = disable, not useful with EOI function)
Dis_Acc Disaple accelerometer (1 = disable, not useful with EOI
function)
: Disable accelerometer and temp sensor (1 = disable, not
Dis_AceT useful with EQI function)
Dis CST_GyroZ Disable CST of Z-Gyro **
Dis_ CST_GyroX Disable CST of X-Gyro **
MISO slew rate control
MISO_SR 0 - CMISO 10...85pF, default
1- CMISO 70...200pF

* In case of disable, offset and sensitivity shift in ACC_Z are visible
** SCC400T series is not validated with CST disabled. Disabling CST affects over-range
detection and therefore CST should not be disabled in safety critical applications.

Z-axis gyro, ACC and LGS related signals (registers) and status bits are not functional for

SCR410T-K03.
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8.2.12 ACC filter control, A_FILT_DYN (1Ah)

Table 41 ACC filter and dynamic control register.

D15|D14 |D13|D12 (D11 |(D10| D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO Bit

- |Yes|Yes|Yes|Yes|Yes|Yes|Yes|Yes|Yes|Yes|Yes | Yes | Yes | Yes | Yes | Write

§ E EI a |gz |§ I§ I§ IE IE IE IE I:(’\>J IE IE I:(’\>J

e || |F ||| ||| |3 |3 |Q || |D

S lgdl9 |4l X |F|lF|F|X|F|F|IF|Z|FE|FE|F

I X| <IN Z A3 Z2|2|2/2|Z2 |4 |2 |2 |Read
N I=2 e NI=2 e N =S

Table 42 ACC filter and dynamic control register bit description.

Register bit

Description

ALFILTX

ACC LGSX filter selection
0 - 200Hz 3rd order filter
1 - 300Hz 3rd order filter

ALFILTY

ACC LGSY filter selection
0 - 200Hz 3rd order filter
1 - 300Hz 3rd order filter

ALFILTZ

ACC LGSZ filter selection
0 - 200Hz 3rd order filter
1 - 300Hz 3rd order filter

AX_DYN

ACC X output dynamic range selection
0 - nominal dynamic range
1 - nominal dynamic range divided by 4

AX_FILT[2]

ACC X filter selection
000 - 13Hz 3rd order filter

AX_FILT[1]

001 - 20Hz 3rd order filter
010 - 46Hz 3rd order filter

AX_FILT[O]

011 - 200Hz 3rd order filter
1xx - 300Hz 3rd order filter

AY_DYN

ACC Y output dynamic range selection
0 - nominal dynamic range
1 - nominal dynamic range divided by 4

AY_FILT[2]

ACCY filter selection
000 - 13Hz 3rd order filter

AY_FILT[1]

001 - 20Hz 3rd order filter
010 - 46Hz 3rd order filter

AY_FILT[O]

011 - 200Hz 3rd order filter
1xx - 300Hz 3rd order filter

AZ_DYN

ACC Z output dynamic range selection
0 - nominal dynamic range
1 - nominal dynamic range divided by 4

AZ_FILT[2]

ACC Z filter selection
000 - 13Hz 3rd order filter

AZ_FILT[1]

001 - 20Hz 3rd order filter
010 - 46Hz 3rd order filter

AZ_FILT[O]

011 - 200Hz 3rd order filter
1xx - 300Hz 3rd order filter

Z-axis gyro, ACC and LGS related signals (registers) and status bits are not functional for
SCR410T-KO03.
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Component ID 1 Register, C_ID (1Bh)

Table 43 Component ID 1 Register

8.2.13

CID[0]

CID[1]

CID[2]

CID[3]

CID[4]

CID[5]

CID[6]

CID[7]

CID[8]

CID[9]

CID[10]

CID[11]

CID[12]

CID[13]

CID[14]

CID[15]

Traceability 2 Register, T_ID2 (1Ch)

Table 44 Traceability 2 Register

8.2.14

Reserved

Reserved

Reserved

IASIC_ver[0]

ASIC_ver[1]

ASIC_ver[2]

ASIC_type[0]

ASIC_type[1]

TID2[0]

TID2[1]

TID2[2]

TID2[3]

Reserved

Reserved

Reserved

Reserved

ASIC_type[1:0]

01 - 1DOF ASIC
10 — 5DOF ASIC

Traceability 0 Register, T_ID0 (1Dh)

Table 45 Traceability 0 Register

8.2.15

TIDO[O]

TIDO[1]

TIDO[2]

TIDO[3]

TIDO[4]

TIDO[5]

TIDO[6]

TIDO[7]

TIDO[8]

TIDO[9]

TIDO[10]

TIDO[11]

TIDO[12]

TIDO[13]

TIDO[14]

TIDO[15]

Traceability 1 Register, T_ID1 (1Eh)

Table 46 Traceability 1 Register

8.2.16

TID1[0]

TID1[1]

TID1[2]

TID1[3]

TID1[4]

TID1[5]

TID1[6]

TID1[7]

TID1[8]

TID1[9]

TID1[10]

TID1[11]

TID1[12]

TID1[13]

TID1[14]

TID1[15]
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Application information
9.1 Application Circuitry and External Component Characteristics

See Figure 18 and Table 47 for specification of the external components. The PCB layout
example is shown in Figure 19.

1 16 MOSI
—— GNDA MosI |
<
2 15 cs8
( | RESERVED CsB
AV
EXTRESN 3 14 SCK |
L~ TI/EXTRESN sk f—=
4 -
—— RESERVED miso |13 msg
i
3| REsErvED v3p3D | Jé . v 9
=
A4 lu
6 11 s
a s i e :
B 100n
v %
—71 GNDA Gnop 0
< v
8
GNDA £l
b e

¢

ml

Figure 18. Application schematic.

Table 47. External component description for SCC400T.

Symbol |Description Min. | Nom. | Max. | Unit

C5 Decoupling capacitor between V3p3D and GND 0.7 1 1.3 uF
(ESR <100mOhm @ 1 MHz)

C8 Decoupling capacitor between V3p3A and GND 70 100 130 nF
(ESR <100mOhm @ 1 MHz)

C11 Decoupling capacitor between VDDD and GND 0.7 1 1.3 uF
(ESR <100mOhm @ 1 MHz)

C13 Decoupling capacitor between VDDA and GND 0.7 1 1.3 uF
(ESR <100mOhm @ 1 MHz)
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Figure 19. Application PCB layout.

Please see chapter 2.15 for PCB pad dimension recommendation. PCB terminal pads should be
wider than package lead to improve solder joint quality. (Recommendation)

Uniform metal plane that is connected to GNDA must be drawn below the component plastic

body on the top metal layer (the PCB metal layer on which the component is soldered, see Figure
20). No signal routing is allowed on top metal layer below the component. (Requirement)

I

GND PLANE |

/
/
6,80

100000l

Figure 20. Required top metal layer below component.

PINT

Electrically disturbing digital signal lines on top metal layer (the PCB metal layer on which
SCC400T component is soldered) have clearance requirement to housing body (Figure 21).
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Table 48 lists recommended clearance between signal line on top metal layer and housing plastic
body. Restriction does not apply to electrically static signal lines such as VDDD, VDDA,V3p3A,
V3p3D, GNDA or GNDD.

T

I I
(-]

10

I
(7]

18]

I
117

1]
117

C
C

L |5
Pin1 Pin8
GND plane

Signal lines

Figure 21. Digital signal lines should have clearance to package housing body.

Table 48. Min. clearance recommendation between signal line and housing plastic body (top
metal layer only).

Product type A1 (mm) A2 (mm)
SCR410T-K03 1 1
SCC433T-K03 25 1

For more details on component application PCB design, design of fixtures, conformal coating,
vibration and mechanical shocks, material selections, use application environment, and
component assembly process can have an impact on the sensor performance, please refer to the
latest version of document “APP 10207 Assembly instructions for SCC400T Series".

Murata reserves all rights to modify this document without prior notice.
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