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SCHAG63T-K01: 6-DOF XYZ-Axis Gyroscope and xyz-Axis Accelerometer

with digital SPI interface

Features

+125°/s angular rate measurement range

* 6 g acceleration measurement range

-40°C...+110°C operating temperature range

3.0V...3.6V supply voltage

2 SPI digital interfaces

Extensive self-diagnostics features

Size 19.71 mm x 1215 mm x 4.6 mm (I x w x

h), 32 pins

e ROoHS compliant robust SOIC plastic package
suitable for lead free soldering process and
SMD mounting

¢ Proven capacitive 3D-MEMS technology

e Can be used in Safety Critical Applications

Applications

SCHAB3T-KO01 is targeted at applications
demanding high performance with tough
environmental requirements. Typical applications
include:

Inertial Measurement Units (IMUs)

¢ Navigation and positioning

e Machine control and guidance

e Dynamic inclination

e Robotic control and UAVs
Restriction
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Overview

The SCHAG63T-K01 is a combined high performance 3-axis angular rate and 3-axis accelerometer. It
consists of X-, Y- and Z-axis angular rate sensors and integrated 3-axis accelerometer based on
Murata's proven capacitive 3D-MEMS technology. Signal processing is done with two mixed signal
ASICs that provides angular rate via flexible SPI digital interface. Sensor elements and ASIC are
packaged to premolded SOIC 32 plastic housing that guarantees reliable operation over product's
lifetime.

The SCHAB3T-K01 is designed, manufactured and tested for high stability, reliability and quality
requirements. Component has extremely stable output over temperature, humidity and vibration.
Component has several advanced self-diagnostic features and is suitable for SMD mounting and is
compatible with RoHS and ELV directives.
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1 Introduction

This document contains essential technical information about SCHA63T-K01 sensor
including specifications, SPI interface descriptions, user accessible register details,
electrical properties and application information. This document should be used as a
reference when designing in SCHA63T-K01 component.

2 Product order code with packing quantity

Order Code Description Packing Qty

SCHA63T-K01-004 Gyro £125dps, Accelerometer t6g Bulk 4 pcs
SCHAB3T-K01-05 Gyro £125dps, Accelerometer t6g Tape & Reel 50 pcs/Reel
SCHAG63T-K01-6 Gyro £125dps, Accelerometer t6g Tape & Reel 600pcs/Reel

3 Specifications
3.1 Abbreviations

ASIC Application Specific Integrated Circuit
CCM Channel calibration and monitoring
Cpk Process Capability Index
CSB Chip Select
CST Continuous Self Test
DPS Degrees per second
DUE ASIC for ZY-axis rate
FFB Force Feedback (Gyro operating principle)
FS Full scale
HPC High Performance Combo
MOSI Master Out Slave In
MISO Master In Slave Out
MCU Microcontroller
RT Room Temperature
SCK Serial Clock
SPI Serial Peripheral Interface
UNO ASIC for X-axis rate and XYZ-axis accelerometer
F_prim Gyro primary frequency
Rx Rate X axis
Ry Rate Y axis
Rz Rate Z axis
Ax Accelerometer X axis
Ay Accelerometer Y axis
Az Accelerometer Z axis
[SCHAB3T-K01] Doc.No. 8157
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3.2 General Specifications

General specifications for SCHA63T-K01 component are presented in Table 1. All
analog voltages are related to the potential at GNDA and all digital voltages are related
to the potential at GNDD.

Table 1. General specifications.

Parameter Condition scicc Min Typ | Max | Unit
Supply voltage: V3p3A 3.0 3.3 3.6 V
Supply voltage: V3p3D 3.0 3.3 3.6 V
Supply current: V3p3A 8.5
DUE ) mA
Supply current: V3p3D 95
DUE ) mA
Supply current: V3p3A+D 18
DUE mA
Sl,ilpgly current: V3p3A 6.25 mA
SL,L[;)C[;Iy current: V3p3D 6.25 mA
Supply current: V3p3A+D 12.5 mA
UNO )
Total current, |_TOTAL |_V3p3A +1_V3p3D . ce 305 mA
UNO+DUE Temperature range -40 ... +110 °C .
Lﬁgfggznt reset Total average current during reset 4 mA
Output update rate Gyro, Accelerometer and Temperature F_prim Hz

sensor 2
TMODE Wait time to set the operation mode after

the supply in the specification.

Wait time needed after power on or after 25

reset. (Wait time starts when supply is ms

inside spec limits.) SPI is not functional

during this time.
TSPIR SPI communication is not allowed for 2ms 2 ms

after SPI Hardreset.
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Table 2. Gyro performance specifications (VDD = 3.3 V and at room temperature unless otherwise
specified). Below values are from device Product and Process Validation (PV) phase unless

otherwise specified.

Experts on Design-In

Parameter Condition Axis Min Typ Max Unit
Measurement range Minimum saturation flag XYz +125 °ls
Offset A Offset after calibration, 3o XYz -0.8 0 0.8 °ls

N > 234
Offset temperature ’\-140"2%45 T<+110°C, 3¢ Xy -0.65 0.65 °ls

B) =

dependency Z  [-0.085 0.085 | “Is
Offset change over 1000 hours of high temperature operating XY -0.22 0.22 °ls
lifetime ©) life (HTOL) at 125°C, VDD=3.6V

N =234 z -0.06 0.06 °ls
Sensitivity D) Sensitivity after calibration at +125°/s, 3¢ XYz 156.8 160 163.2 LSB/°/s

N =30
Sensitivity temperature -40°C <T<+110°C, 30 Xy -0.2 0.6 %
dependency B N =234 5

z 0 0.2 %o

Sensitivity change over 1000 hours of high temperature operating XY -0.75 0.75 %
lifetime P life (HTOL) at 125°C, VDD=3.6V

N =234 z -0.21 0.21 Y%
Linearity error ﬁnf’ggim fitto £125 °/s XYz 0.035 0.065 | °/s
Noise density 35, N =90 XYZ 0.0011 0.0017 ojs/\/HzZ
Angle Random Walk 30,N=90 XYz 0.07 0.10 N
Bias Instability H) 1) J) At RT, Allan Variance minimum divided by XYZ 1.11 1.89 °/h

0.664, 35, N =90
Orthogonality error Axis to axis after external cross axis XYz -0.25 0.25 %

compensation, 3o, N = 234
Amplitude response -3 13 Hz Filter, 30, N = 15 XYz 121 13.6 14.3 Hz
dB frequency

20 Hz Filter, 35, N = 15 18.5 20.2 215 | Hz

46 Hz Filter, 36, N = 15 421 46.1 48.9 | Hz

300 Hz Filter, 30, N = 15 280 305.8 325.6 Hz
Power on start-up time ¥ 13 Hz filter (after SPI power on command), XYz 620 ms

MAX

20 Hz filter (after SPI power on command), 620 ms

MAX

46 Hz filter (after SPI power on command), 500 ms

MAX

300 Hz filter (after SPI power on command), 500 ms

MAX
F_prim Nominal operation frequency of the sensor XY 15.8 16.8 17.8 kHz

- element. All ASIC internal clocks are derived

from a multiple of this frequency 4 18.3 19.3 20.3 kHz
Output update rate XYz F_prim/2
G sensitivity(1g x,y,z axis | For DC gravity input, 35, N = 48 XYz 0.006 | (°/s)lg
static)
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A) Initial offset at Murata Production measurement after calibration
B)  Offset temperature dependency is determined by the larger absolute value of [(maximum offset over temperature) — (offset at 25°C)] or
[(minimum offset over temperature) — (offset at 25°C)]
C)  Estimated from offset change during 1000 hours of high temperature operating live (HTOL) test at 125°C and maximum supply voltages
D)  Sensitivity is defined as
oy - RO ) AR 0,)
Qs = Qi
Where
Qmax=applied angular rate at maximum operating range
Qnin=applied angular rate at minimum operating range
ARmeas(Qn=measured angular rate at Q, [LSB]
E)  Sensitivity temperature dependency is determined by the larger absolute value of
[(maximum sensitivity value over temperature) - (sensitivity at 25°C)] /sensitivity at 25°C*100% or
[(minimum sensitivity value over temperature) - (sensitivity at 25°C)] /sensitivity at 25°C*100%
F)  Estimated from sensitivity change during 1000 hours of high temperature operating life (HTOL) test at 125°C and maximum supply voltages
G)  Linearity is the maximum deviation from the straight line defined by the measured values at the operating range end points.
H)  Allan Variance Minimum divided by 0.664
R I
Slope =0
—_
e
o S
0.01B
001 0.1 1 10
Figure C.2—o(x) Plot for bias instability for fo = 1)
I) Optimization for SPI duty cycle or sample rate is required to achieve typical Allan variance in table
) Device powered four hours before data collection starts to permit fully settling from power up.
K)  Max values are determined from product platform validations
Note :
. Specification is valid after 24hours from reflow.
. Each system design including SCHA63T-K01 must be evaluated by the customer in advance to guarantee proper functionality during operation.

Min and Max values are from validation mean +3 sigma variation limits from test population at the minimum. Min and Max values are not

guaranteed. Nominal values are mean values from validation test population.

Experts on Design-In
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Table 3. Accelerometer performance specifications (VDD = 3.3 V and room temperature unless
otherwise specified). Below values are from device Product and Process Validation (PV) phase
unless otherwise specified.

Experts on Design-In

Parameter Condition Axis Min Typ Max Unit
Measurement range Minimum saturation flag XYz 6 g
Offset A Offset after calibration, 3¢ XYZ 135 135 mg
N =234
Offset temperature -40°C < T<+110°C, 30 XYz -7.3 7.3 mg
dependency B N =234
Offset change over 1000 hours of high temperature XYz 22 22 mg
e c operating life (HTOL) at 125°C,
lifetime © VDD=3 8V
N =234
Sensitivity ) Sensitivity after calibration at +1g, 3¢ XYz 4899 4905 4911 LSB/g
N =234
Sensitivity temperature | -40°C <T<+110°C, 3¢ XYz -0.15 0.15 %
dependency F) N =234
Sensitivity change over 1000 hours of high temperature XYz -0.06 0.06 %
lifetime P operating life (HTOL) at 125°C,
VDD=3.6V
N =234
Linearity error © End point fit to +6g XYz 1.9 6.3 17.2 mg
30, N=30
End point fit to +1g XYz 1 mg
30, N=30
i i 30,N=12 XYz
Noise density & 59.5 66.0 ug/ Hz
Velocity random walk 30,N=12 XYz 35.0 38.8 mm/s A
Bias instability At RT, Allan Variance minimum divided XYz 12.2 18.3 [V}
by 0.664, 30, N = 12
Orthogonality error Axis to axis after external cross axis XYz -0.14 0.14 %
compensation, 3o, N = 234
Amplitude response -3 | 13 HzFilter, 35, N =15 XYz 13.2 13.7 14.2 Hz
dB frequency
20 Hz Filter, 3, N =15 XYZ 19.7 20.3 20.8 Hz
46 Hz Filter, 35, N = 15 XYZ 45.0 46.3 475 Hz
300 Hz Filter, 3s, N = 15 XYZ 247 .4 264.2 286.7 Hz
Power on start-up time 13 Hz filter (after SPI power on XYz 450 ms
H) command) , MAX
20 Hz filter (after SPI power on 450 ms
command) , MAX
46 Hz filter (after SPI power on 320 ms
command) , MAX
300 Hz filter (after SPI power on 320 ms
command) , MAX
Output update rate Tied to X-gyro F_prim/2 XYz 7.9 8.4 8.9 kHz
[SCHAB3T-K01] Doc.No. 8157
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A)  Initial offset at Murata Production measurement after calibration
B)  Offset temperature dependency is determined by the larger absolute value of [(maximum offset over temperature) — (offset at 25°C)] or
[(minimum offset over temperature) — (offset at 25°C)]
C)  Estimated from offset change during 1000 hours of high temperature operating life (HTOL) test at 125°C
D)  Sensitivity is defined as
ACC,, (0., )-4CC, 0 (a )

A — A

Sensitivity =

Where

a.1g=applied acceleration at +1g

a.ig=applied acceleration at -1g

ACC eas(@an)=measured acceleration at a, [LSB]

E)  Sensitivity temperature dependency is determined by the larger absolute value of
[(maximum sensitivity value over temperature) - (sensitivity at 25°C)] /sensitivity at 25°C*100% or
[(minimum sensitivity value over temperature) - (sensitivity at 25°C)] /sensitivity at 25°C*100%
F)  Estimated from Sensitivity change during 1000 hours of high temperature operating life (HTOL) test at 125°C
G)  Linearity is the maximum deviation from the straight line defined by the measured values at the specified range end points.

H)  Max values are determined from product platform validations

Note :
. Specification is valid after 24hours from reflow.
. Each system design including SCHA63T-K01 must be evaluated by the customer in advance to guarantee proper functionality during operation.

Min and Max values are validation +3 sigma variation limits from test population at the minimum. Min and Max values are not guaranteed. Nominal

values are mean values from validation test population.
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3.5 Performance Specification for Temperature Sensor
Table 4. Temperature sensor performance specifications.

Parameter Condition Min. Typ Max. |Unit

Temperature signal range -50 +150 °C

Temperature signal sensitivity Temperature sensor output in 2's 30 LSB/°C

complement format
Temperature is converted to °C with following equation:
Temperature [°C] = 25 + (TEMP / 30),
where TEMP is temperature sensor output register content in decimal format.
[SCHAB3T-K01] Doc.No. 8157
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3.6 Cross-Axis Compensation

SCHAB3T-K01 ASIC stores the cross-axis compensation and offset fine tuning terms
both for the rate and accelerometer and cross-axis compensation can be done in the
external microprocessor according to the following equations.

Equation 1: Rate Cross-Axis Compensation

Crr Cry Cr:

Q ) _E“fo-'s)

et = Cyr  Cyy  Cyz | *¥idnens

Cor Cay Cuz

where

¢;i = is the corresponding rate cross-axis compensation term (in non-volatile memory,
see Table 5: Cross-Axis Compensation Register Map)

Equation 2: Compensated rate vector

P pem o pem
Lo Do o
=

']

Equation 3: Measured rate vector (from the component)

T

£

meas — my

[ e T ]

2
!
2

=

Equation 4: Rate offset compensation vector (Not stored in the memory). Rate offset zeroing in system
level e.g. after PCB assembly is recommended.

0
Qorps = | O
0

[SCHAB3T-K01] Doc.No. 8157
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For the accelerometers following equations apply:

Equation 5: Accelerometer Cross-Axis Compensation

EJ (N IL"_l';’l b i —
Oreal = b!}-" b?}?} b?ﬁ *(tnias — {[D-ff"j:l
bop by b

where

b; = is the corresponding accelerometer cross-axis compensation term (see Table 5:
Cross-Axis Compensation Register Map)

Equation 6: Compensated accelerometer vector

ry
Areal = thry
(Lg-

Equation 7: Measured accelerometer vector (from the component)

nr

neas = | Ty
Tz

Equation 8: Acceleration offset compensation vector (Not stored in the memory). Acceleration offset
zeroing in system level e.g. after PCB assembly is recommended.

Aaffs = | Qoy

Note: Sensing element axes are independent from each other by the mechanical design. The
cross-axis compensation doesn’t affect to axis independency as long as no axes are saturated.

[SCHAB3T-K01] Doc.No. 8157
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Table 5: Cross-Axis Compensation Register Map
Parameter | Bank | Addre | Register Range (2's Floating
(DUE | ss complement) number
ASIC) | (hex)
Cyx 05h 0Bh ACC_DCH1[7:0] - 128 .. 127 LSB | 1+value/4096
Cxy 05h 0Bh ACC_DC1[15:8] - 128 .. 127 LSB | value/4096
Cxz 05h 13h ACC_DC9[7:0] - 128 .. 127 LSB | value/4096
Cyx 05h 13h ACC _DC9[15:8] - 128 .. 127 LSB | value/4096
Cyy 05h 14h ACC _DC10[7:0] - 128 .. 127 LSB | 1+value/4096
Cyz 05h 14h ACC_DC10[15:8] | - 128 .. 127 LSB | value/4096
Cxx 05h 15h ACC_DC11[7:0] - 128 .. 127 LSB | value/4096
Cyy 05h 15h ACC DC11[15:8] | -128 .. 127 LSB | value/4096
Cy 05h 16h ACC_DC12[7:0] -128 .. 127 LSB | 1+value/4096
byx 05h 16h ACC _DC12[15:8] | -128..127 LSB | 1+value/4096
b,y 05h 17h ACC_DC13[7:0] - 128 .. 127 LSB | value/4096
by, 05h 17h ACC_DC13[15:8] | - 128 .. 127 LSB | value/4096
byx 05h 18h ACC_DC14[7:0] - 128 .. 127 LSB | value/4096
byy 05h 18h ACC _DC14[15:8] | -128 .. 127 LSB | 1+value/4096
by, 05h 1Bh ACC_MD1[7:0] - 128 .. 127 LSB | value/4096
b, 05h 1Bh ACC_MD1[15:8] - 128 .. 127 LSB | value/4096
b,y 05h 1Ch ACC _MD2[7:0] - 128 .. 127 LSB | value/4096
b,, 05h 1Ch ACC _MD2[15:8] -128 .. 127 LSB | 1+value/4096
[SCHAB3T-K01] Doc.No. 8157
Rev. 2
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3.6.1 Test Mode For Reading Cross-Axis Terms

Procedure
1) Activate test mode (open lock) after Step 3 (or 4 or 5 or 6) of start-up sequence in
Figure 7.
o Write/Read Register 19h (Mode)

o Write Mode='"RRRRRRRR RR010RRR'b
Read Mode
Write Mode='"RRRRRRRR RR0O01RRR'b
Read Mode
Write Mode='"RRRRRRRR RR100RRR'b
Read Mode
Dummy read, for example read Mode to get Mode read
response
o Verify test mode

o Check the read data bits Mode[2:0]="111'b

O O O O O O

2) Change bank to 5
e Write data 5'h to address 1F'h
3) Read cross-axis terms
o Read registers according to Table 5.
4) Save cross-axis terms to MCU
5) Power-off or SPI reset command via register 18h or reset by EXTRESN pin to exit
test mode
6) Return to Step 1 of start-up sequence in Figure 7.

*Write operation to an unspecified register after test mode access may permanently
damage the component.

3.7 Absolute Maximum Ratings

Within the maximum ratings (Table 6. Absolute maximum ratings.), 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 6. Absolute maximum ratings.

Parameter |[Remark Min. Typ Max. Unit
VDD Supply voltage -0.3 4.3 \%
AIN/AOUT Maximum voltage at analog input and output pins -0.3 VD(E;?:B V
DINDOUT Maximum voltage at digital input and output pins -0.3 VD(E;?3 \Y
Topr Operating temperature range -40 110 °C
Tstg Storage temperature range -40 150 °C
ESD_HBM |ESD according Human Body Model (HBM),

Q100-002 +2000 v
ESD_MM |ESD according Machine Model (MM),

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

Q100-011 +750 (corner \Y

pins)
us Ultrasonic agitation (cleaning, welding, etc) Prohibited
[SCHAB3T-KO01] Doc.No. 8157
Rev. 2
~ °
Experts on Design-In m ) An951+PfISier

Sensors and Power



15 SCHAGB3T-KO01rev2_1640-21648-0031-E-0222

mulRata

INNOVATOR IN ELECTRONICS

15 (64)

3.8 Pin Description

The pinout for SCHAB63T-KO01 is presented in Figure 1, while the pin descriptions can be
found in Table 7.

Green : UNO

Blue : DUE ‘

Pin 1 Pin 32

HEAT/EMC_GND HEAT/EMC_GND

MOSI TION
csB Ti / EXTRESN
SCK TIOP
MISO RESERVED
V3p3D VDDA
V3p3A GNDA / EMC_GND
GNDD VDDD
VDDD GNDD
GNDA / EMC_GND V3p3A
VDDA V3p3D
RESERVED MISO
TIOP SCK
TI / EXTRESN CSB
TION MOS}

HEAT/EMC_GND HEAT/EMC_GND

Pin 16 Pin 17

Figure 1. Pinout for SCHA63T-K01.
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Table 7. SCHA63T-K01 pin descriptions.
Pin# Name ASIC Type |Description

1 HEAT/EMC_GND - GND  |Heatsink interface to GNDA

2 MOSI DUE DIN Data In of SPI Interface

3 CSB DUE DIN Chip Selected of SPI Interface

4 SCK DUE DIN Clock Signal of SPI Interface

5 MISO DUE DOUT |Data Out of SPI Interface

6 V3p3D DUE | SUPPLY |Digital Supply voltage

7 V3p3A DUE | SUPPLY |Analog Supply voltage

8 GNDD DUE GND  |Digital Supply return (ground), connect externally to GNDA.

9 VDDD DUE AOUT Regulated supply for digital core. Use external capacitor

which is connected according to the diagram in Figure 15.

Analog Supply return (ground), connect externally to
GNDD

Regulated supply for analog core. Use external capacitor

10 |GNDA/EMC_GND| UNO GND

" VDDA UNO AOUT which is connected according to the diagram in Figure 15.
12 RESERVED UNO - Factory use only, connect to GND
13 TIOP UNO - Factory use only, connect to GND.

Optional external Reset, 3.3V logic compatible Schmitt-
14 TI/EXTRESN UNO DIN trigger input with internal pull-up, LOW-HIGH transition
causes system restart. Minimum low time 100us.

15 TION UNO - Factory use only, connect to GND.

16 | HEAT/EMC_GND - GND  |Heatsink interface to GNDA

17 | HEAT/EMC_GND - GND  |Heatsink interface to GNDA

18 MOSI UNO DIN Data In of SPI Interface

19 CSB UNO DIN Chip Selected of SPI Interface

20 SCK UNO DIN Clock Signal of SPI Interface

21 MISO UNO DOUT |Data Out of SPI Interface

22 V3p3D UNO | SUPPLY |Digital Supply voltage

23 V3p3A UNO | SUPPLY |Analog Supply voltage

24 GNDD UNO GND  |Digital Supply return (ground), connect externally to GNDA.

Regulated supply for digital core. Use external capacitor
which is connected according to the diagram in Figure 15.

Analog Supply return (ground), connect externally to
GNDD

Regulated supply for analog core. Use external capacitor

25 VDDD UNO AOUT

26 |GNDA/EMC_GND| DUE GND

a1 VDDA DUE AOUT which is connected according to the diagram in Figure 15.
28 RESERVED DUE - Factory use only, connect to GND
29 TIOP DUE - Factory use only, connect to GND.

Optional external Reset, 3.3V logic compatible Schmitt-
30 TI/EXTRESN DUE DIN trigger input with internal pull-up, LOW-HIGH transition
causes system restart. Minimum low time 100us.

31 TION DUE - Factory use only, connect to GND.
32 | HEAT/EMC_GND - GND  |[EMC protection and ground
[SCHAB3T-KO01] Doc.No. 8157
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3.9 Typical performace characteristics

3.9.1 Gyro typical characteristics

Gyro Offset Error Over Temperature
Channel X n=234 pcs
Zeroed to 23°C

Offset Error(dps)

3sigma
—8—MEAN

———ei3sigma

40 30 20 10 0 10 20 30 40 SO 60 70 80 90 100 110

Temperature(°c]

Chart 1 Gyro Offset Error over temperature X-axis

Gyro Offset Ermor Over Temperature
Channel ¥ n=234 pes
Zeroed 10.23°C

Offset Errorfdps)

4 30 20 10 0 10 20 30 40 S50 60 70 80 90 100 110
Temperature("C]

Chart 3 Gyro Offset Error over temperature Y-axis

Gyro Offset Error Over Temperature
Channel Z n=234 pcs
Zeroed to 23°C

05

03
02

Offset Errorldps]

0.2

03
0.4
05

40 430 .20 10 0 10 20 30 40 50 60 70 80 90 100 110

Temperature[*C]

Chart 5 Gyro Offset Error over temperature Z-axis
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Gyro Offset X-Channel @ +23°C

n=234 pcs
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EEL
& mGyro_ %
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n 1 I
1 -0.9 -08-0.7 -0.6 -0.5 -0.4 -03-02-01 0 01 02 03 04 05 06 07 0.8 09 1
Gyro Offset [dps]
Chart 2 Gyro Offset Error @ +23°C X-axis
Gyro Offset Y-Channel @ +23°C
n=234 pes
160
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3 w0
S
@ WGyro Y
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o -
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Gyro Offset [dps]
Chart 4 Gyro Offset Error @ +23°C Y-axis
Gyro Offset Z-Channel @ +23°C
n=234 pcs
160
140
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L 100
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¢ WGyro_7
“ 60
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20
° n
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Gyro Offset [dps)

Chart 6 Gyro Offset Error @ +23°C Z-axis
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Gyro Sensitivity Error Over Temperature
Channel X n=234 pcs
Zeroed to 23°C

£
g
5 ——— -3sigma
z —— EAN
3 ——— +3sigma
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a
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Chart 7 Gyro Sensitivity Error over temperature X-axis

Gyro Sensitivity Error Over Temperature
Channel Y n=234 pcs
Zeroed to 23°C

E
; - == 3sigma
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g =1 3sigma
0.6
-0.8
1
40 430 -20 10 0 10 20 30 40 50 60 0 80 90 100 110
Temperature[°C]
Chart 9 Gyro Sensitivity Error over temperature Y-axis
Gyro Sensitivity Error Over Temperature
Channel Z n=234 pcs
Zeroed to 23°C
1
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[ e T
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B
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Chart 11 Gyro Sensitivity Error over temperature Z-axis
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Gyro Sensitivity error X-Channel @ +23°C
n=234 pes.
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E
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Chart 8 Gyro Sensitivity Error @ +23°C X-axis
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Chart 12 Gyro Sensitivity Error @ +23°C Z-axis
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3.9.2 Acceleration typical characteristics

Acceleration Offset Error Over Temperature Acceleration Offset X-Channel @ +23°C
Channel X n=234 pcs n=234 pcs

Zeroed to 23°C 100

Frequency
g

Offset Error [mg]
o

B 40 m Acceleration_x
5 30
B N
g N

15
415 13 11 9 7 9 11 13 15

40 -30 20 -10 0 10 20 30 40 50 60 70 80 90 100 110

Temperature[*C] Acceleration Offset [mg]

Chart 14 Accelerometer offset error over temperature X-axis Chart 15 Accelerometer Offset Error @ +23°C X-axis

Acceleration Offset Error Over Temperature Acceleration Offset Y-Channel @ +23°C
Channel ¥ n=234 pcs n=234 pcs
Zeroed to 23°C 130

Frequency

Offset Error (mg)

°

80
s
60
T em——a ) m Acceleration_Y
“3sigma -
= —— iEAN a0
——— +3sigma
10 20 I
75 341 3 5

15
40 30 20 10 0 10 20 30 40 SO 60 70 80 90 100 110 -15 -13 .11 -9 7 9 11 13 15

Temperature[°C] Acceleration Offset [mg]

Chart 16 Accelerometer offset error over temperature Y-axis Chart 17 Accelerometer Offset Error @ +23°C Y-axis
Acceleration Offset Error Over Temperature: Acceleration Offset Z-Channel @ +23°C
Channel Z n=234 pcs n=234 pcs
Zeroed to 23°C 140
15
120
10
100
= 5
E T g 80
2 S . £ 60 m Acceleration_7
3 ——— == 3cigma =
g = == —&— MEAN
40
= mmesasigma
-10 20 I |
15 ° . - MR - -
40 -30 20 16 0 10 20 30 40 50 60 70 80 90 100 110 513119 7 5 3 11 3 5 7 9 111315
Temperature[°C] Acceleration Offset [mg)
Chart 18 Accelerometer offset error over temperature Z-axis Chart 19 Accelerometer Offset Error @ +23°C Z-axis
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leration it Error Over Temps Acceleration Sensitivity error X-Channel @ +23°C
Channel X n=234 pcs =234 pcs
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o= 160
04
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03
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Chart 20 Accelerometer Sensitivity Error over temperature X-axis Chart 21 Accelerometer Sensitivity Error @ +23°C X-axis
Acceleration Sensitivity Error Over Temperature Acceleration Sensitivity error Y-Channel @ +23°C
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Chart 22 Accelerometer Sensitivity Error over temperature Y-axis Chart 23 Accelerometer Sensitivity Error @ 23°C Y-axis
Acceleration Sensitivity Error Over Temperature Acceleration Sensitivity error 2-Channel @ +23°C
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Chart 24 Accelerometer Sensitivity Error over temperature Z-axis Chart 25 Accelerometer Sensitivity Error @ 23°C Z-axis
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Chart 26 Acceleration Allan Deviation X-,Y- and Z-axis
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3.10 Digital I/O Specification

Table 8 describes the DC characteristics of SCHA63T-K01 sensor SPI I/O pins. Supply
voltage is 3.3 V unless otherwise specified. Current flowing into the circuit has a positive
value.

Table 8. SPI DC characteristics.

Symbol Description Min. I 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) 24 36 uA
Cin Input capacitance 6 pF

Chip select CSB (Pull Up), low active

VinHigh Input high voltage 2 V3p3D+0.3 \
VinLow Input low voltage -0.3 0.8 \%
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 \

Serial data input MOSI (Pull Down)

VinHigh Input high voltage 2 V3p3D+0.3 \%
VinLow Input low voltage -0.3 0.8 \Y
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 \

Serial data output MISO (Tri state)

VoutHigh_-1mA |Output high voltage, lout = -1mA V3p3D-0.5 \%

VinHigh_1mA  |Output low voltage, lout = +1mA 0.5 \

lout_Hz High impedance output current, -1 1 uA
0V < VMISO < V3p3D

Cld_miso Capacitive load. The slope of the MISO 200 pF

output signal can be controlled to meet EMI
requirements under specified load
conditions.

Table 9. EXTRESN pin characteristics

Symbol Description Min. I Nom. | Max. Unit
Digital pin EXTRESN
VinHigh Input high voltage 2 V3p3A+0.3 \Y,
VinLow Input low voltage -0.3 0.8 \%
Vhy Input hysteresis 0.2 \
Isource Start-up indication phase inactive 60 160 A

Start-up indication phase active 30 80 A
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3.11 SPI AC Characteristics
The AC characteristics of SCHAB63T-K01 are defined in Figure 2 and Table 10.

L Vinttigh Mins = = = e e e e e m e e e e e -
CSB \

MOSI undefined

M |SO em—High impedance—< >_H\gh impedance=—

Figure 2. Timing diagram of SPI communication (SPI mode 0).

Table 10. SPI AC electrical characteristics.

Symbol Description Min. Nom. Max. Unit

Master (MCU):
SPI SCLK frequency 0.1 - 10 MHz

Master (MCU):
tSPI SPI SCLK period - 1/15P - -

Master (MCU):
High time: duration of logical high level
at SCLK (from VinHigh_min to 35 tSPI/2
VinHigh_min)
Master (MCU):
Low time: duration of logical low level at
tlow SCLK (from VinLow_max to 35 tSPI/2
VinLow_max)
Master (MCU):

Setup time CSB: time between the
tsucs falling edge of CSB and the rising edge 40 tSPI/2 - ns
of SCLK (from VinLow_max to

VinLow_max)

fSPI

thigh
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tsusi

Master (MCU):

Setup time at MOSI: setup time of
MOSI before the rising edge of SCLK
(from VinLow_max to VinLow_max or

from VinHigh_min to VinLow_max)

10

thsi

Master(MCU):

Hold time at MOSI: hold time of MOSI
after rising edge of SCLK (from
VinHigh_min to VinLow_max or to
VinHigh_min)

20

thes

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

30

tSPI/2 - ns

thics

Master (MCU):
Minimum high time of CSB between two
consecutive transfers (from
VinHigh_min to VinHigh_min)

30

tSPI/2 ns

trise/fall_in

Master (MCU):
Rise/fall time of SCK/MOSI signals
(from VinLow_max to VinHigh_min or
from VinHigh_min to VinLow_max)

0.15x
tSPI

td1

Slave(=SCHAGB3T-K01 ASIC):
Delay time: time delay from the falling
edge of CSB to data valid at MISO
(from VinLow_max to VinLow_max or
to VInHigh_min)

td2

Slave(=SCHAG63T-K01 ASIC):
Delay time: time delay from falling edge
of SCLK to data valid at MISO (from
VinLow_max to VInLow_max or to
VInHigh_min)

ttri

Slave(=SCHAB3T-K01 ASIC):
Tri-state delay time: time between the
rising edge of CSB to MISO in Tri-state
(from VinHigh_min to X)

trise/fall_out

Slave(=SCHAB3T-K01 ASIC): Rise/fall
time of MISO signal (VOut_10% to
VOut_90% and from VOut_90% to

VOut_10%)

User selectable MISO slew rate control

in Mode register (19h)

10 16 ns
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3.12 Measurement Axis and Directions
Z
Pin 1
Figure 3. SCHA63T-K01 measurement directions.
Table 11 SCHA63T-K01 accelerometer measurement directions and outputs
:I —_ i X z
11 Lo — L
Pin 1 P000000BE080060 Pin 1
L L L L L L L L o
19 B 19 ' 19
| HHE } i E | B
X: 0g 0LSB X:-1g -4905LSB X: 0g OLSB
Y:0g OLSB Y: 0g 0LSB Y: 0g 0LSB
Z:1g 4905LSB Z:0g 0LSB Z: -1g -4905LSB
ey lely =t =y
: = | RERAARARREARAEER o :
o : o I a
| 2 ; | | a
s s | J : z
I T e L ! I
e 5 o : s
1 0 X I
A — Sy
X: 0g 0LSB X: 1g 4905LSB X: 0g 0LSB
Y:1g 4905LSB Y: 0g 0LSB Y:-1g -4905LSB
Z:0g 0LSB Z: 0g 0LSB Z:0g 0LSB
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3.13 Package Characteristics
3.13.1 Package Outline Drawing
The SCHAB00 package outline and dimensions are presented in Figure 4 and Table 12.

Unspecified Location of Mold flash :
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-
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AN CLY) o ACC Center | C | 4300 | 0270| -
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L roldflash of Boundary between mold resin and lead pin Height of GyroZ Surface H 1730

: 200pmMax

Figure 4 The outline of the SCHA63T-K01 package (SOIC-32) in mm.

Table 12. Limits for linear measures (1ISO02768-f) Unless tolerance is not specified in Figure 4 It is not
applicable for number shown in table of center point of the sensor element in Figure 4, which is only for
reference.

Tolerance class | Limits in mm for nominal size in mm

Experts on Design-In
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3.14 PCB Footprint

SCHAB3T-K01 footprint dimensions are presented in Figure 5. Recommended PWB
pad layout for SCHAG3T-K01.

- 15

AR

[

@

- g o

0

o =
1
i
J. I:I 1 _; (R
o
Figure 5. Recommended PWB pad layout for SCHA63T-K01.
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4 General Product Description
4.1 Component block diagram

The SCHAG63T-K01 sensor consists of independent acceleration and angular rate
sensing elements, and two Application-Specific Integrated Circuits (ASIC) used to sense
and control those elements. Figure 6 contains an upper level block diagram of the
component for one rate channel. The ASIC provides two SPI interface used to control
and read the accelerometer and the gyroscopes. Figure 6 shows UNO (1 axis gyro + 3
axis accelerometer) diagram. DUE has additional gyro block.

I x z 8 9
8 a
2 58ss
| ]
MEMS ANALOG | DIGITAL . | POWER
| i
Clock gen | |
| 2 |
|
T |
I !
| |
| |
777777777777 | |
| |ST_CONTROL e L 1
UE-, \ calibration | |
DRIVE | + |
w \ —>
s y | | GCST | —»|  Registers
— 1 | processing —
2 ¥ | | Y
> ‘ |
Q apc | | | FLT+DEC
N\ T
|
L——

T A
\ I |
. o - |
Monitoring (Gyrol)— m- saRADC | | I
Monitoring (Gyro2)— m= — e e— — I I
T A > CALMON1 . |
onitoring (Acc) — —pl | g o~ | |
=
el e
| ! I T oower vapaa
M Acc read -0~ ca ) I I [—V3p:
m - I ADC || | o] P EC L | PPY L Gpa
ey | <3 J fEsoeem] ! I ! GNDD
— " " oL
g 71 |- > T —‘: S : : I : BGZ‘BGl
s i< e »f:: cv | I hig pm“fg‘:mg — —J I I
] | ]
b P 11| calibration voDA
s} Y2 |t | ! ! !
o i L I I I
< || L e L Yy i[| vopo
= MD [
SH |- HV GEN |[# ———————— o = :‘ST_CONT“0L|‘- ‘| CONTROL — e ] l
| I
|
1T
I |

Figure 6. SCHA63T-K01 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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4.2 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.

4.3 Angular rate sensing element

3 separated angular rate MEMS elements are used for SCHA63T-KO01.
The angular rate sensing element consists of moving masses that are intentionally
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.

4.4 Factory Calibration

SCHAG63T-K01 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 offset for 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.
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5 Component Operation, Reset and Power Up
5.1 Component Operation

The SCHAG63T-KO01 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 power-down mode and external SPI
command is needed to switch to run mode. An internal startup sequence is performed,
when operation mode is activated. (Note: 2 times of write SPI command to set operation
mode is required to start DUE internal startup sequence for Rate Y.)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.

SCHAB3T-K01 sensor uses lowest available low pass filter setting by default. In case
the some other low pass filter is desired the filter can be selected by SPI command.
SCHAG63T-K01 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.

5.2 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.

Once startup sequence is completed and End of Initialization bit (EOI 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.
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Wait until voltage supplies
are in spec (3.0V ... 3.6V)

Wait 25 ms for non-volatile NVM startup ready i
memory (NVM) read 7 NVM CRC check ready |

Set DUE operation mode on (2x) *) ’ . . )
*) With DUE asic the operation mode must be set twice, delay

between the two operation mode commands has to be less than 1 ms.

Set UNO operation mode on

Wait 70 ms **) With UNO asic SPI communication is not allowed until
- | 50 ms has passed from setting the operation mode.
(initial startup) With DUE asic this communication delay is min 0.1 ms.

Set UNO configuration

(data filter, flag filter)

Reset DUE: Write 0001'h to register 18h
(Reset Control Register) or use EXTRESN pin

Wait 25 ms for non-volatile memory
(NVM) read

v

Set DUE operation mode on (2x) *)

Wait 1 ms ™)

Shield detection i

| Startup self-test of CCM H !

Startup self-test BIST of DSP imlied - Startup self-test of ACC
i

Set DUE configuration:
(data filter, flag filter)

startup_attempt = O

»
Wait 405 ms (46 Hz, 300 Hz filter) / ] | Wait 45 ms
525 ms (13 Hz, 20 Hz filter) | | (adjust restart duration to 500 ms)

Parallel tests for GYRO and A

i The first read of Summary Status register may incomectly show "FAIL" after the startup.
Therefore a second read is needed in order to check that all status bits are "OK" (="1"). «
H Wait time between 1st and 2nd Summary Status reads must be > 2.5 ms. :

Startup failed: restart UNO & DUE

Return Status ='01' 7 startup_attempt =0 7 ¥es | startup_attempt + 1

(OK) (first attempt)

Reset UNO: Write 0001°h to register 15h
(Resst Control Register) or use EXTRESN pin

Reset DUE: Write 0001'h to register 18h
(Resst Control Register) or use EXTRESN pin

Wait 25 ms for non-volatile memory
(NVM) read

v

j
;
Set DUE operation mode an (2x) *) i
j
i
i

Set UNO operation mode on

Wait 50 ms **)

I

Set UNO configuration:
(data filter, flag filter)

Set DUE configuration:
(data filter, flag filter)

Y A

System in operation and
data ready to be read

System in FAILURE mode

Figure 7 Power up sequence.

6 Component Interfacing
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6.1 SPIl Interface
6.1.1 General

The SCHAG63T-K01 has two common physical SPI interfaces for the accelerometer and
the angular rate sensors. SPI communication transfers data between the SPI master
and registers of the SCHAG63T-K01 ASIC. The SCHA63T-K01 always operates as a
slave device in master-slave operation mode. 3-wire SPI connection cannot be used.
The same serial clock (SCK) is recommended for both ASICs(DUE and UNO) in case of
parallel SPI communication by two individual SPI interfaces.

Table 13: Sensor outputs and SPl/register mapping

Parameter SPI Interface Register (hex)
Rate X UNO 01h
Rate Y DUE 03h
Rate Z DUE 01h
Accel X UNO 04h
Accel Y UNO 05h
Accel Z UNO 06h

SPl 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

6.1.2 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 8.

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

cse | M n

|0 g St

mosl ! Request 1 Request 2 \
' - '

‘miso —77 o i Response 1 T

Figure 8. SPI protocol example.
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The interleaved Request - Response cycle then continues as shown in Figure 9.

MosI 4{ Request 1 H Request 2 H Request 3 H Request 4 }7

MISO ?{///C%///// Response 1 H Response 2 H Response 3 }7

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

Figure 9. Request — Response frame relationship.

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 10.

csB | [
SCK 1 2 3 4 5 3 7 8 . 26 27 28 29 30 31 32

MOSI i"Eiéi"_i"Eié-':mi"E[ﬁ"i-'EiéE"i_'E[ﬁ"i-'Eié'r;"i_'E[ég'_i-":;[é'iﬂin: ----- {DIs § Dia | D2 | D2 | DA | DO

MISO— D021 | D030 | D028 | D028 | D027 | DO26 | DO2S | DO24. ----- {'pos | bosa | Doz | po2 | o1 | poo | —

Figure 10. SPI Frame Format.

6.1.3 General Instruction format

The SPI frame is divided into four parts (See Figure 11 and Table 14):
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 7 6 1 0
MOSI [ OP5:OP4A:OP3I:OP2:0PL:OPO| O 0 |DI15:DII4! : DIL | DID i CRC7:CRC6! {CRC1:CRCO!
MISO | OP5:OP4:OP3: OP2:0OP1:OPD: RS1: RSO |DO15:D0O14!  DOL | DOO i CRC7:CRC6 ! {CRC1:CRCO!

|<— Operation Code —>|<— RS —>|<7 Data ';I: CRC ';I

Figure 11. SPI instruction format.

Table 14. SPI bit definitions.
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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
CRJ[7:0] Checksum Checksum of MOSI bits [31:8] Checksum of MISO bits [31:8]
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6.1.4 Operations
Table 15. Operations and their equivalent SPI frames
Operation ASIC Register SPI Frame SPI Frame
Binary (OP, RS, Data, CRC) Hex

Set Operation mode DUE/UNO | MODE (19h) 111001 00 0000000000000000 01100111 E4000067h
Select 13Hz filter for DUE/UNO | G_FILT_DYN 110110 00 0000000000000000 01000101 D8000045h
RATE (16h)

Select 46Hz filter for DUE/UNO | G_FILT_DYN 110110 00 0001001000010010 10011110 D812129Eh
RATE (16h)

Select 13Hz filter for UNO A_FILT_DYN 111010 00 0000000000000000 01101101 E800006Dh
ACC (1Ah)

Select 46Hz filter for UNO A_FILT_DYN 111010 00 0000001000100010 01001000 E8022248h
RATE (1Ah)

Set EOI bit DUE/UNO | ResCTRL (18h) 111000 00 0000000000000010 01011011 E000025Bh
Reset via SPI DUE/UNO | ResCTRL (18h) 111000 00 0000000000000001 01111100 E000017Ch
Read RATE_X UNO RATE_X (01h) 000001 00 0000000000000000 11110111 040000F7h
Read RATE_Y DUE RATE_Y (03h) 000011 00 0000000000000000 11111011 0CO000FBh
Read RATE_Z DUE RATE_Z (01h) 000001 00 0000000000000000 11110111 040000F7h
Read ACC_X UNO ACCX (04h) 000100 00 0000000000000000 11101001 100000E9h
Read ACC_Y UNO ACCY (05h) 000101 00 0000000000000000 11101111 140000EFh
Read ACC Z UNO ACCZ (06h) 000110 00 0000000000000000 11100101 180000E5h
Read TEMP DUE/UNO | TEMP (07h) 000111 00 0000000000000000 11100011 1C0000E3h
Read Summary Status DUE/UNO | S_Sum (OEh) 001110 00 0000000000000000 11010101 380000D5h
Read Rate Status 1 DUE/UNO | R_S1 (10h) 010000 00 0000000000000000 10010001 40000091h
Read Rate Status 2 DUE R_S2 (11h) 010001 00 0000000000000000 10010111 44000097h
Read Accelerometer UNO A_S1 (12h) 010010 00 0000000000000000 10011101 4800009Dh
Status 1

Read Common Status 1 DUE/UNO | C_S1 (14h) 010100 00 0000000000000000 10001001 50000089h
Read Common Status 2 | DUE/UNO | C_S2 (15h) 010101 00 0000000000000000 10001111 5400008Fh

6.1.5 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 12.

Table 16. Return Status definitions.

RS[1] | RS[0] | Description
0 0 Initialization running
Normal operation of selected channel

0 1
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
ENABLE CTRL T
FROM NVM
LOGIC
K Y \
STATUS REGISTER |_ USERCTRL
LATCH
Summary Status  |4—————J
A |1 l A
1st LEVEL i !
LOGIC ‘ AN H N |
LOGIC LOGIC |_LOGIC LOGIC || LOGIC
— =t L} ] L] L]
DIRECT STATUS | Common status 1 Common status 2 F | o5 F ‘ o5 F | o
‘ SIGNALS Rate status 1 Rate status 2
L ———— I (Gyro1) (Gyro2) ACC status 1
2nd LEVEL

Figure 12. Return Status (RS) bits (in the 15t level) will be generated via logic from various sources in the
2nd Jevel. The Rate status 2 (Gyro2) is a reserved option.
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6.1.6 Checksum (CRC)

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 13. It can be used as is in an appropriate
programming context.

// Calculate CRC for 24 MSB's of the 32 bit dword
// (8 LSB's are the CRC field and are not included in CRC calculation)
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) & 0x01);
CRC = CRC8(BitValue, CRC);

}

CRC = (uint8_t)~CRC;

return CRC;

}

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;
}

Figure 13. C-programming language example for CRC calculation.
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CRC calculation example:
Read RATE register (01h) -> SPI[31:8] = 040000h -> CRC [7:0] -> F7h.
Further examples can be found in Table 15.

7 Register Definition

Table 18. Address space overview.
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Reg (hex) RIW Register Name R/W Register Name
(Due) (Due) (Uno) (Uno)
00h N/A Reserved N/A Reserved
01h R RATE_Z (Rz) R RATE_X (Rx)
02h N/A Reserved N/A Reserved
03h R RATE_Y (Ry) N/A Reserved
04h N/A Reserved R ACC_X (Ax)
05h N/A Reserved R ACC_Y (Ay)
06h N/A Reserved R ACC_Z (Az)
07h R TEMP R TEMP
08h R Reserved N/A Reserved
09h R Reserved N/A Reserved
0Ah R Reserved N/A Reserved
0Bh R RATE_Z2 (Rz2) R RATE_X2 (Rx2)
0Ch N/A Reserved N/A Reserved
0Dh R RATE_Y2 (Ry2) N/A Reserved
OEh R S_Sum R S_Sum
OFh R/W SCtrl R/W SCtrl
10h R R_S1 R R_S1
11h R R _S2 R R_S2
12h R A _S1 R A_S1
13h N/A Reserved N/A Reserved
14h R C_S1 R C_s1
15h R C_S2 R C_S2
16h R/W G_FILT_DYN R/W G_FILT_DYN
17h N/A SYS_TEST R/W SYS_TEST
18h R/W ResCTRL R/W ResCTRL
19h R/W Mode R/W Mode
1Ah N/A Reserved R/W A_FILT_DYN
1Bh R C_ID R C_ID
1Ch R T_ID2 R T_ID2
1Dh R T_IDO R T_IDO
1Eh R T ID1 R T_ID1
1Fh R/W SelBnk R/W SelBnk

R/W operation to Reserved registers sets RS bits to “11’. However, R/W to Factory Use
Only registers does not normally set RS bits to “11°. User should not access to Factory

Use Only Registers.
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7.1 Sensor Data Block
Table 19. Sensor data block.
ASIC | Addr . Register No. of | Read/ o
oP[4:0]| B™  IName Bits | Write |P€SCriPtion
UNO 01h [15:0] |RATE X 16 R  |Rate output in 2's complement format
DUE 03h [15:0] |RATEY 16 R |Rate output in 2's complement format
DUE 01h [15:0] |RATE Z 16 R  |Rate output in 2's complement format
UNO 04h [15:0] |ACC_X 16 R X-axis 6g acceleration output in 2's
complement format
UNO 05h [15:0] |ACC_Y 16 R Y-axis 6g acceleration output in 2's
complement format
UNO 06h [15:0] |AcC_z 16 R Z-axis 6g acceleration output in 2's
complement format
DUE/U 07h [15:0] [TEMP 16 R Temperature sensor output in 2's
NO complement format.

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

7.1.1 Example of Angular Rate Data Conversion

For example, if RATE X register (01h) read results: RATE X = 05FFEQ08Bh, the register
content is converted to angular rate as follows:
e (05h =000001 01b
o 000011b = 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 / (160LSB/(°/s)) = -0.2°/s
e 08h = CRC of ODFFEOh

In case of 125 dps version, resolution is 160 LSB/(°/s)

7.1.2 Example of Acceleration Data Conversion

For example, if ACC_Z register read results: ACC_Z = 1900DCOENh, the register content
is converted to acceleration rate as follows:
e 19h =00011001b
o 000110b = operation code = Read ACC_Z
o 01b = return status (RS bits) = no error
e 00DCh = bin 0000 0000 1101 1100b = ACC_Z register content
o 00DCh in 2's complement format = 220d
o Acceleration = 220LSB / sensitivity = 220LSB / (4905LSB/g) = 0.049¢g
e OEh = CRC of 1900DCh

[SCHAB3T-K01] Doc.No. 8157
Rev. 2

I . Angst+Pfister

Experts on Design-In
Sensors and Power



39 SCHAG3T-KO1rev2_1640-21648-0031-E-0222

mulRata

INNOVATOR IN ELECTRONICS

39 (64)

7.1.3 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 FE6Fh=bin 11111110 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 3.5 for temperature conversion equation
e 4Eh = CRC of 1DFE6Fh

7.2 Sensor Status Block and Control

Table 20. Sensor status block and control.

Og?f::)] Bits |Register Name Ngi't;f Is\?;tc;/ 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 Status 1

11h | [15:0] |[R_S2 16 R  |Rate Status 2

12h [15:0] |A_S1 16 R |Accelerometer Status 1

14h [15:0] |C_S1 16 R |[Common Status 1

15h [15:0] |C_S2 16 R  |[Common Status 2

16h [15:0] |G_FILT_DYN 16 R/W |Filter and dynamic control for RATE

18h [15:0] |ResCtrl 16 R/W |Reset Control and EOI set

19h [15:0] |Mode 16 R/W |Mode Register

1Ah [15:0] |A_FILT_DYN 16 R/W |Filter and dynamic control for ACC
Note:

R/W for the register means, that the content of the register can be read, and that it is
also possible to over write the content of the register in normal mode operation if EOI is
0. If EOI=1 only the reset bit bO 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.
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7.21 Summary Status Register (0Eh)
Table 21. Summary Status register.

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

(¢ I ¢ B I /7 B /7 B /> > v R I« I« I <« I < I <« A o B /7 B A7)
Sl'ol'olol ol 8812828 |8 |2|8|2|2
o [ ® | ®© | ® | @ | (D (D [ D
oo l% %3 1318/281818/8/8/138]9l'%
O.?Eﬁﬁaaaaaaaaa%%
I_ | 1 ] 17
m | O | M| O
) ® Q|2
(72 B v N B 7 B I 7 B 7 B 7 B >« 7 7 O 7 B V0 v I B O
e | e |- | e e e |3l
o€ 8|2 2|2(2/8(2(2(E(2|2ks 8
|§§||||§||§||§D|(?D
OQQ????""??T?QFFQQQ
n | ol ™| o n|o | o I;U
» @ » » &

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.

Description

D15 S_OK_C S_OK_C Status summary flag for common blocks

D14 S OK Ry F Reserved Status summary flag for Ry (expect *OS)

D13 S_OK_Ry_OS Reserved Status summary of saturation flags for Ry

D12 S_OK_Rz_F S_OK_Rx_F Status summary flag for Rz/Rx (expect *OS)
D11 S_OK_Rz_0OS S_OK_Rx_0OS Status summary of saturation flags for Rz/Rx
D10 Reserved S_OK_Ax_F Status summary flag for Ax (expect *OS)

D9 Reserved S_OK_Ax_0S Status summary of saturation flags for Ax

D8 Reserved Reserved Reserved

D7 Reserved S_OK_Ay_F Status summary flag for Ay (expect *OS)

D6 Reserved S_OK_Ay_0OS Status summary of saturation flags for Ay

D5 Reserved Reserved Reserved

D4 Reserved S_OK_Az_F Status summary flag for Az (expect *OS)

D3 Reserved S_OK_Az_0OS Status summary of saturation flags for Az

D2 Reserved Reserved Reserved

D1 STUP_OK Rz STUP_OK_Rx Status summary flag of startup functions for Rz/Rx
DO STUP_OK_Ry Reserved Status summary flag of startup functions for Ry
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7.2.2 Safe Control Register (OFh)
Table 23. Safe Control register.

ASIC Bit D15 D14 D13 D12 D11 D10 D9 D8
Write Yes | Yes | Yes | Yes Yes | Yes | Ye Yes | Yes | Yes
7)) 7)) 7)) 7)) ) 3] ) )
g8 [T [T DT o 1~ L
- - = - = n =
| @ [0} @ [0} @ (0] |3
3 Rel ko] Q Rel 2 Rel
g S |$ |;U ':u 8 i g
oy g g < N S @
Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
§ z @ @ @ ) ] @ ] [
Q ) [ I Q|1 [ [ 2
o o 1~ @ @ @ I @ ) I
g g E I A - R I e
Q =3 @
= ) o Q D % Py > @ o3
w o o 193 e < [0)
é 8 (0] 3 _g @) *

Table 24. Safe Control register bit description.
ASIC

Bit  Write

D15 Saturation flag filtering of rate signals. User can
set the counter value, which is used to filter short

D14 Yes Yes output saturation periods before post filter. Same

control is used for all rate outputs. Time is

D12 BRES Yes between RATEsat x LSB and (RATEsat+1) x LSB.

One counter LSB=32 x F_pri_period

Description

RATEsat[3:0] RATEsat[3:0]

D12 Yes Yes

D11 RES Reserved Yes ACCsat[3:0] Saturation flag filtering of acceleration signals.
User can set the counter value, which is used to
YO Yes Yes filter short output saturation periods before post
filter. Same control is used for all acceleration
outputs. Time is between ACCsat x LSB and

Yes Yes (ACCSﬁt+1) x LSB.
D8 One counter LSB=32 x F_pri_period
Yes Stat_rmode Yes Stat_rmode Status read mode
0 - Reading of Summary Status register "S_Sum"
will clear all BankO 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

D9 Yes Yes

£ Note1: After reading of “S_Sum”, the delay of 2

2.5ms 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 is 2.02-2.28ms for

UNO and 1.77-1.97ms for DUE in SCHA63T-KO01.
Yes St_req_ccm Yes St_req_ccm Request CCM self-test by writing this bit to '1". Bit

D6 is set automatically to '0' when test is over.

D5 Yes St_req_temp Yes St_req_temp Request Temperature start-up self-test by writing
this bit to '1'. Bit is set automatically to '0' when
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test is over.

Yes St_req_Ry Yes Reserved Request Ry start-up self-test by writing this bit to
'1'. Bit is set automatically to '0' when test is over.

Yes St req_Rz Yes St_req_Rx Request Rz/Rx start-up self-test by writing this bit
to '1'. Bit is set automatically to '0' when test is
over.

Yes Reserved Yes St_req_ACC Request ACC channels start-up self-test by
writing this bit to '1". Bit is set automatically to '0’
when test is over.

Yes St_req_sys Yes St_req_sys Request system start-up self-test by writing this bit
to '1". Bit is set automatically to '0' when test is
over.

Yes Sat_mode Yes Sat_mode 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.
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7.2.3 Rate Status 1 Register (10h)
Table 25. Rate Status 1 register.

ASIC
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Bit D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
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|~ o g o lm™lsls]g e o Q

o) A X
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Table 26. Rate Status 1 register bit description.

ASIC

Bit

D15

D14

D13
D12

D11

D10
D9
D8
D7
D6

D5

D4

D3
D2
D1
DO

Description

- OVS_ANAz_OK OVS_ANAx_OK Overflow Saturation status of Rz/Rx analog part
(1=0K)

- OVS_DIGz_OK OVS_DIGx_OK Overflow Saturation status of Rz/Rx digital part
(1 =0K)

- CST_Rz_OK CST_Rx_OK Rz/Rx Continuous self-test ok (1 = OK)

- GST_Rz_OK GST_Rx_OK Rz/Rx Start-up self-test ok (1 = OK)

PLL_OSC_FRz_OK

PLL_OSC_FRx_OK

Rz/Rx PLL frequency comparison to RC
oscillator (1 = OK)

MON_VCMF_Rz_OK

MON_VCMF_Rx_OK

CCM Monitoring: Rz/Rx VCMF ok (1 = OK)

MON_PRIz_FE_OK

MON_PRIx_FE_OK

Rz/Rx primary front end ok (1 = OK)

MON_SECz_FE_OK

MON_SECx_FE_OK

Rz/Rx secondary front end ok (1 = OK)

MON_DRV_Rz_OK

MON_DRV_Rx_OK

CCM Monitoring: Rz/Rx drive path ok (1 = OK)

MON_AGC_Rz_OK

MON_AGC_Rx_OK

CCM Monitoring: Rz/Rx AGC ok (1 = OK)

MON_QC_Rz_OK

MON_QC_Rx_OK

CCM Monitoring: Rz/Rx quadrature
compensation path ok (1 = OK)

MON_LPF_Rz_OK

MON_LPF_Rx_OK

CCM Monitoring: Rz/Rx force-feedback path ok
(1 =0K)

Reserved

Reserved

Reserved

MEMS_INT_Rz_OK

MEMS_INT_Rx_OK

Rz/Rx MEMS interface ok (1 = OK)

Rz_PP_CRC_OK

Rx_PP_CRC_OK

Rz/Rx filter coefficient CRC status (1 = OK)

Rz_PRI_OK

Rx_PRI_OK

Rz/Rx primary channel ok (1 = OK)

Experts on Design-In

[SCHAB3T-K01]

Doc.No. 8157
Rev. 2

I .. Angst+Pfister

Sensors and Power



SCHAG3T-K01rev2_1640-21648-0031-E-0222

mulRata

INNOVATOR IN ELECTRONICS

44 (64)

7.2.4 Rate Status 2 Register (11h)
Table 27. Rate Status 2 register.
ASIC Bit D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

wite' IR
(@) @) O @ Y] < M R R e
S | 2| v | v | @ o | <
ARSI I R
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Table 28. Rate Status 2 register bit description.

: Description
Write
D15 - OVS_ANAy_OK - Reserved Overflow Saturation status of Ry analog part (1 =
OK)
D14 - OVS_DIGy_OK - Reserved Overflow Saturation status of Ry digital part (1 =
OK)
D13 - CST_Ry_OK - Reserved Ry Continuous self-test ok (1 = OK)
D12 - GST_Ry_OK - Reserved Ry Start-up self-test ok (1 = OK)
D11 - PLL_OSC_FRy_OK - Reserved Ry PLL frequency comparison to RC oscillator (1
= OK)
D10 - MON_VCMF_Ry_OK - Reserved CCM Monitoring: Ry VCMF ok (1 = OK)
D9 - MON_PRIly_FE_OK - Reserved Ry primary front end ok (1 = OK)
D8 - MON_SECy FE_OK - Reserved Ry secondary front end ok (1 = OK)
D7 - MON_DRV_Ry_OK - Reserved CCM Monitoring: Ry drive path ok (1 = OK)
D6 - MON_AGC_Ry_OK - Reserved CCM Monitoring: Ry AGC ok (1 = OK)
D5 - MON_QC_Ry_OK - Reserved CCM Monitoring: Ry quadrature compensation
path ok (1 = OK)
D4 - MON_LPF_Ry_OK - Reserved CCM Monitoring: Ry force-feedback path ok (1 =
OK)
D3 - Reserved - Reserved Reserved
D2 - MEMS_INT_Ry_OK - Reserved Ry MEMS interface ok (1 = OK)
D1 - DSP2_OK - Reserved DSP 2 ok (1 = OK)
DO - Ry_PRI_OK - Reserved Ry primary channel ok (1 = OK)
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7.2.5 Accelerometer Status 1 Register (12h)

Table 29. Accelerometer Status 1 register.

ASIC Bit
Write
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D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
T | D | 8| X | A | A | DD | DDA DA [ DD
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Table 30. Accelerometer Status register bit description.

Write

Description

D15 - Reserved OVS_ANA_Ax_OK | Overflow Saturation status of Ax analog part (1 =
OK)

D14 - Reserved OVS_ANA_Ay OK | Overflow Saturation status of Ay analog part (1 =
OK)

D13 - Reserved OVS_ANA_Az_OK | Overflow Saturation status of Az analog part (1 =
OK)

D12 - Reserved OVS_DIG_Ax_OK | Overflow Saturation status of Ax digital part (1 =
OK)

D11 - Reserved OVS_DIG_Ay _OK | Overflow Saturation status of Ay digital part (1 =
OK)

D10 - Reserved OVS_DIG_Az_OK | Overflow Saturation status of AZ digital part (1 =
OK)

D9 - Reserved Reserved Reserved

D8 - Reserved Reserved Reserved

D7 - Reserved Reserved Reserved

D6 - Reserved CST_Ax_OK Status of continuous self-test of Ax (1=0K)

D5 - Reserved CST_Ay _OK Status of continuous self-test of Ay (1=0K)

D4 - Reserved CST_Az_OK Status of continuous self-test of Az (1=0K)

D3 - Reserved ACC_PP_CRC_OK | ACC filter coefficient CRC status (1=0K)

D2 - Reserved STU_MD_STAT_OK | Status of ACC start-up mass deflection self-test
(1=0K)

D1 - Reserved STAT_SD_ACC_OK | Status of ACC shield detection self-test (1=0K)

DO - Reserved Reserved Reserved
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7.2.6 Common Status 1 Register (14h)

Table 31. Common Status 1 register.

ASIC Bit D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
wite” I RN E
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Table 32. Common Status 1 register bit description.

Description
D1 - EOI_state EOI_state End of Initialization: Start-up sequence completed
5 ok (1 = OK)
- STDIS_C STDIS_C All common start-up self-tests inactive/active (1 =
D14 inactive / 0 = active)
D1 - STDIS_Ry Reserved Status of all Ry start-up self-tests: currently
3 inactive/active (1 = inactive / 0 = active)
D12 - STDIS Rz STDIS_Rx Status of all Rz/Rx start-up self-tests: currently
inactive/active (1 = inactive / 0 = active)
D11 - Reserved STDIS_A All ACC start-up self-tests disabled/enabled (1 =
disabled / 0 = enabled)
D1 - BIST_DSP2_DONE BIST_DSP2_DONE | Bist test of DSP2 done, valid only for DUE.
0 Constant 1 in UNO.
D9 - MCLK2_stat Reserved Comparison of PLL signals from gyro 1 and gyro 2.
D8 - Reserved Reserved Reserved
D7 - Reserved Reserved Reserved
D6 - Reserved Reserved Reserved
D - Nmode_OK Nmode_OK Normal mode OK (1 = normal mode; 0 = any test
5 mode activated)
D4 - NVM_START_OK NVM_START_OK | NVM module OK (1 = OK)
D3 - HV_OK HV_OK HV generator OK (1 = OK)
D2 - CRC_SPI_OK CRC_SPI_OK SPI CRC comparison OK (1 = OK)
D1 - CRC_REG_OK CRC_REG_OK Register map CRC OK (1 = OK)
DO - CRC_NVM_OK CRC_NVM_OK NVM CRC OK (1 = OK)
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7.2.7 Common Status 2 Register (15h)
Table 33. Common Status 2 register.
Bit D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
write [ R B B R e e e R R R
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Table 34. Common Status 2 register bit description.

ASIC

Bit
D15
D14

D13

D12

D11
D10
D9
D8
D7
D6
D5
D4
D3
D2
D1
DO

Write

MON_TEMP_OK

Write

MON_TEMP_OK

Description

CCM Monitoring:

Temperature sensor OK (1 = OK)

MON_FAIL_P_OK

MON_FAIL_P_OK

CCM Monitoring:

FAIL_P OK (1 = OK)

MON_V3p3D_OK

MON_V3p3D_OK

CCM Monitoring:

OK)

V3p3D voltage supply OK (1

MON_V3p3A_OK

MON_V3p3A_OK

CCM Monitoring:

OK)

V3p3A voltage supply OK (1

MON_DVBG_OK

MON_DVBG_OK

CCM Monitoring:

DVBG OK (1 = OK)

MON_FAIL_N_OK

MON_FAIL_N_OK

CCM Monitoring:

FAIL_N OK (1 = OK)

MON_VDDD_OK

MON_VDDD_OK

CCM Monitoring:

VDDD OK (1 = OK)

- TEMP_ANA_OK TEMP_ANA_OK | Temperature analog data path ok (1 = OK)
- CCM_CAL_OK CCM_CAL_OK CCM internal monitoring OK (1 = OK)

- Reserved Reserved

- Reserved Reserved

- Reserved Reserved

TEMP_CALC_OK

TEMP_CALC_OK

Ok status of temperature calculations (1=0K)

DSP1_CLOCK_OK

DSP1_CLOCK_OK

DSP1 clock OK (1 = OK)

DSP1_OK

DSP1_OK

DSP1 OK (1 = OK)

ST_STAT_TEMP

ST_STAT_TEMP

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

Table 35. Gyro filter and dynamic control register

ASIC Bit D15 D14 D13 D12 D11 D10 D9 D8 D7 De6 D5 D4 D3 D2 D1 DO

Write - Yes | Yes | Yes | Yes | Yes | Yes | Yes | - | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Py by by by by by by by Py By By By By By By By
D N N, N, N N N N [0] < < < < < < <
(%) N N N N | | | (2] N N N N | | |
@ I | | | n ! n o) | I | I m ! !
g 3 l ul il - — - g g il l il - - —

[ [ [ — [ —
S Z |55 l5 |8 |23l8|z2|l5|l5|5|38|23]|3

= = 3 N = 2 = = S N = K=
- Yes | Yes | Yes | Yes | Yes | Yes | Yes | - | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Py Y by X X by by X Py Py Py Py Py Py Py Py
D x . X X x x x [0} @ (0] (0] [0 (0] @ (0]
9] N N N N | | | 7] 7] 17 » 0 4] 7] 17
o] I | | | u u m | @ o ol o} © @ ® ol
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@ =< — = - = = —H | @ ) @ @ @ @ o @
= z = = = ~ = S = = = = = = = <
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Table 36. Gyro filter and dynamic control register description for Uno.
ASIC

= : Description
Bit Write

D15 Reserved Reserved
Yes Rz2_DYN Yes Rx2_DYN Rz2/Rx2 output dynamic range selection
0 - nominal dynamic range (default dynamic range is
204.8dps in 125dps version and 409.6dps in 300dps
version)
D14 1 - nominal dynamic range divided by 2 (dynamic
range is half than above)
It's shift option after post filter (only digital gain).
LSB step is half and quantization noise is half.
Yes Rz2_FILT[2] Yes Rx2_FILT[2] Rz2/Rx2 filter selection
D13 000 - 13Hz 3rd order filter
001 - 20Hz 3rd order filter
S Yes Rz2_FILT[1] Yes Rx2_FILT[1] 010 - 46Hz 3rd order filter
011 - 200Hz 3rd order filter (not recommended)
D11 Yes Rz2_FILT[O] Yes Rx2_FILT[O] 1xx - 300Hz 3rd order filter
Yes Rz_FILT[2] Yes Rx_FILT[2] Rz/Rx filter selection
D10 000 - 13Hz 3rd order filter
001 - 20Hz 3rd order filter
D9 ves Rz FILTIT) Yes Rx_FILTLT) 010 - 46Hz 3rd order filter
011 - 200Hz 3rd order filter (not recommended)
. Yes Rz_FILT[O0] Yes Rx_FILT[O] 1xx - 300Hz 3rd order filter
D7 - Reserved - Reserved
[SCHAB3T-KO01] Doc.No. 8157
Rev. 2
~ .
Experts on Design-In m ) Angst+Pflsier

Sensors and Power



49

Yes

Ry2_DYN

Yes

Reserved Ry2 output dynamic range selection
0 - nominal dynamic range (default dynamic range is
204.8dps in 125dps version and 409.6dps in 300dps
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version)
1 - nominal dynamic range divided by 2 (dynamic
range is half than above)

It's shift option after post filter (only digital gain).
LSB step is half and quantization noise is half.

Yes

Ry2_FILT[2]

Yes

Reserved

Yes

Ry2_FILT[1]

Yes

Reserved

Yes

Ry2_FILT[0]

Yes

Reserved

Ry?2 filter selection

000 - 13Hz 3rd order filter

001 - 20Hz 3rd order filter

010 - 46Hz 3rd order filter

011 - 200Hz 3rd order filter (not recommended)
1xx - 300Hz 3rd order filter

Yes

Ry_FILT[2]

Yes

Reserved

Yes

Ry_FILT[1]

Yes

Reserved

Yes

Ry_FILT[O]

Yes

Reserved

Ry filter selection

000 - 13Hz 3rd order filter

001 - 20Hz 3rd order filter

010 - 46Hz 3rd order filter

011 - 200Hz 3rd order filter (not recommended)
1xx - 300Hz 3rd order filter
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7.2.9 SYS_TEST Register (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.

CSN /\ /\
&= EN 1111010 0O 11 010 3 0 1 1 1 O T
Write the data into 17h register Read 17h register Dummy command

mso—( X 0000X0000CO000000000COCO0000—00000000000000CO000000NN000NNN0—("Vo1 Can get the data which you wiite

Figure 14 Test register operation

7.2.10 Reset Control Register (18h)

Table 37. Reset Control register.

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

Write = = - - - - - - - - | Yes | Yes | Yes | Yes | Yes | Yes
=] m
Y Sc|lol|ad |3 |08
(7] m | m}| @ @ = | 3
3 I P
[0]
& S1918|& @
x| = >
JLEN
= | =2
- | -] -1 -1 -1 -T-T-1-71-]Yes]|Yes|Yes]|Yes| Yes | Yes
=] i
g NN ERE:
@
2 ol'glz|a| |3
O | X -
L
= | 2

Table 38. Reset control register bit description.

Description

Write
D15 = Reserved - Reserved
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Yes TDEL_CTRL[1] Yes TDEL_CTRL[1] S_Sum TDEL (if Stat_rmode=0 in OF'h register):
00[1.7...2.4ms]

01[0.7...1.0ms]

10[0.3...0.5ms]

11 [0.089...0.123ms]

Yes TDEL_CTRL[0] Yes TDEL_CTRL[0] 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.

Yes Reserved Yes Reserved Write zero.
Yes Reserved Yes Reserved
Yes EOI Yes EOI End of Initialization, lock all R/W registers (expect

Hardreset bit in this register) and SYS_TEST
register(17h), reset needed to set EOI=0

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)

Yes HardReset Yes HardReset Writing this bit to '1' resets the ASIC, and the bit will
be set automatically to zero
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7.2.11 Mode Register (19h)
Table 39. Mode register.

ASIC

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

Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Py Py O [=] g Py g [ 00 [= @
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Table 40. Mode register bit description.

D15

D14

D13

D12

D11

D10

D9

D8
D7

D6

D5

D4

Description

Reserved Dis_CST_ACC Disable CST of ACC channel (1 = disable, not
useful with EOI function) * In case of disable, offset
and sensitivity shift in Az are visible

Yes Reserved Yes Reserved

Yes OP_MODE Yes OP_MODE Operation modes:
1 - Low power mode (Default after reset)
0 - Normal operation mode

Yes Dis_Ry Yes Reserved Disable Z-Gyro (1 = disable, not useful with EOI
function)

Yes Dis_Rz Yes Dis_Rx Disable X-Gyro (1 = disable, not useful with EOI
function)

Yes Reserved Yes Dis_ACC Disable accelerometer (1 = disable, not useful with
EOI function)

Yes Dis_ACCT Yes Dis_ACCT Disable accelerometer and temp sensor (1 =
disable, not useful with EOI function)

Yes Dis_CST_Ry Yes Reserved Disable CST of Ry

Yes Dis_ CST_Rz Yes Dis_CST_Rx Disable CST of Rz/Rx

Yes Miso_SR Yes Miso_SR MISO slew rate control
0 - CMISO 10...85pF, default
1- CMISO 70...200pF

Yes Unlock_ASM[2:0] Yes Unlock_ASM[2:0] | Unlock the ASIC State Machine: needed write
codes to open test mode:
Unlock_ASM[2:0] = 010;

Yes Yes Unlock_ASM[2:0] = 001;
Unlock_ASM[2:0] = 100;
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Yes Yes Once this sequence has been written the ASIC
enters into the test mode.

Yes Stat_ASM[2:0] Yes Stat_ ASM[2:0] Status of ASIC State Machine (read of bits is
needed always after writing new Unlock_ASM
code):

Yes Yes 000=> no or invalid activation code received
010=> activation code 010 accepted

011=> activation code 001 accepted

Yes Yes 111=> activation code 100 accepted

All test registers are now writeable. Only way to
lock the test registers again is to do the Power On
Reset.
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7.2.12 ACC filter control (1Ah)
Table 41 ACC filter and dynamic control register.
Bit D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

Write - Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
A A Y A Y Py Py Y A A Py Y Py Py Y A
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Table 42 ACC filter and dynamic control register bit description.

Description
Reserved Reserved
il Yes Reserved Yes Reserved
» | Yes Reserved Yes Reserved
» 22| Yes Reserved Yes Reserved
Yes Reserved Yes Ax_DYN Ax output dynamic range selection
0 - nominal dynamic range (default dynamic range
6.7g, default measurement range 6g)
1 - nominal dynamic range divided by 4 (dynamic
D11 range is 1/4 than above)
It's shift option after post filter (only digital gain).
LSB step is 1/4 and quantization noise is 1/4.
Yes Reserved Yes Ax_FILT[2] Ax filter selection
D10 000 - 13Hz 3rd order filter
001 - 20Hz 3rd order filter
Do I RCERC Yes Ax_FILTI] 010 - 46Hz 3rd order filter
011 - 200Hz 3rd order filter
D8 Yes Reserved Yes Ax_FILT[O] 1xx - 300Hz 3rd order filter
Yes Reserved Yes Ay_DYN Ay output dynamic range selection
0 - nominal dynamic range (default dynamic range
6.7g, default measurement range 6g)
1 - nominal dynamic range divided by 4 (dynamic
D7 range is 1/4 than above)
It's shift option after post filter (only digital gain).
LSB step is 1/4 and quantization noise is 1/4.
Yes Reserved Yes Ay_FILT[2] Ay filter selection
D6 000 - 13Hz 3rd order filter
001 - 20Hz 3rd order filter
N es REEIREY Yes Ay_FILTI] 010 - 46Hz 3rd order filter
[SCHAB3T-KO01] Doc.No. 8157
Rev. 2
~ °
Experts on Design-In m ) Angst+Pf|sier

Sensors and Power



SCHAGB3T-KO01rev2_1640-21648-0031-E-0222

mulRata

INNOVATOR IN ELECTRONICS

55 (64)

Yes Reserved Yes Ay_FILT[O] 011 - 200Hz 3rd order filter
1xx - 300Hz 3rd order filter
Yes Reserved Yes Az_DYN Az output dynamic range selection

0 - nominal dynamic range (default dynamic range
6.7g, default measurement range 6g)

1 - nominal dynamic range divided by 4 (dynamic
range is 1/4 than above)

It's shift option after post filter (only digital gain).
LSB step is 1/4 and quantization noise is 1/4.

Yes Reserved Yes Az_FILT[2] Az filter selection
000 - 13Hz 3rd order filter
001 - 20Hz 3rd order filter

\EB REBRCY Yes Az_FILT[] 010 - 46Hz 3rd order filter
011 - 200Hz 3rd order filter
Yes Reserved Yes Az_FILT[0] 1xx - 300Hz 3rd order filter
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7.2.13 Component ID Register (1Bh)
Table 43 Component ID 1 Register
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7.2.14 Traceability 2 Register (1Ch)
Table 44 Traceability 2 Register
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ASIC_type[1:0]
e 01-UNOASIC
10 - DUE ASIC
ASIC_ver[2:0]

e 001 - ASIC ver1
e 010 -ASIC ver2

7.2.15 Traceability 0 Register (1Dh)
Table 45 Traceability 0 Register
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7.2.16 Traceability 1 Register (1Eh)
Table 46 Traceability 1 Register

3 3 4 4 = | d 4 4 3 3 4 = = = |
L1222 2/81212(8212/2/212/812 18
= = = = = = ‘S 'x = =) a = w ~ = S
o = @ N > 2 L &2 | o] ] o] & o~ = =
[SCHAB3T-KO01] Doc.No. 8157
Rev. 2

I .. Angst+Pfister

Experts on Design-In
Sensors and Power



57 SCHAG3T-K01rev2_1640-21648-0031-E-0222

mulRata

INNOVATOR IN ELECTRONICS

57 (64)

The SMD component shall be traceable by a unique electronically readable serial number.
Serial number string format : DDDYY-HHHHHO00

DDD : Production day as decimal value (1..366)
YY : Production year as decimal value (18..99)
: Hexadecimal running number, or F can be used for FAB coding
HHHH : Hexadecimal running number
HOO : Fixed code for SCHAB3T-K01 product family

Serial number is stored in NVM registers 1Ch, 1Eh, 1Dh.
HOO is a fixed ending and not therefore not stored to NVM

1Ch [11:8] (ID_1) -> I (4bit hex to string, 0...F)
Example : 0000
therefore

1Dh [15:0] (ID_0) -> HHHH (16bit hex to string, 0000...FFFF)
Example : 0001 0100 1001 0111
0001 =1
0100 =4
1001 =9
0111 =7
therefore1497

1Eh [15:0] (ID_2) -> DDDYYY (16 unsigned integer to decimal string, 0....65535)
Example : 1000 1010 0101 1001
therefore 35417

Serial number result is 3541701497H00
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8 Application information
8.1 Application Circuitry and External Component Characteristics
See Figure 15 and Table 47 for specification of the external components.
Blue : DUE
Green : UNO
Pin 1
_____ =
ot < 1 I LN 1 — %
L TION
- oy IE —
TI/ EXTRESN | |
e A
| 5CK
e
EXTRESN

Figure 15. Application schematic.
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Table 47. External component description for SCHA63T-K01.

Symbol |Description Min. | Nom. | Max. | Unit
G5 Decoupling capacitor between V3p3D and 0.7 1 13 | uF
C6  |GNDD

(ESR <100mOhm @ 1 MHz)
C8 Decoupling capacitor between V3p3A and 70 100 130 | nF
C9  IGNDA

(ESR <100mOhm @ 1 MHz)
C11  |Decoupling capacitor between VDDD and 07 1 13 | uF
€12 IGNDD

(ESR <100mOhm @ 1 MHz)
C13  |Decoupling capacitor between VDDA and 0.7 1 13 | uF
C14  |GNDA

(ESR <100mOhm @ 1 MHz)
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8.2 General Application PCB layout

See below figure and notification for example e.g. 1 SPI connection save PCB space or 2
SPI connection provide system redundancy.

Connect SMD decoupling capacitors right next to the component on top layer
Locate a solid ground plate under component. Each ground pin should be
connected to the ground directly.

e Only signal lines of this component (SCHAGxx series), can be routed under the
component on top layer if signals are read out with recommended. sampling
rate. See more details in chapter 11 SPI crosstalk optimization

¢ Individual analog and digital power supply lines with individual decoupling
capacitors are recommended. In case of one power lines, connect star shaped
separation at the point between regulated power supply and decoupling
capacitors to power line. Note! layout example below is not star shaped.

o Keep all routing as low resistance as possible.

m=-{{CH » cf
mm=CTH » Cf

Tl » 04

‘ '(.;2',

MF101224D0
For reference only

SCH0634—-E01-Y00 reference board .

Figure 16 general application PCB layout example (1 SPI interface)
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MFI01224E0
For reference only

SCH0634-E01-Y00 reference board .

Figure 17 general application PCB layout example (2 SPI interface)
9 Assembly Instructions

The coating material and coating process used should be validated. For additional
assembly related details please refer to “Technical Note 96” for assembly instructions:
Assembly instructions for SCHA63T-K01 ENG.pdf

10 Known Bugs

ASIC Version Bug Workaround
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11 Electrical and mechanical robustness

11.1 SPI Crosstalk Optimization

Table 48: Recommended sampling frequency
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Frequency (kHz) Tolerance (Hz)
2.58 +/-26
3.01 +/-30
3.61 +/-36
4.51 +/-45
6.02 +/-60

The digital SPI communication may interfere with the angular rate signal due to the
electrical coupling inside the component. The coupling is depending on the used SPI
parameters like the external sample rate for used reading the sensor signals and the
duty cycle (" in SPI communication. The primary frequency of the tested MEMS was
19.558 kHz and the critical sample rate are shown in Table 49: SPI Crosstalk vs

Harmonics.

Table 49: SPI Crosstalk vs Harmonics

Harmonic Frequency (Hz)
F PRIM 19558
F_PRIM div 2 9779
F_PRIM div 3 6519
F _PRIM div 4 4889
F_PRIM div 5 3912
F_PRIM div 6 3260
F _PRIM div 7 2794
F_PRIM div 8 2445
F_PRIM div 9 2173
F _PRIM div 10 1956

Typically the sample rates are varying from some hundred Hz to several kHz depending
on the application requirements. The harmonic tones of SPI sample frequency can hit to
the MEMS primary frequency and cannot be filtered from the real input signal if the

tones are in the measurement bandwidth.
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The critical frequency ranges for MEMS Gyros in SCHAG3T-K01 are

MEMS F_PRIM_min (kHz) | F_PRIM_typ (kHz) | F_PRIM_max (kHz)
Z-gyro 18.3 19.3 20.3
XandY -gyro 15.8 16.8 17.8

In order to reduce the SPI effect the sample rates and/or duty cycles should be chosen
based on the Table 50: Optimized SPI parameters for reducing SPI crosstalk. For
example, by choosing the sample rate 3.01 kHz it means that the 5th, 6th and 7th
harmonics are not hitting the primary frequency range of the used MEMS elements. In
addition, by choosing the duty cycle of 16.7 % for fs=3.01 kHz the contribution of the 6th
harmonic can be minimized.

The variation of the sample frequency should be < 1 % not to overlap with primary
frequency range, for example (1+1%)*3.01=18.2 kHz < 18.3 kHz (minimum RATE_Z

F_PRIM)
Harmonic
fs (kHz) 2
50.0
5.03 18.05
6.02 12.03
4,51
3.61
3.01
2.58

Notes:

3 4
33.3 25.0
18.05 24.07
13.54 18.05
14.44

Table 50: Optimized SPI parameters for reducing SPI crosstalk.

5 5] 7
20.0 16.7 14.3
22.56
18.05 21.66
15.04 18.05 21.06
15.47 18.05

1) Duty cycle means CSB low time vs whole sampling duration

Duty Cycle = CSB active time (low) / sampling period

11.2 Mechanical robustness
Component is sensitive to acoustic disturbance especially in range of F_prim because
of MEMS resonance. Customer need to evaluate these effect in system operation. See
also assemble instruction.
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