NXP Semiconductors
Technical data

FXLS6xxxx Dual Channel Inertial Sensor

FXLS6xxxx is a two channel DSI3, PSI5, SPI and 12c compatible lateral
(X-Axis or Y-Axis) or vertical (Z-Axis) inertial sensor.

Features

* Independent X-Axis, Y-Axis or Z-Axis Ranges for each Channel
* Medium g ranges from + 15.5 g to + 150 g Nominal Full-Scale Range
* High g ranges from + 50 g to + 500 g Nominal Full-Scale Range
* -40°C to 125°C Operating Temperature Range
+ DSI3 Compatible
+ Discovery Mode for Physical Location Identification
» High Side Bus Switch Output Driver
» Command and Response Mode Support for Device Configuration
» Periodic Data Collection Mode Support for Sensor Data Transfers.
» Background Diagnostic Mode Support During Periodic Data Collection Mode
» PSI5 Version 2.1 Compatible
» Compatible Modes:
+ P10P-500/3L
* P10P-500/4H
« A10P-228/1L
* P10CRC-xxx/xx
* P16CRC-xxx/xx
* and many others
» Programmable Time Slots with 1us Resolution
+ Selectable Baud Rate: 125 kBaud or 189 kBaud
» 10-Bit and 16-bit Data Options
+ Selectable Error Detection: Even Parity, or 3-bit CRC
» Optional Daisy Chain with External Low Side Switch
* Two-Wire Programming Mode
+ 32-Bit SPI Compatible Serial Interface
» 3.3V or 5V Single Supply Operation
» Register Read and Write Commands
» Sensor Data Transmission Commands
» 12-Bit Data, Left Justified in a 16-Bit Data Field
» Command Echo with 3-Bit Source Identification
« 2-Bit Basic Status and 2-Bit Detailed Status Fields
» 8-Bit CRC
e Compatible Serial Interface (UM 10204, Revision 5)
» Slave Mode Operation
» Standard Mode, Fast Mode and Fast Mode Plus Support
* Independent programmable arming functions for each channel
- DSP
* Dual, independent signal chains from ADC to Communications Interface
« Uptoa 4" order Low Pass Filter with Rolloff Frequency Options from 12.5Hz
to 1500Hz
» Optional Single Pole High Pass Filter with Fast Start Up & Output Rate Limiting
» Optional Moving Average
» Optional 16 to 1 output interpolation
* Pb-Free 16-Pin QFN 4mm x 4mm x 1.45mm Package

Referenced Documents

» DSI3 Standard Revision 1.0, Dated February 16, 2011

» PSI5 Technical Specification Version 2.1, Dated October 8, 2012

« AKLV27 V1.40

« NXP UM10204 I°C Bus Specification and User Manual, Revision 5
« AECQ100, Revision H, AEC-Q006
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Revision 2.18 September 13, 2019 FXLS6xxxx
Ordering Information (SPI, DSI3 and PSI5)
Ordering Information
. Arming Function
Part Number Ch:?(?sel U Cthr:]ne; U Ch:?(?sel 1 Cthr:]ne; 1 Protocol Design Type Oﬁéeattfirrzﬁli?“on Threshold
9 9 9 Resolution
FXLS60322 X M Y M SPI/DSI3 1LSB/8s, 10-Bit 1LSB, 10-Bit
FXLS60422 Z-Axis Bumper
X M z M SPI/DSI3 1LSB/8s, 10-Bit 1LSB, 10-Bit
FXLS60425 Z-Axis Geometric Stop
FXLS60333 X H Y H SPI/DSI3 1LSB/8s, 10-Bit 1LSB, 10-Bit
FXLS60433 Z-Axis Bumper
X H z H SPI/DSI3 1LSB/8s, 10-Bit 1LSB, 10-Bit
FXLS60436 Z-Axis Geometric Stop
FXLS63333 X H Y H PSI5 1LSB/8s, 10-Bit 1LSB, 10-Bit
FXLS63433 Z-Axis Bumper
X H z H PSI5 1LSB/8s, 10-Bit 1LSB, 10-Bit
FXLS63436 Z-Axis Geometric Stop
FXLS65322 X M Y M SPI/DSI3 1LSB/4s, 10-Bit 2 LSB, 10-Bit
FXLS65422 Z-Axis Bumper
X M z M SPI/DSI3 1LSB/4s, 10-Bit 2 LSB, 10-Bit
FXLS65425 Z-Axis Geometric Stop
FXLS65333 X H Y H SPI/DSI3 1LSB/4s, 10-Bit 2 LSB, 10-Bit
FXLS65433 Z-Axis Bumper
X H z H SPI/DSI3 1LSB/4s, 10-Bit 2 LSB, 10-Bit
FXLS65436 Z-Axis Geometric Stop
FXLS68333 X H Y H PSI5 1LSB/4s, 10-Bit 2 LSB, 10-Bit
FXLS68433 Z-Axis Bumper
X H z H PSI5 1LSB/4s, 10-Bit 2 LSB, 10-Bit
FXLS68436 Z-Axis Geometric Stop
Ordering Information (I2C)
Ordering Information
. Arming Function
Channel 0 | Channel 0 | Channel 1 | Channel 1 . Offset Cancellation
Part Number Axis Range Axis Range Protocol Design Type Rate Limiting Threshc_)ld
Resolution
FXLS64322 X M Y M 12c 1LSB/8s, 10-Bit 1LSB, 10-Bit
FXLS64422 Z-Axis Bumper
X M z M 1’c 1LSB/8s, 10-Bit 1LSB, 10-Bit
FXLS64425 Z-Axis Geometric Stop
FXLS64333 X H Y H 12c 1LSB/8s, 10-Bit 1LSB, 10-Bit
FXLS64433 Z-Axis Bumper
X H z H 1’c 1LSB/8s, 10-Bit 1LSB, 10-Bit
FXLS64436 Z-Axis Geometric Stop
FXLS69322 X M Y M 1’c 1LSB/4s, 10-Bit 2 LSB, 10-Bit
FXLS69422 Z-Axis Bumper
X M z M 1’c 1LSB /4s, 10-Bit 2 LSB, 10-Bit
FXLS69425 Z-Axis Geometric Stop
FXLS69333 X H Y H 1’c 1LSB/4s, 10-Bit 2 LSB, 10-Bit
FXLS69433 Z-Axis Bumper
X H z H 1’c 1LSB /4s, 10-Bit 2 LSB, 10-Bit
FXLS69436 Z-Axis Geometric Stop
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FXLS6xxxx September 13, 2019 Revision 2.18
SECTION 1 APPLICATION DIAGRAMS
1.1 DSI3 Application Diagrams
111 DSI3 Discovery Mode Application Diagram
VBUF Optional
Bus Termination
BUSIN
| R1 I
Vss | |
p— § Cl1=—
- | C4 I
| | BUSRTN
BUSRTN T C— O
C3T
BUSOUT
— BUS O O
Figure 1-1 DSI3 Discovery Mode Application Diagram
External Component Recommendations
Ref Des Type Typical Value Description Component Value Selection and Range Comment
Optional Bus termination for high inductance bus
The optimal value of this component should be wire connections. For optimal EMC performance
R1 General Purpose 330 Ohm, 5%, 200PPM determined by the system level communication, |this component along with C4 are to be placed as
EMC and ESD testing close to the BUS_I and BUSRTN connector pins
as possible.
The optimal value of this component should be For optimal EMC performance this component
C1 Ceramic 220pF, 10%, 50V minimum, X7R |determined by the system level communication, |along with R1 are to be placed as close to the
EMC and ESD testing. BUS_I| and BUSRTN connector pins as possible.
The optimal value of this component should be
determined based on the system level micro-cut . . .
immunity requirement. To achieve the specified For optimal EMC performance this component is
Cc2 Ceramic 0.47uF, 10%, 10V minimum, X7R I L ) to be placed as close to the VBUF and BUSRTN
power supply rejection, the minimum value includ-| . .
! h ) . |pins as possible.
ing all tolerances is 0.22uF. The maximum speci-
fied value including all tolerances is 2uF.
The optimal value of this component should be For optimal EMC performance this component is
C3 Ceramic 100pF, 10%, 50V minimum, X7R |determined by the system level communication, |to be placed as close to the BUS_O and BUSRTN
EMC and ESD testing connector pins as possible.
Optional Bus termination for high inductance bus
The optimal value of this component should be wire connections. For optimal EMC performance
C4 Ceramic 2.2nF, 10%, 50V minimum, X7R |determined by the system level communication, |this component along with R1 are to be placed as
EMC and ESD testing close to the BUS_I and BUSRTN connector pins
as possible.

Notes: The total bus capacitance must not exceed the values specified in the DSI3 standard.
The external components are dependent on the bus master and bus impedance and may vary from application to application.

Sensors Solutions Division
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Revision 2.18 September 13, 2019 FXLS6xxxx
1.1.2 DSI3 Switch Connected Daisy Chain Mode Application Diagram
VBUF Optional _
BUS._| Bus Terr_mnitlon BUSIN
Cc2 BUS_| r =50
| R1 I
Vss | |
— Cl1—
- | c4 T I
| | _BUSRTN
BUSRTN — O
L Bus_| I
C3
R2
| M1
BB BUSOUT
7\
\Y
Figure 1-2 DSI3 Switch Connected Daisy Chain Application Diagram
External Component Recommendations
Ref Des Type Typical Value Description Component Value Selection and Range Comment
Optional Bus termination for high inductance bus
The optimal value of this component should be wire connections. For optimal EMC performance
R1 General Purpose 330 Ohm, 5%, 200PPM determined by the system level communication, |this component along with C4 are to be placed as
EMC and ESD testing close to the BUS_I| and BUSRTN connector pins
as possible.
The optimal value of this component should be . . . K
R2 General Purpose 100 kOhm, 5%, 200PPM determined by the system level communication, Pullgp Resistor for External High Side Daisy
; Chain FET
EMC and ESD testing
The optimal value of this component should be For optimal EMC performance this component
C1 Ceramic 220pF, 10%, 50V minimum, X7R |determined by the system level communication, |along with R1 are to be placed as close to the
EMC and ESD testing. BUS_I| and BUSRTN connector pins as possible.
The optimal value of this component should be
determined based on the system level micro-cut . . )
immunity requirement. To achieve the specified For optimal EMC performance this component is
Cc2 Ceramic 0.47uF, 10%, 10V minimum, X7R T L } to be placed as close to the VBUF and BUSRTN
power supply rejection, the minimum value includ-| :
: h ) . | pins as possible.
ing all tolerances is 0.22uF. The maximum speci-
fied value including all tolerances is 2uF.
The optimal value of this component should be For optimal EMC performance this component is
C3 Ceramic 100pF, 10%, 50V minimum, X7R |determined by the system level communication, |to be placed as close to the BUS_O and BUSRTN
EMC and ESD testing connector pins as possible.
Optional Bus termination for high inductance bus
The optimal value of this component should be wire connections. For optimal EMC performance
C4 Ceramic 2.2nF, 10%, 50V minimum, X7R |determined by the system level communication, |this component along with R1 are to be placed as
EMC and ESD testing close to the BUS_I and BUSRTN connector pins
as possible.
P-Channel The optimal value of this component should be
M1 NTR4502PT1G, or similar determined by the system level communication, [High Side Daisy Chain Transistor
MOSFET ;
EMC and ESD testing

Notes: The total bus capacitance must not exceed the values specified in the DSI3 standard.
The external components are dependent on the bus master and bus impedance and may vary from application to application.
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FXLS6xxxx September 13, 2019 Revision 2.18
1.2 PSI5 Application Diagrams
1.21 PSI5 Parallel or Universal Mode Application Diagram
VBur
Vce
BUS_I AVAVAY, O
R1
—_——C2 c1—
——C3
Vss
"
Vss O
Figure 1-3 PSI5 Parallel or Universal Mode Application Diagram
External Component Recommendations
Ref Des Type Typical Value Description Component Value Selection and Range Comment
The optimal value of this component should be
determined by the system level communication,
EMC and ESD testing.
For proper device function the minimum value can
be 0 Ohms. The maximum value is determined by
the minimum bus voltage provided at the module S . .
0,
R1 General Purpose 10 Ohm, 5%, 200PPM pin and the minimum operating voltage of the V¢ Filtering and Signal Damping
device. To meet the minimum PSI5 operating volt-
age at the module pin, the maximum resistance
including all tolerances is 20.5 Ohms. If the low
response current is used, the maximum
resistance including all tolerances is 33.3 Ohms.
The optimal value of this component should be i\r/]CC lfo()rvzertirsn:?pgﬂgecggglﬁg:ggtﬁ;gr::)ln?aor?p'
C1 Ceramic 2.2 nF, 10%, 50V minimum, X7R |determined by the system level communication, 9-F t E laced P | he BUS | pd
EMC and ESD testing nent is to be placed as close to the _lan
BUSRTN connector pins as possible.
V¢ Power Supply Decoupling. For optimal EMC
Cc2 Ceramic 15 nF, 10%, 50V minimum, X7R performance this component is to be placed as
close to the BUS_| and BUSRTN pins as possible.
The optimal value of this component should be
determined based on the system level micro-cut F timal EMC perf thi ti
. - immunity requirement. To achieve the specified or optima periormance this component IS
C3 Ceramic 0.47uF, 10%, 10V minimum, X7R S S } to be placed as close to the VBUF and BUSRTN
power supply rejection, the minimum value includ- ins as possible
ing all tolerances is 0.22uF. The maximum speci- P P ’
fied value including all tolerances is 2uF.

Note: The total bus capacitance must not exceed the values specified in the PSI5 standard.
R1 must be sized to handle both the programming current at the maximum rated temperature for programming and the operating current at the maximum

rated temperature for operation.

If the high baud rate is used, it is recommended to reduce the value of C2. The actual value will depend on the bus configuration and number of slaves.
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1.2.2  PSI5 Daisy Chain Mode Application Diagram
VBuF
Vce
BUS_I AVAVAY, O
R1
—_——C2 c1
——C3
Vss
0O
Vss - O
R3 pp—
R2 - M1
— BUSSW_L AN
~_Vss out
\
Figure 1-4 PSI5 Daisy Chain Mode Application Diagram
External Component Recommendations
Ref Des Type Typical Value Description Component Value Selection and Range Comment
The optimal value of this component should be
determined by the system level communication,
EMC and ESD testing.
For proper device function the minimum value can
be 0 Ohms. The maximum value is determined by
o the minimum bus voltage provided at the module S . )
R1 General Purpose 10 Ohm, 5%, 200PPM pin and the minimum operating voltage of the V¢ Filtering and Signal Damping
device. To meet the minimum PSI5 operating volt-
age at the module pin, the maximum resistance
including all tolerances is 20.5 Ohms. If the low
response current is used, the maximum
resistance including all tolerances is 33.3 Ohms.
The optimal value of this component should be Gate Resistor for External Low Side Daisy Chain
R2 General Purpose 20 kOhm, 5%, 200PPM determined by the system level communication, FET Y
EMC and ESD testing
The optimal value of this component should be . .
R3 General Purpose 100 kOhm, 5%, 200PPM determined by the system level communication, Ga_te Pulldpwn Resistor for External Low Side
. Daisy Chain FET
EMC and ESD testing
The optimal value of this component should be i\r/1cc lfoivéetcismua?pliliﬂtc):ecgr?gmg::stﬁilgr:ﬂn?aor?p-
C1 Ceramic 2.2 nF, 10%, 50V minimum, X7R |determined by the system level communication, 9. I E | d p | he BUS | pd
EMC and ESD testing nent is to be placed as close to the _lan
BUSRTN connector pins as possible.
The optimal value of this component should be Ve Power Supply Decoupling. For optimal EMC
Cc2 Ceramic 15 nF, 10%, 50V minimum, X7R |determined by the system level communication, |performance this component is to be placed as
EMC and ESD testing close to the BUS_| and BUSRTN pins as possible.
The optimal value of this component should be
determined based on the system level micro-cut . . .
immunity requirement. To achieve the specified For optimal EMC performance this component is
C3 Ceramic 0.47uF, 10%, 10V minimum, X7R T L ; to be placed as close to the VBUF and BUSRTN
power supply rejection, the minimum value includ- ins as possible
ing all tolerances is 0.22uF. The maximum speci- P P ’
fied value including all tolerances is 2uF.
N-Channel The optimal value of this component should be
M1 MOSFET NTR4501NT1G, or similar determined by the system level communication, |Low Side Daisy Chain Transistor
EMC and ESD testing

Note: The total bus capacitance must not exceed the values specified in the PSI5 standard.
R1 must be sized to handle both the programming current at the maximum rated temperature for programming and the operating current at the maximum

rated temperature for operation.

If the high baud rate is used, it is recommended to reduce the value of C2. The actual value will depend on the bus configuration and number of slaves.
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FXLS6xxxx September 13, 2019 Revision 2.18

1.3  SPI Application Diagram

Vee
Vi SS_ Bl¢—
SCLK[¢—
s Veeio MOSI le———
T C1
Vs MISO|———>
PCM —»
Figure 1-5 SPI Application Diagram
External Component Recommendations
Ref Des Type Typical Value Description Comment
V¢ Power Supply Decoupling. For optimal EMC
C1 Ceramic 0.1 pF, 10%, 10V Minimum, X7R |performance this component is to be placed as
close to the VCC and VSS pins as possible

1.4 I?C Application Diagram

Vee

Vee R1

Vee Ve

SS.B

VBUF

— R2 R3
C1

Vss

= SCL [« | >
SDA |« >

Figure 1-6 1’c Application Diagram

External Component Recommendations
Ref Des Type Description Purpose
R1 General Purpose 1000 Ohm, 5%, 200PPM 12C Selection Pin Pull-up Resistor
R2 General Purpose 1000 Ohm, 5%, 200PPM Serial Clock Pull-up Resistor
R3 General Purpose 1000 Ohm, 5%, 200PPM Serial Data Pull-up Resistor
C1 Ceramic 0.1 pF, 10%, 10V Minimum, X7R V¢ Power Supply Decoupling

Sensors Solutions Division Printed versions are uncontrolled except when stamped “Controlled Copy” in red.
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Revision 2.18 September 13, 2019 FXLS6xxxx
SECTION 2 INTERNAL BLOCK DIAGRAM

V
Buffer BUF
BUS_' & > Voltage & VBUF
Regulator Internal VREG
vV 4 Voltage \V/
P ngﬁ{ggge _’REF d Regulator REGA
BUS_IW |
|
' Low Voltage
I Clic))gérgc?grd < Detection
0 i Control Oscillat Vss
) OTPPogEmg ) logic €[OSt
—>» oTP =
] Array
> sp| «—X] ss 8
Serial <
8 884— Encoder [€ h > 4—|Z| SCLK/SCL
BUSRTNX] «—X] mos|

. _ —X] misorspa

BUS | < 2c
>
Rsense
BUS O ‘ ARM &
» PCM —PIZI ARM/PCMO
BUSSW L Daisy Chain P Logic
- EZI ¢ Switch Driver < ARM &
Daisy Chai » PCM —>|Z| ARM/PCM1
BUSSW_HX———— 5ith brive Logic
- Switch Driver
K- - -"-
Over-Dampedr
o gCel '[Orfset :
: | ; ChO DSP Offset
. . |DAC . _ .
\ . ' Monitor] !
: R . | Sinc IR User HPF ,
ZA : ; ) Digital LPF Interpolation| [Output| .
Converter - Filter — Tnm_CIiSping_ — Sense — 'N—_Scaling .
: \ _\ Scaling /— '

SelfTest | """ """ """ " " - " "= o oo

I
I
Joree ; Ch1 DSP o
I

Monitor

b oo : :

' . IR '
' ﬁ: . [Sinc - User HPF _ ,
} | A 1 Fitter | rim Digital LPFL | qonce  |Interpolation| [Output] .

Converter Clipping . Scaling~
:Over—Damped: \ _\ Scaling /— /\f

_—'—I—
-___9_‘(_39_”__:J Self Test

Figure 2-1 Dual Channel Internal Block Diagram
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SECTION 3 DEVICE ORIENTATION DIAGRAMS
o

X
§ S ))((i(())((;((i(())((;(( § g XXXXXXX

x
2% Ei XXXXXXX

° L1 [ 1 +1g

LIT7777777 7777777777777 7777077777777 7777777777777 7777777777700 7777

XY ChoO: Og Cho: +1g ChoO: Og Cho: -1g ChoO: Og ChoO: Og
Ch1: -1g Ch1: Og Ch1: +1g Ch1: Og Ch1: Og Ch1: Og
Xz ChoO: Og Cho: +1g Ch0: Og Ch0: -1g Ch0: Og Ch0: Og
Ch1: 0g Ch1: 0g Ch1: 0g Ch1: 0g Ch1: +1g Ch1: -1g
vz Cho0: -1g Ch0: Og Ch0: +1g Ch0: Og Ch0: Og Ch0: Og
Ch1: 0g Ch1: 0g Ch1: 0g Ch1: Og Ch1: +1g Ch1: -1g
Part Marking
Data Code Legend:
WL: 2 alpha character representation of the wafer lot
LOGO
Fxxoocx YW: 2 alpha character representation of the year and work week
WLYWZ Z: Assembly Split
)

Figure 3-1 Part Marking
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SECTION 4 PIN OUT

Device Pinout: SPI or I2C Mode

TOP VIEW
16-PIN QFN PACKAGE
=
i
<
= o
§ —_
8 8 © 8
> > o >
T T T T T
o 16 15 14 13
L JL JL JLb 4d
- T -
r 7 PCMO/ARMO
Vee | 1 217 I_12_
. | | i
TEST| 2 3 |_11 MISO/SDA
Sy | £ 3
MOSI
TESTO _3J | | I_10_
i i
TEST1| 4 o — _ _ 1 9 [SCLK/SCL
rar ar ar
5 6 7 8
! L1 L1 Ll I
N o » m
< 0
F 3 @
>
Pin Pin Name Definition Description
1 Vee Supply It is recommended that this pin be connected to V. Optionally, this pin can be unterminated.
2,345 TEST Test Pin It is recommended that these pins be unterminated. Optionally, this pin can be tied to Vgs.
6 Vss_paD Supply Return |This pin is internally connected to the die attach pad. It is recommended that this pin be unterminated or connected to Vgg.
7,15 Vgs Supply Return |This pin is the supply return node.
In SPI mode, this input pin provides the slave select for the SPI port. An internal pull-up device is connected to this pin.
8 SS_B Slave Select 2 L . . g
- In I“C mode, this pin must be connected to Vg with an external pull-up resistor as shown in Figure 1-6.
In SPI mode, this input pin provides the serial clock. An internal pull-down device is connected to this pin.
9 SCLK/SCL SPI Clock In I2C mode, this input pin provides the serial clock. This pin must be connected to Vg with an external pull-up resistor as
shown in Figure 1-6.
10 MOSI SPI Data In In SPI mode, this pin functions as the serial data input to the SPI port. An internal pull-down device is connected to this pin.
In 1“C mode, it is recommended that this pin be unterminated. Optionally, this pin can be connected to Vgg.
In SPI mode, this pin functions as the serial data output.
11 MISO/SDA SPI Data Out {In I°C mode, this pin functions as the serial data input/output. This pin must be connected to Vg with an external pull-up resis-
tor as shown in Figure 1-6.
This pin has multiplexed functions:
— When the channel 0 arming output is selected, the pin can be configured as an open drain, active low output with a pull-
Channel 0 PCM ) h . ; -
12 |PcMo/ARMO!l Channel 0 Arm up current; or an open drain, active high output with a pull-down current.
— When PCM mode is selected, this pin can be configured as a digital output with PCM signal proportional to the channel
0 sensor data.
If unused, or in I1“C mode, it is recommended that this pin be unterminated.
13 Veeio Supply This pin must be connected directly to V.
This pin has multiplexed functions:
— When the channel 1 arming output is selected, the pin can be configured as an open drain, active low output with a pull-
14 |PcM1 7 ARM1 Channel 1 PCM up current; or an open drain, active high output with a pull-down current.
Channel 1 Arm | — When PCM mode is selected, this pin can be configured as a digital output with PCM signal proportional to the channel
1 sensor data.
If unused, or in 12C mode, it is recommended that this pin be unterminated.
16 v Suppl This pin is connected to the supply for the device. An external capacitor must be connected between this pin and Vgg as shown
cc PRl in Section 1.3 and Section 1.4.
17 PAD Die Attach Pad |This pin is the die attach flag, and must be connected to Vgs. Reference Section 11 for die attach pad connection details.
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FXLS6xxxx
Device Pinout: DSI3 or PSI5 Mode

4.2

September 13, 2019 Revision 2.18

TOP VIEW
16-PIN QFN PACKAGE
z
- 0
1
o 6 b =
2 2 L o
om m = >
I T T T I
o 16 15 14 13
L JL JL JL 4
[ ' — — — 1 "4y |TEST4
BUS_O _1_I |17 | |_12_
E 3 r 3
BUSSW H| 2 | | | _ 1 [TEST_MISO
E 3 r 3
BUSSW L| 3 | | | _10 [TEST_MoOs|
E 3 r 3
TEST1| 4 , L — _ _ 4 9 |TEST_SCLK
rar ar ar "7
5 6 7 8
1 11 11 11 1
] O Z o
£ E |
= L 0
0 o n 0
@ L 5
2~ ® 8
L
'_
Pin Pin Name Definition Description
This pin is connected to the BUS_| pin through an internal sense resistor and provides the supply connection to the next slave in
1 BUS O Suoply Out |2 daisy chain configuration.
- pply In DSI3 mode, an external capacitor must be connected between this pin and Vgg as shown in Section 1.1.
In PSI5 mode, it is recommended that this pin be unterminated. Optionally, this pin can be connected to BUS_I/Vc.
High Side Bus In DSI3 switch connected daisy chain mode, this pin is connected to the gate of a p-channel FET which connects BUS_| to the
2 BUSSW_H S\?vitch Driver next slave in the daisy chain. An external pullup resistor is required on the gate of the p-channel FET as shown in Figure 1-2.
If unused, or in PSI5 mode, it is recommended that this pin be unterminated. Optionally, this pin can be tied to Vgg.
In PSI5 daisy chain mode, these pins are connected to the gate of an n-channel FET which connects BUSRTN to the next slave
Low Side Bus [in the daisy chain. An external pulldown resistor is required on the gate of the n-channel FET as shown in Figure 1-4. Note: both
3,5 BUSSW_L ) . h : . . ; : - -
Switch Driver |pins provide the identical function. It is necessary to connect only one pin is to the bus switch gate.
If unused, or in DSI3 mode, it is recommended that this pin be unterminated. Optionally, this pin can be tied to Vgg.
4’1142’ TEST Test Pin It is recommended that these pins be unterminated. Optionally, this pin can be tied to Vggs.
6 Vss paD Supply Return |This pin is internally connected to the die attach pad. It is recommended that this pin be unterminated or connected to Vgg.
7,15 |BUSRTN/Vgg| Supply Return |This pin is the supply return node.
8 TEST_SS_B Slave Select [It is recommended that this pin be unterminated. Optionally, this pin can be connected to Vgyg.
9 TEST_SCLK SPI Clock It is recommended that this pin be unterminated. Optionally, this pin can be connected to Vgs.
10 | TEST_MOSI SPI Data In  |Itis recommended that this pin be unterminated. Optionally, this pin can be connected to Vgg.
11 TEST_MISO | SPI Data Out |This pin must be left unconnected.
Power This pin is connected to a buffer regulator for the internal circuitry. The buffer regulator supplies the internal regulators to provide
13 VBuF Suppl immunity from EMC and supply dropouts. An external capacitor must be connected between this pin and Vgg as shown in Sec-
PRl tion 1.1 and Section 1.2.
Supply and This pin is connected to the supply line and supplies power to the device. An external capacitor must be connected between this
16 BUS._| Coms\%r{icaﬁon pin and BUSRTN as shown in Section 1.1 and Section 1.2.
This pin also modulates the response current for DSI3 and PSI5 communication and provides the supply for OTP programming.
17 PAD Die Attach Pad |This pin is the die attach flag, and must be connected to Vgs. Reference Section 11 for die attach pad connection details.
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September 13, 2019

SECTION 5 ELECTRICAL CHARACTERISTICS

5.1 Maximum Ratings

FXLS6xxxx

Maximum ratings are the extreme limits to which the device can be exposed without permanently damaging it.

Test
# Ratin Symbol Value Unit
9 y Notes
Supply Voltage (BUS_I/V¢¢, BUS_O, BUSSW_H)
3381 |Reverse Current externally limited to < 160mA, t < 80ms BUS_Iggy -0.7 \% 6
3383 |Continuous BUS_lyax +20.0 \ 6
3384 (Vgyur VBUFMAX -0.3to +7.0 \Y 6
3385 |SCLK, SS_B, MOSI, MISO (High Z), PCMO/ARMO, PCM1/ARM1 Viomax -0.3 to Vgyp+0.3 \Y 6
3386 [BUS_I/V¢c and BUS_O Continuous Current IsupmAx 200 mA 6
3387 |Powered Shock (six sides, 0.5 ms duration) Jpms +2000 g 5
3390 |Unpowered Shock (six sides, 0.5 ms duration) Oshock +2000 g 5
3389 |Powered Shock (six sides, 0.5 ms duration) Jpms +4000 g 9
3388 |Unpowered Shock (six sides, 0.5 ms duration) Oshock +4000 g 9
3391 |Drop Shock (to concrete, tile or steel surface, 10 drops, any orientation) hprop 1.2 m 5
Electrostatic Discharge (per AEC-Q100), External Pins
3392 BUS_I/V¢c, BUS_O, BUSRTN, HBM (100pF, 1.5kQ) VEesp +4000 \ 5
Electrostatic Discharge (per AEC-Q100)
3393 HBM (100pF, 1.5kQ) VEsp +2000 \Y 5
3395 CDM (R = 0Q) VEsp +750 \Y 5
Temperature Range
3396 Storage Tstg -40 to +125 °C 5
3397 Junction Ty -40 to +150 °C 7
3400 [Thermal Resistance 0ja 47 °C/W 7,10
5.2 Operating Range - DSI / PSI5
# Characteristic Symbol Min T Max Units Test
y yp Notes
3398 |DSI3 Supply Voltage (Vi gH), Measured at BUS_| VHIGH - - 20.0 \% 56,7
10468|DSI3 Supply Voltage (V| ow) Measured at BUS_| Viow 4.0 B - \% 1
10467|PSI5 Supply Voltage (Excluding Sync Pulse) Vpsis 4.2 B 16.0 \% 1
10466 Supply Voltage (Undervoltage) VBUS_I_U\/ VBUS_l_U\/_F VLOW_min \Y 3,6
Programming Voltage (Ipp < 5 mA, 10°C < Tp <40°C)
10469 Applied to BUS_| Vpp 9.0 10.0 11.0 \ 3,6
ESD Operating Voltage (No Device Reset, Cgys N = 220pF)
10470 Maximum +15kV Air Discharge, 330pF, 2.0kQ VBUS_I_ESD VBUS_|_LOW_min - 10.0 \ 7,9
Operating Temperature Range T Ty
10471 Production Tested Operating Temperature Range Ta -40 - +105 °C 1
10490 Guaranteed Operating Temperature Range Ta -40 - +125 °C 5,6,7
10472|Supply Power On Ramp Rate Ve RAMP_SAT 0.00001 - 10 Vlips 6
; 2
5.3 Operating Range - SPI1/1C
# Characteristic Symbol Min Typ Max Units LGS
Notes
10501|Supply Voltage (Vcc=Vgyr) Measured at Vgyp Vee BUF - B 5.25 \ 56,7
10502(Supply Voltage (VCC=VBUF) Measured at VBUF CCiBUF 3.135 _ - \% 1
10502|Supply Voltage (Vcc=Vgyr) Measured at Vgyg Vee Lo 2.80 B - \ 6
10504 Supply Voltage (Undervoltage) VBUF7U7V70P VBu,:iqu: VCCfBUFimin \Y 3
Operating Temperature Range T - TH
10507 Production Tested Operating Temperature Range Ta -40 B +105 °C 1
10508 Guaranteed Operating Temperature Range Ta -40 +125 °C 5,6,7
10509|Supply Power On Ramp Rate Vcc RAMP_SPI 0.00001 - 10 Vlius 6

Printed versions are uncontrolled except when stamped “Controlled Copy” in red.

12 of 163

CONFIDENTIAL AND PROPRIETARY

Sensors Solutions Division
NXP Semiconductors



FXLS6xxxx September 13, 2019 Revision 2.18
5.4 Electrical Characteristics - Supply and 1/O
Veus 1 L min < (VBUs 1-Vss) < VBUS | H max TL < Ta < Ty, AT <25 °C/min, unless otherwise specified
Test
# Characteristic Symbol Min T Max Units
y yp Notes
Quiescent Supply Current
39203 Vgus | =4V, DSI, PSI5 * lq_a 2 4.0 - 9.0 mA 1
39204 Vgus | = 20V, DSI/ PSI5 * lq 20 2 4.0 - 9.0 mA 1
39205 Vgus_i = 3.135V, SPI, 1’c * lg 312 - - 9.0 mA 3,6
Response Current
10515 DSI Low * IR psi 1 lq +10.5 lq +12.0 lq +13.5 mA 1
10519 DSl High * IR psI 2 IR psi 1+ 105 | Ir pg; 1+ 12.0 | Ig pg 1+ 13.5 mA 1
10518 PSI5 Normal * IR_psis g +22.0 1y +26.0 1y +30.0 mA 1
10517 PSI5 Low * IR_PsI5_Low lq+11.0 lq +13.0 lq +15.0 mA 3,6
In-Rush Current: Maximum Time at Peak Current (Cygyr = 1uF)
10521 In-Rush Current = 60mA tINRUSH 60 - - 75 us 6
In-Rush Current = 30mA (Limited by Master) tINRUSH_30 - - 200 us 9
10522|Internally Regulated Voltage (Vgyr, Veus_| = 4V, Vpus_| = 20V) * VBuUF 2.85 3.00 3.15 \ 1
Low Voltage Detection Threshold
10523 BUS_| Falling * VBuUs | UV F 3.85 3.95 4.00 \ 3,6
10542 Vgur Falling * VBUF UV F 2.64 2.74 2.84 \ 3,6
Vgur External Capacitor
10525 Capacitance CvBuUF 100 1000 2000 nF 7,9
10543 ESR (including interconnect resistance) ESR 0 - 200 mQ 7.9
DSI3 V| ow Detection Threshold (Section 7.1.1)
Viow min < (VBus_| - Vss) < VHIGH max
10526 VLOW Detection Threshold * VDELTA_THRESH VHIGH_1 25 VHIGH_1 .0 VHIGH_0'75 \ 3,6
DSI3 Discovery Mode Current Sense (Section 7.2.3)
10527 Sense Resistor Rsense 1.0 1.3 3.0 Q 6
10545 lRESP Detection Threshold (IBUS_O_q < 24mA) lRESP_Offset 6 12 18 mA 3,6
PSI5 Synchronization Pulse
Vpsis_min < (VBus_| - Vss) < BUS_Iyax v 36
10528 DC Sync Pulse Detection Threshold * AVsyne Vpsis+1.0 Vpgis+1.5 Vpsi5+2.0 ’
10529|PSI5 Sync Pulse Pulldown Current ISYNC_PD - IRESP_PSlS - mA 7
10530(Bus Switch Output High Voltage (BUSSW_L, I o54 =-100 pA) VBUsSW_L_OH Vguyr - 0.35 - VBur \ 3,6
10546|Bus Switch Output Low Voltage (BUSSW_L, I g5q = 100 pA) VBuUssw_L_oL - - 0.1 \ 3,6
10531(Bus Switch Open Drain Output Current (Vgyssw H=VBus_I) IBUsSW_H_oL -- -- 10 pA 3,6
10533|Bus Switch Output Low Voltage (BUSSW_H, || 55q = 100 pA) VBUSSW_H_oL - - 0.1 \ 3,6
10549(Open Drain Output Pulldown Current (ARMO, ARM1, Vagy = 1.5V) lobPp 10 20 100 pA 3,6
10536|Open Drain Output Pullup Current (ARMO, ARM1, Vary = 1.5V) lobpu -100 -20 -10 pA 3,6
Output High Voltage (MISO/SDA, PCMO/ARMO, PCM1/ARM1
21205 VBUF = VCC, lLoad =-1mA VOH VBUF -0.2 - VBUF \Y 3,6
10547 VgyE internally regulated, I g54 = -1 MA VoH_saT Vgyug - 0.2 -- VBuUF \Y 3,6
Output Low Voltage (MISO/SDA PCM0/ARMO, PCM1/ARM1
10547 lLoad = 2 MA VoL - - 0.4 \ 3,6
10537 Input High Voltage SS_B, SCLK/SCL, MOSI Vi 2.0 - - \ 3,7
10560|Input Low VoltageSS_B, SCLK/SCL, MOSI ViL - - 1.0 \ 3,7
10561|Input Voltage Hysteresis SS_B, SCLK, MOSI V| HysT - 0.250 - \ 7
10562|Input Current High (at V|)(SCLK/SCL, MOSI) I 10 20 70 pA 6
10565|Input Current Low (at V”_)(SS_BS I -70 -20 -10 pA 6
10563|MISO Output Leakage IMISO_Lkg -10 - 10 pA 6
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5.5 Electrical Characteristics - Temperature Sensor Signal Chain
Veus 1 L min < (VBUs 1-Vss) < VBUS | H max TL < Ta < Ty, AT <25 °C/min, unless otherwise specified
Test
# Characteristic Symbol Min T Max Units
y yp Notes
10520|Temperature Measurement Range TRANGE -50 - +160 °C 7,9
10559|Temperature Output at 25°C Tos 83 93 103 LSB 6,7
Range of Output (8-Bit)
10558 Unsigned Temperature TRANGE 0 - 255 LSB 78,9
10557 |Temperature Output Sensitivity (8-Bit) TSENSE 1.00 LSB/I°C | 6,7
10556|Temperature Output Accuracy (8-Bit) Tacc -10 +10 °C 6,7
Temperature Output Noise RMS(8-Bit)
10555 Standard Deviation of 50 readings, fgamp = 8kHz TrMS — — +2 LSB 6,7
5.6 Electrical Characteristics - Inertial Sensor Signal Chain
Veus 1 L min < (VBUs 1-Vss) SVBUS | H max TL < Ta < Ty, AT <25 °C/min, unless otherwise specified
Test
# Characteristic Symbol Min T Max Units
y yp Notes
Sensitivity
Total Sensitivity Error Including Linearity (From Trim Target, Output @ OHz)
10585 Medium g, Lateral or Z-Axis, Verified with a 15g Range SENSgRrM +5 -- +5 % 10602
10584 High g, Lateral or Z-Axis, Verified with a 50g Range * SENSgRRrH +5 - +5 % 10612
Medium g Standard Trim Range 12-Bit Sensitivity Target, Lateral or Z-Axis
10602 + 62 g Range (+ 2047 LSB, U_SNS_SHIFT = 0x2, U_SNS_MULT = 0x00) * SENSggom 31.3650 | 33.0161 | 34.6670 | LSB/g 1
10612 High g Standard Trim Range 12-Bit Sensitivity Target, Lateral or Z-Axis
+ 187 g Range (+ 2047 LSB, U_SNS_SHIFT = 0x2, U_SNS_MULT = 0x00) * SENS 71 10.3990 | 10.9465 | 11.4940 | LSB/g 1
Offset
Digital Offset Before Offset Cancellation 12-Bit, Lateral or Z-Axis
10627 Medium g (25g Range, scales with user sensitivity scaling) * OFFped 1 -100 - +100 LSB 1
10626 High g (100g Range, scales with user sensitivity scaling) * OFFHigh_1 -100 -- +100 LSB 1
10583|Digital Offset After Offset Cancellation, Lateral or Z-Axis, All Ranges, 12-Bit OFFCANC it -1 0 +1 LSB 6,8,9
Continuous Offset Monitor Limit (U_SNS_SHIFT = 0x2, U_SNS_MULT = 0x00)
10619 12-Bit: Scales with user gain, Medium g = ~5g, High g = ~15¢g OFFpoN -164 - +164 LSB 7,8,9
Sensor
Range of Output (SPI, DSI3, Lateral or Z-Axis, All Ranges)
10635 Signed Sensor Data, 10-Bit RANGESjgneq 10 -511 - +511 LSB 7,89
10628 Signed Sensor Data, 12-Bit RANGEgjgned_12 -2047 - +2047 LSB 7,89
10636 Signed Error Code, 10-Bit ERRgigned 10 - -512 - LSB 7,89
10637 Signed Error Code, 12-Bit ERRgigneqd_12 - -2048 - LSB 7,8,9
Range of Output (SPI, DSI3, Lateral or Z-Axis, All Ranges)
10638 UnSigned Sensor Data, 10-Bit RANGEypsigned_10 1 - 1023 LSB 7,89
10639 UnSigned Sensor Data, 12-Bit RANGE ypsigned_12 1 - 4095 LSB 7,89
10640 Unsigned Error Code, 10-Bit, 12-Bit Unsigned - 0 - LSB 7,89
Range of Output (PSI5, Lateral or Z-Axis, All Ranges)
10634 Signed Sensor Data, 10-Bit RANGESjgneq 10 -480 - +480 LSB 7,89
Cross-Axis Sensitivity, Medium g or High g, Lateral or Z-Axis, All Ranges
10645 Z-axis to X-Axis, Y-axis to X-Axis, Z-axis to Y-Axis, X-axis to Y-Axis * | Vzx, Vyx, Vzv, Vxy -5 - +5 % 6
10647 X-axis to Z-Axis, Y-axis to Z-Axis * Vxz Vvyz -5 - +5 % 6
Non-Linearity (12-Bit, Lateral or Z-Axis, All Ranges)
10669 Differential Non-Linearity, (No Missing Codes) * DNL - - +1.0 LSB 6
10670 Integral Non-Linearity, (Least Squares BFSL) * INL -- -- +20.0 LSB 6
Supply Coupling (Cgyr = 1uf, 12-Bit, DSI3, PSI5, Lateral or Z-Axis, All Ranges)
10663 1kHz < f,, < 10kHz, BUS_| = 8.0Vt 2.0V (Represents PSI5 Sync Pulse) PSCpsgi5 - - 1 LSB 6
10682 10kHz < f,, < 100kHz, BUS_| = 6.0V+ 1.0V (Represents DSI3 BRC) PSCpsiac - - 1 LSB 6
10681 100kHz < f,, < 1IMHz, BUS_|=6.0V+ 0.5V (Represents DSI3/PSI5 Response) PSCpsisr -- -- 1 LSB 6
10680 1MHz < f, < 20MHz, BUS_I = 6.0V 0.1V(Represents Response Harmonics) PSCsaTH -- -- 1 LSB 6
Supply Coupling (Cgyg = 0.1pf, 12-Bit, SPI, Lateral or Z-Axis, All Ranges) PSC
10675 1kHz < f,, < 20MHz, Vgyg = 5.0V+ 0.1V PSCSP|5 - - 2 LSB 6
10683 1kHz < f,, < 20MHz, Vgyg = 3.3V 0.1V SPI3 - - 2 LSB 6

Printed versions are uncontrolled except when stamped “Controlled Copy” in red.

14 of 163

CONFIDENTIAL AND PROPRIETARY

Sensors Solutions Division
NXP Semiconductors




FXLS6xxxx

September 13, 2019

Revision 2.18

The offset before offset cancellation scales with the user gain. The higher the gain (lower range), the higher the offset. The

table below lists the adjusted offset specification limits for some SPI and DSI3 12-bit user gain settings.

The table below lists the offset before offset cancellation limits for some PSI5 1

User Range Offset
(g) (LSB, 12-Bit)
Medium g
15.5 +162
16 +157
20 +126
25 +100
35 +72
50 +50
60 +42
62 +41
62.5 +41
75 +34
85.3 + 30
100 +25
105 +24
112.5 +23
125 +21
128 +20
150 +17
High g
50 +200
60 + 167
62 +162
62.5 +160
100 +100
105 +96
112.5 +89
125 + 80
128 +79
150 +67
187 +54
250 +40
312.5 +32
375 +27
500 +20

0-bit user gain settings.

User Range Offset
(9) (LSB, 10-Bit)
Medium g
15, PSI5 +40
20, PSI5 +30
30, PSI5 +20
60 PSI5 +10
120 PSI5 +5
High g
60, PSI5 +40
120, PSI5 +20
240 PSI5 +10
480 PSI5 +5
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5.7 Electrical Characteristics - Inertial Sensor Signal Chain
Veus 1 L min < (VBUs 1-Vss) < VBUS | H max TL < Ta < Ty, AT <25 °C/min, unless otherwise specified
A= . . Test
# Characteristic Symbol Min Typ Max | Units
Notes
Noise: Lateral Sensor
System Output Noise Peak (12-Bit)
Medium g Range = 50g, High g Range = 125g, Lateral
10653 Max. Deviation from Mean, Min. 2000 values, Min. fgamp = 2kHz, LPF = 180Hz, 2-Pole  * | npeak 180 -3 - +3 LSB 6
10655 Max. Deviation from Mean, Min. 2000 values, Min. fggmp = 2kHz, LPF = 400Hz, 4-Pole  * | npgak_400 -4 - +4 LSB 6
System Output Noise Average (12-Bit)
Medium g Range = 50g, High g Range = 125g, Lateral
10654|  Standard Deviation, Min. 2000 values, Min. fgamo = 2kHz, LPF = 180Hz, 2-Pole * | Nrvs 180 - - +1.0 LSB 6
10656 Standard Deviation, Min. 2000 values, Min. fgam, = 2kHz, LPF = 400Hz, 4-Pole * | NRMs_400 - - +1.0 LSB 6
Noise: Z-Axis Sensor
System Output Noise Peak (12-Bit)
Medium g Range = 50g, High g Range = 125g, Z-Axis
10659 Max. Deviation from Mean, Min. 2000 values, Min. fgamp = 2kHz, LPF = 180Hz, 2-Pole  * | npeak 180 -8 - +6 LSB 6
10661 Max. Deviation from Mean, Min. 2000 values, Min. fggmp = 2kHz, LPF = 400Hz, 4-Pole  * | Npgak_400 -8 - +8 LSB 6
System Output Noise Average (12-Bit)
Medium g Range = 50g, High g Range = 125g, Z-Axis
10660 Standard Deviation, Min. 2000 values, Min. fgam, = 2kHz, LPF = 180Hz, 2-Pole * | NrRvs 180 - - +2.0 LSB 6
10662|  Standard Deviation, Min. 2000 values, Min. fgamo = 2kHz, LPF = 400Hz, 4-Pole * | nrRms_400 - - +2.0 LSB 6
The signal noise scales with the user gain and with signal bandwidth. The higher the gain (lower range), the higher the
noise. The wider the bandwidth, the higher the noise. The table below lists the adjusted specification limits for some SPI and
DSI3 12-bit user gain settings and low pass filter selections.
Lateral Z-Axis
User LPF LPF LPF LPF LPF LPF LPF LPF LPF LPF LPF LPF
Range | 400Hz4p | 400Hz, 3p | 180Hz,2p | 325Hz,3p | 1500Hz 4p | 800Hz 4p 400Hz, 4p | 400Hz, 3p | 180Hz, 2p | 325Hz 3p | 1500Hz, 4p | 800Hz, 4p
(9 Peak [ RMS | Peak | RMS | Peak | RMS | Peak | RMS | Peak | RMS | Peak | RMS Peak [ RMS | Peak | RMS | Peak | RMS | Peak | RMS | Peak | RMS | Peak | RMS
LSB | LSB | LSB | LSB | LSB | LSB | LSB | LSB | LSB | LSB | LSB | LSB LSB | LSB | LSB | LSB | LSB | LSB | LSB | LSB | LSB | LSB | LSB | LSB
12-Bit|12-Bit|12-Bit| 12-Bit|12-Bit|12-Bit|12-Bit|12-Bit | 12-Bit | 12-Bit| 12-Bit| 12-Bit 12-Bit|12-Bit|12-Bit| 12-Bit| 12-Bit|12-Bit|12-Bit|12-Bit | 12-Bit| 12-Bit| 12-Bit| 12-Bit
Medium g Medium g
15.5 14 | 4 14 | 4 10 3 13| 4 | 26 7 | 20 5 27 7 | 28 7 | 20 5 25 | 7 53 | 14 | 39 | 10
25 9 3 9 3 6 2 8 2 17 | 4 12 3 17 5 18 5 12 3 16 | 4 33 9 24 | 6
50 4 1 5 1 3 1 4 1 8 2 6 2 8 2 9 2 6 2 8 2 16 | 4 12 3
62.5 4 1 4 1 3 1 4 1 7 2 5 2 7 2 7 2 5 2 7 2 13 | 4 10 3
100 3 1 3 1 2 1 2 1 4 1 3 1 5 1 5 2 3 1 4 1 9 2 6 2
125 2 1 2 1 2 1 2 1 4 1 3 1 4 1 4 1 3 1 4 1 7 2 5 2
150 2 1 2 1 1 1 2 1 3 1 2 1 3 1 3 1 2 1 3 1 6 2 4 1
High g High g
50 1 3 1 3 8 2 10 3 | 2 5 15 | 4 21 6 | 22| 6 15 | 4 20 5 | 41 | 11| 30 8
62.5 9 3 9 3 6 2 8 2 17 4 12 3 17 5 18 5 12 3 16 4 33 9 24 6
100 5 2 6 2 4 1 5 2 1 3 8 2 1 3 1 3 8 2 10 3 21 6 15 | 4
125 4 1 4 1 3 1 4 1 8 2 6 2 8 2 9 2 6 2 8 2 16 | 4 12 3
187 3 1 3 1 2 1 3 1 6 2 4 1 6 2 6 2 4 1 6 2 1 3 8 2
250 3 1 3 1 2 1 2 1 4 1 3 1 5 1 5 2 3 1 4 1 9 2 6 2
312.5 2 1 2 1 2 1 2 1 4 1 3 1 4 1 3 1 3 1 3 1 7 2 5 2
375 2 1 2 1 1 1 2 1 3 1 2 1 3 1 3 1 2 1 2 1 6 2 4 1
500 2 1 2 1 1 1 1 1 2 1 2 1 3 1 3 1 2 1 2 1 5 1 3 1
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Lateral Z-Axis
User LPF LPF LPF LPF LPF LPF
Range 400Hz, 4p 400Hz, 3p 800Hz, 4p 400Hz, 4p 400Hz, 3p 800Hz, 4p
@ Peak RMS Peak RMS Peak RMS Peak RMS Peak RMS Peak RMS
LSB 10-Bit | LSB 10-Bit | LSB 10-Bit | LSB 10-Bit | LSB 10-Bit | LSB 10-Bit LSB 10-Bit | LSB 10-Bit | LSB 10-Bit | LSB 10-Bit | LSB 10-Bit | LSB 10-Bit
Medium g Medium g
30, PSI5 1.7 0.4 1.7 0.4 2.3 0.6 3.3 0.8 3.4 0.9 4.7 1.2
60, PSI5 0.8 0.2 0.9 0.2 1.2 0.3 1.7 0.4 1.7 0.4 2.3 0.6
120, PSI5 0.4 0.1 0.4 0.1 0.6 0.2 0.8 0.2 0.9 0.2 1.2 0.3
High g High g
60, PSI5 21 0.6 21 0.6 29 0.8 4.1 11 4.2 11 5.8 15
120, PSI5 11 0.3 11 0.3 15 0.4 21 0.6 21 1.0 2.9 0.8
240 PSI5 0.6 0.2 0.6 0.2 0.8 0.3 11 0.3 11 0.3 15 0.5
480 PSI5 0.6 0.2 0.6 0.2 0.8 0.2 0.6 0.2 0.6 0.2 0.8 0.3
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5.8 Electrical Characteristics - Inertial Sensor Self Test
Veus 1 L min < (VBUs 1-Vss) < VBUS | H max TL < Ta < Ty, AT <25 °C/min, unless otherwise specified
Test
# Characteristic Symbol Min T Max Units
y yp Notes
Med g Lateral Self Test, 62g, U_SNS_SHIFT = 0x2, U_SNS_MULT = 0x00 ASTyIN ASTnom ASTyax
Hi Self Test, 44.50g, 10-Bit Signed Delta from Offset STuH_62x_10 220 367 511 LSB 7
Hi Self Test, 44.50g, 12-Bit Signed Delta from Offset STMH_62x_12 881 1470 2047 LSB 7
Hi Self Test, 44.50g, 16-Bit SPI/PSI5 Extended Signed Delta from Offset STuH_62X_16 14080 23488 32767 LSB 7
10688 Hi Self Test, 44.50g, 16-Bit Signed SNSDATAXx Register Delta from Offset | * | STy e2x_13 1763 2939 4115 LSB 1
Med g Z-Axis Self Test, 62g, U_SNS_SHIFT = 0x2, U_SNS_MULT = 0x00 ASTyiN ASTnoM ASTyax
Hi Self Test, 21.65g, 10-Bit Signed Delta from Offset STmH_622_10 107 178 251 LSB 7
Hi Self Test, 21.65g, 12-Bit Signed Delta from Offset STmH_627 12 428 715 1001 LSB 7
Hi Self Test, 21.65g, 16-Bit SPI/PSI5 Extended Signed Delta from Offset STMH_622_16 6848 11392 16064 LSB 7
30135 Hi Self Test, 21.65g, 16-Bit Signed SNSDATAx Register Delta from Offset | * |  STyy 627 13 857 1430 2002 LSB 1
High g Lateral Self Test, 187g, U_SNS_SHIFT = 0x2, U_SNS_MULT = 0x00 ASTyIN ASTnom ASTyax
Hi Self Test, 55.00g, 10-Bit Signed Delta from Offset SThH_187x_10 90 150 212 LSB 7
Hi Self Test, 55.00g, 12-Bit Signed Delta from Offset STHH_187x_12 361 603 845 LSB 7
Hi Self Test, 55.00g, 16-Bit SPI/PSI5 Extended Signed Delta from Offset SThHH_187X_16 5760 9600 13568 LSB 7
10686 Hi Self Test, 55.00g, 16-Bit Signed SNSDATAXx Register Delta from Offset | * | STpy 187x_13 723 1206 1689 LSB 1
High g Z-Axis Self Test, 187g, U_SNS_SHIFT = 0x2, U_SNS_MULT = 0x00 ASTyiN ASTnoM ASTyax
Hi Self Test, 63.50g, 10-Bit Signed Delta from Offset STHH_1872_10 104 173 244 LSB 7
Hi Self Test, 63.50g, 12-Bit Signed Delta from Offset SThH_1872_12 417 695 974 LSB 7
Hi Self Test, 63.50g, 16-Bit SPI/PSI5 Extended Signed Delta from Offset STHH_1872_16 6656 11072 15616 LSB 7
30137 Hi Self Test, 63.50g, 16-Bit Signed SNSDATAx Register Delta from Offset | * | STyy 1872 13 834 1390 1947 LSB 1
Self Test Accuracy: A from Stored Value, including Sensitivity Error
(12-Bit, Lateral or Z-Axis, All Ranges)
10678 25 C, Post Pre-conditioning * | ASTACC_25P -2 -- +2 % 6
10690 -440C<TA<125C * ASTACC_T -10 - +10 % 1
Self Test Delta Offset: A Offset from Pre-Self Test to Post Self Test
10692 (12-I32|g éateral or Z-Axis, All Ranges) ASTOFF_25 2 - +2 LSB 1
10692| -40C<TA<125C ASTOFF_T 4 - 4 LSB !
Self Test Cross Coupling (12-Bit, Lateral or Z-Axis, All Ranges)
38350 Channel 1 with Channel 0 Self-Test Active ASTChO_1 -10 -- +10 LSB 1
38351 Channel 0 with Channel 1 Self-Test Active ASTCh1_0 -10 - +10 LSB 1
Digital Self Test
Digital Self Test, U_SNS_SHIFT = 0x0, U_SNS_MULT = 0x00
Note: if OC is enabled, Digital Self test will not converge unless the OC fast
startup has reached Phase 4 to allow for offset convergence to +1 LSB
Note: the digital self test scales with user gain. reference the latest application
notes for detail on digital self test with different user gains
44629 Digital Self Test 0xCO, 16-Bit Signed SNSDATAX Register Value DST¢o E77F E780 E781 HEX 7
44630 Digital Self Test 0xDO0, 16-Bit Signed SNSDATAX Register Value DSTpo OFA3 OFA4 OFA5 HEX 7
44631 Digital Self Test OxEO, 16-Bit Signed SNSDATAXx Register Value DSTgq EFA2 EFA3 EFA4 HEX 7
44632 Digital Self Test 0xFO, 16-Bit Signed SNSDATAX Register Value DSTgq 07B7 07B8 07B9 HEX 7
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5.9 Electrical Characteristics - Lateral Inertial Sensor Overload
Veus 1 L min < (VBUs 1-Vss) < VBUS | H max TL < Ta < Ty, AT <25 °C/min, unless otherwise specified
Test
# har: risti mbol Min T M ni
Characteristic Symbo i yp ax Units Notes
Acceleration Range, Lateral Transducer
10694 Medium g g-cell_ClipMedX +500 - - g 7
10693 ngh g gg-ceILCIipHiX + 2000 - - g 7
21074 |Digital Clipping Limit (Medium g Lateral, must clip before transducer and ADC) 9Dig_ClipMedXHi +400 -- -- g 7
21082|Digital Clipping Limit (High g Lateral, must clip before transducer and ADC) 9Dig_ClipHiXHi + 1500 - - g 7
5.10 Electrical Characteristics - Z-Axis Inertial Sensor Overload
VBUS | L min < (VBUS |- Vss) < VBUS | H max TL < TA < TH, AT < 25 °C/min, unless otherwise SpeCified
rf . . Test
# Characteristic Symbol Min Typ Max Units Notes
Acceleration Range, Z-Axis Transducer
10698 Medium g 9g-cell_ClipMedZ + 500 - - g 7
10699 High g g-cell_ClipHiz + 2000 - - g 7
21105|Digital Clipping Limit (Medium g Z-Axis, must clip before transducer and ADC) 9Dig_ClipMedzHi + 400 - - g 7
21113|Digital Clipping Limit (High g Z-Axis, must clip before transducer and ADC) 9Dpig_ClipHizHi + 1500 -- -- g 7
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5.11 Dynamic Electrical Characteristics - DSI3
Veus 1 L min < (VBUs 1-Vss) < VBUS | H max TL < Ta < Ty, AT <25 °C/min, unless otherwise specified
_— . . Test
# Characteristic Symbol Min Typ Max Units
Notes
Command Reception (General)
10709 VhigH Low Pass Filter Time Constant (Section 7.1.1) tvHIGH RC 60 120 180 us 79
10722 VhigH Detection Analog Delay (Section 7.1.1) tVHIGH_Delay - - 600 ns 7,9
10721 Command Valid time (Section 7.1.1) tcmd_valid - 2 - us 7,9
Response Transmission (General, Slew Control Enabled, Section 7.3.3)
10710 Response Slew Time: 2.0mA to 10.0mA, 10.0mA to 2.0mA tsLEw1 RESP 350 400 500 ns 1,79
10726 Response Slew Time: 4.0mA to 20.0mA, 20.0mA to 4.0mA tsLEw2_RESP 350 400 500 ns 1,7,9
10725 tsLew1_ResP- tsLEw2_RESP At ew -100 - 100 ns 7.9
10724 tsLEw1_RESP_Rise™ tSLEW2_RESP_Fall Ats Ew rf -250 - 250 ns 7.9
10723 Response Current Activation Time: Current Activated to 50% tacT RESP 200 -- 400 ns 3,79
Response Transmission (General, Slew Control Disabled, Section 7.3.3)
10727 Response Slew Time: 2.0 mA to 10.0 mA, 10.0 to 2.0 mA thSLEW1 RESP -- -- 300 ns 7,9
10728 Response Slew Time: 4.0 mA to 20.0 mA, 20.0mA to 4.0mA thsLEW2_RESP - - 300 ns 7,9
10729 tsLew1_ResP- tsLEw2_RESP AtnsLew -300 - 300 ns 7.9
10730 tsLEw1_RESP_Rise~ tsLEW2_RESP_Fall ) AtnsLEW_rf -300 - 300 ns 7.9
10731 Response Current Activation Time: Current Activated to 50% thacT RESP - - 300 ns 7,9
Command Reception (Discovery Mode)
10719 Command Start Time (Section 7.2) tsTART DISC tPoR DsI - 13.5 ms 78,9
10734 Command Bit Time (Section 7.2) toisc BitTime 14 16 18 us 7,8,9
10733 Command Transmission Period (Section 7.2) tPER DISC 125 -- -- us 78,9
10732 Command Blocking Time, Discovery Mode (Section 7.1.1) tcmdBlock_DISC - 96 - us 78,9
Response Transmission (Discovery Mode)
30078 Idle Current Sample Delay (Section 7.2) tbisc pLY -- 48 - us 7,89
30079 Idle Current Sample Time (Section 7.2) tpisc 1cca samP - 15 - us 7,89
10718 Response Start Delay (Section 7.2) tSTART DISC RSP - 64 - us 7,89
10738 Response Ramp Time (Section 7.2) toisc_Ramp_RSP -- 16 - us 78,9
10737 Response Ramp Rate (Section 7.2) Ipisc_Ramp -- 1.5 -- mA/us | 7,8,9
10736 Response Idle Time (Section 7.2) tpisc 1die RSP - 16 - us 7,89
10735 Response Peak Current (Section 7.2) DISC Peak - 2*|IResp - mA | 7,89
30081 Response Current Sample Delay (Section 7.2) tibisc_samp_Dly - 65 - us 7,89
30080 Response Current Sample Time (Section 7.2) tibisc_samp - 31 - us 7,8,9
Command Reception (Command and Response Mode)
10717 Command Bit Time (Section 7.3) tcmd BitTime -- 8 -- us 78,9
10741 Command Transmission Period (Section 7.3) tPER CRM 475 -- -- ps 7,89
10740 Command Blocking Time, CRM (Section 7.1.1) tcmdBlock CRM - 455 - us 78,9
10739 Command Blocking Start Time, CRM (Section 7.1.1) tcmdBlock_ST_CRM -- 290 -- us 7,8,9
Response Transmission (Command and Response Mode)
10716 Response Chip Time tcHIP CRM - 5 - us 7,89
10742 Response Start Time (Section 7.3) tSTART CRM -- 295 -- us 7,8,9
Command Reception (Periodic Data Collection Mode)
10715 Command Bit Time (Section 7.4) tcmd BitTime - 8 - us 7,89
10743 Command Transmission Period (Section 7.4) tPER_PDCM 50 -- -- us 7,89
Response Transmission (Periodic Data Collection Mode)
10714 Response Chip Time Typical (Section 6.2.14.2) tcHIP PDCM 1.0 - 5.0 us 7,89
10746 Min Programmed Start Time: PDCM_RSPSTx < 0x0015 tSTART PDCM Min - 20 - us 78,9
10745 Min Programmed Start Time: BDM Enabled tSTART PDCMBDMMin - 51 - us 7,8,9
10744 Max Programmed Start Time: PDCM_RSPSTx = 0x1FFF tSTAR}_pDCM_MaX - 8191 - us 7,8,9
Response Transmission (Background Diagnostic Mode)
10713 Response Chip Time tcHIP cRM -- 5 -- us 7,8,9
10747 Response Start Time (Section 7.4) tSTART BDM -- 20 -- us 7,89
10712|DSI Data Latency tLAT Dsl 0 - 2.00 us 7.8
OTP Program Timing
10711 Time to program an OTP User Region toTe WRITE_MAX - - 10 ms | 789
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5.12 Dynamic Electrical Characteristics - PSI5
Veus 1 L min < (VBUs 1-Vss) < VBUS | H max TL < Ta < Ty, AT <25 °C/min, unless otherwise specified
A= . . Test
# Characteristic Symbol Min Typ Max Units
Notes

Initialization Timing
10748 Phase 1 tpsis INIT1 - 133 - ms 78,9
10758 Phase 2 (Synchronous Mode, k = 4, t5.g = 500us) tpsi5 INIT2 10s - 256 * tg.g - s 7,89
10757 Phase 2 (Asynchronous Mode, k = 8) tpsi5 INIT2 10a - 512 * tasync - s 78,9
10756 Phase 3 (Synchronous Mode, tg_g = 500us) tpsis INIT3 10s - *tss - s 7,8,9
10755 Phase 3 (Asynchronous Mode) tPSI57INIT371Oa - 2* tasyne - S 7,8,9
10754 PSI5 Self Test Start Time tpsI5ST START - 133 - ms 78
10753 PSI5 Self Test Time ST - 104 - ms 7,8
10752 Self Test Repetitions ST_RPT 0 - 4 7.8
41756 Programming Mode Entry Window tpvE -- 75 -- ms 7,89

Synchronization Pulse
10759 Reset to first sync pulse (Program Mode Entry) trRs PM 53 - - ms 7,8,9
10779 Reset to first sync pulse (Normal Mode) trs tpsi5 INIT1 - - s 7,89
10778 Sync Pulse Period ts.s 175 - - us 7,89
10777 Sync Pulse Width tsyne 9 - - us 78,9
10776 Sync Pulse Reference LPF time constant tsync LPF 120 280 - us 79
10775 Sync Pulse Reference Discharge Start Time tsYNC LPF RST ST - 9.0 - us 7,9
10774 Sync Pulse Reference Discharge Activation Time tsyNC LPF RST - 154 - us 7,9
10773 Sync Pulse Detection Disable Time (PDCM_CMD_B = 0) tsyNC OFF 500 - 450 - us 78,9
10772 Analog Delay of Sync Pulse Detection ta sYNC DLY 50 - 600 ns 7,9
10771 Sync Pulse Pulldown Function Delay Time 1D DLY - 9.0 - us 7,9
10770 Sync Pulse Pulldown Function Activate Time tpp ON - 16 - us 7,8
10769 Sync Pulse Detection Jitter tsync_uim 0 -- 0.5 us 7.8
10768|Data Transmission Single Bit Time (PSI5 Standard Bit Rate) tBIT Standard - 8.00 - us 7,89
10767|Data Transmission Single Bit Time (PSI5 High Bit Rate) taIT_HI - 5.30 - us 7,89

Response Current Transmission (No external Components)
10766 Response Slew Time: 20% to 80% of I ps)s tsLEw1_RESP 350 400 500 ns 1,79
10765|Position of bit transition (All except 5.3us) tRittrans LowBaud 49 50 51 % 8,9
10780|Position of bit transition (5.3us) taittrans_HighBaud 49 — 51 % 8,9
10764|Asynchronous Response Time tasyne -- 228 -- us 7,8,9

Time Slots
10763 Min Programmed Time Slot: PDCM_RSPSTx < 0x0014 tTIMESLOTX MIN - 20 - us 7,8,9
10790 Max Programmed Time Slot: PDCM_RSPSTx = 0x1FFF tTIMESLOTX MAX - 8191 - us 7,89
10789 Default Time Slot (PDCM_RSPSTx = 0x0000) tTIMESLOT DFLT - 20 - us 78,9
10788 Time Slot Resolution tTIMESLOTX RES - 1.0 - us/LSB | 7,8,9
10787 Sync pulse to Daisy Chain Default Time Slot 0 trIMESLOT DCO - 46.5 - us 7,89
10786 Sync pulse to Daisy Chain Default Time Slot 1 (Low) tTIMESLOT DC1 L -- 192 -- us 7,89
10785 Sync pulse to Daisy Chain Default Time Slot 2 (Low) tTIMESLOT DC2 L - 350 - us 7,8,9
10784 Sync pulse to Daisy Chain Default Time Slot 1 (High) tTIMESLOT DC1 H - 150 - us 7,89
10783 Sync pulse to Daisy Chain Default Time Slot 2 (High) tTIMESLOT DC2 H -- 260 -- us 7,89
10782 Sync pulse to Daisy Chain Default Time Slot 3 (High) tTIMESLOT DC3 H - 380 - us 7,8,9
10781 Sync pulse to Daisy Chain Programming Time Slot tTiMESLOT DcP - 46.5 - us 7,89
10762|PSI5 Data Latency tLAT Psi5 0 - 1.00 us 78

Bus Switch Output Activation Time (C = 50pF)
10761 From last bit of “SetAdr” Response to 80% of Vgys_sw_oH tgus_sw — — 300 us 7

PSI5 Programming Mode Sync Pulse Period
10760 The user must provide a sync pulse period within this range ts.s Pm 490 500 510 us 7,8,9

to guarantee Programming Mode communications -

OTP Program Timing

10793 Time to program one OTP User Region toTP WRITE_MAX -- -- 10 ms 78,9

Sensors Solutions Division

NXP Semiconductors

Printed versions are uncontrolled except when stamped “Controlled Copy” in red.

21 of 163

CONFIDENTIAL AND PROPRIETARY




Revision 2.18 September 13, 2019 FXLS6xxxx

5.13 Dynamic Electrical Characteristics - SPI
Vee BUF min € (VBUs 1- Vss) < Vee BUF maxs TL < Ta £ Ty, AT <25 °C/min, unless otherwise specified

_—_ . . Test
# Characteristic Symbol Min Typ Max | Units
Notes

Serial Interface Timing (See Figure 9-4, Cyso < 80pF, Ry;so = 10kQ)

10794 Clock (SCLK) period (10% of V¢ to 10% of V) tscLk 88 - - ns 6
Serial Interface Timing (See Figure 9-4, Cyso < 80pF, Ryiso = 10kQ)

10801 Clock (SCLK) high time (90% of V¢ to 90% of V) tscLKH 30 - - ns 6

10802 Clock (SCLK) low time (10% of V¢ to 10% of V) tscLkL 30 - - ns 6
Serial Interface Timing (See Figure 9-4, Cyso < 80pF, Ry;so = 10kQ)

10800 Clock (SCLK) rise time (10% of V¢ to 90% of V) tscLkr - 10 25 ns 7

10803 Clock (SCLK) fall time (90% of V¢ to 10% of V) tscLkF - 10 25 ns 7
Serial Interface Timing (See Figure 9-4, Cso < 80pF, Ry;s0 = 10kQ)

10799 SS_B asserted to SCLK high (SS_B = 10% of V¢ to SCLK = 10% of V) tLEaD 50 - - ns 6
Serial Interface Timing (See Figure 9-4, Cyso < 80pF, Ry;s0 = 10kQ)

10798 SS_B asserted to MISO valid (SS_B = 10% of V¢ to MISO = 10/90% of V() taccEss - - 50 ns 6
Serial Interface Timing (See Figure 9-4, Cyso < 80pF, Ryiso = 10kQ)

10797 Data setup time (MOSI = 10/90% of V¢ to SCLK = 10% of V) tseTuP 20 - - ns 6
Serial Interface Timing (See Figure 9-4, Cy 50 < 80pF, Ryso = 10kQ)

10796 MOSI Data hold time (SCLK = 90% of V¢ to MOSI = 10/90% of V) tHoLp IN 10 - - ns 6

10804 MISO Data hold time (SCLK = 90% of V¢ to MISO = 10/90% of V) tHoLp_ouT 0 - - ns 6
Serial Interface Timing (See Figure 9-4, Cyso < 80pF, Ryiso = 10kQ)

10795 SCLK low to data valid (SCLK = 10% of V¢ to MISO = 10/90% of V) tvaLID - - 30 ns 6
Serial Interface Timing (See Figure 9-4, Cy 50 < 80pF, Ryiso = 10kQ)

10807 SCLK low to SS_B high (SCLK = 10% of V¢ to SS_B = 90% of V¢¢) tLaG 60 - - ns 6
Serial Interface Timing (See Figure 9-4, Cys0 < 80pF, Ryiso = 10kQ)

10806 SS_B high to MISO disable (SS_B = 90% of V¢ to MISO = Hi Z) tpIsABLE - - 60 ns 6
Serial Interface Timing (See Figure 9-4, Cys0 < 80pF, Ryiso = 10kQ)

SS_B high to SS_B low (SS_B = 90% of V¢ to SS_B = 90% of V¢¢)

10805 Following Sensor Data Request Commands tsSN SENSE 500 - - ns 6

10813 Following Register Reads/Writes Registers tssn R 500 - - ns 6

10812 Following Register Write to the UF_REGION_W Register tSSN_J,:m 50 - - us 6

10810|Time Between Sensor Data Requests (Same Channel, SPI Only, Arm Enabled) tacc REQ x 15 - - us 6
Arming Output Activation Time (ARMO, ARM1, Iagy = 200pA)

10809 Moving Average and Count Arming Modes tARM 0 - 1.50 us 6

10817 Unfiltered Mode Activation Delay tARM UF DLY 0 - 1.50 us 6

10816 Unfiltered Mode Arm Assertion Time tARM_UF_AsserT | 5.00 - 6.00 us 6
Serial Interface Timing (See Figure 9-4, Cyyso < 80pF, Ry iso = 10kQ2)

10808 SCLK low to SS_B low (SCLK = 10% of V¢ to SS_B = 90% of V¢¢) tcikss 50 - - ns 6
Serial Interface Timing (See Figure 9-4, Cyso < 80pF, Ry;so = 10kQ)

10815 SS_B high to SCLK high (SS_B = 90% of V¢ to SCLK = 90% of V) tsscLk 50 - - ns 7

10818|SPI Data Latency tLaT spI - -- 1 us 7.8
Pin Capacitance (MISO, MOSI, SCLK, SS_B to VSS) Cspi_PIN - - 10 pF 7
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5.14 Dynamic Electrical Characteristics - 1°C
Vee BUF min € (VBUs 1- Vss) < Vee BUF max TL < Ta < Ty, AT <25 °C/min, unless otherwise specified

Test
# Characteristic Symbol Min T Max | Units
a ol Notes

Clock (SCL) Period (30% of V¢ to 30% of Vec)

10819|  100kHz Mode tseLk 100 9.50 -~ -~ us 6

10820 400kHz Mode tSCLK7400 2.37 - - us 6

10821|  1000kHz Mode tSGLK 1000 1.00 - - us 6
Clock (SCL) High Time (70% of V¢ to 70% of V)

10823 100kHz Mode tscLH 100 4.00 - - us 6

10837|  400kHz Mode tsoLH 400 0.60 - - us 6

10836 1000kHz Mode (note: not compliant with UM10204 Revision 5) tscLH_1000 0.50 -- - us 6
Clock (SCL) Low Time (30% of V¢ to 30% of Vec)

10835 100kHz Mode tscLl 100 4.70 -~ -~ us 6

10839 400kHz Mode tSCLL7400 1.30 - - us 6

10838  1000kHz Mode tSoLL 1000 0.50 - - us 6
Clock (SCL) and Data (SDA) Rise Time (30% of V¢ to 70% of V¢c)

10834 100kHz Mode tsRrISE 100 - - 1000 ns 6

10841|  400kHz Mode toRISE 400 - - 300 ns 6

10840 1000kHz Mode tSRISE:’I 000 - - 120 ns 6
Clock (SCL) and Data (SDA) Fall Time (70% of V¢ to 30% of Vcc)

10833|  100kHz Mode tsEALL 100 - -~ 300 ns 6

10844 400kHz Mode tSFALL7400 - - 300 ns 6

10843  1000kHz Mode tSFALL 1000 - - 120 ns 6
Data Input Setup Time (SDA = 30/70% of V¢ to SCL = 30% of V¢¢)

10832 100kHz Mode tseTuP 100 250 - - ns 6

10846|  400kHz Mode tSETUP 400 100 - - ns 6

10845 1000kHz Mode tSETUP:’I 000 50 - - ns 6
Data Input Hold Time (SCL = 70% of V¢ to SDA = 30/70% of V)

10831|  100kHz Mode tHoLD 100 0 - 900 ns 6

10848 400kHz Mode tHOLDi400 0 - 900 ns 6

10847|  1000kHz Mode tHoLD_1000 0 - 300 ns 6
Start Condition Setup Time (SDA = 30/70% of V¢ to SCL = 30% of V)

10830 100kHz Mode tSTARTSETUP 100 4.70 - - us 6

10851|  400kHz Mode toTARTSETUP 400 | 0.60 - - us 6

10850 1000kHz Mode tSTARTSETUP:’I 000 0.26 - - us 6
Start Condition Hold Time (SCL = 70% of V¢ to SDA = 30/70% of V()

10829|  100kHz Mode tsTARTHOLD 100 | 4.00 -~ -~ us 6

10853 400kHz Mode tSTARTHOLD7400 0.60 - - us 6

10852|  1000kHz Mode tsTARTHOLD, 1000 | 0.26 - - us 6
Stop Condition Setup Time (SDA = 30/70% of V¢ to SCL = 30% of V¢c)

10828 100kHz Mode tsToPSETUP 100 4.00 - - us 6

10855  400kHz Mode tsTopseTuP 400 | 0.60 - - us 6

10854 1000kHz Mode tSTOPSETUP:’l 000 0.26 - - us 6
SCLK low to data valid (SCL = 30% of V¢ to SDA = 30/70% of V¢c)

10827|  100kHz Mode tyALID 100 - - 3.45 us 6

10857 400kHz Mode tVAL|D7400 - - 0.90 us 6

10856|  1000kHz Mode tyALID. 1000 - - 0.45 us 6
Bus Free Time (SDA = 70% of V¢ to SDA = 70% of Vc)

10826|  100kHz Mode teREE_100 4.00 - - us 6

10859|  400kHz Mode trREE 400 1.30 - - us 6

10859|  1000kHz Mode tFREE, 1000 0.50 - - us 6

10825|Bus Capacitive Load Cgus - - 400 pF 7,9
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5.15 Dynamic Electrical Characteristics - Signal Chain, Low Pass Filter

Veus 1 L min < (VBus 1-Vss) < VBuUs | H min» TL < Ta < Ty, AT <25 °C/min, unless otherwise specified

o . . Test
# Characteristic Symbol Min Typ Max Units Notes
DSP Low-Pass Filters Sample Times
10872 SAMPLERATE = 00, 01 * |tsigchainos tsigchaino1 - 16 - us 78,9
10872 SAMPLERATE = 10 * tsigchain10 - 32 - us 7,89
10871 SAMPLERATE = 11 * tsigchaint1 - 64 - us 7,8,9
DSP Low-Pass Filters (Signal Chain Sample Time = 16us)
21379 Cutoff Frequency, Filter Option #0 and #2, 4-Pole * feo 16: fe2 16 -- 400 -- Hz 7,8,9,11
21380 Cutoff Frequency, Filter Option #1 and #3, 3-Pole * fe1 160 fc3 16 - 400 - Hz 7,8,9,11
21381 Cutoff Frequency, Filter Option #4, 3-Pole * fea 16 - 325 - Hz |7,8,9,11
21382 Cutoff Frequency, Filter Option #5, 2-Pole * fes 16 - 370 - Hz 7,8,9,11
21383 Cutoff Frequency, Filter Option #6, 2-Pole * fee 16 - 180 - Hz 7,8,9,11
21384 Cutoff Frequency, Filter Option #7, 2-Pole * fe7 16 - 100 - Hz 7,8,9,11
21385 Cutoff Frequency, Filter Option #8, 4-Pole * fes 16 - 1500 - Hz 7,8,9,11
26413 Cutoff Frequency, Filter Option #9, 3-Pole * feg 16 - 500 - Hz 7,8,9,11
10860 Cutoff Frequency, Filter Option #10, 4-Pole * fe10 16 - 800 - Hz 7,8,9,11
10870 Cutoff Frequency, Filter Option #11, 4-Pole * fo11 16 - 1200 - Hz |7,8,9,11
10869 Cutoff Frequency, Filter Option #12 and #13, 3-Pole * fe12 160 Tc13 16 - 120 - Hz 7,8,9,11
10868 Cutoff Frequency, Filter Option #14, 2-Pole * Te1a 16 -- 120 -- Hz 7,8,9,11
38364 Cutoff Frequency, Filter Option #15, 2-Pole * fots 16 - 50 - Hz 7,8,9,11
DSP Low-Pass Filters (Signal Chain Sample Time = 32us)
38378 Cutoff Frequency, Filter Option #0 and #2, 4-Pole * feo 32 fe2 32 -- 200 -- Hz 7,8,9,11
38379 Cutoff Frequency, Filter Option #1 and #3, 3-Pole * fo1 32, fe3 32 - 200 - Hz ]7,8,9,11
38380 Cutoff Frequency, Filter Option #4, 3-Pole * T4 30 - 162.5 - Hz |7,8,9,11
38381 Cutoff Frequency, Filter Option #5, 2-Pole * fes 32 - 187.5 - Hz 7,8,9,11
38382 Cutoff Frequency, Filter Option #6, 2-Pole * fes_32 - 90 - Hz {7,8,9,11
38383 Cutoff Frequency, Filter Option #7, 2-Pole * fe7 30 - 50 - Hz 7,8,9,11
38384 Cutoff Frequency, Filter Option #8, 4-Pole * feg 32 - 750 - Hz 7,8,9,11
38385 Cutoff Frequency, Filter Option #9, 3-Pole * feo_32 - 250 - Hz 7,8,9,11
38386 Cutoff Frequency, Filter Option #10, 4-Pole * fe10 32 - 400 - Hz 7,8,9,11
38387 Cutoff Frequency, Filter Option #11, 4-Pole * fo11 32 - 600 - Hz |7,8,9,11
38388 Cutoff Frequency, Filter Option #12 and #13, 3-Pole * fe12 32, Te13 32 -- 60 -- Hz 7,8,9,11
38389 Cutoff Frequency, Filter Option #14, 2-Pole * Te1a 32 -- 60 -- Hz 7,8,9,11
38390 Cutoff Frequency, Filter Option #15, 2-Pole * fors 32 - 25 - Hz 7,8,9,11
DSP Low-Pass Filters (Signal Chain Sample Time = 64us)
38365 Cutoff Frequency, Filter Option #0 and #2, 4-Pole * feo 64: T2 64 -- 100 -- Hz 7,8,9,11
38366 Cutoff Frequency, Filter Option #1 and #3, 3-Pole * fe1 64r T3 64 -- 100 -- Hz 7,8,9,11
38367 Cutoff Frequency, Filter Option #4, 3-Pole * T4 64 - 81.25 - Hz {7,8,9,11
38368 Cutoff Frequency, Filter Option #5, 2-Pole * fos 64 - 93.75 - Hz 7,8,9,11
38369 Cutoff Frequency, Filter Option #6, 2-Pole * fes 64 - 45 - Hz 7,8,9,11
38370 Cutoff Frequency, Filter Option #7, 2-Pole * fe7 64 - 25 - Hz 7,8,9,11
38371 Cutoff Frequency, Filter Option #8, 4-Pole * fes 64 - 375 - Hz 7,8,9,11
38372 Cutoff Frequency, Filter Option #9, 3-Pole * feo 64 - 125 - Hz 7,8,9,11
38373 Cutoff Frequency, Filter Option #10, 4-Pole * fe10 64 - 200 - Hz 7,8,9,11
38374 Cutoff Frequency, Filter Option #11, 4-Pole * fo11 64 - 300 - Hz |7,8,9,11
38375 Cutoff Frequency, Filter Option #12 and #13, 3-Pole * fe12 64- Tc13 64 -- 30 -- Hz 7,8,9,11
38376 Cutoff Frequency, Filter Option #14, 2-Pole * Te14 64 - 30 - Hz {7,8,9,11
38377 Cutoff Frequency, Filter Option #15, 2-Pole * fo15 64 - 12.5 - Hz 7,8,9,11
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5.16 Dynamic Electrical Characteristics - Signal Chain

Veus 1 L min < (VBus 1-Vss) < VBuUS | H min» TL < Ta < Ty, AT <25 °C/min, unless otherwise specified

o . . Test
# Characteristic Symbol Min Typ Max Units
Notes

Offset Cancellation Low-Pass Filter

10863 Sample Time, Phase 0 tocsamPo - 256 - us 7,8

10874 Cutoff Frequency, Phase 0, 1-Pole foco - 163.8 - Hz 78

10875 Time in Phase 0 toco - 4.096 - ms 7.8
Offset Cancellation Low-Pass Filter

10888 Sample Time, Phase 1 tocsamp1 - 256 - us 7.8

10889 Cutoff Frequency, Phase 1, 1-Pole foct - 40.96 - Hz 7,8

10890 Time in Phase 1 toct - 4.096 - ms 7,8
Offset Cancellation Low-Pass Filter

10885 Sample Time, Phase 2 tocsampz - 256 - us 7,8

10886 Cutoff Frequency, Phase 2, 1-Pole foca - 10.24 - Hz 78

10887 Time in Phase 2 tocz - 16.388 - ms 7.8
Offset Cancellation Low-Pass Filter

10900 Sample Time, Phase 3 tocsamps - 256 - us 7.8

10901 Cutoff Frequency, Phase 3, 1-Pole focs - 2.560 - Hz 7,8

10902 Time in Phase 3 tocs - 65.53 - ms 7,8
Offset Cancellation Low-Pass Filter

10897 Sample Time, Phase 4 tocsamPa - 256 - us 7,8

10898 Cutoff Frequency, Phase 4, 1-Pole foca - 0.6400 - Hz 78

10899 Time in Phase 4 toca - 262.19 - ms 7.8
Offset Cancellation Low-Pass Filter

10894 Sample Time, Phase 5 tocsamps - 256 - us 7.8

10895 Cutoff Frequency, Phase 5, 1-Pole focs - 0.1600 - Hz 7,8

10896 Time in Phase 5 tocs - 1049 - ms 7,8
Offset Cancellation Low-Pass Filter

10891 Sample Time, Phase 6 tocsamPe - 256 - us 7,8

10892 Cutoff Frequency, Phase 6, 1-Pole * foce - 0.0400 - Hz 78
Offset Cancellation Output Rate Limiting (PN = FXLSO - FXLS4)

10882 Rate Limiting Output Update Time tRL Rate - 2 - s 7,8,9

10903 Rate Limiting Output Step Size (10-Bit: 1 LSB / 8s) OFFstep - 0.25 - LSB 7,8,9
Offset Cancellation Output Rate Limiting (PN = FXLSS5 - FXLS9)

10882 Rate Limiting Output Update Time tRL Rate - 2 - s 7,8,9

10903 Rate Limiting Output Step Size (10-Bit: 1 LSB / 4s) OFFstep - 0.5 - LSB 78,9
Offset Monitor

10883 Update Rate OFFMONgsc - 0.5 - ms 7.8

10905 Count Limit OFFMONcNTUMIT - 4096 - 1 7.8

10904 Counter Size OFFMONCNTSlZE - 8192 - 1 7,8

10881|Signal Delay (Sinc Filter to Output Delay, excluding LPF) tsigDelay -- - 128 us 7,8
Interpolation

20923 tsigchain = tsigchain00- tsigchaino1 YNTERP 00, 01 - 1 - us 78

20922 tsigchain = tsigchaino2 YNTERP_02 - 2 - us 7,8

20921 tsigchain = tsigchaino3 YNTERP 03 - 4 - us 7.8

10877|Interpolation Latency tLAT INTERP - tsigChainxx - s 7.8
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5.17 Dynamic Electrical Characteristics - Analog Self Test Response Time

Veus 1 L min < (VBus 1-Vss) < VBuUS | H min» TL < Ta < Ty, AT <25 °C/min, unless otherwise specified

A= . . Test
# Characteristic Symbol Min Typ Max Units
Notes
Medium g, Lateral
Self Test Response Time: Self Test Activation/Deactivation to 99%/0% gst
10878 Medium g Lateral, LPF = 800Hz, 4-Pole tST Resp_MedX_800_4 750 795 1020 us 78
44634 Medium g Lateral, LPF = 1500Hz, 4-Pole tST Resp_MedX_1500_4 395 415 725 us 7,8
Self Test Response Time: Self Test Activation/Deactivation to 99%/0% gst
38147 Medium g Lateral, LPF = 400Hz, 4-Pole tST Resp_MedX_400_4 1510 1590 1810 us 78
38151 Medium g Lateral, LPF = 400Hz, 3-Pole tST Resp_MedX_400_3 1420 1490 1710 us 7,8
38150 Medium g Lateral, LPF = 180Hz, 2-Pole tST Resp_MedX_180_2 3030 3190 3470 us 78
Self Test Response Time: Self Test Activation/Deactivation to 99%/0% gst
38149 Medium g Lateral, LPF = 300Hz, 4-Pole tST Resp_Medx_300_4 2010 2120 2360 us 7,8
Self Test Response Time: Self Test Activation/Deactivation to 99%/0% gst
38148 Medium g Lateral, LPF = 188Hz, 4-Pole tST Resp_Medx_188_4 3210 3380 3680 us 7,8
High g, Lateral
Self Test Response Time: Self Test Activation/Deactivation to 99%/0% gst
38152 High g Lateral, LPF = 800Hz, 4-Pole tST Resp_Hix_800_4 750 795 892 us 78
44636 High g Lateral, LPF = 1500Hz, 4-Pole tST Resp_HiX_1500_4 395 415 490 us 7,8
Self Test Response Time: Self Test Activation/Deactivation to 99%/0% gst
38153 High g Lateral, LPF = 400Hz, 4-Pole tST Resp_HiX_400_4 1510 1590 1720 us 78
38154 High g Lateral, LPF = 400Hz, 3-Pole tST Resp_HiX_400_3 1420 1490 1620 us 7,8
38155 High g Lateral, LPF = 180Hz, 2-Pole tST Resp_HiX_180_2 3030 3190 3400 us 78
Self Test Response Time: Self Test Activation/Deactivation to 99%/0% gst
38156 High g Lateral, LPF = 300Hz, 4-Pole tST Resp_Hix_300_4 2010 2120 2280 us 7,8
Self Test Response Time: Self Test Activation/Deactivation to 99%/0% gst
38157 High g Lateral, LPF = 188Hz, 4-Pole tST Resp_Hix_188 4 3210 3380 3600 us 7,8
Medium g, Z-Axis
Self Test Response Time: Self Test Activation/Deactivation to 99% gst
38158 Medium g Z-Axis, LPF = 800Hz, 4-Pole tST Resp_Medz_800_4 750 795 1010 us 78
44637 Medium g Z-Axis, LPF = 1500Hz, 4-Pole tST Resp_Medz_1500_4 395 415 710 us 7,8
Self Test Response Time: Self Test Activation/Deactivation to 99%/0% gst
38159 Medium g Z-Axis, LPF = 400Hz, 4-Pole tST Resp_Medz_400_4 1510 1590 1810 us 78
38160 Medium g Z-Axis, LPF = 400Hz, 3-Pole tST Resp_Medz_400_3 1420 1490 1700 us 7,8
38161 Medium g Z-Axis, LPF = 180Hz, 2-Pole tST Resp_Medz_180_2 3030 3190 3470 us 78
Self Test Response Time: Self Test Activation/Deactivation to 99%/0% gst
38162 Medium g Z-Axis, LPF = 300Hz, 4-Pole tST Resp_Medz_300_4 2010 2120 2360 us 7,8
Self Test Response Time: Self Test Activation/Deactivation to 99%/0% gst
38163 Medium g Z-Axis, LPF = 188Hz, 4-Pole tST Resp_Medz_188_4 3210 3380 3680 us 7,8
High g, Z-Axis
Self Test Response Time: Self Test Activation/Deactivation to 99%/0% gst
38164 High g Z-Axis, LPF = 800Hz, 4-Pole tST Resp_Hiz_800_4 750 795 994 us 78
44638 High g Z-Axis, LPF = 1500Hz, 4-Pole tST Resp_Hiz_1500_4 395 415 675 us 7,8
Self Test Response Time: Self Test Activation/Deactivation to 99%/0% gst
38165 High g Z-Axis, LPF = 400Hz, 4-Pole tST Resp_Hiz_400_4 1510 1590 1800 us 7,8
38166 High g Z-Axis, LPF = 400Hz, 3-Pole tST Resp_Hiz_400_3 1420 1490 1690 us 7,8
38167 High g Z-Axis, LPF = 180Hz, 2-Pole tST Resp_Hiz_180_2 3030 3190 3470 us 78
Self Test Response Time: Self Test Activation/Deactivation to 99%/0% gst
38168 High g Z-Axis, LPF = 300Hz, 4-Pole tST Resp_Hiz_300_4 2010 2120 2360 us 78
Self Test Response Time: Self Test Activation/Deactivation to 99%/0% gst
38169 High g Z-Axis, LPF = 188Hz, 4-Pole tST Resp_Hiz_188_4 3210 3380 3680 us 7,8
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5.18 Dynamic Electrical Characteristics - Digital Self Test Response Time

Veus 1 L min < (VBus 1-Vss) < VBuUS | H min» TL < Ta < Ty, AT <25 °C/min, unless otherwise specified

Test
# Characteristic Symbol Min T Max Units
y yp Notes
Self Test Response Time: Self Test Activation/Deactivation to Final Value
44639 LPF <60 Hz tosT Resp_50 - - 50 ms 78
Self Test Response Time: Self Test Activation/Deactivation to Final Value
44641 60 Hz < LPF <200 Hz tbsT Resp_100 - - 25 ms 7,8
Self Test Response Time: Self Test Activation/Deactivation to Final Value
44640 300 Hz < LPF < 1500 Hz tbsT Resp_400 - - 12 ms 7,8
38176|Fixed Pattern Response Time: Self Test Activation/Deactivation tsT FP_Resp - - 100 us 78
5.19 Dynamic Electrical Characteristics - Transducer
VBUS | L min < (VBUS |- Vss) < VBUS | H min» TL < TA < TH, AT < 25 °C/min, unless otherwise SpeCified
- . . Test
# Characteristic Symbol Min Typ Max Units
Notes
Lateral Transducer Rolloff Frequency (-3db)
10917 Medium g focell 3dB mid 1500 2500 4500 Hz 7
10915 High g gcell_3dB_hi 4000 7000 13000 Hz 7
Lateral Transducer Delay (@100Hz)
10921 Medium g f cell_delay100_mid - - 250 us 7
10919  Highg el cotay100. i - - 250 ws |7
Z-Axis Transducer Rolloff Frequency (-3db)
10923 Medium g focell 3dB mid 1500 2500 4500 Hz 7
10925 High g gcell_3dB_hi 1500 2500 7500 Hz 7
Z-Axis Transducer Delay (@100Hz)
10927 Medium g fgcell_delay100_mid - - 250 us 7
10929 High g geell_delay100_hi - - 250 us 7
10912|Package Resonance Frequency fPackage 100 — — kHz 7
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5.20 Dynamic Electrical Characteristics - Supply and Support Circuitry

Veus 1 L min < (VBus 1-Vss) < VBuUS | H min» TL < Ta < Ty, AT <25 °C/min, unless otherwise specified

FXLS6xxxx

_—_ . . Test
# Characteristic Symbol Min Typ Max | Units
Notes
Reset Recovery (All Modes, excluding Vg | voltage ramp time)
10930 VCC = VCCMIN to POR Release - tvcc POR - - 1 ms 78,9
10939 POR to 1st DSI Command (Section 7.1) tPoOR DsI - - 6 ms 7,89
10938 POR to PSI5 Initialization Phase 1 Start (Section 8.4) tPoR PSI5 -- - 6 ms 7,8
10937 POR to 1st SPI Command tpoRr sPI 0.400 - 0.700 ms 7,89
10936 POR to Sensor Data Valid tPOR Datavalid - - 6 ms 7,89
10935 DSP Setting Change to Sensor Data Valid: DS3, SPI, 1°C tRANGE_DataVvalid -- - 6 ms 7,89
Soft Reset Activation Time
10934 SPI: SS_B high to Reset tSOFT RESET SPI - - 700 ns 7,8
30152 I2C: Command Complete to Reset (No ACK follows) tSOFT RESET I12C - - 700 ns 7,8
30151 DSI3: Command/Response Complete to Reset tSOFT RESET DSI - - 11 us 7,8
41495 PSI5: Command/Response Complete to Reset tSOFT_RESET PSI - - 120 us 7,8
Internal Oscillator Period
10933 Untrained fosc 9.500 10.000 10.500 | MHz | 1,789
10940 With Oscillator Training fosc_TRAIN 9.900 10.000 10.100 | MHz 7,89
Oscillator Training (Section 6.5.1)
10932 Oscillator Training Time toscTrain — 4 — ms 7,8
10942 Oscillator Cycles in Training Time NOSC 4ms TYP — 40000 — 1ffosc 78
10944 Oscillator Training Window OscTrainyny 38000 — 42000 | 1/fosc 7,8
10943 Oscillator Training Adjustment Threshold OscTrainpapy -400 — 400 1fosc 7,8
10941 Oscillator Training Step Size OscTrainggg 250 1fosc 7,8
10946|Quiescent Current Settling Time (Power Applied to Iq = |ip g +/- 2mA) tseT — — 4 ms 7,9
BUS_I Micro-cut
10931 Survival Time (BUS_I disconnect without Reset, Cgyg=1uF, Bus with 1 Slave) tgus | MICROCUT 30 — — us 7,9
10952 Reset Time (BUS_| disconnect time to Reset, Cgyr=1uF, Bus with 1 Slave) tBUS | RESET — — 1000 us 7,9
10953 Survival Time (BUS_I disconnect without Reset, Cgye=470nF, Bus with 1 Slave) tgus | MICROCUT 15 — — us 79
10954 Reset Time (BUS_| disconnect time to Reset, Cgyg=470nF, Bus with 1 Slave) teUs_|_RESET — — 1000 us 7,9
BUS_I Undervoltage Detection Delay
10947BUS_I < Vys | uv _F to Irgsp Deactivation tBus_|_POR — — 5 us 7
Vgyur Undervoltage Detection Delay
10958|VgyE < VBUFﬁUVﬁF to Irgsp Deactivation tVBUFfPOR — — 5 us 7
10957 |Undervoltage/Overvoltage Recovery Delay tuvov_Rrev — 100 — us 7
Vgur Capacitor Monitor
36817 DSI Command Start to Capacitor Test to cAPTEST - 3.0 - us 7
36821 PSI5 Synchronous Command Start to Capacitor Test tp CAPTEST -- 9.2 -- us 7
36823 PSI5 Asynchronous Response Start to Capacitor Test tA CAPTEST - 179.2 - us 7
36822 Capacitor Test Disconnect Time tcaPTST TIME -- 1 -- us 7
Notes:
1. Parameter tested 100% at final test. Temperature = -40°C, 25°C and 105°C, Vgys_| = 7V, Unless otherwise stated
2. Parameter tested 100% at final test during safe launch
3. Parameter verified by pass/fail testing at final test
4. Parameter verified by pass/fail testing at final test during safe launch
5. Parameter verified by qualification testing
6. Parameter verified by characterization
7. Functionality verified by modeling, simulation and/or design verification.
8. Circuit integrity assured through IDDQ and scan testing. Timing is determined by internal system clock frequency.
9. Parameter verified by functional evaluation
10. Thermal resistance provided with device mounted to a 2 layer, 1.6mm FR-4 PCB as documented in AN1902 with 1 signal layer and 1 ground layer.
11. Digital low pass filter characteristics are specified independently and do not include g-cell characteristics. Higher frequency filters will have lower

system cut-off frequencies due to the g-cell damping.
Indicates critical characteristic.

*
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SECTION 6 FUNCTIONAL DESCRIPTION

6.1  User Accessible Data Array

A user accessible data array allows for each device to be customized. The array consists of an OTP factory programmable
block, an OTP user programmable block, and read only registers for data and device status. The OTP blocks incorporate
independent data verification.

6.1.1 User Accessible Data - General Device Information

Bit
Type | Address Register 7 | 6 | 5 | 4 | 3 2 1 0
R $00 COUNT COUNT[7:0]
R $01 DEVSTAT CHO_ERR CH1_ERR COMM_ERR MEMTEMP_ERR SUPPLY_ERR TESTMODE DEVRES DEVINIT
R $02 DEVSTAT1 VBUFUV_ERR BUSINUV_ERR VBUFOV_ERR RESERVED INTREGA_ERR INTREG_ERR INTREGF_ERR CONT_ERR
R $03 DEVSTAT2 F_OTP_ERR U_OTP_ERR U_RW_ERR U_W_ACTIVE TEMP1_ERR TEMPO_ERR RESERVED RESERVED
R $04 DEVSTAT3 MISO_ERR OSCTRAIN_ERR RESERVED RESERVED RESERVED RESERVED RESERVED RESERVED
R $05 COMMREV 0 0 0 0 COMMREVI[3:0]
R [$06 - $0D| RESERVED RESERVED
R $OE TEMPERATURE TEMP[7:0]
R $OF RESERVED RESERVED
6.1.2  User Accessible Data - Communication Information
Bit
Type [ Address Register 7 6 5 4 3 2 1 | 0
R/W $10 DEVLOCK_WR ENDINIT RESERVED RESERVED RESERVED SUP_ERR_DIS RESERVED RESET[1:0]
R/W $11 WRITE_OTP_EN | UOTP_WR_INIT RESERVED RESERVED RESERVED EX_COMMTYPE EX_PADDR UOTP_REGIONJ[1:0]
R/W $12 BUSSW_CTRL RESERVED RESERVED RESERVED RESERVED RESERVED RESERVED BUSSW_CTRL[1:0]
R/W $13 PSI5_TEST RESERVED RESERVED RESERVED RESERVED RESERVED RESERVED RESERVED PSI5_TEST
RW | $14 UF_REGION_W REGION_LOADI[3:0] 0 0 0 0
R $15 UF_REGION_R REGION_ACTIVE[3:0] 0 0 0 0
UF2 $16 COMMTYPE RESERVED | RESERVED | RESERVED | RESERVED RESERVED COMMTYPE[2:0]
UF2 $17 RESERVED RESERVED
UF2 $18 PHYSADDR 0 | 0 | 0 | 0 | PADDR([3:0]
UF2 $19 RESERVED RESERVED
UF2 $1A SOURCEID_0 SIDO_EN PDCMFORMAT[2:0] SOURCEID_0[3:0]
UF2 $1B SOURCEID_1 SID1_EN RESERVED RESERVED RESERVED SOURCEID_1[3:0]
UF2 $1C SOURCEID_2 SID2_EN RESERVED RESERVED RESERVED SOURCEID_2[3:0]
UF2 $1D SOURCEID_3 SID3_EN RESERVED RESERVED RESERVED SOURCEID_3[3:0]
UF2 [$1E - $21 RESERVED RESERVED
UF2 | $22 TIMING_CFG PDCM_PER[2:0] OSCTRAIN_SEL | CK_CAL_RST CRM_PER[1:0] CK_CAL_EN
UF2 $23 CHIPTIME RESERVED RESERVED RESERVED SS_EN CHIPTIME[3:0]
UF2 $24 BDM_CFG RESERVED RESERVED RESERVED RESERVED RESERVED RESERVED BDM_FRAGSIZE BDM_EN
UF2 $25 PSI5_CFG SYNC_PD DAISY_CHAIN PSI5_ILOW DUALTRANS EMSG_EXT P_CRC INIT2_EXT ASYNC
UF2 | $26 | PDCM_RSPSTO_L PDCM_RSPSTO[7:0]
UF2 $27 | PDCM_RSPSTO_H BRC_RSPO[1:0] [ RESERVED | PDCM_RSPSTO[12:8]
UF2 | $28 | PDCM_RSPST1_L PDCM_RSPST1[7:0]
UF2 $29 | PDCM_RSPST1_H BRC_RSP1[1:0] [ RESERVED | PDCM_RSPST1[12:8]
UF2 | $2A | PDCM_RSPST2 L PDCM_RSPST2[7:0]
UF2 $2B | PDCM_RSPST2_H BRC_RSP2[1:0] [ RESERVED | PDCM_RSPST2[12:8]
UF2 | $2C | PDCM_RSPST3_L PDCM_RSPST3[7:0]
UF2 | $2D | PDCM_RSPST3_H BRC_RSP3[1:0] [ RESERVED | PDCM_RSPST3[12:8]
UF2 |$2E - $37 RESERVED RESERVED
UF2 $38 | PDCM_CMD_B_L PDCM_CMD_B[7:0]
UF2 $39 PDCM_CMD_B_H RESERVED | RESERVED | RESERVED | PDCM_CMD_B[12:8]
UF2 [$3A-3$3C RESERVED RESERVED
UF2 $3D SPI_CFG RESERVED | DATASIZE | SPI_CRC_LENI[1:0] | SPICRCSEED[3:0]
UF2 $3E WHO_AM_[ WHO_AM_[[7:0]
UF2 $3F 12C_ADDRESS 12C_ADDRESS][7:0]
Memory Type Codes
R  Readable Register with No OTP
F  User Readable Register with OTP
UF0 One Time User Programmable OTP Location Region 0
UF1  One Time User Programmable OTP Location Region 1
UF2 One Time User Programmable OTP Location Region 2
R/W User Writable Register
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6.1.3  User Accessible Data - Sensor Specific Information
Bit

Type | Address Register 7 | 5 | 4 3 2 1 | 0
UF2 $40 CHO_CFG_U1 LPF[3:0] SAMPLERATE[1:0] USER_SNS_SHIFT[1:0]
UF2 $41 CHO_CFG_U2 U_SNS_MULT[7:0]

UF2 $42 CHO_CFG_U3 UNSIGNEDDATA DATATYPEO[1:0] DATATYPE1[2:0] MOVEAVGI1:0]
UF2 $43 CHO_CFG_U4 RESERVED INVERT OC_FILT[1:0] PCM ARM_CFG[2:0]

UF2 $44 CHO_CFG_U5 ST_CTRL[3:0] RESERVED RESERVED RESERVED RESERVED
UF2 $45 CHO_ARM_CFG ARM_DS[1:0] | ARM_PS[1:0] ARM_WS_N[1:0] ARM_WS_P[1:0]
UF2 $46 CHO_ARM_T_P ARM_T_P[7:0]

UF2 | %47 CHO_ARM_T_N ARM_T_N[7:0]

UF2 $48 CH1_CFG_U1 LPF[3:0] SAMPLERATE[1:0] [ USER_SNS_SHIFT[1:0]
UF2 | $49 CH1_CFG_U2 U_SNS_MULT[7:0]

UF2 $4A CH1_CFG_U3 UNSIGNEDDATA DATATYPEO[1:0] DATATYPE1[2:0] MOVEAVG[1:0]
UF2 | $4B CH1_CFG_U4 RESERVED INVERT OC_FILT[1:0] PCM ARM_CFG[2:0]

UF2 $4C CH1_CFG_U5 ST_CTRL[3:0] RESERVED RESERVED RESERVED J_ RESERVED
UF2 | $4D CH1_ARM_CFG ARM_DS[1:0] [ ARM_PS[1:0] ARM_WS_N[1:0] ARM_WS_P[1:0]
UF2 $4E CH1_ARM_T_P ARM_T_P[7:0]

UF2 | $4F CH1_ARM_T_N ARM_T_N[7:0]

UF2 | $50-$5E RESERVED RESERVED

F $5F CRC_UF2 LOCK_UF2 0 0 CRC_UF2[3:0]

R $60 CHO_STAT SIGNALCLIP OCPHASE[2:0] ST_INCMPLT ST_ACTIVE OFFSET_ERR ST_ERROR
R $61 DEVSTAT_COPY CHO_ERR CH1_ERR | COMM_ERR | MEMTEMP_ERR SUPPLY_ERR TESTMODE DEVRES DEVINIT
R $62 |CHO_SNSDATAO_L CHO_SNSDATAO[7:0]

R $63 |CHO_SNSDATAO_H CHO_SNSDATAO[15:8]

R $64 |CHO_SNSDATAT L CHO_SNSDATAT1[7:0]

R $65 |CHO_SNSDATAT_H CHO_SNSDATA1[15:8]

R $66-$6F RESERVED RESERVED

R $70 CH1_STAT SIGNALCLIP OCPHASE[2:0] | ST_INCMPLT | ST_ACTIVE OFFSET_ERR ST_ERROR
R $71 RESERVED RESERVED

R $72 | CH1_SNSDATAO_L CH1_SNSDATAO[7:0]

R $73 |CH1_SNSDATAO_H CH1_SNSDATAO[15:8]

R $74 | CH1_SNSDATAT_L CH1_SNSDATAT[7:0]

R $75 |CH1_SNSDATA1_H CH1_SNSDATA1[15:8]

R $76-$9F RESERVED RESERVED

6.1.4  User Accessible Data - Sensor Specific Information

Bit

Type | Address Register 7 | 5 4 3 2 1 | 0
F $A0 CHO_CFG_F DEV_RANGE[3:0] RESERVED RESERVED AXIS[1:0]

[ $A1 RESERVED RESERVED

F $A2 RESERVED RESERVED

[ $A3 RESERVED RESERVED

F $A4 CHO_STH P_L CHO_STH_P[7:0]

F $A5 CHO_STH_P_H CHO_STH_P[15:8]

F $A6 RESERVED RESERVED

[ $A7 RESERVED RESERVED

F $A8 CHO_STH_N_L CHO_STH_N[7:0]

F $A9 CHO_STH_N_H CHO_STH_N[15:8]

F $AA-SAE RESERVED RESERVED

F SAF CRC_F_A LOCK_F_A REGA_BLOCKID[2:0] CRC_F_A[3:0]

F $BO CH1_CFG_F DEV_RANGE[3:0] RESERVED RESERVED | AXIS[1:0]

[ $B1 RESERVED RESERVED

F $B2 RESERVED RESERVED

[ $B3 RESERVED RESERVED

F $B4 CH1_STH P_L CH1_STH_P[7:0]

F $B5 CH1_STH_P_H CH1_STH_P[15:8]

F $B6 RESERVED RESERVED

[ $B7 RESERVED RESERVED

F $B8 CH1_STH_N_L CH1_STH_N[7:0]

F $B9 CH1_STH_N_H CH1_STH_N[15:8]

F $BA-$BE RESERVED RESERVED

F $BF CRC_F_B LOCKFB | REGB_BLOCKID[2:0] [ CRC_F_B[3:0]

Memory Type Codes
Readable Register with No OTP

User Readable Register with OTP
One Time User Programmable OTP Location Region 0
One Time User Programmable OTP Location Region 1
One Time User Programmable OTP Location Region 2
User Writable Register

R
F
UFO
UF1
UF2
R/W
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6.1.5 User Accessible Data - Traceability Information

Revision 2.18

Bit
Type | Address Register 7 | 6 | 5 | 4 3 2 1 0
F $CO ICTYPEID ICTYPEID[7:0]
F $C1 ICREVID ICREVID[7:0]
F $C2 ICMFGID ICMFGID[7:0]
F $C3 RESERVED RESERVED
F $C4 PNO PNO[7:0]
F $C5 PN1 PNA[7:0]
[ $C6 SNO SN[7:0]
F $C7 SN1 SN[15:8]
[ $C8 SN2 SN[23:16]
F $C9 SN3 SN[31:24]
[ $CA SN4 SN[39:36] = DEVICE_REVI[3:0] SN[35:32]
F $CB ASICWFR# ASICWFR#[7:0]
[ $CC ASICWFR_X ASICWFR_X[7:0]
F $CD ASICWFR_Y ASICWFR_Y[7:0]
[ $CE RESERVED RESERVED
F $CF CRC_F_C LOCK_F_C REGC_BLOCKID[2:0] CRC_F_C[3:0]
[ $DO ASICWLOT_L ASICWLOT[7:0]
F $D1 ASICWLOT_H ASICWLOT[15:8]
F $D2 | TRNSTWFR_X TRNSTWFR_X[7:0]
F $D3 | TRNSTWFR_Y TRNSTWFR_Y[7:0]
[ $D4 TRNS1LOT_L TRNS1LOT[7:0]
F $D5 TRNS1LOT_H TRNS1LOT[15:8]
[ $D6-$D9 RESERVED RESERVED
F $DA TRNS1WFR# TRNS_ASSY_REV[2:0] | TRNS1WFR#[4:0]
[ $DB-$DE RESERVED RESERVED
F SDF CRC_F_D LOCK_F_D REGD_BLOCKID[2:0] CRC_F_D[3:0]
UFO $EO USERDATA_0 USERDATA_0[7:0]
UFO SE1 USERDATA_1 USERDATA_1[7:0]
UFO $E2 USERDATA 2 USERDATA_2[7:0]
UFO SE3 USERDATA 3 USERDATA_3[7:0]
UFO $E4 USERDATA 4 USERDATA_4[7:0]
UFO SE5 USERDATA 5 USERDATA _5[7:0]
UFO $E6 USERDATA_6 USERDATA_6[7:0]
UFO SE7 USERDATA 7 USERDATA_7[7:0]
UFO $E8 USERDATA_8 USERDATA_8[7:0]
UFO $E9 USERDATA 9 USERDATA _9[7:0]
UFO $EA USERDATA_A USERDATA_A[7:0]
UFO | SEB USERDATA_B USERDATA_B[7:0]
UFO $EC USERDATA_C USERDATA_CJ[7:0]
UFO | $ED | USERDATA D USERDATA_D[7:0]
UFO $EE USERDATA_E USERDATA_E[7:0]
F SEF CRC_UFO LOCK_UF0 REGE_BLOCKID[2:0] CRC_UFO0[3:0]
UF1 $FO USERDATA_10 USERDATA_10[7:0]
UF1 $F1 USERDATA_11 USERDATA_11[7:0]
UF1 $F2 USERDATA_12 USERDATA_12[7:0]
UF1 $F3 USERDATA_13 USERDATA_13[7:0]
UF1 $F4 USERDATA_14 USERDATA_14[7:0]
UF1 $F5 USERDATA_15 USERDATA_15[7:0]
UF1 $F6 USERDATA_16 USERDATA_16[7:0]
UF1 $F7 USERDATA_17 USERDATA_17[7:0]
UF1 $F8 USERDATA_18 USERDATA_18[7:0]
UF1 $F9 USERDATA_19 USERDATA_19[7:0]
UF1 $FA USERDATA_1A USERDATA_1A[7:0]
UF1 $FB USERDATA_1B USERDATA_1B[7:0]
UF1 $FC USERDATA_1C USERDATA_1CJ[7:0]
UF1 $FD USERDATA_1D USERDATA_1D[7:0]
UF1 $FE USERDATA_1E USERDATA_1E[7:0]
F SFF CRC_UF1 LOCK_UF1 | REGF_BLOCKID[2:0] | CRC_UF1[3:0]
Memory Type Codes
R  Readable Register with No OTP
F  User Readable Register with OTP
UF0 One Time User Programmable OTP Location Region 0
UF1  One Time User Programmable OTP Location Region 1
UF2 One Time User Programmable OTP Location Region 2
R/W User Writable Register
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6.2 Register Definitions
6.2.1 Rolling Counter Register (COUNT)
The count register is a read-only register which provides the current value of a free-running 8-bit counter derived from the
primary oscillator. A 10-bit pre-scaler divides the primary oscillator frequency by 1000. Thus, the value in the register
increases by one count every 100us and the counter rolls over every 25.6ms.
This register is readable in DSI3 mode, SPI mode, I2C mode or PSI5 Programming Mode.
Location Bit
Address Register 7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
$00 COUNT COUNTI7:0]
Reset Value 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
6.2.2 Device Status Registers (DEVSTATX)
The device status registers are read-only registers which contain device status information.
These registers are readable in DSI3 mode, SPI mode, I2C mode or PSI5 Programming Mode.
Location Bit
Address Register 7 6 5 4 3 2 1 0
$01 DEVSTAT CHO_ERR CH1_ERR COMM_ERR MEMTEMP_ERR | SUPPLY_ERR TESTMODE DEVRES DEVINIT
Reset Value 1 1 0 0 X 0 1 1
$02 | DEVSTAT1 VBUFUV_ERR BUSINUV_ERR | VBUFOV_ERR RESERVED INTREGA_ERR INTREG_ERR INTREGF_ERR CONT_ERR
Reset Value X X X X X X X 0
$03 | DEVSTAT2 F_OTP_ERR U_OTP_ERR U_RW_ERR U_W_ACTIVE TEMP1_ERR TEMPO_ERR RESERVED RESERVED
Reset Value 0 0 0 0 0 0 X X
$04 | DEVSTAT3 MISO_ERR OSCTRAIN_ERR RESERVED RESERVED RESERVED RESERVED RESERVED RESERVED
Reset Value 0 0 X X X X X X
6.2.2.1 Channel 0 Error Flag (CHO_ERR)
The channel 0 error flag is set if a channel 0 specific error is present in the channel 0 DSP:
CHO_ERR = CHO_STAT[SIGNALCLIP] | CHO_STAT[ST_INCMPLT] | CHO_STAT[OFFSET_ERR] | CHO_STAT[ST_ERROR]
6.2.2.2 Channel 1 Error Flag (CH1_ERR)
The channel 1 error flag is set if a channel 1 specific error is present in the channel 1 DSP:
CH1_ERR = CH1_STAT[SIGNALCLIP] | CH1_STAT[ST_INCMPLT] |CH1_STAT[OFFSET_ERR] | CH1_STAT[ST_ERROR]
6.2.2.3 Communication Error Flag (COMM_ERR)
The communication error flag is set if any bit in DEVSTATS is set:
COMM_ERR = MISO_ERR | OSCTRAIN_ERR
6.2.2.4 Memory or Temperature Error Flag (MEMTEMP_ERR)
The memory error flag is set if any bit in DEVSTAT2 is set:
MEMTEMP_ERR = F_OTP_ERR | U_OTP_ERR |U_RW_ERR | U_W_ACTIVE | TEMP1_ERR | TEMPO_ERR
6.2.2.5 Supply Error Flag (SUPPLY_ERR)
The supply error flag is set if any bit in DEVSTAT1 is set:
SUPPLY_ERR = VBUFUV_ERR | BUSINUV_ERR | VBUFOV_ERR | INTREG_ERR | INTREGA_ERR | INTREGF_ER | CONT_ERR
A common timer is used for all error bits in the DEVSTAT1 register. If any bit in DEVSTAT1 is set, the timer is reset to
tuvov rcv- When no supply errors are present, the timer is decremented until it reaches zero. This error is cleared based on
the state of the SUP_ERR_DIS bit in the DEVLOCK_WR register as shown in the table below.
SUP ERR DIS DSI3 and SPI Operating Modes PSI5 Operating Mode I°C Operating Modes
— = (COMMTYPE =0, 2, 3 and 4) (COMMTYPE =1 and 5) (COMMTYPE =6,7)
No Response until the supply monitor timer expires.
The Sensor Data Field Error Code is transmitted for
one response after the supply monitor timer expires.
0 All supply errors are cleared by a read of the o ) ) _ No response until the supply monitor timer expires.
DEVSTAT1 register through any communication No transmissions occur if the timer is non-zero. The
interface or on a data transmission that includes the | €"r is clealreq when the timer reaches zero and nor- | All supply errors are cleared by a read of the
error in the status field if and only if the timer has mal transmissions resume. DEVSTATA register.
reached zero.
No transmissions occur if the timer is non-zero. The
1 error is cleared when the timer reaches zero and nor-
mal transmissions resume.
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6.2.2.6 Test Mode (TESTMODE)

Revision 2.18

The test mode bit is set if the device is in test mode. The TESTMODE bit can be cleared by a test mode operation or by a

power cycle.

TESTMODE

Operating Mode

0

Test Mode is not active

1

Test Mode is active

6.2.2.7 Device Reset (DEVRES)

The device reset bit is set following a device reset. This error is cleared by a read of the DEVSTAT register through any com-

munication interface or on a data transmission that includes the error in the status field.

DEVRES

Error Condition

0

Normal operation

1

Device reset occurred

6.2.2.8

Device Initialization (DEVINIT)

The device initialization bit is set following either a device reset or a change to any of the following bits: CHx_CFG_U1[7:2]
or CHx_CFG_U3[1:0]. The bit is cleared once sensor data is valid for read through one of the device communication inter-
faces (tror_patavalid)-

Note: Some LPF selections have a step response time longer than the tpor_patavaiia delay. If any of these filters are used,
the filter may not have achieved the final value once DEVINIT is cleared.

DEVINIT

Condition

0

Normal operation

1

Device Initialization in Process

6.2.2.9

Vgur Under-Voltage Error (VBUFUV_ERR)

The Vgyr under-voltage error bit is set if the VBUF voltage falls below the voltage specified in Section 5.4. Reference Sec-
tion 6.4 for details on the Vg under-voltage monitor. A common timer is used for all error bits in the DEVSTAT1 register. If
any supply error is present, the timer is reset to tyyoy rcy- This bit is cleared based on the state of the SUP_ERR_DIS bit in

the DEVLOCK_WR register as shown in Section 6.2.2.5.

VBUFUV_ERR

Error Condition

0

No error detected

1

VBUF Voltage Low

6.2.2.10 BUS IN Under-Voltage Error (BUSINUV_ERR)

The BUS IN under-voltage error bit is set if the BUS_IN voltage falls below the voltage specified in Section 5.4. Reference
Section 6.4 for details on the BUS IN under-voltage monitor. A common timer is used for all error bits in the DEVSTAT1 reg-
ister. If any supply error is present, the timer is reset to tyyoy rcy- This bit is cleared based on the state of the SUP_ER-

R_DIS bit in the DEVLOCK_WR register as shown in Section 6.2.2.5.

BUSINUV_ERR

Error Condition

0

No error detected

1

BUS_IN Voltage Low

6.2.2.11 Vgyg Over-Voltage Error (VBUFOV_ERR)

The Vgyr over-voltage error bit is set if the VBUF voltage rises above the voltage specified in Section 5.4. Reference Sec-
tion 6.4 for details on the Vg over-voltage monitor. A common timer is used for all error bits in the DEVSTAT1 register. If
any supply error is present, the timer is reset to tyyoy rcy- This bit is cleared based on the state of the SUP_ERR_DIS bit in
the DEVLOCK_WR register as shown in Section 6.2.2.5.

VBUFUV_ERR Error Condition
0 No error detected
1 VBUF Voltage High
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6.2.2.12 Internal Analog Regulator Voltage Out of Range Error INTREGA_ERR)

The internal analog regulator voltage out of range error bit is set if the internal analog regulator voltage falls outside of
expected limits. A common timer is used for all error bits in the DEVSTAT1 register. If any supply error is present, the timer
is reset to tyyoy roy. This bit is cleared based on the state of the SUP_ERR_DIS bit in the DEVLOCK_WR register as
shown in Section 6.2.2.5.

INTREGA_ERR

Error Condition

0

No error detected

1

Internal Analog Regulator Voltage Out of Range

6.2.2.13 Internal Digital Regulator Voltage Out of Range Error (INTREG_ERR)

The internal digital regulator voltage out of range error bit is set if the internal digital regulator voltage falls outside of
expected limits. A common timer is used for all error bits in the DEVSTAT1 register. If any supply error is present, the timer
is reset to tyyov rcy- This bit is cleared based on the state of the SUP_ERR_DIS bit in the DEVLOCK_WR register as

shown in Section 6.2.2.5.

INTREG_ERR

Error Condition

0

No error detected

1

Internal Digital Regulator Voltage Out of Range

6.2.2.14 Internal OTP Regulator Voltage Out of Range Error (INTREGF_ERR)

The internal OTP regulator voltage out of range error bit is set if the internal OTP regulator voltage falls outside of expected
limits. A common timer is used for all error bits in the DEVSTAT1 register. If any supply error is present, the timer is reset to
tuvov rev- This bit is cleared based on the state of the SUP_ERR_DIS bit in the DEVLOCK_WR register as shown in Sec-
tion 6.2.2.5.

INTREGF_ERR

Error Condition

0

No error detected

1

Internal OTP Regulator Voltage Out of Range

6.2.2.15 Continuity Monitor Error (CONT_ERR)

The continuity monitor passes a low current through a connection around the perimeter of the device and monitors the con-
tinuity of the connection. The error bit is set if a discontinuity is detected in the connection. A common timer is used for all
error bits in the DEVSTAT1 register. If the CONT_ERR bit is set, the timer is reset to tyyoy rcy- This bit is cleared based on
the state of the SUP_ERR_DIS bit in the DEVLOCK_WR register as shown in Section 6.2.2.5.

CONT_ERR Error Condition
0 No error detected

1 Error detected in the continuity of the monitor circuit

6.2.2.16 NXP OTP Array Error (F_OTP_ERR)

The factory OTP array error bit is set if a fault is detected in the factory OTP array. This error is cleared by a device reset.

F_OTP_ERR Error Condition
0 No error detected
1 Error Detected in the Factory OTP Array

6.2.2.17 User OTP Array Error (U_OTP_ERR)

The user OTP array error bit is set if a fault is detected in the user OTP array. This error is cleared by a device reset.

U_OTP_ERR Error Condition
0 No error detected
1 Error Detected in the User OTP Array

6.2.2.18 User Read/Write Array Error (U_RW_ERR)

When ENDINIT is set, an error detection is enabled for all user writable registers. The error detection code is continuously
calculated on the user writable registers and verified against a previously calculated error detection code. If a mismatch is
detected in the error detection, the U_RW_ERR bit is set. This error is cleared by a read of the DEVSTAT2 register through
any communication interface or on a data transmission that includes the error in the status field.

U_RW_ERR

Error Condition

0

No error detected

1

Error Detected in the User Read/Write Array
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6.2.2.19 User OTP Write In Process Status Bit (U_W_ACTIVE)

The user OTP write in process status bit is set if a user initiated write to OTP is currently in process. The U_W_ACTIVE bit
is automatically cleared once the write to OTP is complete.

U_W_ACTIVE Status Condition
0 No OTP Write in Process
1 OTP Write in Process

6.2.2.20 Channel 1 Temperature Sensor Error (TEMP1_ERR)

The channel 1 temperature error bit is set if an over or under temperature condition exists on channel 1. This error is cleared
by a read of the DEVSTAT2 register through any communication interface or on a data transmission that includes the error
in the status field.

TEMP1_ERR Error Condition
0 No error detected
1 Over- or Under-Temperature error condition detected

6.2.2.21 Channel 0 Temperature Sensor Error (TEMPO_ERR)

The channel 0 temperature error bit is set if an over or under temperature condition exists on channel 0. This error is cleared
by a read of the DEVSTAT2 register through any communication interface or on a data transmission that includes the error
in the status field.

TEMPO_ERR Error Condition
0 No error detected
1 Over- or Under-Temperature error condition detected

6.2.2.22 SPI MISO Data Mismatch Error Flag (MISO_ERROR)

In SPI mode, the MISO data mismatch flag is set when a MISO Data mismatch fault occurs as specified in Section 9.5.5.
The MISO_ERROR bit is cleared by a read of the DEVSTAT3 register through any communication interface, or by a status
transmission including the error status through the SPI.

MISO_ERROR Error Condition
0 Normal operation
1 MISO Data Mismatch

6.2.2.23 Oscillator Training Error (OSCTRAIN_ERR)

The oscillator training error bit is set if an error detected in either the oscillator training settings, or the master communication
timing. Reference Section 6.5.2. Once the error condition is corrected, the OSCTRAIN_ERR bit is cleared after a read of the
OSCTRAIN_ERR bit through any communication interface, or by a status transmission including the error status through
any communication interface.

OSCTRAIN_ERR Error Condition
0 No error detected
1 Oscillator Training Error. Reference Section 6.5.2
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6.2.3 Communication Protocol Revision Register (COMMREV)

The Communication Protocol Revision register is a read only register which contains the revision for the communication pro-
tocol used.

This register is readable in DSI3 mode, SPI mode, I2C mode or PSI5 Programming Mode.

Location Bit
Address Register 7 6 5 4 3 | 2 | 1 | 0
$05 COMMREV 0 0 0 0 COMMREV[3:0]
Reset Value for DSI3 0 0 0 0 0 0 0 1
Reset Value for PSI5 0 0 0 0 0 1 1 0
Reset Value for SPI 0 0 0 0 0 0 0 0
Reset Value for I°C 0 0 0 0 0 1 0 1

Note: The response to a register write of the COMMREYV register is a valid response with the register contents equal to
0x00.

6.2.4 Temperature Register (TEMPERATURE)

The temperature register is a read-only register which provides a temperature value from the channel 0 temperature sensor.
The temperature value is specified in Section 5.5.

Note, the device is only guaranteed to operate within the temperature limits specified in Section 5. This includes the perfor-
mance of the temperature register values.

This register is readable in DSI3 mode, SPI mode, I2C mode or PSI5 Programming Mode.

Location Bit
Address Register 7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
$OE TEMPERATURE TEMP[7:0]
Reset Value 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
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6.2.5 Device Lock Register (DEVLOCK_WR)
The device lock register is a user programmed read/write register which contains the ENDINIT bit and reset control bits.
This register is readable and writable in DSI3 mode, SPI mode, I2C mode or PSI5 Programming Mode.
Location Bit
Address Register 7 6 5 4 3 2 1 0
$10 DEVLOCK_WR ENDINIT RESERVED RESERVED RESERVED SUP_ERR_DIS RESERVED RESET[1:0]
Reset Value 0 0 0 0 0 0 0 | 0
6.2.5.1 End Initialization Bit (ENDINIT)
The ENDINIT bit is a control bit used to indicate that the user has completed all device and system level initialization tests.
Once the ENDINIT bit is set, writes to all writable register bits are inhibited except for the DEVLOCK_WR register. Once set,
the ENDINIT bit can only be cleared by a device reset.
When ENDINIT is set, the following occurs:
. An error detection is enabled for all user writable registers. The error detection code is continuously calculated on the user
writable registers and verified against a previously calculated error detection code.
. The offset cancellation filter is forced to its final stage.
. Self test is disabled and inhibited.
. Register Writes are inhibited with the exception of the RESET[1:0] bits in the DEVLOCK_WR register.
In DSI3 mode, when the ENDINIT bit is set, the device is forced to PDCM according to the device settings and no longer
responds to CRM commands.
In PSI5 mode, the ENDINIT bit is automatically set when the device exits Initialization Phase 3.
6.2.5.2 Supply Error Reporting Disable Bit (SUP_ERR_DIS)
The supply error disable bit allows the user to disable reporting of the supply errors in the DSI3 PDCM and SPI status fields.
Reference Section 6.2.2.5.
6.2.5.3 Reset Control Bits (RESET[1:0])

In DSI3 mode, SPI mode, I2C mode or PSI5 mode, a series of three consecutive register write operations to the reset control
bits will result in a device reset. To reset the device, the following register write operations must be performed in consecutive
commands and in the order shown below or the device will not be reset.

Register Write to DEVLOCK_WR RES_1 RES_0 Effect
Register Write 1 0 0 No Effect
Register Write 2 1 1 No Effect
Register Write 3 0 1 Device RESET

The response to a register write returns the new register value, including the values written to the RESET[1:0] bits. After the
3rd Register Write command, the device initiates a reset and thus does not transmit a response to this command or an
Acknowledge in 12C mode. The response to a register read returns ‘00’ for RESET[1:0] and terminates the reset sequence.
The reset control bits are not included in the read/write array error detection.
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6.2.6
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Write OTP Enable Register

The write OTP enable register is a user programmed read/write register that allows the user to write the contents of the user
programmed OTP array mirror registers to the OTP registers. This register is included in the user read/write array error
detection.

This register is readable and writable in DSI3 mode, SPI mode, 12C mode or PSI5 Programming Mode.

Location Bit
Address Register 7 6 5 4 3 2 1 | 0
$11 WRITE_OTP_EN | UOTP_WR_INIT RESERVED RESERVED RESERVED EX_COMMTYPE EX_PADDR UOTP_REGION[1:0]
Reset Value 0 0 0 0 0 0 0 | 0

Register writes executed by the user to the user programmed OTP array only update the mirror register contents for the
OTP array, not the actual OTP registers. To copy the values to the actual OTP registers, a write must be executed to the
WRITE_OTP_EN register with the UOTP_WR_INIT bit set. The state of the UOTP_REGIONJ[1:0], the EX_COMMTYPE and
the EX_PADDR bits in the command determine which region of OTP will be written as shown below.

EX_COMMTYPE

EX_PADDR UOTP_REGION[1] | UOTP_REGION[0] OTP Write Operation Special Conditions

X

X 0 0 Write the current contents of the UFO registers to OTP

X

X 0 1 Write the current contents of the UF 1 registers to OTP

0

Write the current contents of the UF2 registers to OTP, includ-

0 ! 0 ing the COMMTYPE register and the PHYSADDR register

Write the current contents of the UF2 registers to OTP, includ-

ing COMMTYPE and excluding PHYSADDR. PHYSADDR = 0x00 after OTP Write

1 1 0

Write the current contents of the UF2 registers to OTP,

excluding COMMTYPE and including PHYSADDR. User must not overwrite COMMTYPE

0 1 0

User must not overwrite COMMTYPE
PHYSADDR = 0x00 after OTP Write

Write the current contents of the UF2 registers to OTP,

! ! 0 excluding COMMTYPE and excluding PHYSADDR.

X 1 1 Reserved for Future Use

The UF0 and UF1 user OTP regions as well as the NXP programmed F OTP regions share common mirror registers. For
this reason, writes to the OTP for each region must be completed independently according to the procedure below.

Depending upon the operating mode used, the user will need to write the UF2 values to OTP either with or without the
PHYSADDR register and the COMMTYPE register being written. If Discovery Mode or switch connected daisy chain mode
will be used, the PHYSADDR register must remain un-programmed (0x0000). If a pre-programmed bus mode will be used,
the PHYSADDR register must be programmed to a non-zero value. To support these two user modes, the EX_PADDR bit is
used as described in the table above.

Once a region is written using the OTP Write sequence, the LOCK_Uxx bit in the appropriate CRC_xxx register is automati-
cally set, locking the array from future writes. Once a region is locked, an error detection is activated to detect changes to
the register values. Register values in the UF2 region can be over-written using register write commands, but no new values
can be written to the OTP.

The procedure for writing to the user OTP array UF0 and UF1 regions is listed below:

1.
2.

6.

Read the appropriate CRC_UFx register and confirm the LOCK_Uxx bit is not set.
Write the desired values to the user array registers for only the region to be written using the procedures in Section 6.2.9.

— The user must take care to ensure the proper data is written to each region. If a register write is executed to a new region, the
base address will change to the new region. The previous data written to the register block will remain in the shared registers
and will be written to OTP if the Write OTP sequence is completed.

Execute a write to the WRITE_OTP_EN register with the appropriate bits set for the desired region to program.

— Once the WRITE_OTP_EN register write is completed, a CRC is calculated for the data to be written to the region, the register
values are written to OTP and the region is locked from future writes. The UOTP_WR_INIT bit will remain set.

Delay totp_wriTE_max to allow the device to complete the writes to OTP.

Verify that the OTP write successfully completed by reading back all of the OTP registers using Register Read commands as
defined in Section 6.2.9.

Repeat steps 1 through 4 for all regions to be programmed.

The procedure for writing to the user OTP array UF2 region is listed below:

1.
2.
3.

Read the CRC_UF2 register and confirm the LOCK_UF2 bit is not set.
Write the desired values to the user array registers.

Execute a write to the WRITE_OTP_EN register with region 2 selected and the EX_COMMTYPE and EX_PADDR bit set as
desired.

— Once the WRITE_OTP_EN register write is completed, a CRC is calculated for the data to be written to the region, the register
values are written to OTP and the region is locked from future writes. The UOTP_WR_INIT bit will remain set.

Delay totp_wRITE_max to allow the device to complete the writes to OTP and an automatic read of the UF2 registers from OTP.
Verify that the OTP write successfully completed by reading back all of the OTP registers using Register Read commands.
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6.2.7 Bus Switch Control Register (BUSSW_CTRL)

The bus switch control register is a user programmed read/write register which controls the state of the bus switch output
driver. This register is included in the user read/write array error detection.

This register is readable and writable in DSI3 mode, SPI mode, I2C mode or PSI5 Programming Mode.

Location Bit
Address Register 7 6 5 4 3 2 1 | 0
$12 BUSSW_CTRL RESERVED RESERVED RESERVED RESERVED RESERVED RESERVED BUSSW_CTRL[1:0]
Reset Value 0 0 0 0 0 0 0 | 0

The BUSSW_CTRL bit controls the state of the BUSSW_L and BUSSW_H pins.

BUSSW_CTRL[1] | BUSSW_CTRL[0] BUSSW_L Pin State BUSSW_H Pin State
High Impedance High Impedance
0 0 An external pullup or pulldown resistor is required if | An external pullup or pulldown resistor is required if
an external switch is connected an external switch is connected
High Impedance High Impedance
0 1 An external pullup or pulldown resistor is required if | An external pullup or pulldown resistor is required if
an external switch is connected an external switch is connected
1 0 Active Low Active Low
High Impedance
1 1 Active High An external pullup or pulldown resistor is required if
an external switch is connected

Note: In DSI3 and PSI5 DPM modes, the bus switch will be activated upon receipt of the register write command. The bus
switch activation may impact the current on the bus and cause corruption of the register write response.

6.2.8  PSI5 Test Register (PSI5_TEST)

The PSIS test register is a user read/write register that contains the PSI5 test control. This register is included in the user
read/write array error detection.

This register is readable and writable in DSI3 mode, SPI mode, 12C mode or PSI5 Programming Mode.

Location Bit
Address Register 7 6 5 4 3 2 1 0
$13 PSI5_TEST RESERVED RESERVED RESERVED RESERVED RESERVED RESERVED RESERVED PSI5_TEST
Reset Value 0 0 0 0 0 0 0 0

6.2.8.1 PSI5 Test Bit (PSI5_TEST)

If PSI5 mode is not enabled in the COMMTYPE, the PSI5 test bit enables a single PSI5 command receive and response
transmission to allow for the PSI5 transceiver to be tested in other modes.

When the PSI5_TEST bit is set, the device and system proceed through following process.

. The device switches the BUS_| transceiver to PSI5 mode.

. The system must hold the BUS_| node constant for 2ms minimum to allow the BUS_| command receiver to capture the
average voltage.

. The system must transmit a sync pulse meeting the specifications in Section 5.

. The device will transmit a response to the sync pulse with the following configuration:

— The sync pulse will be pulled down as configured by the SYNC_PD bit in the PSI5_CFG register.
— The response will start in the time slot selected in the PDCM_RSPSTO register.

— The response bit time will be as configured in the CHIPTIME register.

— The response current will be as configured by the PSI5_ILOW bit in the PSI5_CFG register.

— Two start bits will be transmitted as specified in Section 8.3.2.

— 10-bits of data equal to 0x2AA will be transmitted.

—  Error checking bits will be transmitted as configured by the P_CRC bit in the PSI5_CFG register.

. Once the transmission is complete, the PSI5_TEST bit is cleared and the device returns to the communication mode as
defined in the COMMTYPE register.

If the bit is set from DSI3 mode, this process occurs once the device has replied to the write message, regardless of whether
or not the reply attempted was successful.

If the bit is set from SPI mode, the process occurs once the PSI5_TEST bit is set with no SPI reply necessary.
If the bit is set from 1°C mode, the process occurs once the PSI5_TEST bit is set with no 12C reply necessary.

If PSI5 mode is enabled in the COMMTYPE register, this bit has no impact on device operation or performance.

Sensors Solutions Division Printed versions are uncontrolled except when stamped “Controlled Copy” in red.
NXP Semiconductors CONFIDENTIAL AND PROPRIETARY 39 of 163



Revision 2.18 September 13, 2019 FXLS6xxxx

6.2.9 UF Region Selection Registers (UF_REGION_x)

The UF region load register is a user read/write register that contains the control bits for the UF0 and UF1 regions to be
accessed. This register is included in the user read/write array error detection. The UF region active register is a read only
register that contains the status bits for the UF0 and UF1 regions to be accessed.

The UF_REGION_W register is readable and writable in DSI3 mode, SPI mode, 12C mode or PSI5 Programming Mode. The
UF_REGION_R register is readable in DSI3 mode, SPI mode, 12C mode or PSI5 Programming Mode.

Location Bit
Address Register 7 | 6 | 5 | 4 3 2 1 0
$14 UF_REGION_W REGION_LOAD[3:0] 0 0 0 0
$15 UF_REGION_R REGION_ACTIVE[3:0] 0 0 0 0
Reset Value 1 | 1 | 1 | 0 0 0 0 0

The user OTP regions UF0, UF1 and F share a block of 16 registers. Prior to reading the registers via any communication
interface, the user must ensure that the desired OTP registers are loaded into the readable registers. Below is the neces-
sary procedure to ensure proper reading of the UF0, UF1 and F registers.

1. Write the desired address range to be read to the REGION_LOADI[3:0] bits in the UF_REGION_W register using one of the
communication interfaces available via the COMMTYPE register.

REGION_LOADI[3:0] OTP Register Addresses Loaded into the Readable Registers

0 0 0 0 Not Applicable

0 0 0 1 Not Applicable

0010 through 1001 RESERVED

1 0 1 0 Address Range $A0 through $AF
1 0 1 1 Address Range $B0 through $BF
1 1 0 0 Address Range $CO0 through $CF
1 1 0 1 Address Range $DO through $DF
1 1 1 0 Address Range $EO through $EF
1 1 1 1 Address Range $FO0 through $FF

2. Delay a minimum of tsgn UFo1-

3. Optional: Execute a register read of the UF_REGION_R register and confirm the REGION_ACTIVE[3:0] bits match the
values written to the REGION_LOAD[3:0] bits in the UF_REGION_W register.

REGION_ACTIVE[3:0] OTP Register Addresses Loaded into the Readable Registers

0 0 0 0 Load of OTP registers is in process

0 0 0 1 The contents of the shared registers has been over-written by the user

0010 through 1001 Not Applicable

1 0 1 0 Address Range $A0 through $AF

1 0 1 1 Address Range $B0 through $BF

1 1 0 0 Address Range $CO0 through $CF

1 1 0 1 Address Range $DO0 through $DF

1 1 1 0 Address Range $EO through $EF

1 1 1 1 Address Range $FO0 through $FF

4. Execute a Register Read of the desired registers from the UFO, UF1 or F register section. Complete all desired Register
Reads of the selected UF Region.

5. Repeat steps 1 through 4 for the next desired UF region to read.

. The user must take care to ensure that the desired registers are addressed. For example, if the REGION_LOAD bits are set
to OxA and the user executes a read of address $C2, the contents of registers $A2 will be transmitted. No error detection is
included other than a read of the REGION_ACTIVE bits.

. For COMMTYPE options with multiple protocol options (COMMTYPE = ‘000 or ‘001’), no error detection is included other
than a read of the REGION_ACTIVE bits. The user must take care to ensure that the REGION_LOAD, bits are not
inadvertently changed by an alternative protocol while executing register reads.

. In DSI3, BDM, writes to registers are inhibited. For this reason, reads of the UF0, UF1 and F registers will only be possible for
the region selected by the REGION_ACTIVE bits at the time ENDINIT is set.

. In SPI and I2C mode, once the ENDINIT bit is set, writes to registers other than the RESET[1:0] bits are inhibited. For this
reason, reads of the UF0, UF1 and F registers will only be possible for the region selected by the REGION_ACTIVE bits at
the time ENDINIT is set.
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6.2.10 Communication Type Register (COMMTYPE)

The Communication Type register is a user programmed read/write register which contains user specific configuration infor-
mation for communication type. This register is included in the read/write array error detection.

Revision 2.18

This register is readable and writable in DSI3 mode, SPI mode and 12C mode. In PSI5 Programming Mode, the value of this
register must not be changed or a U_OTP Memory will occur.

Location Bit
Address Register 7 6 5 4 3 2 | 1 0
$16 COMMTYPE RESERVED RESERVED RESERVED RESERVED RESERVED COMMTYPE[2:0]
Unprogrammed OTP Value:
FXLS60xxx 0 0 0 0 0 0 0 0
Programmed OTP Value:
FLXS63xxx 0 0 0 0 0 0 0 1

6.2.10.1 Communication Type (COMMTYPE[2:0])

The communication type bits select the available protocols for the device as shown in the table below.

COMMTYPE[2:0] Available Communication Protocols Arming Function BUS_I Undervoltage
’ DSI3 (Section 7) PSI5 (Section 8) [ 32-Bit SPI (Section 9)[  12C (Section 10) Availability Detection
Enabled based on .
0 0 0 X X ARM_CFG[2:0] Disabled
Enabled based on .
0 0 1 X X ARM_CFG[2:0] Disabled
Enabled based on .
0 1 0 X ARM,_CFG[2:0] Disabled
0 1 1 X Disabled Enabled
Enabled based on ;
1 0 0 X ARM_CFG[2:0] Disabled
1 0 1 X Disabled Enabled
1 1 0 X Disabled Disabled
1 1 1 X Disabled Disabled

When writing to this register, care must be taken to prevent from inadvertently disabling the desired communication mode.
Communication mode register value changes which disable a protocol, including writes to OTP, will not take effect until a
device reset to prevent from disabling a necessary communication method. The table below describes how communication
mode register changes are handled.

Original COMMTYPE New COMMTYPE Device Effect
0 (DSI3/ SPI) 1 (PSI5/ SPI) Protocol change will not occur until a device reset (assuming the OTP is programmed)
0 (DSI3/ SPI) 2,3,4,5 (SPI, DSI3 or PSI5) Protocol change will not occur until a device reset (assuming the OTP is programmed)
0 (DSI3/ SPI) 6,7 (1°C) Protocol change will not occur until a device reset (assuming the OTP is programmed)
1 (PSI5/ SPI) Any No protocol change will occur
2,3,4,5 (SPI) Any No protocol change will occur
6,7 (I°C) Any No protocol change will occur

Notes:

. In PSI5 / SPI mode (COMMTYPE = 1), SPI transactions are ignored by the device until PSI5 initialization 3 is complete. SPI
Test Mode Entry is not restricted.

. In PS15 / SPI mode (COMMTYPE = 1), only SPI read register transactions are available.

. In DSI3 / SPI mode (COMMTYPE = 0) and PSI5 / SPI mode (COMMTYPE = 1), registers accesses by protocol are
completed in the order received. Care must be taken to prevent from incorrect addressing of the F, UFO and UF1 registers.

. In SPI only mode and in 12C only mode, the BUS_| undervoltage detection is disabled to allow for 3.3V system operation. the
Vgyr undervoltage detection replaces the BUS_| undervoltage detection.
. If the COMMTYPE register is pre-programmed in OTP to a specific communication type, the user must prevent writes to this

register when writing the UF2 register to OTP. If a pre-programmed COMMTYPE register is over-written and then written to
OTP, the UF2 CRC verification will fail.
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6.2.11 Physical Address Register (PHYSADDR)

The physical address register is a user programmed OTP register which contains the physical address of the slave for use
in DSI3. This register is included in the read/write array error detection.

If the physical address stored in the OTP array is zero, the address is assigned either during Discovery Mode or during
Command and Response Mode.

If the physical address stored in the OTP array is non-zero, the device ignores Discovery Mode and uses the programmed
physical address for Command and Response Mode. The physical address register value can be changed by a Command
and Response Mode register write command. However, if the UF2 region is locked, the value will always be reset to the
OTP array value after a reset.

In SPI mode, 1°C mode and PSI5 mode, the PHYSADDR register is readable and writable, but has no impact on device
operation or performance.

Location Bit
Address Register 7 6 5 4 3 | 2 | 1 | 0
$18 PHYSADDR 0 0 0 0 PADDR][3:0]
Unprogrammed OTP Value 0 0 0 0 0 | 0 | 0 | 0

6.2.12 Source ldentification Registers (SOURCEID_x)

The source identification registers are user programmed read/write registers which contain the source identification informa-
tion used for DSI3 PDCM, PSI5 mode and SPI Mode. These registers are included in the read/write array error detection.

These registers are readable and writable in DSI3 mode, SPI mode, 12C mode or PSI5 Programming Mode.

Location Bit

Address Register 7 6 5 | 4 3 | 2 | 1 | 0
$1A SOURCEID_0 SID0_EN PDCMFORMAT[Z:0] SOURCEID_0[3:0]

Unprogrammed OTP Value 0 0 0 0 0 | 0 | 0 | 0
$1B | SOURCEID_1 SID1_EN RESERVED RESERVED RESERVED SOURCEID_1[3:0]

Unprogrammed OTP Value 0 0 0 0 0 | 0 | 0 | 0
$1C | SOURCEID_2 SID2_EN RESERVED RESERVED RESERVED SOURCEID_2[3:0]

Unprogrammed OTP Value 0 0 0 0 0 | 0 | 0 | 0
$1D | SOURCEID_3 SID3_EN RESERVED RESERVED RESERVED SOURCEID_3[3:0]

Unprogrammed OTP Value 0 0 0 0 0 | 0 | 0 | 0

6.2.12.1 Data Source Enable Bits (SIDx_EN)
The SIDx_EN bits enable the data source for the associated source identification as described in Section 6.2.12.3.

6.2.12.2 PDCM Format Control Bits (PDCMFORMAT[2:0])

In DSI3 mode, the PDCM format control bits set the PDCM field sizes as shown below. Reference Section 7.4.2 for PDCM
response format details.

Source ID Field Size Keep Alive Counter Status Field Size Data Field Size Total including CRC
RRCMEORMETIZU] (Bits) Field Size (Bits) (Bits) (Bits) (Bits)
0 0 0 0 2 4 10 24
0 0 1 4 2 4 10 28
0 1 0 0 0 4 12 24
0 1 1 4 0 4 12 28
1 0 0 0 2 0 10 20
1 0 1 0 0 0 16 24
1 1 0 0 0 4 16 28
1 1 1 4 0 4 16 32

In PSI5 mode, the PDCM format control bits set the PSI5 response format as shown below. Reference Section 8.3.2 for
PSI5 response format details. Note: the data field size applies to all modes except Programming Mode which has a fixed
size of 10 bits. The user must take care to prevent from combining incompatible data field sizes and transmission times.

PDCMFORMAT[2:0] Data Field Size (Bits)
0 10
10
10
10
16
16
16
16

ol o 2] 2| o] o] o] o
ol 2ol o] o] =] =]l o
= O = O = O| = O

In SPI and I2C mode, the PDCMFORMAT bits are readable and writable, but have no impact on device operation or perfor-
mance.
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6.2.12.3 Source Identification (SOURCEID_x)

In SPI mode, the SOURCEID field in the SPI command is compared against the values in the SOURCEID_x registers. If the
SOURCEID field matches one of the values in the SOURCEID_x registers and the SIDx_EN bit is set for that register, the
sensor data for that SOURCEID is transmitted as shown in the table below. If more than one enabled SOURCEID_x register
value matches the SOURCEID field in the SPI command a SPI sensor data request error response is transmitted. If no
enabled SOURCEID_X register value matches the SOURCEID field in the SPI command a SPI sensor data request error
response is transmitted.

Source ID Source ID Enable (SIDx_EN) Transmitted Data
SOURCEID 0 0 SPI Error Response
_ 1 CHO_SNSDATAO
SOURCEID 1 0 SPI Error Response
_ 1 CHO_SNSDATAT
0 SPI Error Response
SOURCEID_2
_ 1 CH1_SNSDATAO
0 SPI Error Response
SOURCEID_3 .

CH1_SNSDATA1

In DSI3 mode, if the SIDx_EN bit in the SOURCEID_x register is set, the associated SOURCEID value is transmitted in the
SOURCEID field of PDCM mode using the associated transmission time shown in the table below.

Source ID Enabl Tr ission Time Transmitted Data
Source ID (SIDx_EN) Refer;\ce Swction 6.2.17.1 | Reference Section 6.2.24.2
= """ | Reference Section 6.2.24.3
0 NA NA
RCEID,
SOURCEID_0 1 PDCM_RSPSTO CHO_SNSDATAO
0 NA NA
RCEID_1
SOURCEID_ 1 PDCM_RSPST1 CHO_SNSDATA1
0 NA NA
RCEID_2
SOURCEID_ 1 PDCM_RSPST2 CH1_SNSDATAO
0 NA NA
SOURCEID_3
- 1 PDCM_RSPST3 CH1_SNSDATA1

In PSI5 mode, the SOURCEID_x register SIDx_EN bit values control data transmissions as shown in the table below. The
SOURCEID_x bits have no effect in PSI5 mode.

Asynchronous Mode Synchronous Mode Daisy Chain Mode Dual Transmission Mode
Source ID Tr Tr Ref;;::igata
Source ID Enable I issi issior i issi issi
o || UOEIEL i ' jLime Section 6.2.24.2 | TraNSMISSiON | 1o itted Data | TTANSMISSION | 1 smitted Data
(SIDx_EN) Time Data Reference e — Time Time
Section 6.2.17.1 Section 6.2.24.3
0 NA NA CH1_SNSDATAO,

Reference CHO_SNSDATAO
RCEID t HO_SNSDATA ; HO_SNSDATAO | PDCM_RSPST! =
SOURCEID_0 1 ASYNC CHO_SNSDATAD | b rspsTo | CHo_SNSDATAO | Section g7 | CHO-SNSDATAO | PDEM_RSPSTO | ™ Reference
Section 8.6

SOURCEID_1 0 NA NA NA NA NA NA NA NA

1 PDCM_RSPSTT | CHO_SNSDATAT

0 NA NA Reference
SOURCEID_2 NA NA ; CH1_SNSDATAO NA NA

- 1 PDCM_RSPST2 | CH1_SNSDATAD | Section 8.7 -

SOURCEID_3 0 NA NA NA NA NA NA NA NA

1 PDCM_RSPST3 | CH1_SNSDATAT

In 1°C mode, the SOURCEID_x registers are readable and writable. Reference Section 10.6.3, for details regarding the
effect of the SIDx_EN bits.
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6.2.13 Communication Timing Register (TIMING_CFG)

The communication timing configuration register is a user programmed read/write register which contains user specific con-
figuration information for protocol timing. This register is included in the read/write array error detection.

This register is readable and writable in DSI3 mode, SPI mode, I2C mode or PSI5 Programming Mode.

Location Bit
Address Register 7 | 6 | 5 4 3 2 | 1 0
$22 TIMING_CFG PDCM_PER[2:0] OSCTRAIN_SEL | CK_CAL_RST CRM_PER[1:0] CK_CAL_EN
Unprogrammed OTP Value 0 | 0 | 0 0 0 0 | 0 0

6.2.13.1 Periodic Data Collection Mode Period (PDCM_PER[3:0])

The Periodic Data Collection Mode period selection bits set the data collection mode period to be used by the DSI3, SPI,
PSI5 or I°C master as shown in the table below. This value is only necessary for oscillator training and is only used if the
CK_CAL_EN bit is set in the TIMING_CFG register.

PDCM_PER[2] PDCM_PER[1] PDCM_PER[0] Periodic Data Collection Mode Period
100 ps
125 us
250 ps
333 s
500 ps
800 ps
1000 ps
2000 ps

4 ol 4] 4] o o] of oft
4| 2| of of 4| »| of ol
4| o 4| o] =] of =] ol

In DSI3 mode, PDCM and BDM commands are decoded and responded to regardless of the value of this register as long as
the general PDCM timing parameters specified in Section 5.11 are met. Reference Section 6.5.1 for details regarding oscil-
lator training.

In PSI5 synchronous mode, sync pulses are decoded and responded to regardless of the value of this register as long as
the general timing parameters specified in Section 5.12 are met. Reference Section 6.5.1 for details regarding oscillator
training.

In PSI5 asynchronous mode, oscillator training is not applicable.
In PSI5 Programming Mode, oscillator training is not applicable.
In PSI5 Daisy Chain command phase, oscillator training is not applicable.

In SPI mode, sensor data requests are decoded and responded to regardless of the value of this register as long as the gen-
eral timing parameters specified in Section 5.13 are met. Reference Section 6.5.1 for details regarding oscillator training.

In 1°C mode, sensor data register reads are decoded and responded to regardless of the value of this register as long as the
general timing parameters specified in Section 5.14 are met. Reference Section 6.5.1 for details regarding oscillator training.
6.2.13.2 Oscillator Training Protocol Selection Bit (OSCTRAIN_SEL)

The oscillator training selection bit selects the protocol to use for oscillator training for the COMMTYPE values that enable
multiple protocols as shown in the table below:

COMMTYPE OSCTRAIN_SEL Protocol to use for Oscillator Training

0 DSI3
0 1 SPI
1 0 PSI5

1 SPI
2 X SPI
3 X DSI3
4 X SPI
5 X PSI5
6 X 12C
7 X 12C

6.2.13.3 Clock Calibration Value Reset (CK_CAL_RST)

The clock calibration reset bit controls the state of the oscillator training when the CK_CAL_EN bit is cleared as described in
the table in Section 6.2.13.5. Reference Section 6.5.1 for details regarding oscillator training.
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6.2.13.4 Command and Response Mode Period (CRM_PER[1:0])

In DSI3 mode, the Command and Response Mode period bits set the period for Command and Response Mode commands
in increments of the Periodic Data Collection Mode period (PDCM_PER). This value is only necessary for DSI3 oscillator
training and is only used if the CK_CAL_EN bit is set in the TIMING_CFG register. Command and Response Mode com-
mands will be decoded and responded to regardless of the value of this register as long as the general Command and
Response Mode timing parameters specified in Section 5.11 are met. Reference Section 6.5.1 for details regarding oscillator
training.

In SPI and 12C mode, the CRM_PER]1:0] bits are readable and writable, but have no impact on device operation or perfor-
mance.

In PSI5 mode, the CRM_PER][1:0] bits are readable and writable, but have no impact on device operation or performance.

Command and Response Mode Period
CRMEEERI] CRMERERIO] (Multiples of the Periodic Data Collection Mode Period)
0 0 1
0 1 2
1 0 4
1 1 8

6.2.13.5 Clock Calibration Enable (CK_CAL_EN)

The clock calibration enable bit enables oscillator training over the DSI3, PSI5, SPI or I2C communication interface. Refer-
ence Section 6.5.1 for details regarding oscillator training.

CK_CAL_EN CK_CAL_RST Oscillator Training
0 0 The oscillator value is maintained at the last trained value prior to clearing the CK_CAL_RST bit.
0 1 The oscillator value is reset to the untrained value with a tolerance specified in Section 5.20.
1 X Oscillator is trained as specified in Section 6.5.1

6.2.14 Chip Time and Bit Time Register (CHIPTIME)

The Chip Time and Bit Time register is a user programmed read/write register which contains user specific configuration
information. This register is included in the read/write array error detection.

This register is readable and writable in DSI3 mode, SPI mode, 12C mode or PSI5 Programming Mode.

Location Bit
Address Register 7 6 5 4 3 | 2 | 1 | 0
$23 CHIPTIME RESERVED RESERVED RESERVED SS_EN CHIPTIME[3:0]
Unprogrammed OTP Value 0 0 0 0 0 | 0 | 0 | 0

6.2.14.1 Simultaneous Sampling Enable (SS_EN)

In DSI3 mode, the simultaneous sampling enable bit selects between one of two data latency methods. Reference Section
7.4.7 for details regarding sample timing.

SS_EN Data Latency
0 Synchronous Sampling Mode: Latency relative to transmission start time (PDCM_RSPST)
1 Simultaneous Sampling Mode: Latency relative to the start of the Periodic Data Collection Mode command (falling edge)

In PSI5 mode, the simultaneous sampling enable bit selects between one of two data latency methods to accommodate
synchronized sampling or simultaneous sampling.

SS_EN Data Latency
0 Synchronous Sampling Mode (Latency relative to Time Slot)
1 Simultaneous Sampling Mode (Latency relative to sync pulse)

In SPI mode, the simultaneous sampling enable bit selects between one of two data latency methods.

SS_EN Data Latency
Synchronous Sampling Mode: The data for all sources is latent relative to the falling edge of slave select for the response to the Sensor Data Request for the cor-

0 responding SOURCEID.
Simultaneous Sampling Mode: The data for all sources is latent relative to the falling edge of slave select for the response to the Sensor Data Request for
SOURCEID_O0.
If SOURCEID_O is disabled, then the data for all SOURCEIDs is latent relative to the falling edge of slave select for the response to the Sensor Data Request for
1 lowest enabled SOURCEID register address.

Note: If multiple SOURCEIDs are enabled, sensor data for the higher SOURCEID register addresses only changes on a sensor data request for the lowest
enabled SOURCEID register address. If continuous sensor data requests occur without sensor data requests for the lowest SOURCEID register address, sensor
data will not be updated. Care must be take by the user to ensure proper data transmissions.

In 12C mode, the simultaneous sampling enable bit is readable and writable but has no impact on device operation or perfor-
mance.
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6.2.14.2 Chip Time (CHIPTIME)

In DSI3 mode, the CHIPTIME bits set the chip time for Periodic Data Collection Mode as described below. The chip time for
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Command and Response Mode and Background Diagnostic Mode is always set to 5us with slew control enabled.
In PSI5 mode, the CHIPTIME bits set the bit time for the PSI5 response data as described below.

PSI5 DsSI3
CHIEIMETSI] [CHIERMER]} (CHIERIMEN ) (CHIERIMEID) Period Time Baud Rate Slew Control Chip Time Chip Rate Slew Control
0 0 0 0 5.3 us 189 kHz Enabled 1.0 ps 1000 kHz Disabled
0 0 0 1 5.3 us 189 kHz Enabled 2.0 us 500.0 kHz Disabled
0 0 1 0 5.3 us 189 kHz Enabled 2.5pus 400.0 kHz Enabled
0 0 1 1 5.3 us 189 kHz Enabled 2.6 us 384.6 kHz Enabled
0 1 0 0 5.3 us 189 kHz Enabled 2.6 us 384.6 kHz Enabled
0 1 0 1 53 s 189 kHz Enabled 2.7 ps 370.3 kHz Enabled
0 1 1 0 5.3 us 189 kHz Enabled 2.8 us 357.1 kHz Enabled
0 1 1 1 5.3 us 189 kHz Enabled 29 s 344.8 kHz Enabled
1 0 0 0 8.0 us 125 kHz Enabled 3.0 us 333.3 kHz Enabled
1 0 0 1 8.0 us 125 kHz Enabled 3.1us 322.6 kHz Enabled
1 0 1 0 8.0 us 125 kHz Enabled 3.2 s 312.5 kHz Enabled
1 0 1 1 8.0 us 125 kHz Enabled 3.3 s 303.0 kHz Enabled
1 1 0 0 8.0 us 125 kHz Enabled 3.5us 294.1 kHz Enabled
1 1 0 1 8.0 us 125 kHz Enabled 40ps 250.0 kHz Enabled
1 1 1 0 8.0 us 125 kHz Enabled 45 s 222.2 kHz Enabled
1 1 1 1 8.0 us 125 kHz Enabled 5.0 ps 200.0 kHz Enabled

In SPI and 12C mode, the CHIPTIME bits are readable and writable but have no impact on device operation or performance.

6.2.15 DSI3 Background Diagnostic Mode Configuration Register (BDM_CFG)
The DSI3 Background Diagnostic Mode configuration register is a user programmed read/write register which contains user
specific configuration information for DSI3 Background Diagnostic Mode. This register is included in the read/write array
error detection. Reference Section 7.4 for details regarding Background Diagnostic Mode.
This register is readable and writable in DSI3 mode, SPI mode, 12C mode or PSI5 Programming Mode.
Location Bit
Address Register 7 6 5 4 3 2 1 0
$24 BDM_CFG RESERVED RESERVED RESERVED RESERVED RESERVED RESERVED BDM_FRAGSIZE BDM_EN
Unprogrammed OTP Value 0 0 0 0 0 0 0 0

6.2.15.1 Background Diagnostic Mode Fragment Size (BDM_FRAGSIZE)

The Background Diagnostic Mode fragment size bit sets the number of background diagnostic command bits and response
chips to be sent per Periodic Data Collection Mode sampling period.

BDM_FRAGSIZE

BDM Command Fragment Size
(Bits)

BDM Response Fragment Size
(Chips)

0

2

3

1

4

6

In SPI and 12C mode, the BDM_FRAGSIZE bit is readable and writable, but has no impact on device operation or perfor-

mance.

In PSI5 mode, the BDM_FRAGSIZE bit is readable and writable, but has no impact on device operation or performance.

6.2.15.2 Background Diagnostic Mode Enable (BDM_EN)

The Background Diagnostic Mode enable bit enables background diagnostic mode as described in the table below. Refer-

ence Section 7.4 for details regarding Background Diagnostic Mode.

BDM_EN Background Diagnostic Mode
0 Disabled
1 Enabled

In SPI and I12C mode, the BDM_EN bit is readable and writable, but has no impact on device operation or performance.

In PSI5 mode, the BDM_EN bit is readable and writable, but has no impact on device operation or performance.
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6.2.16 PSI5 Configuration Register (PSI5_CFG)

The PSI5 configuration register is a user programmable OTP register that contains PSI5 specific configuration information.
This register is included in the read/write array error detection.

This register is readable and writable in DSI3 mode, SPI mode, I2C mode or PSI5 Programming Mode.

Location Bit
Address Register 7 6 5 4 3 2 1 0
$25 PSI5_CFG SYNC_PD DAISY_CHAIN PSI5_ILOW DUALTRANS EMSG_EXT P_CRC INIT2_EXT ASYNC
Unprogrammed OTP Value 0 0 0 0 0 0 0 0

6.2.16.1 Sync Pulse Pull-Down Enable Bit (SYNC_PD)

In PSI5 mode, the sync pulse pull-down enable bit selects if the Sync pulse pull-down is enabled once a sync pulse is
detected. Reference Section 6.2.17.1 for more information regarding the sync pulse pulldown.

SYNC_PD Sync Pulse Pull-Down
0 Disabled
1 Enabled for all PSI5 operating modes

In DSI3 mode, the SYNC_PD bit is readable and writable, but has no impact on device operation or performance.

in SPI and 12C mode, the SYNC_PD bit is readable and writable, but has no impact on device operation or performance.

6.2.16.2 PSI5 Daisy Chain Selection Bit (DAISY_CHAIN)

In PSI5 mode, the transmission mode selection bits select the PSI5 transmission mode as shown below.

DAISY_CHAIN Operating Mode Response (PDCM_RSTSTO0) Reference
0 Normal Mode (Asynchronous or Parallel, Synchronous) SNSDATAO Section 8.5
1 Daisy Chain Mode SNSDATAO Section 8.7

In DSI3 mode, the DAISY_CHAIN bit is readable and writable, but has no impact on device operation or performance.

In SPI and I2C mode, the DAISY_CHAIN bit is readable and writable, but has no impact on device operation or performance.

6.2.16.3 PSI5 Low Response Current Selection Bit (PSI5_ILOW)

In PSI5 mode, the PSI5 low response current selection bit selects the low PSI5 response current specified in Section 5.4 as
shown below.

PSI5_ILOW PSI5 Response Current
0 Normal Response Current
1 Low Response Current

In DSI3 mode, the PSI5_ILOW bit is readable and writable, but has no impact on device operation or performance.
In SPI and I°C mode, the PSI5_ILOW bit is readable and writable, but has no impact on device operation or performance.

6.2.16.4 Dual Transmission Mode (DUALTRANS)

In PSI5 mode, the dual transmission mode bit enables dual data transmission as described in Section 8.6 only if the DAI-
SY_CHAIN bit is not set and the ASYNC bit is not set.

DUALTRANS Operating Mode Response (PDCM_RSTSTO) Reference
0 Normal Mode (Asynchronous or Parallel, Synchronous, Daisy Chain) SNSDATAO Section 8.5, Section 8.7
1 Dual Data Transmission Mode SNSDATAO and SNSDATA1 Section 8.6

In DSI3 mode, the DUALTRANS mode is readable and writable, but has no impact on device operation or performance.

In SPI and 12C mode, the DUALTRANS bits are readable and writable, but has no impact on device operation or perfor-
mance.

6.2.16.5 Error Message Information Extension Bit (EMSG_EXT)

In PSI5 mode, the error message information extension bit enables or disables additional PSI5 error message information
as shown below.

EMSG_EXT Description
0 Allinternal Errors map to Ox1F4 (Reference Section 8.3.4)
1 Additional PSI5 reserved codes are used for internal error distinction (Reference Section 8.3.4)

In DSI3 mode, the EMSG_EXT bit is readable and writable, but has no impact on device operation or performance.

In SPI and I12C mode, the EMSG_EXT bit is readable and writable, but has no impact on device operation or performance.
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6.2.16.6 PSI5 Response Message Error Detection Selection Bit (P_CRC)

In PSI5 Mode, the response message error detection selection bit selects either even parity, or a 3-Bit CRC for error detec-
tion of the PSI5 response message. Reference Section 6.2.17.1 for details regarding response message error detection.

P_CRC Parity or CRC
0 Parity
1 CRC

In DSI3 mode, the P_CRC bit is readable and writable, but has no impact on device operation or performance.
in SPI and 12C mode, the P_CRC bit is readable and writable, but has no impact on device operation or performance.

6.2.16.7 Initialization Phase 2 Data Extension Bit (INIT2_EXT)

In PSI5 mode, the initialization phase 2 data extension bit enables or disables data transmission in data fields D33 through
D48 of PSI5 Initialization Phase 2 as shown below.

INIT2_EXT Description
0 D33 through D48 are not transmitted
1 D33 through D48 are transmitted as defined in Section 8.4.2.1

In DSI3 mode, the INIT2_EXT bit is readable and writable, but has no impact on device operation or performance.
in SPI and 12C mode, the INIT2_EXT bit is readable and writable, but has no impact on device operation or performance.

6.2.16.8 Asynchronous Mode Bit (ASYNC)

In PSI5 mode, the asynchronous mode bit enables asynchronous data transmission as described in Section 6.2.17.1 only if
the DAISY_CHAIN bit is not set.

In DSI3 mode, the ASYNC bit is readable and writable, but has no impact on device operation or performance.
in SPI and 12C mode, the ASYNC bit is readable and writable, but has no impact on device operation or performance.
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6.2.17 DSI3 and PSI5 Start Time Registers (PDCM_RSPSTx_x)

The DSI3 and PSI5 start time registers are user programmed read/write registers which contain user specific configuration
information for DSI3 Periodic Data Collection Mode and PSI5 Synchronous Mode. These registers are included in the read/
write array error detection.

These registers are readable and writable in DSI3 mode, SPI mode, 12C mode or PSI5 Programming Mode.

Location Bit
Address Register 7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
$26 PDCM_RSPSTO_L PDCM_RSPSTO[7:0]
$27 PDCM_RSPSTO_H BRC_RSPO[1:0] [ RESERVED | PDCM_RSPSTO[12:8]
$28 PDCM_RSPST1_L PDCM_RSPSTA[7:0]
$29 PDCM_RSPST1_H BRC_RSP1[1:0] [ RESERVED | PDCM_RSPSTA[12:8]
$2A PDCM_RSPST2_L PDCM_RSPST2[7:0]
$2B PDCM_RSPST2_H BRC_RSPZ[1:0] [ RESERVED | PDCM_RSPST2[12:8]
$2C PDCM_RSPST3_L PDCM_RSPST3[7:0]
$2D PDCM_RSPST3_H BRC_RSP3[1:0] RESERVED PDCM_RSPST3[12:8]
Unprogrammed OTP Value 0 | 0 0 0 | 0 | 0 | 0 0

6.2.17.1 Periodic Data Collection Mode Response Start Time (PDCM_RSPSTx[12:0])

The Periodic Data Collection Mode response start time registers set the DSI3 Periodic Data Collection Mode or PSI5 Syn-
chronous mode response start time for the associated data and SOURCEID. The value is stored in 1.0us increments.

PDCM_RSPSTx[12:0] Periodic Data Collection Mode Response Start Time
0 See Table Below
0 < PDCM_RSPSTx[12:0] < 20 20.0ps
20 < PDCM_RSPSTx[12:0] PDCM response start = PDCM_RSPST x 1.0us

The table below shows the relationship of the SOURCEID, the transmitted data, the response start times and the default
states for each set of registers in DSI3 Periodic Data Collection Mode. Care must be taken to prevent from programming
response start times which cause data contention in the system.

SOURCEID REGISTER Transmitted Data Start Time Registers Default Start (PDCM_RSPSTx[12:0] = 0x00)
SOURCEID_0 CHO_SNSDATAO PDCM_RSPSTO[12:0] Transmit Data with a start time of 20us
SOURCEID_1 CHO_SNSDATA1 PDCM_RSPST1[12:0] Transmit Data with a start time of 20us
SOURCEID_2 CH1_SNSDATAO PDCM_RSPST2[12:0] Transmit Data with a start time of 20us
SOURCEID_3 CH1_SNSDATA1 PDCM_RSPST3[12:0] Transmit Data with a start time of 20us

The table below shows the PSI5 data transmission start times based on the values in the PDCM_RSPSTx registers and the
value of the ASYNC bit. Care must be taken to prevent from programming time slots which violate the PSI5 Version 1.3
specification, or time slots which will cause data contention.

ASYNC Bit SOURCEID REGISTER Transmitted Data Time Slot Start Time Default Start (PDCM_RSPSTx[12:0] = 0x00)
1 SOURCEID_0 CHO_SNSDATAO Asynchronous Mode tasyne
SOURCEID_0 CHO_SNSDATAO PDCM_RSPSTO0[12:0] Transmit Data with a start time of 20us
0 SOURCEID_1 CHO_SNSDATA1 PDCM_RSPST1[12:0] Transmit Data with a start time of 20us
SOURCEID_2 CH1_SNSDATAO0 PDCM_RSPST2[12:0] Transmit Data with a start time of 20us
SOURCEID_3 CH1_SNSDATA1 PDCM_RSPST3[12:0] Transmit Data with a start time of 20us

In SPI and 12C mode, the PDCM_RSPSTx registers are readable and writable, but have no impact on device operation or
performance.
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6.2.17.2 Broadcast Read Command Type Selection Bits (BRC_RSP[1:0])

The broadcast read command type selection bits select the Broadcast Read Command types that the device responds to for
each Source ID as shown in the table below:

BRC_RSP[1] BRC_RSP[0] Response
0 0 Respond to all Broadcast Read Commands
0 1 Respond to Broadcast Read Command 0 only
1 0 Respond to Broadcast Read Command 1 only
1 1 Respond to all Broadcast Read Commands

If a device is programmed to respond only to BRCO or BRC1 commands, it will synchronize to alternate responses when
BDM commands are received.

. If the last command prior to a BDM command is a BRCO, a device programmed to respond only to BRCO commands will not
respond to the first BDM command and will then respond to every other BDM command until the next BRC command is
received.

. If the last command prior to a BDM command is a BRCO, a device programmed to respond only to BRC1 commands will
respond to the first BDM command, and will then response to every other BDM command until the next BRC command is
received.

. If the last command prior to a BDM command is a BRC1, a device programmed to respond only to BRCO commands will
respond to the first BDM command, and will then response to every other BDM command until the next BRC command is
received.

. If the last command prior to a BDM command is a BRC1, a device programmed to respond only to BRC1 commands will not
respond to the first BDM command and will then respond to every other BDM command until the next BRC command is
received.

In PSI5 mode, the BRC_RSP[1:0] bits are readable and writable, but have no impact on device operation or performance.

In SPI and 12C mode, the BRC_RSPJ[1:0] bits are readable and writable, but have no impact on device operation or perfor-
mance.

6.2.18 DSI3 and PSI5 Command Blocking Time Registers (PDCM_CMD_B_x)
The DSI3 and PSI5 Command Blocking registers are user programmed read/write registers which contain user specific con-
figuration information for DSI3 mode and PSI5 mode. These registers are included in the read/write array error detection.
These registers are readable and writable in DSI3 mode, SPI mode, 1°C mode or PSI5 Programming Mode.
Location Bit
Address Register 7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
$38 PDCM_CMD_B_L PDCM_CMD_B[7:0]
$39 PDCM_CMD_B_H| RESERVED RESERVED RESERVED PDCM_CMD_B[12:8]
Unprogrammed OTP Value 0 0 0 0 | 0 | 0 | 0 | 0
In DSI3 mode, the DSI3 Periodic Data Collection Mode command blocking time bits set the Periodic Data Collection Mode
command blocking time in 1.0us increments, with zero as the default value of 450us. For proper communication, the com-
mand blocking time must exceed the completion of the last source response transmission. Reference Section 7.1.1 for
details regarding the command receiver and command blocking.
Care must be taken to prevent from programming command blocking times which prevent proper command decoding in the
system and to ensure proper sampling of the VHIGH voltage. As shown in Section 7.1.1, Section 7-2, The VHIGH voltage is
initially captured at the end of the command blocking time and then filtered. The user must ensure that the command block-
ing end time is set for a time when no command or response transmissions are occurring to provide the most stable BUS_|
voltage.
PDCM_CMD_B[12:0] Sync Pulse Blocking Time
0 450us
Non-Zero Sync Pulse Blocking Time = PDCM_CMD_B x 1us
In PSI5 mode, the command blocking time bits set the PSI5 sync pulse blocking time in 1.0us increments, with zero as the
default value of 450us. Reference Section 8.2.1 for details regarding the PSI5 sync pulse receiver and command blocking.
Care must be taken to prevent from programming command blocking times which prevent proper sync pulse decoding in the
system and to ensure proper sampling of the PSI5 voltage.
PDCM_CMD_B[12:0] Sync Pulse Blocking Time
0,1,2,3,4,5,6,7,8,9 450us
10 - 8191 Sync Pulse Blocking Time = PDCM_CMD_B x1pus
in SPI and 12C mode, the PDCM_CMD_B bits are readable and writable, but have no impact on device operation or perfor-
mance.
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6.2.19 SPI Configuration Control Register

In SPI mode, the SPI configuration control register is a user programmed read/write register which contains the SPI protocol
configuration information. This register is included in the read/write array error detection.

This register is readable and writable in DSI3 mode, SPI mode, I2C mode or PSI5 Programming Mode.

Location Bit
Address Register 7 6 5 | 4 3 | 2 | 1 | 0
$3D SPI_CFG RESERVED DATASIZE SPI_CRC_LEN[1:0] SPICRCSEED[3:0]
Unprogrammed OTP Value 0 0 0 | 0 0 | 0 | 0 | 0

6.2.19.1 SPI Data Field Size Bit (DATASIZE)
The SPI data field size bit controls the size of the SPI data field as shown below. Reference Section 6.6.4.9.

DATASIZE SPI Data Field Size
0 12-Bits
1 16-Bits

In DSI3 mode, the DATASIZE bit is readable and writable, but has no impact on device operation or performance.
in PSI5 mode, the DATASIZE bit is readable and writable, but has no impact on device operation or performance.

in 12C mode, the DATASIZE bit is readable and writable, but has no impact on device operation or performance.

6.2.19.2 SPI CRC Length and Seed Bits (SPI_CRC_LEN][1:0], SPICRCSEEDI3:0])

The SPI_CRC_LEN[1:0] bits select the CRC length for SPI Mode as shown in the table below. The SPI CRC seed bits con-
tain the seed used for the SPI Mode. The default SPI CRC is an 8-bit. When the SPI_CRC_LENIJ1:0] bits are set to a non-
zero value using a Register Write command, the SPI CRC changes as defined in the table. The new polynomial value is
enabled for both MISO and MOSI on the next SPI Mode command.

The default seed (SPICRCSEED[3:0] = 0x0) is OxFF for an 8-bit CRC. When the value is changed to a non-zero value using

a Register Write command, the SPI CRC seed changes to the value programmed as shown in the table. The new seed
value is enabled for both MISO and MOSI on the next SPI Mode command.

SPI_CRC_LEN[1:0] SPICRCSEED CRC Polynomial CRC Seed
0 1111, 1111
0 0 x84+ x5+ X3+ x2+x+1
Non-Zero 1111, SPICRCSEED[3:0]
0 1010
0 1 x*+1
Non-Zero SPICRCSEED[3:0]
0 111
1 0 X3+ x+1
Non-Zero SPICRCSEED[2:0]
0 111
1 1 X3+ x+1
Non-Zero SPICRCSEED[2:0]

In PSI5 mode, the SPI CRC bits are readable and writable, but have no impact on device operation or performance.
In DSI3 mode, the SPI CRC bits are readable and writable, but have no impact on device operation or performance.
In 12C mode, the SPI CRC bits are readable and writable, but have no impact on device operation or performance.
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6.2.20 Who Am | Register

The Who Am | register is a user programmed read/write register which contains the unique product identifier for 12C mode.
The register is readable in all modes. This register is included in the read/write array error detection.

This register is readable and writable in DSI3 mode, SPI mode, I2C mode or PSI5 Programming Mode.

Location Bit
Address Register 7 I 6 | 5 | 4 | 3 | 2 l 1 0
$3E WHO_AM_| WHO_AM_I[7:0]
Unprogrammed OTP Value 0 0 0 0 0 0 0 0
Unprogrammed Read Value 1 1 0 0 0 1 0 0

The default register value is 0x00. If the register value is 0x00, a value of 0xC4 is transmitted in response to a read com-
mand. For all other register values, the actual register value is transmitted in response to a read command.

WHO_AM_I Register Value (HEX) Response to a Register Read Command
0X00 0xC4
0X01 Through OxFF Actual Register Value

6.2.21 I2C Slave Address Register

The I°C Slave Address register is a user programmed read/write register which contains the unique 12C slave address. The
register is readable in all modes. This register is included in the read/write array error detection.

This register is readable and writable in DSI3 mode, SPI mode, 12C mode or PSI5 Programming Mode.

Location Bit
Address Register 7 | 6 | 5 | 4 | 3 | 2 | 1 0
$3F 12C_ADDRESS 12C_ADDRESSJ[7:0]
Unprogrammed OTP Value 0 0 0 0 0 0 0 0
Unprogrammed Read Value 0 1 1 0 0 0 0 0

The default register value is 0x00. If the register value is 0x00, the I2C slave address is 0x60 and a value of 0x60 is transmit-
ted in response to a read command. For all other register values, the I2C slave address is the lower 7 bits of the actual reg-
ister value and the actual register value is transmitted in response to a read command.

12C_ADDRESS Register Value (HEX) Response to a Register Read Command I2C Slave Address
0x00, 0x80 0x60 0x60
0x01 Through 0x7F, 0x81 Through OxFF Actual Register Value 12C_ADDRESS[6:0]
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6.2.22 Channel 0 and Channel 1 User Configuration #1 Registers (CH0_CFG_U1, CH1_CFG_U1)

The Channel 0 and Channel 1 user configuration #1 registers are user programmable read/write registers which contain
channel specific configuration information. These registers are included in the read/write array error detection.

Changes to these registers reset the DSP datapath. The contents of the SNSDATA_x registers are not guaranteed until the
DSP has completed initialization as specified in Section 5.20. Reads of the SNSDATA_x registers and Sensor Data requests
should be prevented during this time.

These registers are readable and writable in DSI3 mode, SPI mode, 12C mode or PSI5 Programming Mode.

Location Bit
Address Register 7 | 6 | 5 | 4 3 | 2 1 | 0
$40 CHO_CFG_U1 LPF[3:0] SAMPLERATE[1:0] USER_SNS_SHIFT[1:0]
$48 CH1_CFG_UT LPF[3:0] SAMPLERATE[1:0] USER_SNS_SHIFT[1:0]
Unprogrammed OTP Value 0 | 0 | 0 | 0 0 | 0 0 | 0

6.2.22.1 Low-Pass Filter and Sample Rate Selection Bits (LPF[3:0], SAMPLERATE[1:0])

The low pass filter selection bits and sample rate bits select the low pass filter for the associated channel. Reference Section
6.6.4.4 for details regarding the low pass filter.

Low Pass Filter Type
LPF[3] | LPF[2] | LPF[1] | LPF[0] | SAMPLERATE = 00, 01 SAMPLERATE = 10 SAMPLERATE = 11
16us 32us 64us
0 0 0 0 400Hz, 4-Pole 200Hz, 4-Pole 100Hz, 4-Pole
0 0 0 1 400Hz, 3-Pole 200Hz, 3-Pole 100Hz, 3-Pole
0 0 1 0 400Hz, 4-Pole 200Hz, 4-Pole 100Hz, 4-Pole
0 0 1 1 400Hz, 3-Pole 200Hz, 3-Pole 100Hz, 3-Pole
0 1 0 0 325Hz, 3-Pole 162.5Hz, 3-Pole 81.25Hz, 3-Pole
0 1 0 1 370Hz, 2-Pole 185Hz, 2-Pole 92.5Hz, 2-Pole
0 1 1 0 180Hz, 2-Pole 90Hz, 2-Pole 45Hz, 2-Pole
0 1 1 1 100Hz, 2-Pole 50Hz, 2-Pole 25Hz, 2-Pole
1 0 0 0 1500Hz, 4-Pole 750Hz, 4-Pole 375Hz, 4-Pole
1 0 0 1 500Hz, 3-Pole 250Hz, 3-Pole 125Hz, 3-Pole
1 0 1 0 800Hz, 4-Pole 400Hz, 4-Pole 200Hz, 4-Pole
1 0 1 1 1200Hz, 4-Pole 600Hz, 4-Pole 300Hz, 4-Pole
1 1 0 0 120Hz, 3-Pole 60Hz, 3-Pole 30Hz, 3-Pole
1 1 0 1 120Hz, 3-Pole 60Hz, 3-Pole 30Hz, 3-Pole
1 1 1 0 120Hz, 2-Pole 60Hz, 2-Pole 30Hz, 2-Pole
1 1 1 1 50Hz, 4-Pole 25Hz, 4-Pole 12.5Hz, 4-Pole

6.2.22.2 User Sensitivity Shift Selection Bits (U_SNS_SHIFT[1:0])

The user sensitivity selection bits are used along with the user sensitivity multiplier bits to scale the output sensitivity of the
device. Reference Section 6.2.23.1 for details.

6.2.23 Channel 0 and Channel 1 User Configuration #2 Registers (CH0_CFG_U2, CH1_CFG_U2)

The Channel 0 and Channel 1 user configuration #2 registers are user programmable read/write registers which contain
channel specific configuration information. The registers are included in the read/write array error detection.

Changes to these registers reset the DSP datapath. The contents of the SNSDATA_x registers are not guaranteed until the
DSP has completed initialization as specified in Section 5.20. Reads of the SNSDATA_x registers and Sensor Data requests
should be prevented during this time.

These registers are readable and writable in DSI3 mode, SPI mode, 1°C mode or PSI5 Programming Mode.

Location Bit
Address Register 7 6 5 4 3 2 1 0
$41 CHO_CFG_U2 | U_SNS_MULT[7] [ U_SNS_MULT[6] | U_SNS_MULT[5] | U_SNS_MULT[4] | U_SNS_MULTI[3] [ U_SNS_MULT[2] | U_SNS_MULT[1] [ U_SNS_MULT[0]
$49 CH1_CFG_U2 | U_SNS_MULT[7] [ U_SNS_MULT[6] | U_SNS_MULT[5] | U_SNS_MULT[4] | U_SNS_MULTI[3] [ U_SNS_MULT[2] | U_SNS_MULT[1] [ U_SNS_MULT[0]
Unprogrammed OTP Value 0 0 0 0 0 0 0 0
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6.2.23.1 User Sensitivity Multiplier Bits (U_SNS_MULT[7:0])

The user sensitivity multiplier bits are used along with the user sensitivity shift bits to scale the output sensitivity of the
device. The equation below describes the scaling:
256 + SensitivityMultiplier

OutputSensitivity(12bit) = TrimSensitivity x SensitivityShiftFactor x

256
Where:
TrimSensitivity = The default timmed sensitivity of the device, as specified in Section 5.6
SensitivityMultiplier = The unsigned multiplier value contained in the U_SNS_MULT[7:0] bits
SensitivityShiftFactor = The Shift Factor selected by the U_SNS_SHIFT[1:0] bits as described in the table below
Device Type U_SNS_SHIFT[1] U_SNS_SHIFT[O0] Sensitivity Shift Factor
Normal Range 0 0 0.25
Normal Range 0 1 0.50
Normal Range 1 0 1
Normal Range 1 1 2
Note: This table includes some typical device ranges. Other ranges are possible with the user selected shift and multiplier values.
User Sensitivity Shift Factor User Multiplier Value Actual Actual Actual Actual
Deyie Desired Des_ir_et_:l NXP Trim ] Multiplier Se_nsitivi_ty Ser_lsitivity Ser_lsitivity Ser_lsitivity
Type Range Ser!smwty (12-Bit, LSB/g) U_SNS_SHIFT Shift U_SNS_- Value 16-Bit Register | 10-Bit Sensor | 12-Bit Sensor | 16-Bit Sensor
(9) (12-Bit, LSB/g) (HEX) Factor MULT (HEX) Chx_SNS- Data Request, | Data Request, | Data Request,
(Dec) DATAX LSB/g) LSB/g LSB/g LSB/g
155; 131.7246 33.0161 0x3 2 OxFF 255 263.6130 32.9516 131.8065 2108.904
16 127.9375 33.0161 0x3 2 0xFO 240 255.8748 31.9844 127.9374 2046.998
20 102.3500 33.0161 0x3 2 0x8D 141 204.8030 25.6004 102.4015 1638.424
25 81.8800 33.0161 0x3 2 0x3D 61 163.5328 20.4416 81.7664 1308.262
35 58.4857 33.0161 0x2 1 0xC5 197 116.8460 14.6058 58.4230 934.7680
50 40.9400 33.0161 0x2 1 0x3D 61 81.7664 10.2208 40.8832 654.1312
60 34.1167 33.0161 0x2 1 0x09 9 68.3536 8.5442 34.1768 546.8288
62 33.0161 33.0161 0x2 1 0x00 0 66.0322 8.2540 33.0161 528.2576
Medium g 62.5 32.7520 33.0161 Ox1 0.5 OxFC 252 65.5164 8.1896 32.7582 524.1312
75 27.2933 33.0161 0x1 0.5 OxA7 167 54.5540 6.8193 27.2770 436.4320
85.3 24.0000 33.0161 Ox1 0.5 0x74 116 47.9766 5.9971 23.9883 383.8128
100 20.4700 33.0161 0x1 0.5 0x3D 61 40.8832 5.1104 20.4416 327.0656
105 19.5000 33.0161 Ox1 0.5 0x2E 46 38.9486 4.8686 19.4743 311.5888
112.5 18.2000 33.0161 0x1 0.5 O0x1A 26 36.3692 4.5462 18.1846 290.9536
125 16.3760 33.0161 0x0 0.25 OxFC 252 32.7582 4.0948 16.3791 262.0656
128 16.0000 33.0161 0x0 0.25 0xFO 240 31.9844 3.998 15.9922 255.8752
150 13.6467 33.0161 0x0 0.25 OxA7 167 27.2770 3.4096 13.6385 218.2160
50 40.9400 10.9465 0x3 2 OXDF 223 81.9278 10.2410 40.9639 655.4224
60 34.1167 10.9465 0x3 2 Ox8F 143 68.2446 8.5306 34.1223 545.9568
62 33.0161 10.9465 0x3 2 0x82 130 66.0210 8.2526 33.0105 528.1680
62.5 32.7520 10.9465 0x3 2 Ox7F 127 65.5080 8.1885 32.7540 524.0640
100 20.4700 10.9465 0x2 1 OXDF 223 40.9638 5.1205 20.4819 327.7104
105 19.5000 10.9465 0x2 1 0xC8 200 38.9970 4.8746 19.4985 311.9760
112.5 18.2000 10.9465 0x2 1 OXAA 170 36.4314 4.5539 18.2157 291.4512
High g 125 16.3760 10.9465 0x2 1 Ox7F 127 32.7540 4.0943 16.3770 262.0320
128 16.0000 10.9465 0x2 1 0x76 118 31.9844 3.9981 15.9922 255.8752
150 13.6467 10.9465 0x2 1 0x3F 63 27.2808 3.4101 13.6404 218.2464
187 10.9465 10.9465 0x2 1 0x00 0 21.8930 2.7366 10.9465 175.1440
250 8.1880 10.9465 Ox1 0.5 Ox7F 127 16.3770 2.0471 8.1885 131.0160
3125 6.5504 10.9465 0x1 0.5 0x32 50 13.0844 1.6356 6.5422 104.6752
375 5.4587 10.9465 0x0 0.25 OxFF 255 10.9252 1.3657 5.4626 87.4016
500 4.0940 10.9465 0x0 0.25 OX7F 127 8.1884 1.0236 4.0942 65.5072

The table below shows some example user shift and multiplier values for typical PSI5 full scale ranges (+/- 480, 10-bit):
Note: This table includes some typical device ranges. Other ranges are possible with the user selected shift and multiplier values.

User Sensitivity Shift Factor User Multiplier Value Actual Actual
Device Type Desired Range Desired_Sensitivity NX_F‘ Trim U SNS SHIFT ) U_SNS_MULT | Multiplier Value Sensitivity Sensitivit)_/
(9) (10-Bit, LSB/g) (10-Bit, LSB/g) Ll Shift Factor Ll (PSI5 10-Bit, | (PSI5 16-Bit,
(HEX) (HEX) (Dec) LSBlg) LSBlg)
15 32.0000 8.2540 0x3 2 0xFO 240 31.9844 2047.00
20 24.0000 8.2540 0x3 2 0x74 116 23.9883 1535.25
Medium g 30 16.0000 8.2540 0x2 1 0xFO 240 15.9922 1023.50
60 8.0000 8.2540 0x1 0.5 OxFO 240 7.9961 511.500
120 4.0000 8.2540 0x0 0.25 0xFO 240 3.9980 255.875
60 8.0000 2.7366 0x3 2 0x76 118 7.9961 511.749
High g 120 4.0000 2.7366 0x2 1 0x76 118 3.9980 255.874
240 2.0000 2.7366 0x1 0.5 0x76 118 1.9990 127.937
480 1.0000 2.7366 0x0 0.25 0x76 118 0.9995 63.9686
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6.2.24 Channel 0 and Channel 1 User Configuration #3 Registers (CHO_CFG_U3, CH1_CFG_U3)

The Channel 0 and Channel 1 user configuration #3 registers are user programmable read/write registers which contain
channel specific configuration information. The registers are included in the read/write array error detection.

Revision 2.18

Changes to these registers reset the DSP datapath. The contents of the SNSDATA_x registers are not guaranteed until the
DSP has completed initialization as specified in Section 5.20. Reads of the SNSDATA_x registers and Sensor Data requests
should be prevented during this time.

These registers are readable and writable in DSI3 mode, SPI mode, 12C mode or PSI5 Programming Mode.

Location Bit
Address Register 7 6 | 5 4 | 3 2 1 0
$42 CHO_CFG_U3 | UNSIGNEDDATA DATATYPEO[1:0] DATATYPE1[2:0] MOVEAVG[1:0]
$4A CH1_CFG_U3 | UNSIGNEDDATA DATATYPEO[1:0] DATATYPE1[2:0] MOVEAVGI1:0]
Unprogrammed OTP Value 0 0 | 0 0 | 0 | 0 0 | 0

6.2.24.1 Unsigned Data Select Bit (UNSIGNEDDATA)

The unsigned data selection bit selects signed or unsigned data for the register and sensor data transmissions.

1

UNSIGNEDDATA Register Values DATATYPE Transmissions
CHx_SNSDATAO | CHx_SNSDATA1 Sensor Data (DSI, SPI) | Sensor Data (PSI5)
Channel Sensor Data
0 Signed Data Signed Data Signed Data .
— o - Signed Data
1 Unsigned Data Unsigned Data Unsigned Data
Temperature Sensor Data
0
As specified in Section 6.7.2 Ox1EA

6.2.24.2 Channel Data Type 0 Selection Bits (CHxDATATYPEOQ)

The Channel Data Type 0 Selection Bits select the type of data to be included in the SNSDATAO_L and SNSDATAOQ_H reg-
isters for each channel.

Data Transmitted
CHxDATATYPEO[1]| CHxDATATYPEO[0] _ . _
Data Transmitted Offset Cancelled? | Moving Average? Interpolation?
Selected by OC_-
0 0 CHx Sensor Data © egimym - Selected by Selected by
i MOVEAVG[1: MOVEAVG[1:

0 1 CHx Sensor Data No o clt:0l o err:0)
1 0
] ] Temperature Sensor Data (As specified in Section 6.7.2)

6.2.24.3 Channel Data Type 1 Selection Bits (CHxDATATYPE1)

The Channel Data Type 1 Selection Bits select the type of data to be included in the SNSDATA1_L and SNSDATA1_H reg-
isters for each channel.

Data Transmitted
CHxDATATYPE1[2] | CHXDATATYPE1[1]{CHXxDATATYPE1[0] . . _
Data Transmitted Offset Cancelled? | Moving Average? Interpolation?
Selected by OC_- Selected by
0 0 0 CHx Sensor Data FILT[1:0] MOVEAVG1:0] No
Selected by
0 0 1 CHx Sensor Data No MOVEAVGI1:0] No
0 1 0 I .
) ] ] Temperature Sensor Data (As specified in Section 6.7.2)
Selected by OC_-
1 0 0 CHx Sensor Data FILT[1:0] No No
Selected by
1 0 1 CHx Sensor Data No MOVEAVGI1:0] No
1 1 0
] ] ] Temperature Sensor Data (As specified in Section 6.7.2)

In PSI5 Mode, Temperature Sensor Data cannot be transmitted. If Temperature Sensor Data is selected with the CHxDATA-
TYPE selection bits, the Sensor Defect Error will be transmitted in place of sensor data.

6.2.24.4 Signal Chain Moving Average Selection Bits (MOVEAVGI1:0])

The signal chain moving average selection bits determine the input sample period to be used for the signal chain moving

average filter.

MOVEAVG[1] MOVEAVG[0] ";’l;':';:r"gg’t‘ﬂnsg'::i:'l:?o;e(z‘s’;’ Signal Chain Moving Average Interpolation
0 0 Determined by LPF Bypassed Enabled
0 1 32 8 Sample Moving Average Disabled
1 0 64 8 Sample Moving Average Disabled
1 1 128 8 Sample Moving Average Disabled

Sensors Solutions Division

NXP Semiconductors

Printed versions are uncontrolled except when stamped “Controlled Copy” in red.

CONFIDENTIAL AND PROPRIETARY

55 of 163



Revision 2.18

September 13, 2019

FXLS6xxxx

6.2.25 Channel 0 and Channel 1 User Configuration #4 Registers (CHO_CFG_U4, CH1_CFG_U4)

The Channel 0 and Channel 1 user configuration #4 registers are user programmable read/write registers which contain
channel specific configuration information. These registers are included in the read/write array error detection.

These registers are readable and writable in DSI3 mode, SPI mode, 12C mode or PSI5 Programming Mode.

Location Bit
Address Register 7 6 5 4 3 2 1 | 0
$43 CHO_CFG_U4 RESERVED INVERT OC_FILT[1:0] PCM ARM_CFG[2:0]
$4B CH1_CFG_U4 RESERVED INVERT OC_FILT[1:0] PCM ARM_CFGJ[2:0]
Unprogrammed OTP Value 0 0 0 | 0 0 0 | 0 | 0

6.2.25.1 Signal Inversion Bit (INVERT)

The signal inversion bit provides the option to invert the polarity of the sensor signals as shown below.

INVERT

Acceleration
Sensor Data

Fixed Pattern
Self-Test

Digital Self-Test

Analog Self-Test

Temperature

As shown in Section
3.

As specified in

Inverted polarity
from that shown in
Section 3

Section 6.2.26.1

Digital Self-Test Activation results in
the values specified in Section 5.8.

Positive Self-Test:

Delta from Offset as specified in Section 5.8

Negative Self-Test:

Delta from Offset inverted from the specified
values in Section 5.8 (Negative Values)

As specified in

Digital Self-Test Activation results in
the 2s complement of the values speci-
fied in Section 5.8.

Positive Self-Test:

Delta from Offset inverted from the specified
values in Section 5.8 (Negative Values)

Section 6.7.2

Negative Self-Test:

Delta from Offset as specified in Section 5.8

6.2.25.2 Offset Cancellation Filter Selection Bits (OC_FILT[1:0])

The offset cancellation filter selection bits provides the option to bypass the offset cancellation filter and the rate limiting for

the associated channel. Reference Section 6.6.4.6 for details regarding offset cancellation.

OC_FILT[1] OC_FILT[0] Offset Cancellation IIR Filter Offset C llation Rate Limiti
0 0 Enabled Enabled
0 1 Enabled Bypassed
1 0 Bypassed Bypassed
1 1 Bypassed Bypassed

6.2.25.3 Arming Pin Configuration Bits (ARM_CFG[2:0]) and PCM Range Selection Bit (PCM)
The ARM Configuration Bits (ARM_CFG[2:0]) select the mode of operation for the Arming pins.

ARM_CFG[2] | ARM_CFG[1] | ARM_CFG[0] PCM Operating Mode Output Type Reference

0 0 0 X Arm/PCM Output Disabled Hi Impedance

0 0 1 0 Arm/PCM Output Disabled Driven Low

0 0 1 1 PCM Output Digital Output Section 6.8
0 1 0 X Moving Average Mode Open Drain, Active High with Pull-down Current Section 6.9.1
0 1 1 X Moving Average Mode Open Drain, Active Low with Pull-up Current Section 6.9.1
1 0 0 X Count Mode Open Drain, Active High with Pull-down Current Section 6.9.2
1 0 1 X Count Mode Open Drain, Active Low with Pull-up Current Section 6.9.2
1 1 0 X Unfiltered Mode Open Drain, Active High with Pull-down Current Section 6.9.3
1 1 1 X Unfiltered Mode Open Drain, Active Low with Pull-up Current Section 6.9.3

Note: The arming function is reset on a change to the ARM_CFG bits. This includes the downsampling state and all history
registers.

When the PCM output is enabled, a Pulse Code Modulated signal proportional to the data selected by the DATATYPEO
selection bits is output on the ARM/PCM pin. Reference Section 6.8 for more information regarding the PCM output.
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6.2.26 Channel 0 and Channel 1 User Configuration #5 Register (CHO_CFG_US5, CH1_CFG_U5)

The Channel 0 and Channel 1 user configuration #5 registers are user programmable read/write registers which contain
channel specific configuration information. These registers are included in the read/write array error detection.

These registers are readable and writable in DSI3 mode, SPI mode, 12C mode or PSI5 Programming Mode.

Location Bit
Address Register 7 | 6 | 5 | 4 3 2 1 0
$44 CHO_CFG_U5 ST_CTRL[3:0] RESERVED RESERVED RESERVED RESERVED
$4C CH1_CFG_U5 ST_CTRL[3:0] RESERVED RESERVED RESERVED RESERVED
Unprogrammed OTP Value 0 | 0 | 0 | 0 0 0 0 0

6.2.26.1 Self Test Control Bits (ST_CTRL[3:0])

The self test control bits select one of the various analog and digital self test features of the device as shown in the table
below.

The self test control bits are writable in DSI3 Command and Response Mode.
The self test control bits are writable in SPI Mode.
The self test control bits are writable in 12C Mode.

The self test control bits are writable in PSI5 Programming Mode.

16-Bit SNSDATAX
ST_CTRL[3] | ST_CTRL[2] | ST_CTRL[1] | ST_CTRL[0] Function Register Value ST_INCMPLT ST_ACTIVE
Signed
0 0 0 0 No Effect Clear when Active
0 0 0 1 DSP writes to the SNS_DATAXx_X registers as configured Sensor Data Clear on Activation | Set When Active
0 0 1 0 in the ChxDATATYPEX registers. Clear on Activation | Set When Active
0 0 1 1 Clear on Activation | Set When Active
0 1 0 0 0x0000 Clear on Activation | Set When Active
0 1 0 1 i X o OxAAAA Clear on Activation Set When Active
DSP write to registers inhibited. — .
0 1 1 0 0x5555 Clear on Activation | Set When Active
0 1 1 1 OxFFFF Clear on Activation | Set When Active
1 0 0 0 RESERVED RESERVED Clear on Act!vat!on Set When Act!ve
1 0 0 1 Clear on Activation | Set When Active
1 0 1 0 Positive Analog Self Test - High Sensor Data Clear on Activation [ Set When Active
1 0 1 1 Negative Analog Self Test - High Clear on Activation | Set When Active
1 1 0 0 Clear on Activation | Set When Active
1 1 0 1 Digital Self Test: DSP write to registers inhibited Reference Clear on Activation | Set When Active
1 1 1 0 Values scale with gain changes Section 5.8 Clear on Activation | Set When Active
1 1 1 1 Clear on Activation | Set When Active
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6.2.27 Channel 0 and Channel 1 Arming Configuration Registers (CH0_ARM_CFG, CH1_ARM_CFG)

The arming configuration registers contain configuration information for the arming function. The values in these registers
are only relevant if the arming function is operating in moving average mode, or count mode.

Note: The arming function is reset on a change to the CHx_ARM_CFG bits. This includes the downsampling state and all
history registers.

These registers can be written during initialization but are locked once the ENDINIT bit is set. Refer to Section 6.2.5. The
registers are included in the read/write array error detection.

Location Bit
Address Register 7 | 6 5 | 4 3 | 2 1 | 0
$45 CHO_ARM_CFG ARM_DS[1:0] ARM_PS[1:0] ARM_WS_N[1:0] ARM_WS_P[1:0]
$4D CH1_ARM_CFG ARM_DS[1:0] ARM_PS[1:0] ARM_WS_N[1:0] ARM_WS_P[1:0]
Unprogrammed OTP Value 0 | 0 0 | 0 0 | 0 0 | 0

6.2.27.1 Arming Function Down Sampling Selection Bits (ARM_DS[1:0])

The arming function down sampling selection bits select the down sampling rate for the arming function. Reference Section

6.9.4.
ARM_DS[1] ARM_DS[0] Down Sampling
0 0 Provide every Sensor Data Request sample to the arming function for the relevant channel
0 1 Provide every other Sensor Data Request sample to the arming function for the relevant channel
1 0 Provide every 4™ Sensor Data Request sample to the arming function for the relevant channel
1 1 Provide every 8™ Sensor Data Request sample to the arming function for the relevant channel

6.2.27.2 Arming Pulse Stretch (ARM_PS[1:0])

The ARM_PSJ1:0] bits set the programmable pulse stretch time for the arming outputs. Refer to Section 6.9 for more details
regarding the arming function. Pulse stretch times are derived from the internal oscillator, so the tolerance on this oscillator

applies.
ARM_PSI[1] ARM_PSJ[0] Pulse Stretch Time (Typical Oscillator)
0 0 Oms
0 1 128.000 ms - 130.048 ms
1 0 512.000ms - 514.048 ms
1 1 2048.000ms - 2050.048 ms

6.2.27.3 Arming Window Size (ARM_WS_N[1:0], A_WS_P[1:0])

The ARM_WS_N[1:0] and ARM_WS_P[1:0] bits have a different function depending on the state of the ARM_CFG bits in
the CHx_CFG_U4 registers. Refer to Section 6.9 for more details regarding the arming function. If the arming function is set
to moving average mode, the ARM_WS bits set the number of sensor samples used for the arming function moving aver-
age. The number of samples is set independently for each channel and polarity. If the arming function is set to count mode,
the ARM_WS bits set the sample count limit for the arming function. The sample count limit is set independently for each

channel.
Positive Arming Window Size Definitions (Moving Average Mode)
ARM_WS_P[1] ARM_WS_P[0] Positive Window Size
0 0 2
0 1 4
1 0 8
1 1 16
Negative Arming Window Size Definitions (Moving Average Mode)
ARM_WS_N[1] ARM_WS_N[0] Negative Window Size
0 0 2
0 1 4
1 0 8
1 1 16
Arming Count Limit Definitions (Count Mode)
ARM_WS_N[1] ARM_WS_N[0] ARM_WS_P[1] ARM_WS_P[0] Sample Count Limit

Don’t Care Don’t Care 0 0 1

Don't Care Don’t Care 0 1 3

Don’t Care Don’t Care 1 0 7

Don't Care Don’t Care 1 1 15
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6.2.28 Arming Threshold Registers (CHx_ARM_T_P, CHx_ARM_T_N)

The arming threshold registers contain the positive and negative thresholds to be used by the arming function for each
channel. Refer to Section 6.9 for more details regarding the arming function.

These registers can be written during initialization but are locked once the ENDINIT bit is set. Refer to Section 6.2.5. The
registers are included in the read/write array error detection.

Location Bit
Address Register 7 | 6 | 5 | 4 | 3 | 2 1 0
$46 CHO_ARM_T_P ARM_T_P[7:0]
$47 CHO_ARM_T_N ARM_T_N[7:0]
$4E CH1_ARM_T_P ARM_T_P[7:0]
$4F CH1_ARM_T_N ARM_T_N[7:0]
Unprogrammed OTP Value 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0

The values programmed into the threshold registers are the threshold values used for the arming function as described in
Section 6.9. The threshold registers hold independent unsigned 8-bit values for each channel and polarity.

For Part Numbers beginning with FXLSO through FXLS4, each threshold increment is equivalent to 1 output LSB, 10-bit.
The table below shows examples of some threshold register values and the corresponding threshold.

Device Range Sensitivity ming ek R anaclofany Eroorammediiivesholds

(a) (12-Bit, LSBlg) old Resolution Threshold Positive Negative Positive Threshold Negative Threshold
’ (10-Bit, LSB/g) (9) (Decimal) (Decimal) (g) (g)

125 16.3760 4.0940 62.2863 40 12 10 3

62 33.0161 8.2540 30.8940 123 24 15 -3

50 40.9400 10.2350 24.9145 245 61 24 -6

25 81.8800 20.4700 12.4573 245 61 12 3

16 127.9375 31.9844 7.9726 223 95 7 -3

For Part Numbers beginning with FXLS5 through FXLS9, each threshold increment is equivalent to 2 output LSB, 10-bit.
The table below shows examples of some threshold register values and the corresponding threshold.

Device Range Sensitivity eminglihreshg ERangelolAmy Rrogrammedijihreshiolds
(@) (12-Bit, LSB/g) old Resolution Threshold Positive Negative Positive Threshold Negative Threshold
? (10-Bit, LSB/g) (9) (Decimal) (Decimal) (g) (g)
125 16.3760 2.047 124.57 40 12 19.5 -5.86
62 33.0161 4127 61.788 123 24 29.8 -5.82
50 40.9400 5.118 49.824 245 61 47.9 -11.91
25 81.8800 10.235 24.915 245 61 23.9 -5.96
16 127.9375 15.992 15.945 223 95 13.9 -5.94

If either the positive or negative threshold for one channel is programmed to 0x00, comparisons are disabled for only that
polarity. The arming function still operates for the opposite polarity. If both the positive and negative arming thresholds for
one channel are programmed to 0x00, the arming function for the associated channel is disabled and the output pin is set to
high impedance, regardless of the value of the ARM_CFG bits in the CHx_CFG_U4 register.
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6.2.29 Channel Specific Status Register (CHO_STAT, CH1_STAT)
The channel specific status registers are read only registers which contain sensor data specific status information.
These registers are readable in DSI3 mode, SPI mode, I2C mode or PSI5 Programming Mode.

Location Bit
Address Register 7 6 | 5 | 4 3 2 1 0
$60 CHO_STAT SIGNALCLIP OCPHASE[2:0] ST_INCMPLT ST_ACTIVE OFFSET_ERR ST_ERROR
$70 CH1_STAT SIGNALCLIP OCPHASE[2:0] ST_INCMPLT ST_ACTIVE OFFSET_ERR ST_ERROR
Reset Value 0 0 | 0 | 0 1 0 0 0

6.2.29.1 Signal Clipped Status Bit (SIGNALCLIP)

The signal clipped status bit is set if the output of the sinc filter reaches either the maximum or minimum value. The SIGNAL-
CLIP bit is cleared on a read of the CHx_STAT register through any communication interface or on a data transmission that
includes the error in the status field.

6.2.29.2 Offset Cancellation Phase Status (OCPHASE[2:0])
The offset cancellation phase status bits indicate the current phase of the offset cancellation filter as described in Section

6.6.4.6.
OCPHASE[2:0] Offset Cancellation Startup Phase Giisaiion Pas(f‘:)i"er (AT

000 Phase 0 163.8
001 Phase 1 40.96
010 Phase 2 10.24
011 Phase 3 2.560
100 Phase 4 0.640
101 Phase 5 0.160
110 Phase 6 / Normal Mode 0.04
111 Not Applicable

6.2.29.3 Self Test Incomplete (ST_INCMPLT)

The self test incomplete bit is set after a device reset and is cleared when one of the analog or digital self tests modes is
enabled in the ST_CTRL register (ST_CTRL[3] = ‘1’ | ST_CTRL[2] = ‘1’ | | ST_CTRL[1] = ‘1" | | ST_CTRLI[0] = ‘1’) or the
PSI5 internal self test procedure has started.

ST_INCMPLT Condition
0 An Analog or Digital Self Test has been activated since the last reset

1 No Analog or Digital Self Test has not been activated since the last reset AND the PSI5 internal self test procedure has not completed

6.2.29.4 Self Test Active Flag (ST_ACTIVE)

The self test active bit is set if any self test mode is currently active, including the PSI5 internal self test or a self test voltage
is applied to the transducer. The self test active bit is cleared when no self test mode is active and no self test voltage is
applied to the transducer.

ST_ACTIVE = ST_CTRL[3] | ST_CTRL[2] |ST_CTRLI[1] | ST_CTRL[0] | (self test voltage applied to transducer)

6.2.29.5 Offset Error Flag (OFFSET_ERR)

The offset error flag is set if the sensor signal reaches the offset limit specified in Section 5.7. The OFFSET_ERR bit is
cleared on a read of the CHx_STAT register through any communication interface or on a data transmission that includes
the error in the status field.

OFFSET_ERR

Error Condition

0

No error detected

1

Offset error detected

6.2.29.6 Self Test Error Flag (ST_ERROR)

The self test error flag is set if the PSI5 startup self test fails as described in Section 6.6.2.3. This bit can only be cleared by
a device reset.
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6.2.30 Device Status Copy Register (DEVSTAT_COPY)

The device status copy register is a read-only register which contains a copy of the device status information contained in
the DEVSTAT register. Reference Section 6.2.2 for details regarding the DEVSTAT register contents.

This register is readable in DSI3 mode, SPI mode, 12C mode or PSI5 Programming Mode. A read of the DEVSTAT_COPY
register has the same effect as a read of the DEVSTAT register.

Location Bit
Address Register 7 6 5 4 3 2 1 0
$61 DEVSTAT_COPY CHO_ERR CH1_ERR COMM_ERR | MEMTEMP_ERR | SUPPLY_ERR TESTMODE DEVRES DEVINIT

6.2.31 Sensor Data #0 Registers (CHx_SNSDATAO_L, CHx_SNSDATAO0_H)

The sensor data #0 registers are read only registers which contain the 16-bit sensor data. The data type for the sensor data
#0 registers is selected by the DATATYPEO bits in the CHx_CFG_US register. Reference Section 6.2.24.2. Reference Sec-
tion 6.6.4.9 for details regarding the 16-bit sensor data.

These registers are readable in DSI3 mode, SPI mode, 12C mode or PSI5 Programming Mode. In I2C mode the SNSDA-
TAO_H register value is latched on a read of the SNSDATAO_L register value until the SNSDATAQO_H register is read. To
avoid data mismatch, it is required that the user always read the registers in sequence, SNSDATAQ_L register first, followed
by the SNSDATAO_H register.

Location Bit
Address Register 7 | 6 5 4 | 3 | 2 1 0
$62 CHO_SNSDATAO_L SNSDATAO[7:0]
$63 CHO_SNSDATAQO_H SNSDATAO0[15:8]
$72 CH1_SNSDATAO_L SNSDATAO[7:0]
$73 CH1_SNSDATAO_H SNSDATAO0[15:8]
Reset Value 0 | 0 | 0 | 0 | 0 0 0

6.2.32 Sensor Data #1 Registers (CHx_SNSDATA1_L, CHx_SNSDATA1_H)

The sensor data #1 registers are read only registers which contain the 16-bit sensor data. The data type for the sensor data
#1 registers is selected by the DATATYPE1 bits in the CHx_CFG_U3 register. Reference Section 6.2.24.3. Reference Sec-
tion 6.6.4.9 for details regarding the 16-bit sensor data.

These registers are readable in DSI3 mode, SPI mode, 12C mode or PSI5 Programming Mode. In 12C mode the SNSDA-
TA1_H register value is latched on a read of the SNSDATA1_L register value until the SNSDATA1_H register is read. To
avoid data mismatch, it is required that the user always read the registers in sequence, SNSDATA1_L register first, followed

by the SNSDATA1_H register.

Location Bit
Address Register 7 | 6 5 4 | 3 | 2 1 0
$64 CHO_SNSDATA1_L SNSDATA1[7:0]
$65 CHO_SNSDATAT_H SNSDATAT[15:8]
$74 CH1_SNSDATA1_L SNSDATA1[7:0]
$75 CH1_SNSDATAT_H SNSDATAT[15:8]
Reset Value 0 0 0 0 | 0 0 0 0
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6.2.33 Channel Specific Factory Configuration Register (CHx_CFG_F)

The channel specific configuration registers are factory programmable OTP registers which contain channel specific config-
uration information. These registers are included in the factory programmed OTP array error detection.

These registers are readable in DSI3 mode, SPI mode, I°C mode or PSI5 Programming Mode when ENDINIT is not set.
Reference Section 6.2.9 for details on the register read process for this register.

Location Bit
Address Register 7 | 6 | 5 | 4 3 2 1 | 0
$A0 CHO_CFG_F DEV_RANGE[3:0] RESERVED RESERVED AXIS[1:0]
$B0 CH1_CFG_F DEV_RANGE[3:0] RESERVED RESERVED AXIS[1:0]

6.2.33.1 Range Indication Bits (RANGE[3:0])
The range indication bits indicate the full scale range of the channel as shown below.

RANGE[3] RANGE[2] RANGE[1] RANGE[0] Acceleration Range
0 0 0 0 RESERVED
RESERVED
Medium
RESERVED
High
RESERVED
RESERVED
RESERVED
RESERVED
RESERVED
RESERVED
RESERVED
RESERVED
RESERVED
RESERVED
RESERVED

2l 2l 2l 2l 2] 2] 2] 2| o o] o] o] of of &
=] 2| 2| 2| o] of o] of »| =] 2| =] o] of ©
= 2 of of »| | o] o] =| =| o] o] =| | o
= of »f of =] o] =| o] =| o =| o] =| of =

6.2.33.2 Axis Indication Bits (AXIS[1:0])

The axis indication bits indicate the axes of sensitivity for the channel as shown below.

AXIS[1] AXIS[0] Axis of Sensitivity
0 0 X
0 1 Y
1 0 z
1 1 RESERVED for -X
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6.2.34 Self Test Deflection Storage Registers

The self test deflection registers are factory programmable OTP registers which contain the nominal self test values for the
various self tests at 25C. These registers are included in the factory programmed OTP array error detection.

These registers are readable in DSI3 mode, SPI mode, I°C mode or PSI5 Programming Mode when ENDINIT is not set.
Reference Section 6.2.9 for details on the register read process for these registers.

Location Bit
Address Register 7 | 6 | 5 | 4 | 3 | 2 1 0
$A2 RESERVED RESERVED
$A3 RESERVED RESERVED
$A4 CHO_STH_P_L CHO_STH_P[7:0]
$AS CHO_STH_P_H CHO_STH_P[15:8]
$A6 RESERVED RESERVED
$A7 RESERVED RESERVED
$AB CHO_STH_N_L CHO_STH_N[7:0]
$A9 CHO_STH_N_H CHO_STH_N[15:8]
$B2 RESERVED RESERVED
$B3 RESERVED RESERVED
$B4 CH1_STH P_L CH1_STH_P[7:0]
$B5 CH1_STH_P_H CH1_STH_P[15:8]
$B6 RESERVED RESERVED
$B7 RESERVED RESERVED
$B8 CHI_STH_N_L CH1_STH_N[7:0]
$B9 CH1_STH_N_H CH1_STH_N[15:8]

The self test values are positive and negative deflection values, measured at the factory, and factory programmed for each
device. The stored value is equal to one half of the absolute value of the difference between the factory measured Chx-
_SNSDATAQO register value with the analog self test active and the factory measured CHx_SNSDATAO register value for off-
set at nominal temperature (Data is aligned to the 12-bit sensor data). Both the self test and offset values are measured with
the user scaling set to 1: U_SNS_SHIFT[1:0] = 0x2 and U_SNS_MULT[7:0] = 0x00.

CHO_STH_P = 0.5 * [ CHO_SNSDATAOgT cTR=0xA - CHO_SNSDATAOsT cTRL=0x0]
CHO_STH_N = 0.5 * [ CHO_SNSDATAOgT cTRi=0x0 - CHO_SNSDATAOsT cTR=0x8 ]
CH1_STH_P = 0.5 * [ CH1_SNSDATAOgT cTRL=0xA - CH1_SNSDATAOsT cTRL=0x0]
CH1_STH_N = 0.5 * [ CH1_SNSDATAOsT cTRi=0x0 - CH1_SNSDATAOsT cTR=0x8 ]

The self test value is controlled by the user via the ST_CTRL[3:0] bits in the CHx_CFG_U5 registers as described in Section
6.2.26.1.

When self test is activated, the sensor data can be compared to the values in the appropriate registers. The difference from
the measured deflection value, and the nominal deflection value stored in the register shall not fall outside the self test accu-
racy limits specified in Section 5.8 (AST¢c). Reference Section 6.6.2 for more details on calculating the self test limits.
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IC Type Register

The IC type register is a factory programmable OTP register which contains the IC type as defined below. This register is
included in the factory programmed OTP array error detection.

This register is readable in DSI3 mode, SPI mode, 12C mode or PSI5 Programming Mode when ENDINIT is not set. Refer-
ence Section 6.2.9 for details on the register read process for this register.

Location Bit

Address

Register 7 6 5

$CO ICTYPEID 0 0 0 0 0 0 1 1

6.2.36

IC Revision Register

The IC revision register is a factory programmable OTP register which contains the IC revision. The upper nibble contains
the main IC revision. The lower nibble contains the sub IC revision. This register is included in the factory programmed OTP
array error detection.

This register is readable in DSI3 mode, SPI mode, 12C mode or PSI5 Programming Mode when ENDINIT is not set. Refer-
ence Section 6.2.9 for details on the register read process for this register.

Location Bit

Address

Register 7 | 6 | 5 | 4 | 3 | 2 1 0

$C1 ICREVID ICREVID[7:0]

6.2.37

IC Manufacturer Identification Register

The IC manufacturer identification register is a factory programmable OTP register which identifies NXP as the IC manufac-
turer. This register is included in the factory programmed OTP array error detection.

This register is readable in DSI3 mode, SPI mode, 12C mode or PSI5 Programming Mode when ENDINIT is not set. Refer-
ence Section 6.2.9 for details on the register read process for this register.

Location Bit

Address

Register 7 6 5 4 3 2 1 0

$C2 ICMFGID 0 0 0 0 0 0 1 0
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6.2.38 Part Number Register

The part number registers are factory programmed OTP registers which include the numeric portion of the device part num-
ber. These registers are included in the factory programmed OTP array error detection.

September 13, 2019

Revision 2.18

These register are readable in DSI3 mode, SPI mode, 12C mode or PSI5 Programming Mode when ENDINIT is not set. Ref-

erence Section 6.2.9 for details on the register read process for these registers.

Location Bit
Address Register 7 6 | 5 | 4 | 2 0
$C4 PNO PNO[7:0]
$C5 PN1 PN1[7:0]
PNA[7:4] Protocol Type Offset ciir‘r:ﬁ:ﬁlélon Rate Arming I;\:;nsc‘:)t;str;o'll'-lhreshold
0 User Selectable
1 SPI32
2 DSI3 1LSB/8s, 10-Bit 1LSB, 10-Bit
3 PSI5
4 12C
5 User Selectable
6 SPI32
7 DSI3 1LSB/4s, 10-Bit 2 LSB, 10-Bit
8 PSI5
9 12C
10-15 RESERVED RESERVED RESERVED
PN1[3:0] Channel 0 Axis Channel 1 Axis
0 RESERVED
1 RESERVED
2 RESERVED
3 X Y
4 X z
5 RESERVED
6 RESERVED
7 RESERVED
8-15 RESERVED
PNO[7:4] Channel 0 Range
0 RESERVED
1 RESERVED
2 Medium g, X-Axis
Medium g, Z-Axis Bumper
3 High g, X-Axis
High g, Z-Axis Bumper
4 RESERVED
5 Medium g, Z-Axis Geometric Stop
6 High , Z-Axis Geometric Stop
7-15 RESERVED
PNO[3:0] Channel 1 Range
0 RESERVED
1 RESERVED
2 Medium g, X-Axis
Medium g, Z-Axis Bumper
3 High g, X-Axis
High g, Z-Axis Bumper
4 RESERVED
5 Medium g, Z-Axis Geometric Stop
6 High , Z-Axis Geometric Stop
7-15 RESERVED
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6.2.39 Device Serial Number Registers

The serial number registers are factory programmed OTP registers which include the unique serial number of the device. A
serial number is assigned to the lowest 14 bits. Serial numbers begin at 1 for all produced devices in each lot and are
sequentially assigned. A lot number is programmed to the next 22 bits. Lot numbers begin at 1 and are sequentially
assigned. No lot will contain more devices than can be uniquely identified by the 14-bit serial number. Depending on lot size
and quantities, all possible lot numbers and serial numbers may not be assigned. A test configuration revision counter is
programmed into the upper 4 bits. These registers are included in the factory programmed OTP array error detection.

These registers are readable in DSI3 mode, SPI mode, 12C mode or PSI5 Programming Mode when ENDINIT is not set.
Reference Section 6.2.9 for details on the register read process for these registers.

Location Bit
Address Register 7 | 6 | 5 | 4 | 3 | 2 1 0
$C6 SNO SN[7:0]
$C7 SN1 SN[15:8]
$C8 SN2 SN[23:16]
$C9 SN3 SNB1:24]
$CA SN4 SN[39:36] = DEVICE_REV[3:0] [ SN[35:32]

The table below shows and example serial number decoding:

Serial Number Full Serial Number
Stored Data Format SN4 | SN3 | SN2 | SN1 | SNO
Serial Number Mapping | Test ID Lot Number | Serial Number within a lot
Example SN (Hex) 1 0 0 0 5 2 0 0 5 0

Example SN (Binary) 00 | 01 | 00 | 00 | 00 | 00 | 00 | 00 | 01 | 01 | 00 | 10 | 00 | 00 | 00 | 00 | 01 | 01 | 00 | 00

4’b0000 = 0x0 = 0d: Revision 1 Transducer, Original Programming

Device Rev 4’b0001 = 0x1 = 1d: Revision 1 Transducer, Programming Change for Arming Data Alignment

4’0010 = 0x2 = 2d: Geometric Stop Transducer, Programming Change for Arming Data Alignment
Example Lot Number (4’00 00 00 00 00 00 01 01 00 10 00 = 0x000148 = 328d

Example Serial Number |14’b00 00 00 01 01 00 00 = 0x0050 = 80d
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ASIC Wafer ID Registers

The ASIC Wafer ID Registers are factory programmed OTP registers which include the wafer number, wafer X and Y coor-
dinates and the wafer lot number for the device ASIC. These registers are included in the factory programmed OTP array
error detection.

These registers are readable in DSI3 mode, SPI mode, 12C mode or PSI5 Programming Mode when ENDINIT is not set.
Reference Section 6.2.9 for details on the register read process for these registers.

Location Bit
Address Register 7 | 6 | 5 | 4 | 3 | 2 1 0
$CB ASICWFR# ASICWFR#{7:0]
$CC ASICWFR_X ASICWFR_X[7:0]
$CD ASICWFR_Y ASICWFR_Y[7:0]
$DO ASICWLOT_L ASICWLOT[7:0]
$D1 ASICWLOT_H ASICWLOT[15:8]
6.2.41 Transducer Wafer ID Registers

The Transducer Wafer ID Registers are factory programmed OTP registers which include the wafer number, wafer X and Y
coordinates and the wafer lot number for the device transducers. The upper 3 bits of the TRNSWFR# register include a
transducer and assembly revision counter. These registers are included in the factory programmed OTP array error detec-
tion.

These registers are readable in DSI3 mode, SPI mode, 12C mode or PSI5 Programming Mode when ENDINIT is not set.

Reference Section 6.2.9 for details on the register read process for these registers.

Location Bit
Address Register 7 | 6 | 5 | 4 | 3 | 2 0
$D2 TRNSTWFR_X TRNSTWFR_X[7:0]
$D3 TRNSTWFR_Y TRNSTWFR _Y[7:0]
$D4 TRNS1LOT_L TRNS1LOT[7:0]
$D5 TRNS1LOT_H TRNS1LOT[15:8]
$DA TRNS1WFR# TRNS_ASSY_REV[2:0] | TRNS1WFR#[4:0]

6.2.42 User Data Registers (USERDATA_0 - USERDATA_E)

User Data registers are user programmable OTP registers which contains user specific information. These registers are

included in the user programmed OTP array error detection.

These registers are readable and writable in DSI3 mode, SPI mode, I2C mode or PSI5 Programming Mode when ENDINIT

is not set. Reference Section 6.2.9 for details on the register read process for these registers.

Location Bit
Address Register 7 | 6 | 5 | 4 | 3 | 2 0
$EO USERDATA_O USERDATA_0[7:0]
$E1 USERDATA_1 USERDATA_1[7:0]
$E2 USERDATA_2 USERDATA_2[7:0]
$E3 USERDATA_3 USERDATA_3[7:0]
$E4 USERDATA_4 USERDATA_4[7:0]
$E5 USERDATA_5 USERDATA_5[7:0]
$E6 USERDATA_6 USERDATA_6[7:0]
$E7 USERDATA_7 USERDATA_7[7:0]
$E8 USERDATA_8 USERDATA_8[7:0]
$E9 USERDATA_9 USERDATA_9[7:0]
$EA USERDATA_A USERDATA_A[7:0]
$EB USERDATA_B USERDATA_B[7:0]
$EC USERDATA_C USERDATA_CI7:0]
$ED USERDATA_D USERDATA_DI[7:0]
$EE USERDATA_E USERDATA_E[7:0]
Unprogrammed OTP Value 0 0 0 0 | 0 0 0
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6.2.42.1 PSI5 Initialization Phase 2 Data Transmissions of User Data

In PSI5 Mode, the values of the User Data registers are transmitted in Initialization Phase 2 as shown in the table below.
Reference Section 8.4.2.1 for details on the PSI5 Initialization Phase 2 Transmissions.

FXLS6xxxx

Location Bit
Address Register 7 6 | 5 4 3 2 | 1 0
$EO USERDATA_O Channel 1 F1: D1 Channel 0 F1: D1
$E1 USERDATA_1 Channel 0 F3: D5 Channel 0 F3: D4
$E2 USERDATA_2 Channel 0 F4: D7 Channel 0 F4: D6
$E3 USERDATA_3 Channel 0 F5: D9 Channel 0 F5: D8
$E4 USERDATA_4 Channel 0 F6: D11 Channel 0 F6: D10
$E5 USERDATA_5 Channel 0 F7: D13 Channel 0 F7: D12
$E6 USERDATA_6 Channel 0 F9: D32 Channel 0 F7: D14
$E7 USERDATA_7 Channel 0 F8: D16 = Channel 1 F8: D16 Channel 0 F8: D15 = Channel 1 F8: D15
$E8 USERDATA_8 Channel 0 F8: D18 = Channel 1 F8: D18 Channel 0 F8: D17 = Channel 1 F8: D17
$E9 USERDATA_9 Channel 1 F3: D5 Channel 1 F3: D4
$EA USERDATA_A Channel 1 F4: D7 Channel 1 F4: D6
$EB USERDATA_B Channel 1 F5: D9 Channel 1 F5: D8
$EC USERDATA_C Channel 1 F6: D11 Channel 1 F6: D10
$ED USERDATA_D Channel 1 F7: D13 Channel 1 F7: D12
$EE USERDATA_E Channel 1 F9: D32 Channel 1 F7: D14
Unprogrammed OTP Value 0 | 0 | 0 | 0 0 | 0 | 0 | 0

6.2.43 User Data Registers (USERDATA_10 - USERDATA_1E)

User Data registers are user programmable OTP registers which contains user specific information. These registers are
included in the user programmed OTP array error detection.

These registers are readable and writable in DSI3 mode, SPI mode, I°C mode or PSI5 Programming Mode when ENDINIT
is not set. Reference Section 6.2.9 for details on the register read process for these registers.

Location Bit
Address Register 7 | 6 | 5 | 4 | 3 | 2 | 1 0
$FO USERDATA_10 USERDATA_10[7:0]
$F1 USERDATA_11 USERDATA_11[7:0]
$F2 USERDATA_12 USERDATA_12[7:0]
$F3 USERDATA_13 USERDATA_13[7:0]
$F4 USERDATA_14 USERDATA_14[7:0]
$F5 USERDATA_15 USERDATA_15[7:0]
$F6 USERDATA_16 USERDATA_16[7:0]
SF7 USERDATA_17 USERDATA_17[7:0]
$F8 USERDATA_18 USERDATA_18[7:0]
$F9 USERDATA_19 USERDATA_19[7:0]
$FA USERDATA_1A USERDATA_1A[7:0]
$FB USERDATA_1B USERDATA_1B[7:0]
$FC USERDATA_1C USERDATA_1C[7:0]
$FD USERDATA_1D USERDATA_1D[7:0]
$FE USERDATA_1E USERDATA_1E[7:0]
Unprogrammed OTP Value 0 0 0 0 | 0 | 0 0 0
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6.2.44 Lock and CRC Registers

September 13, 2019

Revision 2.18

The lock and CRC Registers are automatically programmed OTP registers which include the lock bit, the block identifier and
the block OTP array CRC use for error detection.

These registers are automatically programmed when the corresponding data array is programmed to OTP using the Write
OTP Enable register as documented in Section 6.2.6.

Location Bit
Address Register 7 6 5 4 3 | 2 1 | 0
$5F CRC_UF2 LOCK_UF2 0 0 0 CRC_UF2[3:0]
Unprogrammed OTP Value 0 0 0 0 0 | 0 0 | 0
$AF [ CRCFA [OCK_F_A REGA_BLOCKID[2:0] CRC_F_A[B.0]
Reset Value 1 0 0 1 Varies
$BF [ CRCFB [OCK_F_B REGB_BLOCKID[2:0] CRC_F_B[3.0]
Reset Value 1 0 1 0 Varies
$CF [ CRCFC [OCK_F_C REGC_BLOCKID[Z:0] CRC_F_C[3.0]
Reset Value 1 0 1 1 Varies
$DF [ CRCFD [OCK_F_D REGD_BLOCKID[2:0] CRC_F_D[3.0]
Reset Value 1 1 0 0 Varies
$EF [ CRCFE [OCK_F_E REGE_BLOCKID[2:0] CRC_F_E[3.0]
Unprogrammed OTP Value 0 0 0 0 0 | 0 0 | 0
SFF [ CRCFF [OCK_F_F REGF_BLOCKID[Z:0] CRC_F_F[3.0]
Unprogrammed OTP Value 0 0 | 0 | 0 0 | 0 | 0 | 0

6.2.45

6.2.46

The table below shows the state of the lock bits, the block identifiers and the CRC for each register block before and after
programming.

Lock Bit Block Identifier CRC
Register Block bit[7] bits[6:4] bits[3:0]
Address Before After Before After Before After
Programming | Programming | Programming | Programming | Programming | Programming
UF2 0 1 000 000 0000 Varies
$AX 0 1 N/A 001 N/A Varies
$Bx 0 1 N/A 010 N/A Varies
$Cx 0 1 N/A 011 N/A Varies
$Dx 0 1 N/A 100 N/A Varies
$EX 0 1 000 101 0000 Varies
$Fx 0 1 000 110 0000 Varies

Reserved Registers

A register read command to a reserved register or a register with reserved bits will result in a valid response. The data for
reserved bits may be ‘0’ or ‘1’.

A register write command to a reserved register or a register with reserved bits will execute and result in a valid response.
The data for the reserved bits may be ‘0’ or ‘“1’. A write to the reserved bits must always be ‘0’ for normal device operation
and performance.

Invalid Register Addresses

A register read command to a register address outside of the addresses listed in Section 6.1 will result in a valid response.
The data for the registers will be ‘0x00’.

A register write command to a register address outside of the addresses listed in Section 6.1 will not execute, but will result
in a valid response. The data for the registers will be ‘0x00’.

A register write command to a read only register will not execute, but will result in a valid response. The data for the registers
will be the current contents of the register.

Sensors Solutions Division
NXP Semiconductors

Printed versions are uncontrolled except when stamped “Controlled Copy” in red.

CONFIDENTIAL AND PROPRIETARY 69 of 163



Revision 2.18 September 13, 2019 FXLS6xxxx

6.3
6.3.1

6.3.2

6.3.3

OTP and Read/Write Register Array CRC Verification
NXP OTP Registers

The following registers are internal OTP registers. These registers are verified by the OTP ECC as well as an independent
4-bit CRC for each 16 byte block.

Memory Type Codes
F  User Readable Register with OTP

User OTP Only Registers

The following registers are user OTP registers. These registers are verified by the OTP ECC as well as an independent 4-bit
CRC for each 16 byte block. The CRC verification uses a generator polynomial of g(x) = X4+X3+1, with a seed value =
‘0000'. The bits are fed into the CRC calculation from right to left (MSB first) and from top to bottom (lowest address first) in
the register map.

Memory Type Codes
UF0 One Time User Programmable OTP Region 0

UF1  One Time User Programmable OTP Region 1

OTP Modifiable Registers

The following registers are user read/write registers as well as OTP registers with writable mirror registers. The OTP regis-
ters are verified by the OTP ECC as well as an independent 4 bit CRC stored in the CRC_UF2 register.

The values read from OTP can be over-written while ENDINIT is not set. Once ENDINIT is set, the writable registers (all reg-
isters in the R/W and UF2 regions with the exception of the DEVLOCK_WR register) are verified by an additional continuous
4-bit CRC that is calculated on the entire array. The CRC verification uses a generator polynomial of g(x) = X*+X3+1, with a
seed value = ‘0000’. The bits are fed into the CRC calculation from right to left (MSB first) and from top to bottom (lowest
address first) in the register map.

Registers verified by the OTP CRC:

Memory Type Codes
UF2 One Time User Programmable OTP Region 3 with modifiable mirror registers

Registers verified by the ENDINIT calculated CRC:
Memory Type Codes

UF2 One Time User Programmable OTP Region 3 with modifiable mirror registers
R/W User Writable Register, with the exception of the DEVLOCK_WR register
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6.4 Voltage Regulators
The device derives its internal supply voltage from the Vc/BUS_| and Vgg pins. The internal regulators are supplied by a
buffer regulator (Vgyf) to provide immunity from EMC and supply dropouts on BUS_|I. An external filter capacitor is required
for Vgyg, as shown in Section 1.
The voltage regulator module includes voltage monitoring circuitry which holds the device in reset following power-on until
the internal voltages have increased above the under-voltage detection thresholds. The voltage monitor asserts internal
reset when the external supply or internally regulated voltages fall below the under-voltage detection thresholds. A reference
generator provides a reference voltage for the XA converter.
BUS_ I X l
VREF Voltage VBUF
™ Regulator il X Veur
Voltage  |VRreca
Regulator L’
VREGA 1 Bias Oscillator
; Generator
v v | Trim |
Reference Trim
4 > ca2v
A4
ZA
Reference VREF_MOD » Converter
Generator >
Veur ot
Array
VRer |  Voltage VReG
Regulator
Digital
—> Logic
—» DSP
BUS_I >
Comparator BUSI_UV_ERR
—>
VBuF J
Comparator VBUF_UV_ERR
—>
VREG — ™  Comparator
> POR
\Y
REGA 3 : Comparator
VREF —
Figure 6-1 Voltage Regulation and Monitoring
6.4.1  Vgyr Regulator Capacitor and Capacitor Monitor
In DSI3 and PSI5 modes, the buffer regulator requires an external capacitor between the Vg pin and the Vgg pin. Section
1 shows the recommended types and values for each of these capacitors. A monitor circuit is incorporated to ensure predict-
able operation if the connection to the external Vg g capacitor becomes open. If the external capacitor is not present, the
regulator voltage will fall below the threshold specified in Section 5.4 causing the VBUF_ERR bit to be set in the DEVSTAT1
register.
The Vgyf capacitor is tested synchronous to the protocol transmissions as shown in the diagrams below.
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6.4.1.1 Vpyg Capacitance Monitor Timing, DSI3

A Lo Lo

—» ﬁtD_CAPTEST —» ¢ lp_capTEST
BUS_I | 77 |

| | | I
—»l |¢— tcapTsT TIME —> l¢— tcapTsT TIME

Cap_Test 4

Capacitor Present Capacitor Open
VBUF — Z.
VBUFWff —— — — — — — — — — — — — — — — — - - ——— — — — — -
VBUF_ERR TT

Time

v

Figure 6-2 Vpgyg Capacitor Monitor Timing, DSI3

6.4.1.2 Vpyg Capacitance Monitor Timing, PSI5 Synchronous Mode
A | | |
—p [ tp_capTEST j [¢— tp_caAPTEST
BUS | | | 7 | |
i 1
| |
—» ¢— tcapTsT TIME —»|  l&— tcapTsT TIME

Cap_Test o4

|\:/$/ Capacitor Present ‘/Capacitor Open
VBUF | \l

VBUF UV — — T +— — — — — — — — — — — —

VBUF_ERR |

v

Time
Figure 6-3 Vgyg Capacitor Monitor Timing, PSI5 Synchronous Mode

6.4.1.3 Vpyfg Capacitance Monitor Timing, PSI5 Asynchronous Mode
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Figure 6-4 Vgyg Capacitor Monitor Timing, PSI5 Asynchronous Mode
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6.4.2 BUS_I, Vgyr; VRegs VREGA: Undervoltage Monitor

A circuit is incorporated to monitor the BUS_| supply voltage and the internally regulated voltages, Vg, VReg and Vrega. If
any of the voltages fall below the specified under-voltage thresholds in Section 5.4, the device will be react as listed below.
. DSI3

— If any supply falls below the specified threshold during a command transmission in Command and Response Mode, the
command is ignored, and no DSI3 response transmission occurs. Once the supply returns above the threshold, the
device will resume decoding commands as specified in Section 6.2.2.5.

— If any supply falls below the specified threshold during a response transmission in Command and Response Mode, the
response is terminated. No attempt is made to resend the response. Once the supply returns above the threshold, the
device will resume decoding commands as specified in Section 6.2.2.5.

— If any supply falls below the specified threshold during a command transmission in Periodic Data Collection Mode, the
command is ignored and no periodic response occurs during that period. Once the supply returns above the threshold,
the device will resume periodic transmissions in response to commands as specified in Section 6.2.2.5. Any partially
received Background Diagnostic Mode command is flushed and the device will begin decoding a new Background
Diagnostic Mode command.

— If any supply falls below the specified threshold during a periodic response transmission in Periodic Data Collection
Mode, the response is terminated. No attempt is made to resend the response. Once the supply returns above the
threshold, the device will resume periodic transmissions in response to commands as specified in Section 6.2.2.5. Any
partially received Background Diagnostic Mode command is flushed and the device will begin decoding a new
Background Diagnostic Mode command.

— If any supply falls below the specified threshold during a Background Diagnostic Mode response transmission in Periodic
Data Collection Mode, the response is terminated. No attempt is made to resend the response. Once the supply returns
above the threshold, the device will resume periodic transmissions in response to commands as specified in Section
6.2.2.5. Any partially received Background Diagnostic Mode command is flushed and the device will begin decoding a
new Background Diagnostic Mode command.

. PSI5

— If any supply falls below the specified threshold, all PSI5 transmissions are terminated for the present sync pulse or
asynchronous transmission cycle. Once the supply returns above the threshold, the device will resume responses as
specified in Section 6.2.2.5.

. SPI

— If any supply falls below the specified threshold, SPI responses are terminated. Once the supply returns above the
threshold, the device will resume command decode and response transmissions as specified in Section 6.2.2.5.

N (e
— If any supply falls below the specified threshold, I2C transactions are terminated.Once the supply returns above the
threshold, the device will resume responses as specified in Section 6.2.2.5.

Reference Figure 6-5 for an example of a supply line interruption during a DSI3 or PSI5 response.
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BUS_I micro-cut occurs
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Figure 6-5 BUS_I Micro-Cut Response (DSI3 or PSI5)
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6.5 Internal Oscillator
The device includes a factory trimmed oscillator as specified in Section 5.20.
6.5.1 Oscillator Training
The device includes a feature to train the oscillator to a tighter accuracy than the factory trimmed capability assuming the
system master has a tighter oscillator accuracy than the slave factory trimmed capability. This feature can be enabled for all
modes: DSI3, PSI5, SPI and I2C.
Note: Oscillator training should not be used in systems that employ spread spectrum communication methods to reduce
emissions.
6.5.1.1 DSI3 Oscillator Training
Oscillator training is enabled if the CK_CAL_EN bit is set in the TIMING_CFG register and is accomplished by verifying the
timing of periodic transmissions from the master against the values stored in the CRM_PER[1:0] and PDCM_PER[2:0] bits
of the user read/write register array. The master programs the intended Periodic Data Collection Mode command period into
the PDCM_PER[2:0] bits and the intended Command and Response Mode command period into the CRM_PER[1:0] bits.
The device then calculates the number of transmission periods for every 4ms (Ncrm_PER 4ms_TYP @Nd NppcMm PER 4ms._ -
TYP):
In Command and Response Mode, oscillator training is completed over 4ms periods if and only if the CK_CAL_EN bit is set
and the Command and Response Mode period is between 500us and 4ms, inclusive. The following procedure is used to
train the oscillator (Reference Figure 6-6):
1. The device counts the number of oscillator cycles in NcrM_PER_4ms_TYP Periods (Nosc_ams)-
2. npsc_ams is compared to Nosc_4ms_Typ- If the value is within the acceptable training window (OscTrainyyy) specified in Section
5.20, an oscillator adjustment is made. Otherwise, no adjustment is made.
a.  Ifnosc ams is greater than nosc_4ms_TYP + OscTrainapy, the oscillator frequency target is decreased by OscTrainggs.
b.  Ifnosc_ams is less than nosc ams_Tvp - OscTrainapy, the oscillator frequency target is increased by OscTrainggs.
c. The oscillator frequency target value is changed at the end of the command blocking time for the command ending the
NcrM_PER_osc calculation.
If the CK_CAL_EN bit is cleared after oscillator training has already been initiated, the state of the oscillator is determined by
the state of the CK_CAL_RST bit in the TIMING_CFG register. If the CK_CAL_RST bit is cleared, the last adjustment value
for the oscillator is maintained. If the CK_CAL_RST bit is set, the oscillator is reset to its untrained value with the untrained
tolerance specified in Section 5.20.
4
Command

R

b
|
@— fCmdBlock CRM —P,

"

|
i¢— One CRM Period —p! : / V\

| _

— = SN ) .

I 4ms = Ncru_PER 4ms_TYP [ Oscillator New Oscillator
< Nosc_4ms ;: Adjustment ' Count Starts

v

Figure 6-6 Command and Response Mode Oscillator Training Timing Diagram
In Periodic Data Collection Mode, oscillator training is completed over 4ms periods if the CK_CAL_EN bit is set. The follow-
ing procedure is used to train the oscillator (reference Figure 6-7):
1. The device counts the number of oscillator cycles in Nppcym_PER 4ms_TYP Periods (Nosc_ams)-

2. nosc_sms is compared to Nnosc_4ms_Typ- If the value is within the acceptable training window (OscTrainyyy) specified in Section
5.20, an oscillator adjustment is made. Otherwise, no adjustment is made.

a.  Ifnosc ams is greater than npsc 4ms_TYp + OscTrainypy, the oscillator frequency target is decreased by OscTrainggs.

b.  If nosc_ams is less than nosc_ams_Tvp - OscTraingp,, the oscillator frequency target is increased by OscTrainggs.

c. The oscillator frequency target value is changed at the end of the command blocking time for the command ending the
npDCM_pER_OSC calculation.
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Figure 6-7 Periodic Data Collection Mode Oscillator Training Timing Diagram

6.5.1.2 PSI5 Oscillator Training

Oscillator training is enabled if the CK_CAL_EN bit is set in the TIMING_CFG register and is accomplished by verifying the
timing of periodic transmissions from the master against the values stored in the PDCM_PER[2:0] bits of the user read/write
register array. The sync pulse period is pre-programmed into the PDCM_PER[2:0] bits. The device then calculates the num-
ber of transmission periods for every 4ms (Npsi5 PER 4ms_TYP)-
Oscillator training is completed over 4ms periods if the CK_CAL_EN bit is set. The following procedure is used to train the
oscillator (reference Figure 6-8):

1. The device counts the number of oscillator cycles in Npg|5_pER 4ms_TYP Periods (Nosc_ams)-

2. npsc_ams is compared to Nosc_4ms_Typ- If the value is within the acceptable training window (OscTrainyyy) specified in Section
5.20, an oscillator adjustment is made. Otherwise, no adjustment is made.

a.  Ifnosc ams is greater than nosc 4ms_TYP + OscTrainapy, the oscillator frequency target is decreased by OscTrainggs.

b.  Ifnosc_ams is less than nosc ams_Tvp - OscTrainapy, the oscillator frequency target is increased by OscTrainggs.

c. The oscillator frequency target value is changed at the end of the command blocking time for the command ending the
nPDCMfPERﬁOSC calculation.

il (I 1

Command |

|
|
|
| ‘4—  tomaBlock_Psis —!
I
|
1

[ [

| |

:4— One PSI5 Period—p! : !
| |

|

|

i

|<74m3 =n | 4& . / \ .
h PDCM_PER_4ms_TYP | Oscillator New Oscillator
:4 NosC_4ms ;: Adjustment ' Count Starts
L L t ;
Figure 6-8 PSI5 Oscillator Training Timing Diagram
Notes:

. In order to benefit from the PSI5 oscillator training accuracy improvements, the oscillator must be trained prior to data
transmissions in Initialization phase 2. For this reason, if oscillator training is enabled in PSI5 mode, the device will not
respond to sync pulses during initialization phase 1, but oscillator training will be enabled trg_py after reset.

. Oscillator training will only function properly during initialization phase 1 with a sync pulse period greater than or equal to
500us.
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6.5.1.3

6.5.1.4

SPI Oscillator Training

Oscillator training is enabled if the CK_CAL_EN bit is set in the TIMING_CFG register and is accomplished by verifying the
timing of periodic SOURCEID_0 sensor data request SPI commands from the master against the value stored in the PDC-
M_PER[2:0] bits of the user read/write register array. The master programs the intended command period into the PDC-
M_PER[2:0] bits. The device then calculates the number of transmission periods for every 4ms (Ngp| per 4ms TYP)-

In SPI Mode, oscillator training is completed over 4ms periods if the CK_CAL_EN bit is set. The following procedure is used
to train the oscillator:
1. The device counts the number of oscillator cycles in Ngp| peR 4ms_TYP Periods (Nosc_ams)-

2. nosc_sms is compared to Nosc_4ms_Typ- If the value is within the acceptable training window (OscTrainyyy) specified in Section
5.20, an oscillator adjustment is made. Otherwise, no adjustment is made.

a.  Ifnosc ams is greater than npsc 4ms TYP + OscTrainapy, the oscillator frequency target is decreased by OscTrainggs.
b.  If nosc_ams is less than nosc_ams_Tvp - OscTraingp,, the oscillator frequency target is increased by OscTrainggs.
c. The oscillator frequency target value is changed.

I2C Oscillator Training

Oscillator training is enabled if the CK_CAL_EN bit is set in the TIMING_CFG register and is accomplished by verifying the
timing of periodic 12C reads of the SNSDATAQ_L register from the master against the value stored in the PDCM_PERJ[2:0]
bits of the user read/write register array. The master programs the intended command period into the PDCM_PER[2:0] bits.
The device then calculates the number of transmission periods for every 4ms (Nsp; pPER 4ms TYP)-

In 12C Mode, oscillator training is completed over 4ms periods if the CK_CAL_EN bit is set. The following procedure is used
to train the oscillator:
1. The device counts the number of oscillator cycles in Njoc_pER_4ms_TYP Periods (Nosc_ams)-

2. npsc_ams is compared to Nosc_4ms_Typ- If the value is within the acceptable training window (OscTrainyyy) specified in Section
5.20, an oscillator adjustment is made. Otherwise, no adjustment is made.

a.  Ifnosc ams is greater than nosc 4ms_TYP + OscTrainapy, the oscillator frequency target is decreased by OscTrainggs.
b.  Ifnosc_ams is less than nosc ams_Tvp - OscTrainapy, the oscillator frequency target is increased by OscTrainggs.
c. The oscillator frequency target value is changed.

6.5.2  Oscillator Training Error Handling
If oscillator training is enabled by the user, but the conditions are not correct to complete oscillator training, the OSC-
TRAIN_ERR bit is set in the DEVSTAT register. The following conditions will result in the OSCTRAIN_ERR bit being set.
. The CLK_CAL_EN bit in the TIMING_CFG register is set and the measured period (Nosc_ams) for any mode is outside of the
Oscillator Training Window (OscTrainyyy)-
. The result of the comparison is filtered with an up and down counter.
. If nosc_ams is outside the oscillator training window, the counter is incremented.
. If nosc_ams is inside the oscillator training window, the counter is decremented.
. If the counter reaches 64 counts, the OSCTRAIN_ERR bit is set.
. The up and down counter has a maximum value of 127 and a minimum value of 0.
. The Command and Response Mode period established by the PDCM_PER and CRM_PER settings does not fall within the
500us to 4ms window.
. The Command and Response Mode period established by the PDCM_PER and CRM_PER settings is not a whole number
divisor of 4ms.
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6.6 Inertial Sensor Signal Path
6.6.1 Inertial Sensor Transducer

The device transducer is an overdamped mass-spring-damper system defined by the following transfer function:

0)2
n
H(s) =
52 +2-& s+ 2
Op 27O
Where:
C = Damping Ratio
o = Natural Frequency = 2=ITxf,

Reference Section 5.19 for transducer parameters.
6.6.2 Inertial Sensor Self Test Interface

The analog self test interface applies a voltage to the g-cell, causing deflection of the proof mass. The resulting sensor data
can be compared against the values stored in the Self Test Deflection Registers (Reference Section 6.2.34). The self test
interface is controlled through register write operations to the ST_CTRL[3:0] bits in the CHx_CFG_US5 register described in
Section 6.2.26. A diagram of the self test interface is shown in Figure 6-9.

SELFTEST ENABLE The following signals are all

) selected by the ST_CTRL[3:0] bits
SELFTEST POLARITY DC J/

- SELFTEST ENABLE
- SELFTEST POLARITY

SELF-TEST P+
G\E/SIISI%Q?gR ~ Transducer
» -

ENDINIT

SELFTEST ENABLE

Y

SELFTEST POLARITY

Figure 6-9 Self Test Interface
Self test can be verified via the following methods:

6.6.2.1 Raw Self Test Deflection Verification

In DSI3 mode, SPI mode or 12C mode, the raw self test deflection can be verified against raw self test limits in Section 5.8.
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6.6.2.2

Delta Self Test Deflection Verification

In DSI3 mode, SPI mode or 12C mode, the raw self test deflection can be verified against the nominal temperature self test
deflection value recorded at the time the device was produced. The production self test deflection is stored in the CHx-

_STy_z register as defined in Section 6.2.34. The Delta Self Test Deflection limits can then be determined by the following

equations:

ASTpceminuimit = STDATA X (1 —=ASTp¢ec)

Note: This value is truncated.

ASTpcemaxuimit = STDATA X (1 +ASTpce)

Note: This value is rounded up.
Where:

ASTacc The accuracy of the self test deflection relative to the stored deflection as specified in Section 5.8.

STDATA The value stored in the appropriate CHx_STy_z register as defined in Section 6.2.34.

6.6.2.3

6.6.2.4

Startup Digital Self-Test

In DSI3 mode, SPI mode or 12C mode, during device initialization (ENDINIT not set), the user can activate a digital self-test
by writing to the ST_CTRL[3:0] bits in the CHx_CFG_US5 register. The digital self test inputs a known signal stream into the
front end of the DSP. After a delay defined by the low pass filter selected, the output sensor data reaches a fixed value which
can be verified by the user. The digital self-test values are listed in Section 6.2.26.1.

Note: when any digital self-test is deasserted, the TEMPx_ERR bit for the associated channel is set. This bit is cleared by a
read of the DEVSTAT2 register through any communication interface or on a data transmission that includes the error in the
status field.

Fixed Pattern Self-Test

In DSI3 mode, SPI mode or 12C mode, during device initialization (ENDINIT not set), the user can activate a fixed pattern
self-test by writing to the ST_CTRL[3:0] bits in the CHx_CFG_US5 register. Fixed pattern self tests force the DSP output to a
set of known values, enabling the user to verify each bit of the sensor data. Fixed pattern self-test values are listed in Sec-
tion 6.2.26.1.
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6.6.2.5 PSI5 Automatic Start Up Self Test Procedure
The following procedure is run automatically on start up for each channel if the device is enabled as a PSI5 device. The min-
imum gain settings are used during this procedure: U_SNS_SHIFT = ‘00’, U_SNS_MULT = 0x00.
1. Delay tpgisst_start (Until Initialization Phase 1 is complete).
2. Suspend the offset cancellation filter.

3. With self test disabled (ST_CTRL = ‘000’), sample the DSP output value every 500us for 8ms. Compute the average of the
16 DSP output values as the offset.

4. Enable the positive high g self test by automatically setting the ST_CTRL bits in the CHx_CFG_US5 register to the appropriate
value.

5. Delay 16 ms.

Sample the DSP output value every 500us for 8ms. Compute the average of the 16 DSP output values. Record the lower 8-
bits of the 10-bit PSI5 value.

7. Compare the result to the minimum and maximum self test limits. If the difference is outside of the limits specified in Section
5.8, set the REPEAT_ST flag indicating the test must be repeated.

8. Disable self test (ST_CTRL = ‘000’).
9. Delay 16ms.
10. Sample the DSP output value every 500us for 8ms. Compute the average of the 16 DSP output values as the offset.

11. Enable the negative high g self test by automatically setting the ST_CTRL bits in the CHx_CFG_U5 register to the
appropriate value.

12. Delay 16 ms.

13. Sample the DSP output value every 500us for 8ms. Compute the average of the 16 DSP output values. Record the lower 8-
bits of the 10-bit PSI5 value.

14. Compare the result to the minimum and maximum self test limits. If the difference is outside of the limits specified in Section
5.8, set the REPEAT_ST flag indicating the test must be repeated.

15. Disable Self Test.
16. Delay 16 ms.
17. Sample the DSP output value every 500us for 8ms. Compute the average of the 16 DSP output values as the offset.

18. If the REPEAT_ST flag is cleared, exit with ST_ERROR cleared. If the REPEAT_ST flag is set, clear the flag, increment the
self test repeat counter and compare it to ST_RPT.

a. If the counter is less than ST_RPT repeat steps 2 - 18.
b. If the counter is equal to or greater than ST_RPT, set the ST_ERROR flag in the CHx_STAT register.
19. Resume the offset cancellation filter startup.
If the ST_ERROR flag in the CHx_STAT register is set once this test is complete, the device will exit PSI5 initialization phase

2 with a self test error and the self test error message will be transmitted instead of sensor data. In this case, the ST_ER-
ROR bit can only be cleared by a device reset.

Printed versions are uncontrolled except when stamped “Controlled Copy” in red. Sensors Solutions Division
80 of 163 CONFIDENTIAL AND PROPRIETARY NXP Semiconductors



FXLS6xxxx September 13, 2019 Revision 2.18

6.6.3 Inertial Sensor A Converter

A second order sigma delta modulator converts the differential capacitance of the transducer to a data stream that is input to
the DSP. The sigma delta modulator operates at a frequency of 1MHz. A simplified block diagram is shown in Figure 6-10.

Transducer First Second 1-Bit
Vx Integrator Integrator Quantizer
o= = =N
Crop z" | & ral | |

| | | > Y(2)={0, 1}
CBOT 1- 2-1 1- Z-1

: ADC :
AC = Crop - Cgor By | |
V= OV,VREF | | |
I I
V=ACXVX/C|NT1 I___‘J

Figure 6-10 24 Converter Block Diagram
6.6.4 Inertial Sensor Digital Signal Processor

A digital signal processor (DSP) is used to perform signal filtering and compensation. A diagram illustrating the signal pro-
cessing flow within the DSP is shown in Figure 6-11.

Selectable Output Types Data Type 0 Data Type 1
- F with interpolation Yes (01) No
- F without interpolation No Yes (100)
- M with interpolation No No
- M without interpolation Yes (01) Yes (001)
- F - K with interpolation Yes (00) No
- F - K without interpolation No Yes (000)
- M - K with interpolation No No
- M - K without interpolation Yes (01) Yes (000)
- F - L with interpolation Yes (01) No
ZAout - F - L without interpolation No Yes (100)
- M - L with interpolation No No
- M - L without interpolation Yes (01) Yes (000)
. IR E—
ol S g ¢ | bigial |2, | LpF [E | 25" F
Filter |~ Trim|—p| Clipping = —P| Sense Interpolation| o R
\ \ Scaling L Output| DSPoyt
/\f Scalingk——p>
SN
H J K| Offset L
g SDOWT SDOWT H>| Oﬁset_’ Cancellation
ample ample ™| LPF Rate Limit
Offset Arming
Monitor Function
Figure 6-11 Signal Chain Diagram
. Sample Time | Data Width Sign Over Range | Signal Width |Signal Margin | Typical Block
Do (us) (Bits) (Bits) (Bits) (Bits) (Bits) Latency G
A A 1 1 1 NA 1 NA 2.5us Section 6.6.3
B SINC Filter 16, 32, 64 23 1 NA 21 NA 22.5us Section 6.6.4.1
Cc Trim 16, 32, 64 32 1 2 18 11 N/A Section 6.6.4.2
D Digital Clipping 16, 32, 64 32 1 2 18 11 N/A Section 6.6.4.3
E Low Pass Filter 16, 32, 64 32 1 2 18 1" Filter Dependent | Section 6.6.4.4
F User Scaling 16, 32, 64 32 1 2 18 11 N/A Section 6.6.4.5
H Down Sample 32, 64,128 32 1 NA 31 NA N/A Section 6.6.4.7
J Secondary Down Sample 256 32 1 NA 31 NA N/A Section 6.6.4.6
K Offset Low Pass Filter 256 16 1 2 11 2 N/A Section 6.6.4.6
L Offset Rate Limiting 256 16 1 2 11 2 N/A Section 6.6.4.6
M Moving Average Filter 32,64, 128 24 1 2 18 3 Filter Dependent | Section 6.6.4.7
P Offset Subtraction 32,64, 128 24 1 2 18 3 N/A Section 6.6.4.6
Q Interpolation 1,2,4 24 1 2 18 3 tsigChainxx Section 6.6.4.8
R Output Range Selection 1,2, 4 18 User Selectable N/A Section 6.6.4.9
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6.6.4.1 Decimation Sinc Filter
The output of the A modulator is decimated and converted to a parallel value by a 3rd order Sinc Filter with a decimation

ratio of 16:
_7716\3
H) = (&) (=5
16 1-72

Figure 6-12 Sinc Filter Response

6.6.4.2 Signal Trim and Compensation

The device includes digital trim to compensate for sensor offset, sensitivity and non-linearity over temperature. The following
equations are used for the trim compensation:

Offsetr im = Ag+ By x (T—Tys) +Cyy x (T*T25)2
Sensitivityr jm = B; +(T—T,5) xC),

Linearity;,;, = C;
Trimgyr = Trim,, x [Sensitivity;, + Trim , x Linearity;;,1+ Offset;

Variable Name Description '(‘;23‘)’ Va"fsbilti )s"ze Re(s;;‘;:;”
Ag Offset Compensation -1.0to +1.0 12 4.8852e-04
B, Offset Compensation with First Order Temperature Compensation -1.0to +1.0 12 4.8852e-04
Cyo Offset Compensation with Second Order Temperature Compensation -1.0to +1.0 12 4.8852e-04
B, Sensitivity Compensation -1.0to +1.0 12 4.8852e-04
Cio Sensitivity Compensation with First Order Temperature Compensation -1.0to +1.0 12 4.8852e-04
Cny Linearity Compensation -1.0to +1.0 12 4.8852e-04
T Temperature Sensor Digital Output Value -1.0to +1.0 12 4.8852e-04
Tos Temperature Sensor Output Value stored at the Ambient Test Insertion -1.0t0o +1.0 12 4.8852e-04

Trimy, Output of the Sinc Filter
Trimoyt Output of the Trim Block

6.6.4.3 Digital Clipping

The device includes a digital clipping block to maximize the symmetry between the positive and negative electrical dynamic
range of the device. Digital clipping values are specified in Section 5.8.
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6.6.4.4 Low Pass Filter

Data from the Sinc filter is processed by an infinite impulse response (lIR) low pass filter.
(n11 . zO) + (n12 . z_l) +(n13 . 2_2) . (n21 -zo) + (n22 . z_l) + (n23 -2_2)
(d11 -zo)+ (d12 . 2*1)+(d13 . 2*2) (d21 ~zO)+(d22 . 2*1)+(d23 ~z*2)

H(z) = a-

The device provides the option for one of several low-pass filters. The filter coefficients are selected with the LPF[3:0] bits in
the CHx_CFG_U1 registers.

The filter selection options are listed in Section 6.2.22.1. Response parameters for the low-pass filter are specified in Sec-
tion 5.18. Filter characteristics for the highest sample rate are illustrated in the figures below.

LPF #0 and LPF #2

Filter Typical Sample | Filter Group 1000 Hz Step Response
# LPF[3:0] SAMPLERATE[1:0] -3dB Tim':e Order Delay |Attenuation| Activation to 99% Filter Coefficients
Frequency (us) (dB) (ms)
0
00 or 01 400Hz 16us 839 -19.5 1.59 a, | 0.003143225986084408
ny1 | 0.0009951105668343345 | dqq 1
0000 N2 | 0.002003487780064749 |d;,|  -1.892328151433503
0,2 or 10 200Hz 32us 4 1678 42.3 3.18 N3 | 0.001008466113720278 |dq5|  0.8954713774195870
0010 Ny1 | 0.2516720624825626 | dpq 1
oz | 0.4999888752940016 | dy, | -1.918978239761011
1 100Hz 64us 3356 -66.0 6.36 Nys | 0.2483390622233452 | dy |  0.9229853042218408
LPF #1 and LPF #3
" Typical " Group 1000 Hz Step Response
F";e’ LPF[3:0] | SAMPLERATE[1:0] | -3dB sﬁme g'r';‘:’r Delay |Attenuation| Activation to 99% Filter Coefficients
Frequency (ps) (dB) (ms)
00 or 01 400Hz 16us 697 -16.6 1.49 ap | 0.05189235225042199
ni; | 0.001629077582099646 | dqq 7
0001 Ny | 0.001630351547919014 | d;,| -0.9481076477495780
13 or 10 200Hz 32us 3 1394 335 2.98 N3 0 dis 0
0011 [y 0.2500977520825902 doy 1
Ny | 0.4999999235890745 | dy, |  -1.015847097557409
1 100Hz 64ps 2788 515 5.96 Na3 | 0.2499023243303036 | dp3| 0.9191065266874253
LPF #4
- Typical - Group 1000 Hz Step Response
FIMer | LPF3:0] | SAMPLERATE[1:0] | -3aB | Sample | Filer | popay | Attenuation| Activation to 99% Filter Coefficients
Frequency (us) (dB) (ms)
00 or 01 325Hz 16pus 856 214 1.84 3o | 0.0424754749983549118
nq1| 0.0010903775691986084 | dqq 1
Ny, | 0.00108939400255981445 | dy, | -0.95752453804016113281
4 0100 10 162.5Hz | 32us 4 1712 387 3.68 N3 0 dis 0
ny1 | 0.24988752603530883789 | dypq 1
Nyy | 0.49999989569187164307 | dyy | -1.93140876293182373047
1 81.25Hz | 64ps 3424 -56.8 7.36 N3 | 0.2501125633716583252 | dps | 0.03358850479125076562
LPF #5
) Typical ) Group 1000 Hz Step Response
F";er LPF[3:0] | SAMPLERATE[1:0] 3dB s.f.;:‘n';'e g'r';: Delay |Attenuation| Activation to 99% Filter Coefficients
Frequency (us) (dB) (ms)
0
00 or 01 370Hz 16us 586 -14.1 1.55 ag | 0.00220982858445495367
M 0.25 dir 1
nqy | 0.49999998509883880615 | dq, | -1.91803151369094848633
5 0101 10 185Hz 32us 2 172 25.2 3.10 N3 0.25 dq5 | 0.92024135589599609375
Mo 1 dys 1
Nyo 0 dpp 0
1 92.5Hz 64us 2344 37.2 6.20 nos 0 dos 0
LPF #6
" Typical " Group 1000 Hz Step Response
F";e’ LPF[3:0] | SAMPLERATE[1:0] | -3dB sﬁme g'r';‘:’r Delay |Attenuation| Activation to 99% Filter Coefficients
Frequency (ps) (dB) (ms)
00 or 01 180Hz 16us 1187 -25.6 3.19 ag | 0.00053406920051202178
i 0.25 a1 7
N2 0.50 1, | -1.95983958244323730469
6 0110 10 90Hz 32us 2 2374 375 6.38 N3 0.25 d;5 | 0.96037364006042480469
21 1 da4 1
N2 0 dao 0
1 45Hz 64ps 4748 -49.7 12.8 N23 0 d2s 0
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LPF #7
) Typical . Group 1000 Hz Step Response
F";e' LPF[3:0] | SAMPLERATE[1:0] | -3dB S:[:‘n':'e g'r';‘:'r Delay |Attenuation| Activation to 99% Filter Coefficients
Frequency (us) (dB) (ms)
00 or 01 100Hz 16pus 2167 357 575 3o | 0.00016630983736831695
i 025 dn 1
2 05 1, | -1.97762179374694824219
7 0111 10 50Hz 32us 2 4334 417 15 s 025 ;3 | 0.97778809070587156203
24 1 da1 1
N2 0 dap 0
11 25Hz B4ps 8668 -60.0 23.0 N3 0 03 0
LPF #8
) Typical ) Group 1000 Hz Step Response
Filter | | pF[3:0 | SAMPLERATE[1:0] 3gg | Sample | Filter | 5 |Attenuation| Activation to 99% Filter Coefficients
# Time Order
Frequency (ps) (dB) (ms)
00 or 01 1500Hz 16us 223 -1.26 0.420 ap | 0.03834337295612844088
n11 | 0.01260285655167835381 | dqq 7
N1z | 0.02520581295635351826 | dy | -1.62182206187479138748
8 1000 10 750Hz 32us 4 446 -5.70 0.840 N13 | 0.01260284171453899225 | dy5 | 0.66016543483091971734
Na1 | 0.25000039185483757809 | dyq 7
Moz | 0.49999888229656674739 | dy, | -1.69136566438039781524
11 375Hz 64ps 892 217 1.68 Moz | 0.25000072584865173919 | dyg | 0.74177717760299266558
LPF #9
) Typical ) Group 1000 Hz Step Response
Filter | | pF[3:0] | SAMPLERATE[1:0] | -3qB | Sample | Filter | |Attenuation| Activation to 99% Filter Coefficients
# Time Order
Frequency (us) (dB) (ms)
00 or 01 500Hz 16us 558 -12.0 1.18 3o | 0.06461570392887561187
f11 | 0.00253228358602412005 | dqq 7
N1z | 0.00253382455746249506 | dy | -0.93538429607 112438813
9 1001 10 250Hz 32us 3 1116 27.9 2.36 s 0.0 di3 0.0
Ny | 0.25007606629379214302 | dpy 1
Moz | 0.49999995372560029905 | dyy | -1.89461887839771225828
11 125Hz 64pus 2232 458 4.72 Nos | 0.24992397997755622097 | dys | 0.89968498654120099278
LPF #A
) Typical ) Group 1000 Hz Step Response
F";e' LPF[3:0] | SAMPLERATE[1:0] -3dB S;;":":'e g'r';‘:'r Delay |Attenuation| Activation to 99% Filter Coefficients
Frequency (us) (dB) (ms)
00 or 01 800Hz 16pus 419 492 0.795 3o | 0.01190410984205714229
n11 | 0.00384158186528944052 | dqq 1
N1z | 0.00768325414507123675 | dy | -1.790004627 19285069468
A 1010 10 400Hz 32us 4 838 195 159 M13 | 0.00384155498534484614 | dy5 | 0.80190873703490794799
Na1 | 0.25000103366513437564 | dyq 1
Moz | 0.49909618339674751793 | Ay, | -1.83684943491757790568
11 200Hz B4ps 1676 423 3.18 Moz | 0.25000278293126343421 | dys | 0.85221582591330946599
LPF #B
) Typical ) Group 1000 Hz Step Response
Filter | | pF[3:0 | SAMPLERATE[1:0] 3gg | Sample | Filter | 5 v |Attenuation| Activation to 99% Filter Coefficients
# F Time Order
requency (ps) (dB) (ms)
00 or 01 1200Hz 16us 279 -2.00 0.530 ag | 0.02546195827091324651
n11 | 0.00830769458672901175 | dqq 1
M1z | 0.01661549341945577768 | dy, | -1.69226073394381204557
B 1011 10 600Hz 32us 4 558 9.30 1.06 N13 | 0.00830767373784346147 | dy5 | 0.71772269221472528855
Na1 | 0.25000062740839573694 | dyq 7
Moz | 0.499998711778583796995 | dyy | -1.75385062639799738093
11 300Hz 64ps 1116 28.8 212 N3 | 0.25000125480314383530 | dyg | 0.78708148814205258770
LPF #C and LPF #D
) Typical ) Group 1000 Hz Step Response
Filter | | pF[3:0] | SAMPLERATE[1:0] | -3qB | Sample | Filter | . |Attenuation| Activation to 99% Filter Coefficients
# Time Order
Frequency (us) (dB) (ms)
00 or 01 120Hz 16us 2325 -46.5 5.00 3o | 0.01589500145947964072
f11 | 0.00015161988544501960 | dqq 7
1100 N1z | 0.00015200954845361584 | dy | -0.98410499854052035928
cD or 10 60Hz 32us 3 4650 -64.5 10.0 s 0.0 i3 00
1101 nyq | 0.25032124994306603760 | dyy 1
Noy | 0.49999917553953604488 | do, | -1.97464045392631648568
1 30Hz B4ps 9300 -82.8 20.0 N3 | 0.24967957470143069551 | dys | 0.97494408336020621508
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LPF #E
) Typical . Group 1000 Hz Step Response
F";e' LPF[3:0] | SAMPLERATE[1:0] | -3dB S:.i’:‘n';'e g;';:’r Delay |Attenuation| Activation to 99% Filter Coefficients
Frequency (us) (dB) (ms)
00 or 01 120Hz 16pus 1804 32.8 4.85 3o | 0.00023895260210650682
i 025 dn 1
2 0.50 dy, | -1.97316625013962188007
E 1110 10 60Hz 32us 2 3608 447 9.70 s 025 13 | 0.97340520294172827587
24 1 da1 1
N2 0 dao 0
11 30Hz B4ps 7216 57.0 19.4 N3 0 dp3 0
LPF #F
) Typical ) Group 1000 Hz Step Response
Filter | | pF[3:0 | SAMPLERATE[1:0] 3gg | Sample | Filter | 5" |Attenuation| Activation to 99% Filter Coefficients
# Time Order
Frequency (ps) (dB) (ms)
00 or 01 50Hz 16pus 6726 -89.7 12.8 ap | 0.00005137322664827693
n11 | 0.00001504124143177110 | dqq 1
Nqo 0.00003226111162087577 d12 -1.98626319205697576820
F 1111 10 25Hz 32us 4 13,452 114 256 M13 | 0.00001738720648386979 | dq5 | 0.98631456528362415614
N1 | 0.26880063911477075633 | dyq 7
Noo 0.49866318155607519680 d22 -1.98997568035769623052
11 12.5Hz 64ps 26,904 -138 512 Moz | 0.23253587866496652770 | dys | 0.99004036988244481510

Figure 6-13 400Hz, 4-Pole Low-Pass Filter Response
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Figure 6-14 400Hz, 3-Pole Low-Pass Filter Response

Figure 6-15 325Hz, 3-Pole Low-Pass Filter Response
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Figure 6-16 370Hz, 2-Pole Low-Pass Filter Response

Figure 6-17 180Hz, 2-Pole Low-Pass Filter Response
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Figure 6-18 100Hz, 2-Pole Low-Pass Filter Response

Figure 6-19 1500Hz, 4-Pole Low-Pass Filter Response

Printed versions are uncontrolled except when stamped “Controlled Copy” in red. Sensors Solutions Division
88 of 163 CONFIDENTIAL AND PROPRIETARY NXP Semiconductors



FXLS6xxxx September 13, 2019 Revision 2.18
4

Figure 6-20 500Hz, 3-Pole Low-Pass Filter Response

Figure 6-21 800Hz, 4-Pole Low-Pass Filter Response
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Figure 6-22 1200Hz, 4-Pole Low-Pass Filter Response

Figure 6-23 120Hz, 3-Pole Low-Pass Filter Response
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Figure 6-24 120Hz, 2-Pole Low-Pass Filter Response

Figure 6-25 50Hz, 4-Pole Low-Pass Filter Response
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6.6.4.5 User Sensitivity Scaling

6.6.4.6 Offset Cancellation

September 13, 2019

The device includes a user controlled sensitivity scaling as described in Section 6.2.23.1.

FXLS6xxxx

The device provides an optional offset cancellation circuit to remove internal offset error. A simplified block diagram of the
offset cancellation is shown in Figure 6-26.

o

Rate Limit Select
HIGH PASS FILTER DATAPATH

C_Input

SAMPLE

OFFSET CANCELLATION
LOW PASS FILTER

Mo

1-(d, )

OFFSET RATE LIMITED DATAPATH

OFFMONyeG
—+

OFFMONpos |

—INC/DEC  OUT |

UP/DOWN
COUNTER

Figure 6-26 Offset Cancellation Block Diagram

The transfer function for the offset low pass filter is:

H(z) = a,x

ny+(n -z 1)

do+(d;-z71)

OFFSET RATE LIMITINGI

0C_Out

Response parameters are specified in Section 5 and the offset low pass filter coefficients are specified in the table below.

During start up multiple phases of the offset low pass filter are used to allow for fast convergence of the internal offset error
during initialization. The offset rate limiting is also bypassed regardless of the state of the OC_FILT bits in the CHx_CFG_U4
register. The low pass filter details and timing for the start up phases is shown in the table below.

In normal mode, output rate limiting can be applied to the output of the offset low pass filter via the OC_FILT bits in the CHx-
_CFG_U4 register. If rate limiting is enabled, the offset cancellation output is updated by OFFgte, LSB every tr| Rrate S€C-

onds.

The offset cancellation circuit output value is frozen when self test is active regardless of the offset cancellation phase.
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Stg’:ff; R ;::rg:afr(;:?:f‘)s:::; sa’“{’l';)“'“e Coefficients (24-Bit) Freiﬁi(%'?fs&s) Time c(f,:':)ta"t (’) ,_i':,?:ﬁ,g

a | 0.234051465988159

0 0 256 no | 0.49999988079071 n 0.49999988079071 163.8 0.9714 Bypassed
& 10 di | -0.765948414802551
a |  0.063805103302002

1 4.096 256 no | 0.49999988079071 n 0.49999988079071 40.96 3.886 Bypassed
& 10 di | -0.936194777488708
a | 0.0163367986679077

2 8.192 256 no | 0.49999988079071 n 0.49999988079071 10.24 15.54 Bypassed
& 10 di | -0.983663082122802
a | 0.00410926342010498

3 24.58 256 no | 0.49999988079071 n 0.49999988079071 2.560 62.17 Bypassed
& 10 di | -0.995890617370605
a | 0.00102889537811279

4 90.11 256 no | 0.49999988079071 n 0.49999988079071 0.6400 248.7 Bypassed
& 10 di | -0.998970985412597
ap | 0.000257253646850586

5 3523 256 no | 0.49999988079071 n 0.49999988079071 0.1600 994.7 Bypassed
& 10 di | -0.999742627143859
ap | 0.0000643377478321934

6 1401 256 no 0.49999988079071 n 0.49999988079071 0.0400 3979 ggrlt;‘l’ﬂ.erﬁbg]
& 10 ds 20.9999356623

Self Test Active Output Frozen

Figure 6-27 0.04Hz Offset Cancellation Low Pass Filter Characteristics
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6.6.4.7 Moving Average

The device includes an optional moving average function. Reference Section 6.2.24.4 for details regarding the moving aver-
age function. If the moving average function is enabled, interpolation is disabled.

6.6.4.8 Data Interpolation

The device includes 16 to 1 linear data interpolation to minimize the system sample jitter. Each result produced by the digital
signal processing chain is delayed one sample time. Transmitted data is interpolated from the 2 previous samples, resulting
in a latency of one sample time, and a maximum signal jitter of 1/16 of the sample time. The device uses the following func-
tions for calculating the interpolation:

DSPOUt: rent — DatalnterpOut;
loe—(i—1)

DatalnterpOut; = DatalnterpOut; | +

DatalnterpOut, = DSPOUtp yious

An example of the output interpolation is shown in Figure 6-28.

Linear Interpolation (16 to 1)

40000

37500

35000
32500 =

30000 - Bhb
27500 y’7k

25000 r
/

22500 'J
20000 J
7
/

I~

17500

Available Output Value {LSB)

,_.
I}
=
=1
3

10000

—
12500 —'/
i/
/

7500 s

5000 Iﬁi\

2500 J Alk

L]
0 50 100 150 200 250 300 350 400 450 500 550 600
Output Sample #
= D5P Output Value (LSB) -Available Output Value (LSB)
Figure 6-28 Output Interpolation Example
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6.6.4.9 Output Scaling
The table below shows the output scaling for each output data type and protocol.

Data Type PCM | SPI | DSI |PSI5| 12C |D23|D22|D21|D20|D19|D18 (D17 D16 |D15|D14|D13|D12|D11|D10| D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1
16-Bit Register Read X X X X

16-bit X

16-bit X X

12-bit X X

10-bit X X X
Readable Data

-Noise Bits

Clipped Bits

The following equation is used to convert sensor data readings to acceleration using the variables specified in the table
below. Note, the values listed apply for a user gain of 1x (U_SNS_SHIFT = ‘10" and U_SNS_MULT = 0x00).

SensorData g — SensorDataOFF o5

Acceleration, =

9 SENSEpccEL
Where:
Acceleration 4 = The acceleration output in g
SensorData, gg = The acceleration output in LSB
SensorDataOFF sg = The acceleration output value at 0g in LSB
SENSEaccEL = The expected sensitivity in LSB/g
: Typical SENSE Minimum Sensor Data | Maximum Sensor Data
g Range Type Data Reading SensorDataOFF_sg (LSB?;?EL _ Value _ Value
(LSB) (Signed LSB) (Signed LSB)
16-Bit Register Read 0 66.0322 0x8000 (-32768) Ox7FFF (+32767)
16-Bit DSI3 PDCM Data 0 66.0322 0x8001 (-32767) Ox7FFF (+32767)
16-Bit SPI Sensor Data 0 528.258 0x8010 (-32752) Ox7FFF (+32767)
Medium g 16-Bit PSI5 Sensor Data 0 528.258 0x8800 (-30720) 0x7800 (+30720)
12-Bit DSI3 PDCM Data 0 33.0161 0x801 (-2047) Ox7FF (+2047)
12-Bit SPI Sensor Data 0 33.0161 0x801 (-2047) Ox7FF (+2047)
10-Bit DSI3 PDCM Data 0 8.25403 0x201 (-511) Ox1FF (+511)
10-Bit PSI5 Sensor Data 0 8.25403 0x220 (-480) Ox1EQ (+480)
16-Bit Register Read 0 21.8930 0x8000 (-32768) Ox7FFF (+32767)
16-Bit DSI3 PDCM Data 0 21.8930 0x8001 (-32767) Ox7FFF (+32767)
16-Bit SPI Sensor Data 0 175.144 0x8010 (-32752) OX7FFF (+32767)
High @ 16-Bit PSI5 Sensor Data 0 175.144 0x8800 (-30720) 0x7800 (+30720)
12-Bit DSI3 PDCM Data 0 10.9465 0x801 (-2047) OX7FF (+2047)
12-Bit SPI Sensor Data 0 10.9465 0x801 (-2047) OX7FF (+2047)
10-Bit DSI3 PDCM Data 0 2.73663 0x201 (-511) Ox1FF (+511)
10-Bit PSI5 Sensor Data 0 2.73663 0x220 (-480) Ox1EQ (+480)
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6.7 Temperature Sensor

6.7.1 Temperature Sensor Signal Chain

The device includes an independent temperature sensor for each channel for signal compensation. The output of the chan-
nel 0 temperature sensor is provided for user readability. A simplified block diagram is shown in Figure 6-29. Temperature
sensor parameters are specified in Section 5.5 and Section 5.18.

Moving

SA | Filter — Average | | Offset & —» To Temperature Output

Sensor Converter | —_ Gain Trim

Figure 6-29 Temperature Sensor Signal Chain Block Diagram

Temperature Temperature| | Sinc

6.7.2 Temperature Sensor Output Scaling Equations
The following equation is used to convert temperature readings with the variables as specified in the table below:

T _ TLSB — TOLSB
DEGC T
SENSE
Where:
Tpece = The temperature output in degrees C
Tise = The temperature output in LSB
TO_sp = The expected temperature output in LSB at 0 C
TseNSE =  The expected temperature sensitivity in LSB/C
Data Reading (Tféng (TLSsEg,ScE)
8-Bit Register Read 68 1
16-Bit Register Read 17408 256
16-Bit DSI3 PDCM Data 17408 256
16-Bit SPI Sensor Data 17408 256
12-Bit DSI3 PDCM Data 1100 16
12-Bit SPI Sensor Data 1100 16
10-Bit DSI3 PDCM Data 276 4
10-Bit PSI5 Data -27 1

6.8 PCM Output Function

The device provides the option for a PCM output function. The PCM output is enabled if the ARM_CFG bits in the CHx_CF-
G_U4 registers are configured for PCM output. Selecting the PCM output enables the following functions:

. The non-interpolated sensor data output as defined in the DATATYPEQO bits in the Chx_CFG_U3 register is saturated to 10-
bits as shown in Section 6.6.4.9 and converted to an unsigned value.

. The 10-bit sensor value is input into a summer clocked at 10MHz.
. The carry from the summer circuit is output to the PCM pin.

A block diagram of the PCM output is shown in Figure 6-30.

DSPoy{[20:11]

A CARRY » PCM
As Defined in DATATYPEO 10
10 Bit ADDER
B SUM
fok I g
> CLK Q
10 /

7
Figure 6-30 PCM Output Function Block Diagram
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6.9 Arming Function
When SPI mode is enabled via the COMMTYPE register, the device provides the option for an arming function with 3 modes
of operation. The operation of the arming function is selected by the state of the ARM_CFG bits in the CHx_CFG_U4
registers.
Reference Section 9.4 for the operation of the Arming function with exception conditions. Error conditions do not impact prior
arming function responses. If an error occurs after an arming activation, the corresponding pulse stretch for the existing
arming condition will continue. However, new sensor reads will not update the arming function regardless of the sensor
value.
6.9.1 Arming Function: Moving Average Mode
In moving average mode, the arming function runs a moving average on the offset cancelled output of the associated sensor
channel DATATYPEO. The number of samples used for the moving average (k) is programmable via the ARM_WS[1:0] bits
in the CHx_ARM_CFG registers. Reference Section 6.2.27.3 for register details.
ARM_MA,, = (OC,, + OC, 1 + ... + OCp4q4)/k
Where n is the current sample
The sample rate for each channel is determined by the rate of the SPI sensor data requests. At the falling edge of SS_B for
a sensor data SPI response for SOURCEID_0 (channel 0) or SOURCEID_2 (channel 1), the moving average for the
associated channel is updated with a new sample. Reference Figure 6-31. The arming function input data rate can be down
sampled as described in Section 6.9.4. The SPI sensor data sample rate must meet the minimum time between requests
(tacc_Rreq_ x) specified in Section 5.13.
The moving average output is compared against positive and negative thresholds that are individually programmed for each
channel via the CHx_ARMT _x registers. Reference Section 6.2.28 for register details. If the moving average equals or
exceeds either threshold, an arming condition is indicated, the arming pin output is asserted for the associated channel and
the pulse stretch counter is set as described in Section 6.9.5.
The arming pin output is de-asserted only when the pulse stretch counter expires. Figure 6-33 shows the arming output
operation for different SPI conditions.
ARM_T_P[7:0]
ARM_WS_P[1:0] Positive
Moving Average
—>
OC_Out[12:3] — | Pulse Stretch (9 Gating ¥ /10 —» ARM
—
Negative
ARM_WS N[1:0] Moving Average
ARM_T_NJ[7:0]
ARM_PS[3:0]
Figure 6-31 Arming Function Block Diagram - Moving Average Mode
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6.9.2

Arming Function: Count Mode

In count mode, the arming function compares each offset cancelled sample against positive and negative thresholds that are
individually programmed for each channel via the CHx _ARMT_x_x and CHx_ARMT_x_x registers. Reference Section
6.2.28 for register details. If the sample equals or exceeds either threshold, a sample counter is incremented. If the sample
does not exceed either threshold, the sample counter is reset to zero.

The sample rate for each channel is determined by the SPI sensor data sample rate. At the falling edge of SS_B for a
sensor data SPI response for SOURCEID_0 (channel 0) or SOURCEID_2 (channel 1), a new sample for the associated
channel is compared against the thresholds. Reference Figure 6-32. The arming function input data rate can be down
sampled as described in Section 6.9.4. The SPI sensor data sample rate must meet the minimum time between requests
(tacc rReq x) specified in Section 5.13.

A sample count limit is programmable via the ARM_WS[1:0] bits in the CHx_ARM_CFG registers. If the sample count
reaches the programmable sample count limit, an arming condition is indicated, the associated arm pin output is asserted
and the pulse stretch counter is set as described in Section 6.9.5.

The associated arm pin output is de-asserted only when the pulse stretch counter expires. Figure 6-33 shows the arming
output operation for different SPI conditions.

ARM_WS_P[1:0]

/

ARM_T_P[7:0]

vV

12:
OC_Out[12:3] —P| Pulse Stretch B Gating | 10 —» ARM

/ N\

—I_’ Sample
_|—>

Counter
>
ARM_T_NJ[7:0]
/
ARM_PS[1:0]
Figure 6-32 Arming Function Block Diagram - Count Mode
SCLK
Ss_B '

most __ XU CRRCARCARRERRER XERRCARCARRERREE XCRRCARCARRERRER
4>| Request SnsData |47 4" Request SnsData |47 4>| Request SnsData |47 »|Request SnsData|4
I

B Sy N ey N N

SnsData Resp 4’{ SnsData Resp SnsData Resp SnsData Resp
miso —(ARARIARLR (CCCAAAARRRRNCAD RRRCARRERKAD RRRCARRERKAD
ARM———————————— : —\ B B —" F—
Arm Condition I | Arm Condition Arm Condition | Arm Condition
Not Present : | Present Not Present | Not Present
| I
Arrzal-zir:_;itg:eadngorSPl _>i : :
tARM—P ‘N— \
Pulse Stretch Timé—u ‘M—
Figure 6-33 Arming Condition, Moving Average and Count Mode
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6.9.3  Arming Function: Unfiltered Mode

At the falling edge of SS_B for a sensor data SPI response for SOURCEID_0 (channel 0) or SOURCEID_2 (channel 1), the
most recent available offset cancelled sample for the requested channel is compared against positive and negative
thresholds that are individually programmed for each channel via the CHx_ARM_T_x and CHx_ARM_T_x registers.
Reference Section 6.2.28 for register details. If the sample equals or exceeds either threshold, an arming condition is
indicated.

Once an arming condition is indicated for the associated channel, the arm pin output for that channel is asserted when SS_B
is asserted and the MISO data includes a sensor data response for that channel. The pulse stretch function is not applied in
Unfiltered mode.

Figure 6-34 contain a block diagram of the Arming Function operation in Unfiltered Mode. Figure 6-35 shows the Arming
output operation under the different SPI request conditions.

ARM_CFG[2]

L

ARM_CFG[1]

SS. B Dc

Ch Select } g

ARMING FUNCTION
Interpolated Sample Rate

)
|

I/0 » ARM

Figure 6-34 Arming Function Block Diagram - Unfiltered Mode

SCLK

SS B | / \{ / \ / \ /
most _ JERNARARR URRSORRRS NORRRCARRARTERY RORRRCARRAARTERY
4P| Request SnsData |<* API Request SnsData| 4P| Request SnsData |<~ P Request SnsData¢
i
I

DN Sy N 0 N N Y

SnsData Resp SnsData Resp SnsData Resp SnsData Resp
miso —{EAXARRY FYHRSORESORRS) FYRSOREAORRS) FYRSOREAORRS)
|
ARM—————————— = — - 7
Arm Condition | : Arm Condition | Arm Condition Arm Condition
Not Present : | Present | Not Present Not Present
P I
Arrzal-zir:_(iitg:eadnLOFSPl _>: : :
I I
tARM_UF_DLY—b: — |
I I
tARM_UF_ASSERT—p —
Figure 6-35 Arming Condition, Unfiltered Mode
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6.9.4

6.9.5

6.9.6

Arming Function Down Sampling

The data provided to the arming function can be down sampled using the ARM_DS[1:0] bits in the CHx_ARM_CFG
registers.

The initial value of the counter is ‘00’. At the falling edge of SS_B for a sensor data SPI response, if the counter value is
equal to ‘007, the arming function is updated with the new sample as described in Section 6.9.1 or Section 6.9.2. The counter
is then incremented by ‘1’. The counter rolls over to ‘00’ after the maximum value specified in the ARM_DS[1:0] bits is
reached.

Arming Pulse Stretch Function
A pulse stretch function can be applied to the arming outputs in moving average mode, or count mode.

If the pulse stretch function is not used (ARM_PS[1:0] = ‘00’), the arming output is asserted if and only if an arming condition
exists for the associated channel after the most recent evaluated sample. The arming output is de-asserted if and only if an
arming condition does not exist for the associated channel after the most recent evaluated sample.

If the pulse stretch function is used, (ARM_PS[1:0] not equal ‘00’), the arming output is controlled only by the value of the
pulse stretch timer value. If the pulse stretch timer value is non-zero, the arming output is asserted. If the pulse stretch timer
is zero, the arming output is de-asserted. The pulse stretch counter continuously decrements until it reaches zero. The pulse
stretch counter is reset to the programmed pulse stretch value if and only if an arming condition exists for the associated
channel after the most recent evaluated sample. Reference Figure 6-33.

Exception conditions listed in Section 9.5 do not impact prior arming function responses. If an exception occurs after an
arming activation, the corresponding pulse stretch for the existing arming condition will continue. However, new sensor
reads will not reset the pulse stretch counter regardless of the sensor value.

Arming Pin Output Structure

The arming output pin structure can be set to active high, or active low with the ARM_CFG bits in the CHx_CFG_U4
registers as described in Section 6.2.25.3. The active high and active low pin output structures are shown in Figure 6-36.

Open Drain, Active High Open Drain, Active Low
i
|
Vee Vee
- |
|
|
. B '
Arm Function ] Gating
L » arm | 5  ARM
|
- I
:@L ] Arm Function ¥ Gating
1 1
p— ] —

Figure 6-36 Arming Function - Pin Output Structure
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71
7.1.1

SECTION 7 DSI3 PROTOCOL

The DSI3 standard describes two function classes: Signal Function Class and Power Function Class. The device is a slave
conforming to the Signal Function Class requirements. The device does not support Power Function Class. The following
sections describe the DSI3 Signal Function Class features supported by the device.

DSI3 Physical Layer

Command Receiver

The command receive block converts voltage transitions on the BUS_| pin to a digital pulse train for decoding by the DSI
data link layer.

The supply voltage can vary throughout the specified range, so the communication high voltage (Vy,gH) must be sampled
and averaged with a low pass filter. The communication low voltage is then determined by comparing the supply voltage to
the sampled and averaged Vi gy voltage. Figure 7-1 shows a block diagram of the command receiver physical layer.

Figure 7-1 Command Receiver Physical Layer

The start of a command is detected when the comparator output (Command_Detect) is low. The comparator output is input
to a counter that is updated at the internal oscillator frequency. Control logic monitors the counter output and generates the
necessary internal signals for the logic.

Figure 7-2 shows a timing diagram of the command receiver when a valid command is received, and Figure 7-3 shows a
timing diagram of the command receiver when a micro-cut is received during the command window. Voltage values and tim-
ing parameters are specified in Section 5.4 and Section 5.20.
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Figure 7-3 DSI3 Command Receiver Timing Diagram: Micro-cut

Response Transmitter

The response transmitter block converts two digital signals into two supply modulation current. The response currents are
generated such that the rise and fall times are the same whether the Igggp current is being transmitted or the 2 x Igggp cur-
rent is being transmitted. A diagram of the response transmitter is shown in Figure 7-2. Current values and timing parame-
ters are specified in Section 5.4 and Section 5.11.
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Figure 7-4 DSI3 Transmitter Block Diagram
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713

Discovery Mode Current Sense

The current sense circuit is used during Discovery Mode to determine if any additional slaves are connected to the BUS_O
pin of the device. A diagram of the current sense circuit is shown in Figure 7-5. Current values and timing parameters are
specified in Section 5.4 and Section 5.11. Details regarding Discovery Mode are included in Section 7.2.3.

IReF

AddrCount
BUS | |Z} \ tour L 1o e 507
Rsense Am +

p
/ -/ Disc_Compare D—P

lccq Sample lcca Control ]
Logic LastDevice

lcca
Sample & Hold

Disc_Command_Rcvd

Figure 7-5 Discovery Mode Current Sense Circuit Block Diagram
A

S . (S
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.
: .
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I tDiSc_Ramp_RSP —p»| <« |
I
I
:<_tSTART7DlschSP —»i

I
I I

14 tinisc_samp_ply — | 14— tipisc_samp

I

~ Vv

Figure 7-6 DSI3 Discovery Mode Sensing Timing Diagram

7.2 Address Assignment
The device supports all 3 address assignment methods described in the DSI3 standard as described below.

7.21 Address Assignment Method for Parallel Connected Slaves
Devices connected in parallel must have pre-programmed addresses by storing a non-zero value into the PADDR[3:0] bits
of the PHYSADDR OTP register. If a non-zero value is stored in this OTP register, The device does not participate in any
other address assignment method and waits for Command and Response Mode for further configuration. Reference Section
7.3 for details regarding Command and Response Mode.

7.2.2 Address Assignment Method for Bus Switch Connected Daisy Chain Devices
A device connected in daisy chain by a bus switch may have either a pre-programmed address as described in Section
7.2.1, or an un-programmed address.
If the address is pre-programmed, the device does not participate in any other address assignment method and waits for
Command and Response Mode for further configuration information, including activating the bus switch to connect the next
device on the bus. Reference Section 7.3 for details regarding Command and Response Mode.
If the address is un-programmed, once power is applied, the device is the only device on the segment which requires an
address assignment. The device will accept a Command and Response Mode register write command addressed to
Address $0 (global command), which writes the PADDR[3:0] bits to a non-zero value. Once a physical address is assigned
to the device, Command and Response Mode is used with the assigned physical address for further configuration.
On power up, the device bus switch output defaults to de-activated.
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7.2.3 DSI3 Discovery Mode: Address Assignment Method for Resistor Connected Daisy Chain Devices

A device connected in daisy chain via a resistor has an un-programmed address and uses Discovery Mode to obtain its
physical address (PADDR][3:0]).

The Master device must initiate Discovery Mode automatically after power is applied to the bus segment by sending a
sequence of Discovery Commands. Discovery mode timing is defined in Section 5.11. If the ENDINIT bit is not set and the
PADDRJ3:0] field is set to ‘0000’, the device will detect a Discovery Command tstarT Disc after a power on reset and for
intervals of tper pisc Until Discovery Mode has ended (the maximum value of tsTarT Disc)-

Discovery Mode follows the sequence listed below. Figure 7-7 shows a timing diagram of the Discover Protocol for a 4
device segment.

1. The master powers up the bus segment to a known state.

2. The Master transmits the Discovery Command.

3. After a predetermined delay (tstarT pisc_rsp). all devices without a physical address activate a current ramp to the 2x
response current at a ramp rate of ipisc_ramP-

4. Each device monitors the current through its sense resistor (Aigensg)-

a. If the current is above igrgsp, the device disables its response current, increments its physical address counter and
waits for the next Discovery Command.

b. If the current is low (Aigensg less than irgsp), the device continues to ramp its response current to 2* igggp in time
tbisc_RAMP_RsP and maintains the current at 2* irggp for time tbisc_IDLE_RSP-

c. After time tpisc_ipLE_Rsp; if @ device has not detected a current through its current sense resistor of iresp, the device
accepts physical address '1' and disables its response current.

5. After a pre-defined period (tper_pisc), the master transmits another Discovery Command.

6. Steps 3 and 4 are repeated, with the device accepting the address in its address assignment counter if the sense current is
low.

7. The Master repeats step 5 until it has transmitted Discovery Commands for all the devices it expects on the bus.

8. Device initialization can now begin using Command and Response Mode.

Once the Discovery Mode is complete, a physical address is assigned to the device, and Command and Response Mode is
used with the assigned physical address for further configuration.
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Figure 7-7 DSI3 Discovery Mode Timing Diagram
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7.3 DSI3 Command and Response Mode
DSI3 Command and Response Mode is the main communication method used for initialization of the device.
7.31 DSI3 Command and Response Mode Command Reception

Command and Response Mode data packets are exchanged between a single master and a single slave. The primary pur-
pose of command and response transactions are to read from and write to registers within the device memory structure.

An example Command and Response Mode Command is shown in Figure 7-8. The command consists of 32 bits of data
broken up into multiple fields as described in Section 7.3.1.2.

BUS_|

PA MD CMD| ED
[3] [01 | 131 01 | 71
PA[3:0] CMDI3:0] EDI[7:0] RD[7:0] CRCI[7:0]
Physical Address Command Extended Data Register Data Error Checking
PA3|PA2[PA1|PAO|[ C3 [C2 | C1 | CO (D15(D14|D13|D12(D11|D10| D9 (D8 [ D7 | D6 | D5 (D4 | D3 | D2 (D1 | DO | E7 ( E6 [ E5 | E4 | E3 | E2 | E1 | EO
0 0 0 1 1 0 0 0 1 0 1 0 1 0 1 0 0 0 1 0 1 1 0 0 0 0 1 1 0 1 1 0

Figure 7-8 Command and Response Mode Example Command

7.3.1.1 Bit Encoding
Figure 7-9 shows the bit encoding used for Command and Response Mode Commands from the Master device.

1.0

Viow o
Figure 7-9 Command and Response Mode Command Bit Encoding

7.3.1.2 Command Message Format
The Command and Response Mode Command format is shown in Table 7-1.

Physical Address Command Extended Data Register Data CRC
PA[3:0] CMD[3:0] ED[7:0] RD[7:0] CRCI[7:0]

Table 7-1 Command and Response Mode - Command Format

Field Length (Bits) Definition
PA[3:0] 4 Physical Address
. Must match the value in the PADDR([3:0] of the PHYSADDR register
CMD[3:0] 4 Command (reference Section 7.3.4)
ED[7:0] 8 Extended Data (reference Section 7.3.4)
RD[7:0] 8 Register Data (reference Section 7.3.4)
CRCI[7:0] 8 Error Checking (reference Section 7.3.1.3)

Table 7-2 Command and Response Mode - Field Definitions
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7.3.1.3 Error Checking

The device calculates an 8-bit CRC on the entire 32-bits of each command. Message data is entered into the CRC calcula-
tor MSB first, consistent with the transmission order of the message. If the calculated CRC does not match the transmitted
CRC, the command is ignored and the device does not respond.

The CRC decoding procedure is:
A seed value is preset into the least significant bits of the shift register.

2. Using a serial CRC calculation method, the receiver rotates the received message and CRC into the least significant bits of
the shift register in the order received (MSB first).

3. When the calculation on the last bit of the CRC is rotated into the shift register, the shift register contains the CRC check
result.

If the shift register contains all zeros, the CRC is correct.
5. If the shift register contains a value other than zero, the CRC is incorrect.

The CRC polynomial and Seed for Command and Response Mode are shown in Table 7-3.

Mode Default Polynomial Non-Direct Seed

Command and Response Mode x+x5+x3+x2+x+1 1111 1111

Table 7-3 Command and Response Mode Command CRC
Some example CRC calculations are shown in Table 7-4.

7.3.2

An example Command and Response Mode response is shown in Figure 7-10. The response consists of 32 bits of data bro-

Physical Address Command Extended Data Register Data Non-Direct Seed 8 Bit CRC
0x01 0x08 0x11 0x86 OxFF 0xBO
0x02 0x01 0x25 OxFF OxFF 0x38
0x03 OxOF O0x1A 0x41 OxFF 0x2C
0x04 0x01 0x01 0x01 OxFF 0xD4

ken up into multiple fields as described in Section 7.3.2.2.

st Ssymbol »

Response
Current

DSI3 Command and Response Mode Response Transmission

Table 7-4 Command and Response Mode - CRC Calculation Examples

Command

Physical Address

Extended Data

Register Data

Error Checking
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DO
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E1

EO

0

0

0

1

0

0

1

0

1

0

1

0

1

0

0

0

1

0

1

1

0

0

1

1
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Figure 7-10 Command and Response Mode Response Example
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7.3.2.1 Symbol Encoding

The device response to a Command and Response Mode Command uses multi-level source coding where data nibbles are
first encoded into symbols and then the symbols are encoded into current levels. The symbols are assembled from three
consecutive three-level current pulses called chips. Within a symbol there are 3 consecutive chips that can assume one of
three discrete current levels as described in Section 5.5: iy, i * irgsp, and iq + 2 x iresp. Figure 7-11 shows the chip trans-
missions and an example of a 3 symbol (9 chip), 12-bit data packet.

Response data bit encoding

Symbol
1 1. 0]2 0 272 1 2}

+2*lRgsp— P e mae -
+RESP— ey
Iqfall —_— - -:- -
OmA 15( 2nd 3rd
mA —
Chips

Each symbol encodes four data bits

Figure 7-11 Response Symbol Encoding

Of the 27 possible combinations for three consecutive tri-level chips, the combinations that begin with the null current level
(iq) are discarded. Of the remaining 18 symbols, the two symbols that contain the same value for all three chips are also dis-
carded. The remaining 16 symbols all begin with a non-null current level and have at least one transition. These characteris-
tics guarantee that any response packet has a transition at the beginning of a packet and at least one transition in every
symbol. Each 3-chip symbol encodes the information of 4-bits. Table 7-5 shows the symbol encoding used by the device.

Encoded Data (4 Bits) Symbol Transmitted
Binary HEX 1st Chip 2nd Chip 3rd Chip
0000 0 1 1 0
0001 1 2 1 1
0010 2 1 0 2
0011 3 2 0 2
0100 4 1 0 0
0101 5 2 1 2
0110 6 1 1 2
0111 7 2 0 1
1000 8 2 2 0
1001 9 2 1 0
1010 A 1 2 2
1011 B 2 2 1
1100 C 1 2 0
1101 D 2 0 0
1110 E 1 0 1
1111 F 1 2 1

Table 7-5 Symbol Mapping
Where:
0=iq
1=iResp
2=2xiRresp
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7.3.2.2 Response Message Format

The Command and Response Mode response format is shown in Table 7-6.

Physical Address Command Register + 1 Data Register Data CRC
PA[3:0] CMD[3:0] RD1[7:0] RD[7:0] CRC[7:0]

Table 7-6 Command and Response Mode - Response Format

Field Length (Bits) Definition
PA[3:0] 4 " ' Physical Ac'idress )
atches the value in the PADDR[3:0] of the PHYSADDR register
CMD[3:0] 4 An echo of the received command
ED[7:0] 8 The data contained in the register addressed by RA[7:1] + 1 (High Byte, reference Section 7.3.4)
RD[7:0] 8 The data contained in the register addressed by RA[7:1] + O (Low Byte, reference Section 7.3.4)
CRCJ[7:0] 8 Error Checking (reference Section 7.3.2.3)

Table 7-7 Command and Response Mode - Field Definitions

7.3.2.3 Error Checking

The device calculates a CRC on the entire 32-bits of each response. Message data is entered into the CRC calculator MSB
first, consistent with the transmission order of the message.
The CRC Encoding procedure is:

A seed value is preset into the least significant bits of the shift register.

2. Using a serial CRC calculation method, the transmitter rotates the transmitted message into the least significant bits of the
shift register, MSB first.

3. Following the transmitted message, the transmitter feeds eight zeros into the shift register, to match the length of the CRC.
When the last zero is fed into the input adder, the shift register contains the CRC.
5. The CRC is transmitted.

The CRC polynomial and Seed for Command and Response Mode are shown in Table 7-8.

Mode Default Polynomial Non-Direct Seed

8 5 3 2

Command and Response Mode XBHXT+xP+x2+x+1 1111 1111

Table 7-8 Command and Response Mode Response CRC
Some example CRC calculations are shown in Table 7-4.
7.3.3 DSI3 Command and Response Mode Timing

A timing diagram for Command and Response Mode is shown in Figure 7-12. Timing parameters are specified in Section
5.11.
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Figure 7-12 Command and Response Mode Timing Diagram
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7.3.4 DSI3 Command and Response Mode Command Summary
Command Data
C3 Cc2 C1 Cco Hex Description D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
0 0 0 0 $0 |Register Read RA[7] | RAB] | RA[5] | RAM] | RAB] | RAZ] | RAITT| x X X X X X X X X
0 0 0 1 $1 [Reserved X X X X X X X X X X X X X X X X
0 0 1 0 $2 |Reserved X X X X X X X X X X X X X X
0 0 1 1 $3 [Reserved X X X X X X X X X X X X X X X X
0 1 0 0 $4 |Reserved X X X X X X X X X X X X X X X X
0 1 0 1 $5 |[Reserved X X X X X X X X X X X X X X X X
0 1 1 0 $6 Reserved X X X X X X X X X X X X X X X X
0 1 1 1 $7 |Reserved X X X X X X X X X X X X X X X X
1 0 0 0 $8 | Register Write RA[7] | RA[6] | RA[G] | RAMA] | RAB] | RARZ] | RA[1] | RA[O] | RD[7] | RDI6] | RD[5] | RD[4] | RD[3] | RD[2] | RD[1] | RD[O]
1 0 0 1 $9 |Reserved X X X X X X X X X X X X X X X X
1 0 1 0 $A |[Reserved X X X X X X X X X X X X
1 0 1 1 $B [Enter PDCM X X X X X X X X X X X X X X X X
1 1 0 0 $C |Reserved X X X X X X X X X X X X X X X X
1 1 0 1 $D |Reserved X X X X X X X X X X X X X X X X
1 1 1 0 $E [Reserved X X X X X X X X X X X X X X X X
1 1 1 1 $F |Reserved X X X X X X X X X X X X X X X X
7.3.4.1 Register Read Command
The device supports the Register Read command as a device address specific command only. If the PA[3:0] field in the
command matches the value in the PADDRJ[3:0] bits of the PHYSADDR register and a valid CRC is calculated, the device
responds to the command.
The device ignores the Register Read command if the command is sent to any other physical address, including the DSI
Global Device Address of ‘0000’
The Register Read command uses the byte address definitions shown in Section 6.1. The Register Read response includes
the register contents at the time the Register Read command decode is complete. Readable registers along with their byte
addresses are shown in Section 6.1. If an attempt is made to read a register that is not readable, the device will respond with
all zero data.
Address Command Data CRC
PA3 | PA2 | PA1 | PAO C3 Cc2 c1 Cco D15 | D14 | D13 | D12 | D11 | D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
PA[3] | PA[2] | PA[1] | PA[O] 0 0 0 0 RA[7] | RA[6] | RA[5] | RA[4] | RA[3] | RA[2] | RA[1] X 0 0 0 0 0 0 0 0 8 bits
Bit Field Definition
PA[3:0] DSl physical address. This field contains the physical address. This field must match the PADDR[3:0] bits in the PHYSADDR register. Otherwise, the command is
. ignored.
C[3:0] Register Read Command = ‘0000’
RA[7:1] RA[7:1] contains the upper 7 bits of the byte address for the register to be read.
Table 7-9 Register Read Command Format
Address Command Data CRC
PA3 | PA2 | PA1 | PAO C3 Cc2 C1 Cco D15 | D14 | D13 | D12 | D11 | D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
PA[3] | PA[2] | PA[1] | PA[0] | © 0 0 0 [RD[15][RD[14]|RD[13][RD[12]|RD[11]|RD[10]| RD[9] | RD[8] | RD[7] | RD[6] | RD[5] | RD[4] | RD[3] | RD[2] | RD[1] | RD[0] | 8 bits
Bit Field Definition
PA[3:0] DSl physical address. This field contains the PADDR[3:0] bits in the PHYSADDR register.
C[3:0] Register Read Command = ‘0000
RDI[15:8] The data contained in the register addressed by RA[7:1] + 1 (High Byte)
RD[7:0] The data contained in the register addressed by RA[7:1] + 0 (Low Byte)
Table 7-10 Register Read Command: Response Format
A register read command to a register address outside of the addresses listed in Section 6.1 will result in a valid response.
The data for the registers will be ‘0x0000’.
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7.3.4.2 Register Write Command

The device supports the Register Write command as a device address specific command. If the PA[3:0] field in the com-
mand matches the value in the PADDR[3:0] bits of the PHYSADDR register, the device will execute the register write and
respond to the command.

The device ignores the Register Write command if the command is sent to any other physical address, including the DSI
Global Device Address of ‘0000’, with one exception as explained in Section 7.3.4.3.

The Register Write command uses the byte address definitions shown in Section 6.1. Writable registers along with their Byte
addresses are shown in Section 6.1.

Address Command Data CRC
PA3 | PA2 | PA1 | PAO C3 Cc2 Cc1 Cco D15 | D14 | D13 | D12 | D11 | D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 Do
PAI3] | PA[2] | PA[1] | PA[O] | 1 0 0 0 | RA[7] | RAI6] | RA[5] | RAM4] | RA[3] | RA2] | RA[1] | RA[O] | RD[7] | RD[6] | RD[5] | RD[4] | RD[3] | RD[2] | RD[1] | RD[0] | 8 bits
Bit Field Definition
PA[3:0] DSl physical address. This field contains the physical address. This field must match the PADDR([3:0] bits in the PHYSADDR register. Otherwise, the command is
. ignored.
C[3:0] Register Write Command = 1000’
RA[7:0] RA[7:0] contains the byte address of the register to be read.
RD[7:0] RD[7:0] contains the data to be written to the register addressed by RA[7:0].
Table 7-11 Register Write Command Format
Address Command Data CRC
PA3 | PA2 | PA1 | PAO C3 Cc2 Cc1 Cco D15 | D14 | D13 | D12 | D11 | D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 Do
PAI3] | PA[2] | PA[1] | PA[O] | 1 0 0 0 |RD[15][RD[14]|RD[13][RD[12]|RD[11]|RD[10]| RD[9] | RD[8] | RD[7] | RD[6] | RD[5] | RD[4] | RD[3] | RD[2] | RD[1] | RD[0] | 8 bits
Bit Field Definition
PA[3:0] DSl physical address. This field contains the PADDR[3:0] bits in the PHYSADDR register.
C[3:0] Register Write Command = 1000’
RDI[15:8] The data contained in the register addressed by RA[7:1] + 1 (High Byte) (after the register write is executed)
RD[7:0] The data contained in the register addressed by RA[7:1] + O (Low Byte) (after the register write is executed)
Table 7-12 Register Write Command: Response Format
A register write command to a register address outside of the addresses listed in Section 6.1 will not execute, but will result
in a valid response. The data for the registers will be ‘0x0000’.
A register write command to a read only register will not execute, but will result in a valid response. The data for the registers
will be the current contents of the register.
7.3.4.3 Global Register Write Command to the PHYSADDR register
The device supports the Register Write command as a global address under the following conditions:
1. The Register Write command is written to the PHYSADDR register.
2. The PADDR[3:0] bits of the PHYSADDR register are equal to ‘0000’ prior to the register write being executed.
If these conditions are met, the device will execute the register write and respond to the command.
Address Command Data CRC
PA3 | PA2 | PA1 | PAO C3 Cc2 c1 Cco D15 | D14 | D13 | D12 | D11 | D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 RD[3] | RD[2] | RD[1] | RD[O] | 8 bits
Bit Field Definition
PA[3:0] The DSI Global address of ‘0000°.
C[3:0] Register Write Command = 1000’
RA[7:0] RA[7:0] must be set to the PHYSADDR register address.
RD[3:0] RDI[3:0] contains the new physical address for the device.
Table 7-13 Global Register Write Command Format
Address Command Data CRC
PA3 | PA2 | PA1 | PAO | C3 C2 c1 Co | D15 | D14 | D13 | D12 | D11 | D10 | D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
PA[3] | PA[2] | PA[1] | PA[O] | 1 0 0 0 |RD[15][RD[14]|RD[13][RD[12]|RD[11]|RD[10]| RD[9] | RD[&] | RD[7] | RD[6] | RD[5] | RD[4] | RD[3] | RD[2] | RD[1] | RD[0] | & bits
Bit Field Definition
PA[3:0] The new DSI physical address programmed to the PADDR[3:0] bits in the PHYSADDR register.
C[3:0] Register Write Command = 1000
RD[15:8] The data contained in register after PHYSADDR
RD[7:0] The data contained in the PHYSADDR register after the register write is executed.
Table 7-14 Global Register Write Command: Response Format
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7.3.4.4 Enter Periodic Data Collection Mode Command
The device supports an Enter PDCM command as a device address specific command and as a Global Command.

If the PA[3:0] field in the command matches the value in the PADDRJ[3:0] bits of the PHYSADDR register, the device will set
the ENDINIT bit in the DEVLOCK_WR register, enter Periodic Data Collection Mode and respond to the command as shown
below. If the PA[3:0] field in the command matches the Global address of ‘0000’, the device will set the ENDINIT bit in the
DEVLOCK_RW register and enter Periodic Data Collection Mode regardless of the value of the PADDR[3:0] bits in the
PHYSADDR register (this includes PADDR = 0x0). No response is transmitted for a global command. The device ignores
the Enter PDCM command if the command is sent to any other physical address.

The various DSI3 communication modes are controlled by the PDCM enable command and the BDM_EN bit in the
BDM_CFG register as shown below:

PDCM Enabled? BDM_EN Command and Response Mode Periodic Data Collection Mode Background Diagnostic Mode
No 0 Enabled Disabled Disabled
No 1 Enabled Disabled Disabled
Yes 0 Disabled Enabled Disabled
Yes 1 Disabled Enabled Enabled

Once the ENDINIT bit is set, the registers listed in Section 6.3.3 are locked and the user array read/write register array veri-
fication is enabled. The ENDINIT bit can only be cleared by a device reset.

Address Command Data CRC
PA3 | PA2 | PA1 | PAO C3 Cc2 Cc1 Cco D15 | D14 | D13 | D12 | D11 | D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
PA[3] | PA[2] | PA[1]| PA[O] | 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 | 8bits
Bit Field Definition
. DSI physical address. This field contains the physical address. This field must match the PADDR([3:0] bits in the PHYSADDR register or the Global Address of
PA[3:0] 10000, Otherwi L
. erwise, the command is ignored.
C[3:0] Enter PDCM Command = 1011’
Table 7-15 Enter Periodic Data Collection Mode Command Format
Address Command Data CRC
PA3 | PA2 | PA1 | PAO C3 Cc2 Cc1 Cco D15 | D14 | D13 | D12 | D11 | D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
PA[3] | PA[2] | PA[1]| PA[O] | 1 0 1 1 0 0 0 0 |Ch[3]|Ch[2] | Ch[1]|Ch[0]| © 0 0 0 0 0 0 0 | 8bits
Bit Field Definition
PA[3:0] DSI physical address. This field contains the PADDR[3:0] bits in the PHYSADDR register.
Ch[3:0] CHIPTIME[3:0] in the CHIPTIME register
C[3:0] Enter Periodic Data Collection Mode Command = ‘1011
Table 7-16 Enter Periodic Data Collection Mode Command: Response Format
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7.3.4.5 Reserved Commands

If the PA[3:0] field in the command matches the value in the PADDR[3:0] bits of the PHYSADDR register and a valid CRC is
calculated, the device will respond to reserved commands. The physical address and command will be echoed and the cor-
rect CRC will be transmitted. The data included in the response is undefined.

Address Command Data CRC
PA3 | PA2 | PA1 | PAO | C3 C2 c1 Co | D15 | D14 | D13 | D12 | D11 | D10 | D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
PA[3] | PA[2] | PA[1] | PA[O] 0 0 0 1 X X X X X X X X X X X X X X X X 8 bits
PA[3] | PA[2] | PA[1] | PA[O] 0 0 1 0 X X X X X X X X X X X X X X X X 8 bits
PA[3] | PA[2] | PA[1] | PA[O] 0 0 1 1 X X X X X X X X X X X X X X X X 8 bits
PA[3] | PA[2] | PA[1] | PA[O] 0 1 0 0 X X X X X X X X X X X X X X X X 8 bits
PA[3] | PA[2] | PA[1] | PA[O] 0 1 0 1 X X X X X X X X X X X X X X X X 8 bits
PA[3] | PA[2] | PA[1] | PA[O] 0 1 1 0 X X X X X X X X X X X X X X X X 8 bits
PA[3] | PA[2] | PA[1] | PA[O] 0 1 1 1 X X X X X X X X X X X X X X X X 8 bits
PA[3] | PA[2] | PA[1] | PA[O] 1 0 0 1 X X X X X X X X X X X X X X X X 8 bits
PA[3] | PA[2] | PA[1] | PA[O] 1 0 1 0 X X X X X X X X X X X X X X X X 8 bits
PA[3] | PA[2] | PA[1] | PA[O] 1 1 0 0 X X X X X X X X X X X X X X X X 8 bits
PA[3] | PA[2] | PA[1] | PA[O] 1 1 0 1 X X X X X X X X X X X X X X X X 8 bits
PA[3] | PA[2] | PA[1] | PA[O] 1 1 1 0 X X X X X X X X X X X X X X X X 8 bits
PA[3] | PA[2] | PA[1] | PA[O] 1 1 1 1 X X X X X X X X X X X X X X X X 8 bits
Bit Field Definition
PA[3:0] zﬁ(l)ferg/sical address. This field contains the physical address. This field must match the PADDR([3:0] bits in the PHYSADDR register. Otherwise, the command is
C[3:0] Invalid Commands
X Don’t Care
Table 7-17 Reserved Commands
Address Command Data CRC
PA3 | PA2 | PA1 | PAO | C3 C2 c1 Co | D15 | D14 | D13 | D12 | D11 | D10 | D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
PA[3] | PA[2] | PA[1] | PA[O] | C[3] | C[2] | C[1] | C[O] X X X X X X X X X X X X X X X X 8 bits
Bit Field Definition
PA[3:0] DSl physical address. This field contains the PADDR[3:0] bits in the PHYSADDR register.
C[3:0] Reserved Command Echo

Table 7-18 Reserved Command Response Format
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7.4 DSI3 Periodic Data Collection Mode and Background Diagnostic Mode
When the ENDINIT bit in the DEVLOCK_WR register is set, Periodic Data Collection Mode is enabled and the optional
Background Diagnostic Mode is enabled.
741 DSI3 Periodic Data Collection Mode and Background Diagnostic Mode Command Reception
When Periodic Data Collection Mode is enabled, the device will decode the DSI3 Broadcast Read command as well as
Background Diagnostic Mode command fragments as described below.
7.4.1.1 Bit Encoding
The Command Bit encoding for Periodic Data Collection Mode and Background Diagnostic Mode is the same as the bit
encoding for Command and Response Mode, as described in Section 7.3.1.1.
7.4.1.2 Command Message Format
The command message format for Periodic Data Collection Mode and Background Diagnostic Mode is the same as the
command message format for Command and Response Mode, as described in Section 7.3.1.2.
If Background Diagnostic Mode is disabled, then the device responds with the Periodic Data Collection Mode response only
if the command is the single bit Broadcast Read Command. A Broadcast Read Command may be either a ‘1’ or a ‘0’.
Figure 7-13 shows the Broadcast Read Commands supported by the device.
BRC 0 BRC 1
CT W
Figure 7-13 Background Diagnostic Mode Command Bit Encoding
If Background Diagnostic Mode is enabled:
. Background Diagnostic Mode commands are transmitted and decoded in 2 or 4 bit fragments depending on the state of the
BDM_FRAGSIZE bit in the BDM_CFG register.
. The device responds with the Periodic Data Collection Mode response if and only if the command is a Broadcast Read
Command or a command fragment.
. A Broadcast Read Command or any command length other than 2 or 4 bits resets the Background Diagnostic Mode
command decode.
. The device responds with a Background Diagnostic Mode response only when a full 32-bit command is received and the
decoded command is a valid Command and Response Mode command.
Reference section Section 7.4.4 for additional details on Background Diagnostic Mode timing.
7.4.1.3 Error Checking
The error checking for Background Diagnostic Mode commands is the same as the error checking for Command and
Response Mode, and described in Section 7.3.1.3.
No error checking is employed for the Broadcast Read Commands.
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7.4.2 DSI3 Periodic Data Collection Mode Response Transmission

When Periodic Data Collection Mode is enabled and the device receives either a Broadcast Read or Background Diagnostic
command, the device will respond with periodic data as shown in Figure 7-14 and described in the following sections.
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Figure 7-14 Periodic Data Mode Response Transmission

7.4.2.1 Symbol Encoding

The symbol encoding used for Periodic Data Collection Mode Responses is the same as for Command and Response Mode
responses, and described in Section 7.3.2.1.
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7.4.2.2 Response Message Format

The Periodic Data Collection Mode response format is shown below. Field sizes are defined by the PDCMFORMAT[2:0] bits
in the SOURCEID_x register in Section 6.2.12.

September 13, 2019

Revision 2.18

Source ID

Keep Alive Counter

Status

Sensor Data CRC

SOURCEID

KAC

D CRCI[7:0]

. If enabled in the PDCMFORMAT[2:0] bits, the SOURCEID field includes the value stored in the SOURCEID_x[3:0] bits of the
SOURCEID_x register.

. If enabled in the PDCMFORMAT[2:0] bits, the Keep Alive Counter field is a 2-bit rolling message counter that is
independently incremented for each SOURCEID. The initial value of the counter is ‘00’.

. If enabled, the status field is transmitted as listed in Table 7-19. Reference Section 7.7 for details on exception handling.
. The Sensor Data field includes the sensor data as selected by the DATATYPEX bits for the SOURCEID.
. The CRC field includes an 8-bit CRC as defined in Section 7.4.2.3.

. SUP_ER- Error Sensor Data Field Value
s[3:0. Description DEVSTAT State Y I
[3:0] P R_DIS State | Priority STATUS Field Size = 4 STATUS Field Size =0
0|j0f0]|0 Normal Mode N/A N/A 16 Sensor Data
ololol1 Normal Moge, User Array Not Locked N/A N/A 15 Sensor Data The Sensor D§t§ Field Error Code |§ trgnsmltted for a
(UF2 region has not been locked) minimum of one transmission
Bit set in CHx_STAT:
olol1]o Self Test Incomplete or Self Test Active ST_INCMPLT or N/A 14 Sensor Data The Sensor Data Field Error Code is transmitted for a
or Self Test Error Present ST_ACTIVE or minimum of one transmission
ST_ERROR
ofof1]1 Oscillator Training Error Bit set in DEVSTAT3 NIA 13 Sensor Data The Sensor Data Field Error Code is transmitted for a
minimum of one transmission
Bit set in CHx_STAT: ] . .
0o|1(0]0 Offset Error SIGNALCLIP or N/A 12 Sensor Data The Sensorﬁ?ﬁqﬁlﬁl%}? (;:: t? aor?senz?stsr;rr\fmltted fora
OFFSET_ERR
o|1]of1 Temperature Error Bit set in DEVSTAT2 N/A 11 Sensor Data The Sensor Data Field Error Code is transmitted for a
minimum of one transmission
011010 0111 RESERVED NIA NIA 9.10 Sensor Data The Sensor Data Field Error Code is transmitted for a
minimum of one transmission
User OTP Memory Error U_OTP_ERR setin ] . . . .
171]0(0|0 (UF2) DEVSTAT2 N/A 8 The Sensor Data Field Error Code is transmitted for a minimum of one transmission
U_RW_ERR set in . . . . L
11001 User R/W Memory Error (UF2) ~ DEVSTAT? N/A 7 The Sensor Data Field Error Code is transmitted for a minimum of one transmission
11010 NXP OTP Memory Error F_OJEVE_IF_{ETséet n N/A 6 The Sensor Data Field Error Code is transmitted for a minimum of one transmission
11011 Test Mode Active TESTEAS\?SEF?}SQ in N/A 5 The Sensor Data Field Error Code is transmitted for a minimum of one transmission
No Response until the supply monitor timer expires
0 The Sensor Data Field Error Code is transmitted for a minimum of one transmission
11|00 Supply Error Bit setin DEVSTAT1 4 (Reference Section 6.2.2.5)
1 No Response until the supply monitor timer expires
(Reference Section 6.2.2.5)
11101 Reset Error DEVRES Set N/A 3 The Sensor Data Field Error Code is transmitted for a minimum of one transmission
1110 to 1111 RESERVED N/A N/A 1,2 The Sensor Data Field Error Code is transmitted for a minimum of one transmission

Table 7-19 Periodic Data Collection Mode Status Field Definition
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7.4.2.3 Error Checking
The device calculates a CRC on the entire response. Message data is entered into the CRC calculator MSB first, consistent
with the transmission order of the message.
The CRC Encoding procedure is:
A seed value is preset into the least significant bits of the shift register.

2. Using a serial CRC calculation method, the transmitter rotates the transmitted message into the least significant bits of the
shift register, MSB first.

3. Following the transmitted message, the transmitter feeds eight zeros into the shift register, to match the length of the CRC.
. When the last zero is fed into the input adder, the shift register contains the CRC.
5 The CRC is transmitted.

The CRC polynomial and Seed for Periodic Data Collection Mode are shown in Table 7-20.

Mode Default Polynomial Non-Direct Seed

Periodic Data Collection Mode xBexd+x3+x2+x+1 0000, SOURCEID_x[3:0]

Table 7-20 Periodic Data Collection Mode Response CRC
Some example CRC calculations are shown in Table 7-21.

Source ldentification (4 Bits) | Keep Alive Counter (2 Bits) Status (4 Bits) Sensor Data (10 Bits) Non-Direct Seed 8 Bit CRC
0x1 0x3 0x0 Ox1FF 0x01 0xD6
0x2 0x2 0x0 Ox1FE 0x02 0x70
0x3 0x1 0x0 0x20D 0x03 0xBO
Ox4 0x0 0x0 Ox1EA 0x04 0x5F

Table 7-21 Periodic Data Collection Mode - CRC Calculation Examples
7.4.3 DSI3 Periodic Data Collection Mode Timing

A timing diagram for Periodic Data Collection Mode is shown in Figure 7-15. Timing parameters are specified in Section
5.11.
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Figure 7-15 Periodic Data Collection Mode Timing Diagram
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7.4.4 Background Diagnostic Mode Response Transmission

7.4.4.1 Symbol Encoding

The Background Diagnostic Mode response symbol encoding is the same as the symbol encoding used for Command and
Response Mode responses and is described in Section 7.3.2.1.

7.4.4.2 Response Message Format
The Background Diagnostic Mode response message format is the same as the format used for Command and Response
Mode responses and is described in Section 7.3.2.2.

. If a complete 32-bit command is received and decoded to a valid Command and Response Mode command the device
provides a Background Diagnostic Mode response.

. Responses are initiated by the master transmitting 1 bit Broadcast Read Commands following a completed Background
Diagnostic Mode command transmission.
. Response are transmitted in one or two symbol fragments (depending on the state of the BDM_FRAGSIZE bit) following the

1-bit Broadcast Read Command, using the same timing window within the frame that the Background Diagnostic Mode
Command used.

. Responses are transmitted if and only if Broadcast Read Commands are received.

. Four or eight consecutive Broadcast Read Commands are required following a valid Background Diagnostic Mode command
to complete a response transmission (depending on the state of the BDM_FRAGSIZE bit).

. If any command other than the Broadcast Read Command is received, no response is transmitted and the remainder of the
Broadcast Read Command response is terminated.

. The data to be transmitted in the response is latched just before the first symbol of the background diagnostic mode
response.

Reference Figure 7-16 for Background Diagnostic Mode timing.

7.4.4.3 Error Checking

The error checking for Background Diagnostic Mode responses is the same as used for Command and Response Mode,
and described in Section 7.3.1.3.

7.4.5 DSI3 Background Diagnostic Mode Timing

An example timing diagram for Background Diagnostic Mode is shown in Figure 7-16. In this example, BDM_FRAGSIZE is
set to ‘1 (4 bits). Timing parameters are specified in Section 5.11.
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Figure 7-16 Background Diagnostic Mode Timing Diagram
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7.4.6  DSI3 Periodic Data Collection Mode and Background Diagnostic Mode Command Summary

When Periodic Data Collection Mode is enabled, the Background Diagnostic Mode supports the Register Read Command
as described in the Command and Response Mode Command Summary, Section 7.3.4.1. The Register Write Command is
not supported in Background Diagnostic Mode.

7.4.7 DSI3 PDCM Data Transmission Modes

7.4.7.1 Simultaneous Sampling Mode (SS_EN = 1)

Figure 7-17 Simultaneous Sampling Mode
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4

7.4.7.2 Synchronous Sampling Mode with Minimum Latency (SS_EN = 0)

Figure 7-18 Synchronous Sampling Mode with Minimum Latency

7.5 Initialization Timing
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Figure 7-19 Initialization Timing
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7.6 Maximum Number of Devices on a Network
The theoretical maximum number of devices on a DSI3 network is 16: 1 master and 15 slaves. The practical limit for the
number of devices on a bus is dependent on the minimum common capability of the devices on the bus. The capability of
the device is different depending on the bus configuration and operating mode. The impact of the device capability on the
practical limit for the number of devices on the network is described in this section.
7.6.1 Pre-Configured, Parallel Connected Network
The number of devices in a pre-configured, parallel connected network is not directly limited by the capability of the device.
The practical limit is determined by a combination of the following:
. The capability of the master device, including, but not limited to:
— The bus operating voltage
— The bus supply current
— The bus current limit
— The bit rate
— The response current detection capability (distinguishing response current from quiescent current)
. The total quiescent current of all slaves on the network.
7.6.2 Bus Switch Connected Daisy Chain Network
The number of devices in a bus switch connected daisy chain network is not directly limited by the capability of the device.
The practical limit is determined by a combination of the following:
. The capability of the master device, including, but not limited to:
— The bus operating voltage
— The bus supply current
— The bus current limit
— The bit rate
— The response current detection capability (distinguishing response current from quiescent current)
. The total quiescent current of all slaves on the network.
. The current handling capability and resulting voltage drop of the external bus switches in the network.
7.6.3  Resistor Connected Daisy Chain Network Using Discovery Mode
The number of devices in a resistor connected daisy chain network is limited by the capability of the device. The maximum
number of equivalent devices connected to the BUS_O pin of a device is 3. This is limited by the total quiescent current
drawn from the BUS_O pin during Discovery Mode (lgys o q)-
The practical limit is determined by a combination of the above restriction and the following:
. The capability of the master device, including, but not limited to:
— The bus operating voltage
— The bus supply current
— The bus current limit
— The bit rate
— The response current detection capability (distinguishing response current from quiescent current)
. The total quiescent current of all slaves on the network.
. The maximum allowed quiescent current drawn from the BUS_O pin of other slaves in the system.
. The resulting voltage drop of the Discovery Mode resistors in all slaves in the network.
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7.7  DSI3 Exception Handling

The table below summarizes the exception conditions detected by the device and the response for each exception.

Condition Description Device Response
Exception PDCM Enabled? B 2
: — Reference Section 7.5
Power On Reset N/A Power Applied — ST_INCMPLT set, PDCM disabled. The device must be re-initialized
— Response Current Deactivated
Veus._ Error N/A VBus_I < VBUS_|_UV_F — BUSIN_UV_ERR set, PDCM Status set as specified in Section 7.4.2.2

— The device ignores commands in CRM

— Response Current Deactivated
Vguye Error N/A VBur < VBUF uv F — VBUFUV_ERR set, PDCM Status set as specified in Section 7.4.2.2
- — The device ignores commands in CRM

The device is held in Reset
No response to DS| commands

Internal Regulator Error N/A Internal regulator under-voltage condition If activated, BUSSW_L or BUSSW_H is deactivated
The device must be re-initialized when the internal regulator returns above
the threshold

OTP Error Detection Fault N/A Error detected in factory programmed OTP — Periodic Data Collection Mode response data set to error response

(Factory Array) array. -~ F_OTP_ERR set, PDCM Status set as specified in Section 7.4.2.2

OTP Error Detection Fault N/A Error detected in User programmed OTP — Periodic Data Collection Mode response data set to error response

(User Array) array and the LOCK_U bit is set. — U_OTP_ERR set, PDCM Status set as specified in Section 7.4.2.2

No N/A N/A
User R/W Array Error Detec- - - - — -
tion Fault Yes Error detected in user read write registers — Periodic Data Collection Mode response data set to error response
and the ENDINIT bit is set. — U_RW_ERR set, PDCM Status set as specified in Section 7.4.2.2

Internal self test circuitry enabled
Self Test Activation Incomplete status cleared

Self Test No ST activated during initialization — Sensor Data Registers (SNSDATAXx_x) contain self test active data
Activated — ST_ACTIVE set
Yes ST activated in Periodic Data Collection — Periodic Data Collection Mode sensor response data normal
Mode — Self Test Activation ignored
Self Test Never Activated after No In initialization, before Self Test — Normal Responses to Command and Response Mode
Reset Yes In PDCM, Self Test incomplete — Periodic Data Collection Mode sensor response data normal

— ST_INCMPLT set, PDCM Status set as specified in Section 7.4.2.2

7.71 Daisy Chain and Discovery Mode Error Handling
The table below shows the effect of internal failure modes on the Discovery and Daisy Chain initialization procedures.

Error Condition Effect on Discovery Mode Effect on Daisy Chain
Supply Error Discovery Commands Ignored Daisy Chain Commands Ignored.
PPy The device will not participate in Discovery Mode The device will not participate in Daisy Chain
Memory Error No Effect No Effect
vy The device will attempt to participate in Discovery Mode as programmed. The device will attempt to participate in Daisy Chain as programmed.
Temperature Error No Effect No Effect
The device will attempt to participate in Discovery Mode as programmed. The device will attempt to participate in Daisy Chain as programmed.
Communication Error (Internal) No Effect No Effect
The device will participate in Discovery Mode as programmed. The device will participate in Daisy Chain as programmed.
Offset Error No Effect No Effect
The device will participate in Discovery Mode as programmed. The device will participate in Daisy Chain as programmed.
Self Test Incomplete or Self Test Active Not Applicable Not Applicable
. No Effect No Effect
Device Not Locked The device will participate in Discovery Mode as programmed. The device will participate in Daisy Chain as programmed.

Table 7-22 DSI3 Error Handling - Discovery Mode and Daisy Chain Mode
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SECTION 8 PSI5 PROTOCOL

8.1 Communication Interface Overview

The communication interface between a master device and this slave device in PSI5 mode is established via a PSI5 com-
patible 2-wire interface, with parallel or serial (daisy-chain) connections to the satellite modules. Figure 8-1 shows one pos-
sible system configuration for multiple satellite modules in parallel.

Master Device Slave Module #1

Vee _
Vss T J

Discrete
Components

Slave Module #2

Vee _
Vss T J

Discrete
Components

Figure 8-1 PSI5 Satellite Interface Diagram

8.2 Data Transmission Physical Layer

This device uses a two wire interface for both its power supply (Vcc), and data transmission. The PSI5 master supplies a
pre-regulated voltage to this device. Data transmissions and synchronization control from the PSI5 master to this device are
accomplished via modulation of the supply voltage. Data transmissions from this device to the PSI5 master are accom-
plished via modulation of the current on the power supply line.

8.2.1 Synchronization Pulse

The PSI5 master modulates the supply voltage in the positive direction to provide synchronization of the satellite sensor
data. Upon reception of a synchronization pulse, this device delays a specified period of time, called a time slot, before
transmitting sensor data. For more details regarding time slots, refer to Section 6.2.17, and Section 5.12.

Sync Pulses
A

ViDLE*AVSYNCf ~ == T 00T T T 0T T T 00T T T

ViDLEf ~ =~~~ 7,

Ground| | _ _ _ _ _ _ o o ol

. R

Figure 8-2 Synchronous Communication Overview

v
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8.2.1.1 Synchronization Pulse Detection

The Synchronization (Sync) pulse detection block generates a valid synchronization pulse signal following the detection of
an externally generated Sync pulse. This signal resets the Sync pulse time reference (ttg ), and initiates the timers associ-
ated with response messages.

The supply voltage can vary throughout the specified range, so the external Sync pulses may have different absolute volt-
age levels. Thus, the Sync pulse detection threshold (VCC_SYNC) is dependent not only on the Sync pulse absolute voltage,
but also on the supply voltage. Figure 8-3 shows a block diagram of the Sync pulse detection circuit.

Figure 8-3 Synchronization Pulse Detection Circuit

The start of a Sync pulse is detected when the comparator output is set. The comparator output is input into a counter, and
the counter is updated at a fixed frequency. At a fixed time after the initial sync pulse detection, the counter is compared
against a limit (the minimum value of tgyng)- If the counter is above the limit, a valid sync pulse is detected.

If the Sync pulse is valid, the following occur:
1. The valid Sync pulse detection signal is set.

2. The detection counter is reset and disabled for tgync orr (referenced from trgrig). tsync oFr can be
programmed by the user via the PDCM_CMD_B_x registers. Reference Section 6.2.18 for details on the
programmable option, and Section 5.12 for timing specifications for each option.

3. The Sync pulse detection low pass filter is reset for a specified time (tsync_LpF RESET).
If the Sync pulse is invalid, all timers are reset, and the detector becomes sensitive within 2us.

The output of the comparator is monitored at the SampCLK frequency. Once the comparator output goes high, all of the
internal timers are started, so that the tyRr|g jitter is minimized.
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Sync Pulse / \
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Figure 8-4 Synchronization Pulse Detection Timing

Figure 8-5 Sync Pulse Characteristics

8.2.1.2 Synchronization Pulse Pulldown Function

The device includes an optional Sync pulse pulldown function for systems in which the master device does not include an
active pull-down function. The device uses the modulation current pulldown circuit, which sinks Ig pgi5 additional current
from the BUS_I pin. The pulldown current is activated after tpp p|y (referenced to tTriG). and is activated for trp_ON-

The Sync pulse pulldown function is disabled in Programming Mode, in Initialization Phase 1 and in Daisy Chain Mode until
the Run Command is received.
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8.3 Data Transmission Data Link Layer

8.3.1 Bit Encoding

The device outputs data by modulation of the V¢ current using Manchester Encoding. Data is stored in a transition occur-
ring in the middle of the bit time. The signal idles at the normal quiescent supply current. A logic low is defined as an
increase in current at the middle of a bit time. A logic high is defined as a decrease in current at the middle of a bit time.
There is always a transition in the middle of the bit time. If consecutive “1” or “0” data are transmitted, There will also be a
transition at the start of a bit time.

0 o
lR_PSlS Current —_ —_ — — — —
A { i +_ } 4
Idle Current - - - - - -
1ty € Consecutive Consecutive

‘0’ Data Bits ‘1’ Data Bits

Figure 8-6 Manchester Data Bit Encoding

8.3.2 PSI5 Data Transmission

PSI5 data transmission frames are composed of two start bits, a 10-bit data word, and error detection bit(s). Data words are
transmitted least-significant bit (LSB) first. A typical Manchester-encoded transmission frame is illustrated in Figure 8-7.

Data Bit—P SB1 SBO DO D1 D2 D3 D4 D5 D6 D7 D8 D9 PAR SB1
| | | | |
I | | | |
Ir PSIST
| } ok L
| 17!
Bit Value—| ‘0’ | {0} 4 |
| |
| —>I 1‘— tyiT | :
-~ t7raAN = tRiT * (2+DATASIZE+(P_CRC?3:1)) > |
= tFRAME g

Figure 8-7 Example Manchester Encoded Data Transfer - PSI5-x10x

8.3.2.1 PSI5-x10P Transmission Mode

The device can be configured to transmit 10-bit data with parity by setting the PDCMFORMAT bits in the SOURCEID_x reg-
isters and the P_CRC bit in the PSI5_CFG register.

Start Bits Sensor Data (Reference Section 6.6.4.9) Parity
sz|s1 D0|D1|D2|D3|D4|D5|D6|D7|D8|D9 P
Figure 8-8 PSI5-x10P Transmission Mode

8.3.2.2 PSI5-x10C Transmission Mode

The device can be configured to transmit 10-bit data with 3-bit CRC by setting the PDCMFORMAT bits in the SOURCEID_x
registers and the P_CRC bit in the PSI5_CFG register.

Start Bits Sensor Data (Reference Section 6.6.4.9) CRC
sz|s1 D0|D1|D2|D3|D4|D5|D6|D7|D8|D9 cz|c1|co
Figure 8-9 PSI5-x10C Transmission Mode

8.3.2.3 PSI5-x16P Transmission Mode

The device can be configured to transmit 16-bit data with parity by setting the PDCMFORMAT bits in the SOURCEID_x reg-
isters and the P_CRC bit in the PSI5_CFG register. In 16-bit mode, the 10-bit initialization data is transmitted in the upper
10-bits of the data packet and the lower 6-bits are all zeroes.

Start Bits Sensor Data (Reference Section 6.6.4.9) Parity
s2 | st |Do|pt|D2]D3|Ds|D5[D6| D7 |Ds[Ds|Dlo|D11[D12|D13[D14[D15| P
Init Data 0 0 0 0 0 0 10-bit Initialization Data as specified in Section 8.4.2.1 P

Figure 8-10 PSI5-x16P Transmission Mode
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8.3.2.4 PSI5-x16C Transmission Mode
The device can be configured to transmit 16-bit data with 3-bit CRC by setting the PDCMFORMAT bits in the SOURCEID_x
registers and the P_CRC bit in the PSI5_CFG register. In 16-bit mode, the 10-bit initialization data is transmitted in the upper
10-bits of the data packet and the lower 6-bits are all zeroes.
Start Bits Sensor Data (Reference Section 6.6.4.9) CRC
s2 | st |po|[pt|[p2]p3|paf s s | D7 | D8 | D9 |D10|D11|D12|D13|D14|D15 c2|ct]co
Init Data 0 0 0 0 0 0 10-bit Initialization Data as specified in Section 8.4.2.1 c2 | C1 Cco
Figure 8-11 PSI5-x16C Transmission Mode
8.3.3  Error Detection
Error detection of the transmitted data is accomplished via either a parity bit, or a 3-Bit CRC. The type of error detection
used is selected by the P_CRC bit in the PSI5_CFG register.
8.3.3.1 Parity Error Detection
When parity error detection is selected, even parity is employed. The number of logic ‘1’ bits in the transmitted message
must be an even number.
8.3.3.2 3-Bit CRC Error Detection
When CRC error detection is selected, a 3-bit CRC is appended to each response message. The 3-bit CRC uses a genera-
tor polynomial of g(x) = X3+X+1, with a non-direct seed value = ‘111" Message data from the transmitted message is read
into the CRC calculator LSB first, and the data is augmented with three ‘0’s. Start bits are not used in the CRC calculation.
Table 8-1 shows some example CRC calculation values for 10-bit data transmissions.
Data Transmitted CRC
HEX [ D9 [ D8 [ D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | C2 | C1 | CO
0x000 | O 0 0 0 0 0 0 0 0 0 1 1 0
0x0CC | 0 0 1 1 0 0 1 1 0 0 0 1 1
0x151 [ O 1 0 1 0 1 0 0 0 1 0 0 0
Ox1EO | 0 1 1 1 1 0 0 0 0 0 0 1 1
Ox1F4 | 0 1 1 1 1 1 0 1 0 0 0 1 0
0x220 | 1 0 0 0 1 0 0 0 0 0 1 0 0
0x275 | 1 0 0 1 1 1 0 1 0 1 1 1 1
0x333 | 1 1 0 0 1 1 0 0 1 1 0 0 1
Ox3FF [ 1 1 1 1 1 1 1 1 1 1 1 0 0
Table 8-1 PSI5 3-Bit CRC Calculation Examples
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Table 8-2 shows the details for each data range. The PSI5 data field size is defined by the PDCMFORMAT bits in the
SOURCEID_x registers as described in Section 6.2.12.2.

16-Bit Data Values

10-Bit Data Value

Description (EMSG_EXT =1 in PSI5_CFG)

Description

Dec Hex Dec Binary Hex (EMSG_EXT =0 in PSI5_CFG)
+32704 7FCO +511 1FF
+32640 7F80 +510 1FE
+32576 7F40 +509 1FD
+32512 7F00 +508 1FC
+32448 7ECO +507 1FB
+32384 7E80 +506 1FA |Reserved Reserved
+32320 7TE40 +505 1F9
+32256 7E00 +504 1F8
+32192 7DCO +503 1F7
+32128 7D80 +502 1F6
+32064 7D40 +501 1F5
+32000 7D00 +500 1F4 |Sensor Defect Error Sensor Defect Error
+31936 7CCO +499 1F3
+31872 7C80 +498 1F2 Reserved Reserved
+31808 7C40 +497 1F1
+31744 7C00 +496 1F0
+31680 7BCO +495 1EF [Communication Error (OSCTRAIN_ERR bit)
+31616 7B80 +494 1EE |Test Mode Enabled (TESTMODE bit set)
+31552 7B40 +493 1ED |Offset Error (CHO or CH1 OFFSET_ERR bit set) Reserved (Error Mapped to 0x1F4)
+31488 7B00 +492 1EC [Temperature Error (TEMPO_ERR or TEMP1_ERR bit set)
+31424 7ACO +491 1EB [Memory Error (F_OTP_ERR, U_OTP_ERR or U_RW_ERR set
+31360 7A80 +490 1EA [Sensor Self Test Error (CHO or CH1 ST_ERROR bit set) Sensor Self Test Error
+31296 7A40 +489 1E9 |Reserved Reserved
+31232 7A00 +488 1E8 [Sensor Busy Sensor Busy
+31168 79C0 +487 1E7 |Sensor Ready Sensor Ready
+31104 7980 +486 1E6 [Sensor Ready, but Unlocked Sensor Ready, but Unlocked
+31040 7940 +485 1E5
+30976 7900 +484 1E4 |Reserved Reserved
+30912 78C0 +483 1E3
+30848 7880 +482 1E2 |Bidirectional Communication: RC “Error” Bidirectional Communication: RC “Error’
+30784 7840 +481 1E1 |Bidirectional Communication: RC “OK” Bidirectional Communication: RC “OK”
+30720 7800 +480 1E0 |Maximum positive sensor value Maximum positive sensor value
12910 +192 0087 to 00CO 3 003 |Positive sensor values Positive sensor values
+65to +128 0041 to 0080 +2 002
+1to +64 0001 to 0040 +1 001
0 0000 0 000 |Zero Zero
-1to -64 FFFF to FFCO -1 3FF
-65 to -128 FFBF to FF80 -2 3FE |Negative sensor values Negative sensor values
-129 to -192 FF7F to FF40 -3 3FD
-30720 8800 -480 220 |Maximum negative sensor value Maximum negative sensor value
-30784 87C0 -481 [1000011111| 21F
. . . . . Initialization Data Codes
. . . . . |10-Bit Status Data Nibble 1 - 16 (0000 - 1111) (Dx)
-31744 8400 -496 [1000010000| 210
-31808 83C0 -497 [1000001111] 20F
. . . . . Initialization Data IDs
. . . . . |Block ID 1 - 16 (10-bit Mode) (IDx)
-32767 8000 -512 | 1000000000| 200

Table 8-2 PSI5 Data Values
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8.4 Initialization

Following power-up, the device proceeds through an initialization process which is divided into 3 phases:

. Initialization Phase 1: No Data transmissions occur
. Initialization Phase 2: Sensor self test and transmission of configuration information
. Initialization Phase 3: Transmission of the “Sensor Busy” and/or “Sensor Ready”/“Sensor Defect” messages

Once initialization is completed the device begins normal mode operation, which continues as long as the supply voltage
remains within the specified limits.

In asynchronous mode, initialization data is transmitted for Source ID 0 only.
In synchronous mode, the initialization data is transmitted independently for each channel.

In daisy chain mode, initialization data is transmitted in the Source ID 0 and Source ID 2 time slot as defined by the sensor
address as documented in Section 8.7.

In Dual Transmission mode, initialization data is transmitted for both Source ID 0 and Source ID 2 in the Source ID 0 timeslot
as documented in Section 8.6.

Sync Pulses Ignored or Normal Mode

Program Mode Entry Sync I;ulses
A P
R LTI - TOIrrrnannnnnt
VlDLE T T T T T T T T
| | | | |
| | | | |
Ground B N
Iq+IR_PS|5 '___|___+____I_ - l‘ | - -
| | | | |
| | | | |
lq | | | | |
—PI POR « . | . | |
I47In|t 1 —>|<— Init 2 4>| Init 3 I<— Normal Mode »

v

Figure 8-12 PSI5 Sensor 10-Bit Initialization
During PSI5 initialization, the device completes an internal initialization process consisting of the following:
. Power-on Reset
. Device Initialization
. Program Mode Entry Verification
. Offset Cancellation Low Pass Filter Initialization
. Self Test

Figure 8-13 shows the timing for internal and external initialization in synchronous mode. Figure 8-14 shows the timing for
internal and external initialization in asynchronous mode. Timing parameters are specified in Section 5.12.
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Figure 8-13 PSI5 Initialization Timing, Synchronous Mode
A o | | o I
PSI5 Initialization PSI5 Initialization ! PSI5 Initialization PSI5
Phase 1 |tASYNC| Phase 2 | Phase 3 | Normal Mode
[ ———— tpsis N1 —Pe—D— tPsm_le—bﬁi tpsis_INIT3 »|
| ! | |
! Self Test .
| Repeat |
Offset Cancellation LPF Init Self Test (If Necessary) |
< tpsissT _START —>|<— tst —>|<— ST_RPT * tg1 —>| |
P | I
|/ I [
 Programming Mode EntryI No
Sync | 1) Min. 31 sync pulses PM
Pulses 2) PME command | Entry
Ignored | Otherwise |
Sync Pulses Ignored
—tRspm —Ple———— tove —p . PM
| \ Entry Programming
| v Mode
| | > >

Figure 8-14 PSI5 Initialization Timing, Asynchronous Mode
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8.4.1 PSI5 Initialization Phase 1

During PSI5 initialization phase 1, the device begins internal initialization and self checks, but transmits no data. Initialization
begins with the sequence below, shown in Figure 8-13:

. Internal Delay to ensure analog circuitry has stabilized (tpor_psis)

. Offset Cancellation Low Pass Filter Initialization Begins (tpg|5sT START)

. Monitor for the Programming Mode Entry Sequence (tppg)

. If the Programming Mode Entry Sequence is not detected, the device enters Initialization Phase 2 (tpgi5_niT2)

8.4.2  PSI5 Initialization Phase 2

During PSI5 initialization phase 2, the device continues its internal self checks and transmits the PSI5 initialization phase 2
data. Initialization data is transmitted using the initialization data codes and IDs specified in Table 8-2, and in the order
shown in Figure 8-15.

D1 D2 D32
ID14 | D14 | ID1, | D1, | | D1, | D1, | ID2, | D2, | ID2, | D2, | | D2, | D2, | .. |ID32, | D32, ||0322| 0322| |ID32k| D32,
Repeat k times Repeat k times Repeat k times

Figure 8-15 PSI5 Initialization Phase 2 Data Transmission Order

The Initialization phase 2 time is calculated with the following equation:

topases . TraNS Xk x (DataFields) x ts_o
Where:
. Transyipple = # of Transmissions per Data Nibble
2: 1 for ID, and 1 for Data
. k = The repetition rate for the data fields
. Data Fields = 32 data fields or 48 data fields (if INIT2_EXT is set)
. ts.s = Sync Pulse Period
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8.4.2.1 PSI5 Initialization Phase 2 Data Transmissions

In PSI5 initialization phase 2, the device transmits a sequence of sensor specific configuration and serial number informa-
tion. The transmission data is in conformance with the PSI5 specification, Revision 2.1 and AKLV27, Revision 1.20. Unique
data content is transmitted for each channel. The data content and transmission format is shown in Table 8-4 and Table 8-5.
Table 8-3 shows the phase 2 timing for different operating modes. Times are calculated using the equation in Section 8.4.2.

Operating Mode Repetition Rate (k) # of Transmissions Nominal Phase 2 Time
Asynchronous Mode (228us) 8 512 116.7ms
Synchronous Mode (500pus) 4 256 128.0ms
Table 8-3 Initialization Phase 2 Time
Fi:g'% . NibeISeIle . A::f’e‘:s Pi'g d':::';'e Register Address PSI5 Description Value
F1 D1 0000 USERDATA_0[3:0] User Specific Data User
0010 0000
F2 D2, D3 0001, 0010 NA Number of Data Blocks: 32: INIT2_EXT=0, 48: INIT2_EXT=1 or
0011 0000
F3 D4, D5 0011, 0100 | USERDATA_1[3:0], USERDATA_1[7:4] User Specific Data User
F4 D6, D7 0101, 0110 | USERDATA_2[3:0], USERDATA_2[7:4] User Specific Data User
F5 D8 0111 USERDATA_3[3:0] User Specific Data User
D9 0 1000 USERDATA_3[7:4] User Specific Data User
6 D10 1001 USERDATA_4[3:0] User Specific Data User
D11 1010 USERDATA_4[7:4] User Specific Data User
D12 1011 USERDATA_5[3:0] User Specific Data User
F7 D13 1100 USERDATA_5[7:4] User Specific Data User
D14 1101 USERDATA_6[3:0] User Specific Data User
D15 1110 USERDATA_7[3:0] User Specific Data User
Fs D16 1111 USERDATA_7[7:4] User Specific Data User
D17 0000 USERDATA_8[3:0] User Specific Data User
D18 0001 USERDATA_8[7:4] User Specific Data User
D19 0010 SN4[7:4] Device Serial Number Factory
D20 0011 SN4[3:0] Device Serial Number Factory
D21 0100 SN3[7:4] Device Serial Number Factory
D22 0101 SN3[3:0] Device Serial Number Factory
D23 0110 SN2[7:4] Device Serial Number Factory
D24 1 0111 SN2[3:0] Device Serial Number Factory
o D25 1000 SN1[7:4] Device Serial Number Factory
D26 1001 SN1[3:0] Device Serial Number Factory
D27 1010 SNO[7:4] Device Serial Number Factory
D28 1011 SNO[3:0] Device Serial Number Factory
D29 1100 PN1[3:0] Device Part Number Factory
D30 1101 PNO[7:4] Device Part Number Factory
D31 1110 PNO[3:0] Device Part Number Factory
D32 1111 USERDATA_6[7:4] User Specific Data User
D33 0000 CHO_STAVG_P[7:4] Channel 0 Positive Self Test, High Nibble Varies
D34 0001 CHO_STAVG_P[3:0] Channel 0 Positive Self Test, Low Nibble Varies
D35 0010 CHO_STOFFSET_PJ[7:4] Channel 0 Post Positive Self Test Offset, High Nibble Varies
D36 0011 CHO_STOFFSET_PI[3:0] Channel 0 Post Positive Self Test Offset, Low Nibble Varies
D37 0100 CHO_STAVG_N[7:4] Channel 0 Negative Self Test, High Nibble Varies
D38 0101 CHO_STAVG_N[3:0] Channel 0 Negative Self Test, Low Nibble Varies
D39 0110 CHO_STOFFSET_N[7:4] Channel 0 Post Negative Self Test Offset, High Nibble Varies
F10 D40 2 0111 CHO_STOFFSET_N[3:0] Channel 0 Post Negative Self Test Offset, Low Nibble Varies
D41 1000 CH1_STAVG_PI[7:4] Channel 1 Positive Self Test, High Nibble Varies
D42 1001 CH1_STAVG_P[3:0] Channel 1 Positive Self Test, Low Nibble Varies
D43 1010 CH1_STOFFSET_PJ[7:4] Channel 1 Post Positive Self Test Offset, High Nibble Varies
D44 1011 CH1_STOFFSET_PI[3:0] Channel 1 Post Positive Self Test Offset, Low Nibble Varies
D45 1100 CH1_STAVG_N[7:4] Channel 1 Negative Self Test, High Nibble Varies
D46 1101 CH1_STAVG_N][3:0] Channel 1 Negative Self Test, Low Nibble Varies
D47 1110 CH1_STOFFSET_N[7:4] Channel 1 Post Negative Self Test Offset, High Nibble Varies
D48 1111 CH1_STOFFSET_N[3:0] Channel 1 Post Negative Self Test Offset, Low Nibble Varies

Table 8-4 Channel 0 PSI5 Initialization Phase 2 Data
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FieFI,g ﬁ) # Nibzlselle # Asggeess PsAlgdr::;ZIe Register Address Description Value
F1 D1 0000 USERDATA_0[7:4] User Specific Data User
0010 0000
F2 D2, D3 0001, 0010 NA Number of Data Blocks: 32: INIT2_EXT=0, 48: INIT2_EXT=1 or
0011 0000
F3 D4, D5 0011, 0100 | USERDATA_9[3:0], USERDATA_9[7:4] User Specific Data User
F4 D6, D7 0101, 0110 | USERDATA_A[3:0], USERDATA_A[7:4] User Specific Data User
5 D8 0111 USERDATA_B[3:0] User Specific Data User
D9 0 1000 USERDATA_B[7:4] User Specific Data User
6 D10 1001 USERDATA_CI3:0] User Specific Data User
D11 1010 USERDATA_CJ7:4] User Specific Data User
D12 1011 USERDATA_DI[3:0] User Specific Data User
F7 D13 1100 USERDATA_DI[7:4] User Specific Data User
D14 1101 USERDATA_E[3:0] User Specific Data User
D15 1110 USERDATA_7[3:0] User Specific Data User
Fs D16 1111 USERDATA_7[7:4] User Specific Data User
D17 0000 USERDATA_8[3:0] User Specific Data User
D18 0001 USERDATA_8[7:4] User Specific Data User
D19 0010 SN4[7:4] Device Serial Number Factory
D20 0011 SN4[3:0] Device Serial Number Factory
D21 0100 SN3[7:4] Device Serial Number Factory
D22 0101 SN3[3:0] Device Serial Number Factory
D23 0110 SN2[7:4] Device Serial Number Factory
D24 1 0111 SN2[3:0] Device Serial Number Factory
9 D25 1000 SN1[7:4] Device Serial Number Factory
D26 1001 SN1[3:0] Device Serial Number Factory
D27 1010 SNO[7:4] Device Serial Number Factory
D28 1011 SNO[3:0] Device Serial Number Factory
D29 1100 PN1[3:0] Device Part Number Factory
D30 1101 PNO[7:4] Device Part Number Factory
D31 1110 PNOI[3:0] Device Part Number Factory
D32 1111 USERDATA_E[7:4] User Specific Data User
D33 0000 CHO_STAVG_PJ[7:4] Channel 0 Positive Self Test, High Nibble Varies
D34 0001 CHO_STAVG_P[3:0] Channel 0 Positive Self Test, Low Nibble Varies
D35 0010 CHO_STOFFSET_PJ[7:4] Channel 0 Post Positive Self Test Offset, High Nibble Varies
D36 0011 CHO_STOFFSET_PI[3:0] Channel 0 Post Positive Self Test Offset, Low Nibble Varies
D37 0100 CHO_STAVG_N][7:4] Channel 0 Negative Self Test, High Nibble Varies
D38 0101 CHO_STAVG_N[3:0] Channel 0 Negative Self Test, Low Nibble Varies
D39 0110 CHO_STOFFSET_N[7:4] Channel 0 Post Negative Self Test Offset, High Nibble Varies
F10 D40 2 0111 CHO_STOFFSET_N[3:0] Channel 0 Post Negative Self Test Offset, Low Nibble Varies
D41 1000 CH1_STAVG_P[7:4] Channel 1 Positive Self Test, High Nibble Varies
D42 1001 CH1_STAVG_P[3:0] Channel 1 Positive Self Test, Low Nibble Varies
D43 1010 CH1_STOFFSET_PJ[7:4] Channel 1 Post Positive Self Test Offset, High Nibble Varies
D44 1011 CH1_STOFFSET_P[3:0] Channel 1 Post Positive Self Test Offset, Low Nibble Varies
D45 1100 CH1_STAVG_N[7:4] Channel 1 Negative Self Test, High Nibble Varies
D46 1101 CH1_STAVG_N[3:0] Channel 1 Negative Self Test, Low Nibble Varies
D47 1110 CH1_STOFFSET_NI[7:4] Channel 1 Post Negative Self Test Offset, High Nibble Varies
D48 1111 CH1_STOFFSET_N[3:0] Channel 1 Post Negative Self Test Offset, Low Nibble Varies

attempt.

Table 8-5 Channel 1 PSI5 Initialization Phase 2 Data

Note: Offset and self test data in Field ID#10 is only transmitted if the internal self test for the associated channel has completed and has passed before F10,
D33 is to be transmitted. This can only occur if the internal self test sequence passes the first time. If F10, D33 is to be transmitted before the inter-
nal self test has completed for a specific channel, 0x0 will be transmitted in place of offset and self test data for that channel only.

Note: If self test has completed all retries and has failed before F10, D33 is to be transmitted, F10, D33 - D48 will include self test data from the last failed

Note: Constant values are transmitted for all fields marked as “RESERVED”

Note: Initialization phase 2 nibble ID D19 and D32 data transmissions result in a read of the OTP array. The reads are
asynchronous to the internal self-test timing. If either of the reads occurs simultaneous to the activation or deactiva-
tion of the internal self-test, the device may not respond for one PSI5 sync pulse. No initialization phase 2 data trans-
missions are skipped, data transmissions resume for the next sync pulse. To avoid the no response, the user should
start sync pulse transmissions prior to the internal start of Initialization phase 2. Refer to the latest PSI5 application
note for alternative initialization phase 2 start times to avoid the no response.
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8.4.3 Internal Self Test
Once Initialization Phase 1 completes, the device begins its internal self test as described in Section 6.6.2.5. If Self Test
fails, the device repeats Self Test up to ST_RPT times.

8.4.4 Initialization Phase 3
During PSI5 initialization phase 3, the device completes its internal self checks, and transmits a combination of “Sensor
Busy” or “Sensor Ready” messages as defined in Table 8-2. The number of “Sensor Busy” messages transmitted in initial-
ization phase 3 varies depending on the mode of operation, and the number of self test repetitions. Self test is repeated on
failure up to ST_RPT times to provide immunity to misuse inputs during initialization. Self test terminates successfully after
one successful self test sequence.
Once internal self test is completed, the device transmits 2 “Sensor Ready” commands.
Note: self test repeats are handled independently for each channel. However, both channels will exit initialization phase 3
simultaneously. If only one channel is repeating self tests, both channels will transmit “Sensor Busy” commands until either
self-test has passed on both channels or the total number of repeats have completed.
The ENDINIT bit is automatically set when the device exits Initialization Phase 3.

8.5 Normal Mode

8.5.1  Asynchronous Mode
The device can be programmed to respond in asynchronous mode as specified in Section 6.2.17.1.
In asynchronous mode, the device transmits data at a fixed rate (tasync) and will not respond to normal sync pulses. How-
ever, during initialization phase 1, the device will monitor sync pulses to decode the Programming Mode Entry Command
and allow entry into Programming Mode.

8.5.2  Simultaneous Sampling Mode
The device can be programmed to respond in Simultaneous Sampling Mode by programming the SS_EN bit to “Simultane-
ous Sampling Mode”.
In Simultaneous Sampling Mode, the most recent interpolated sensor data sample is latched at tyg|g (rising edge of Sync
Pulse) and transmitted starting at the time programmed in the PDCM_RSPSTx registers, relative to ttrg-

Figure 8-16 Simultaneous Sampling Mode
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8.5.3  Synchronous Sampling Mode with Minimum Latency

FXLS6xxxx

The device can be programmed to respond in Synchronous Sampling Mode with minimum latency by programming the

SS_EN bit to “Synchronous Sampling Mode”.

In Synchronous Sampling Mode, the most recent interpolated sensor data sample is latched at the time programmed in the
PDCM_RSPSTx registers, relative to tyg,g (rising edge of Sync pulse). The data is transmitted starting at the time pro-
grammed in the PDCM_RSPSTx registers, relative to ttgc.

Figure 8-17 Synchronous Sampling Mode with Minimum Latency

8.6 Dual Transmission Mode

The device can be programmed to transmit both channel 0 and channel 1 data in the SOURCEIDO settings if the DUAL-
TRANS bit is set as described in Section 6.2.16.4. In dual transmission mode, the following data is transmitted using the
SOURCEIDO settings.

Start Bits CH1_SNSDATA0 CHO_SNSDATA0 Parity
sz|s1 D0|D1|D2|D3|D4|D5|D6|D7|D8|D9 D0|D1|D2|D3|D4|D5|D6|D7|D8|D9 P
Figure 8-18 Dual Transmission Mode Transmission Data with Parity
Start Bits CH1_SNSDATA0 CHO_SNSDATA0 CRC
s2 | st D0|D1|D2|D3|D4|D5|D6|D7|D8|D9 D0|D1|D2|D3|D4|D5|D6|D7|D8|D9 C2|C1|C0

Figure 8-19 Dual Transmission Mode Transmission Data with CRC
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The device can be programmed to operate in Daisy Chain Mode by setting the DAISY_CHAIN bit in the PSI5_CFG register.
Daisy Chain Mode can be programmed to operate in either “Simultaneous Sampling Mode”, or “Synchronous Sampling
Mode” by setting the SS_EN bit to the desired operating mode. In Simultaneous Sampling Mode, the most recent interpo-
lated sensor data sample is latched at ttg g (rising edge of Sync Pulse). In Synchronous Sampling Mode, the most recent
interpolated sensor data sample is latched at the transmission time associated with the programmed sensor address, rela-
tive to tyg g (rising edge of Sync pulse).

When programmed to operate in Daisy Chain Mode, the device follows the procedure below:

On power-up, the device proceeds through normal PSI5 Initialization Phase 1 as specified in Section 8.4.1. At least one sync
pulse must be transmitted during initialization phase 1.

Upon completion of Initialization Phase 1, the device waits for a PSI5 “Set Address” command defined in Table 8-6 and

Table 8-7.

— The Set Address command must be preceded by at least 31 consecutive sync pulses. All other commands must be
preceded by either 31 consecutive sync pulses or 5 consecutive missing sync pulses.

— The Daisy Chain Programming command and response formats are defined in Section 8.9.2. The response settings are
defined in Figure 8-22, with the exception of the time slot.

— The response to the PSI5 Set Address command and all other valid commands uses the Source ID 0, address based
time slot specified in Table 8-8.

— If a framing error or CRC error is detected on a received command, the device reacts and responds to the error as
specified in Section 8.9.4 using the Source ID 0, address based time slot specified in Table 8-8. Address ‘000’

corresponds to the trjyesLoT pcp time slot.

After receiving a valid address and completing the response, the device will decode and respond to all Table 8-6 commands
sent to the sensor address it is set to. All responses will be transmitted in the address based time slot specified in Table 8-8.

When the “Run Mode” command is received, the device responds to the command using the address based time slot(s)
specified in Table 8-8. The device then ignores all commands and proceeds through Initialization Phase 2 and Initialization
Phase 3 in response to sync pulses. The following response format is used, regardless of the state of the relevant bits in the
Device Configuration Registers:

Parameter Reference Value

Time Slot Section 6.2.17.1 Address based time slot(s) specified in Table 8-8

Data Size Section 6.2.12.2 Data size controlled by the PDCMFORMAT bits
Error Checking Section 6.2.16.6 Even Parity

Baud Rate Section 6.2.14.2 Baud Rate controlled by the CHIPTIME bits

Upon completion of Initialization Phase 3, the ENDINIT bit is set, the device enters normal mode and responds to all sync

pulses with sensor data using the format above.

CMD SAdr FC Command Response (OK) Response (Error)
Type [ A2 [ A1 | A0 [ F2[F1 [ FO RC RD1 RC RD1
Short 0 0 0 A2 | A1 | A0 |Set Sensor Address (Daisy Chain) OK SAdr Error ErrN
Short 1 1 1 0 0 0 |Broadcast Message - “Run Mode” OK 0x000 Error ErrN
Short | SAdr=1,2,34,56 | 0 0 0 |[Activate Low Side Bus Switch BUSSW_CTRL[1:0] = ‘11’ OK 0x000 Error ErrN
Short | SAdr=1,2,34,56 | 1 1 1 |Activate High Side Bus Switch BUSSW_CTRL[1:0] ='10’| OK 0x111 Error ErrN
Short | SAdr=1,2,3,4,56 | A2 | A1 | A0 |Set Sensor Address (Daisy Chain) OK SAdr Error ErrN

Table 8-6 Daisy Chain Programming Commands and Responses

Response Code Definition Value
RC = OK Command Message Received Properly Ox1E1
RC = Error Error during transmission of Command Message Ox1E2
SAdr Programmed Sensor Address, prepended with Os Varies
Table 8-7 Daisy Chain Programming Response Code Definitions
Sensor Address (SAdr] e Time Slot Time Slot
A2 A1 ( A0 ) Description Source ID 0 Source ID 2
0 0 0 Un-programmed sensor N/A N/A
0 0 1 Sensor Address 1 tTIMESLOT Dco tTIMESLOT DC1 L
0 1 0 [Sensor Address 2 trIMESLOT bci L trIMESLOT bc2 L
0 1 1 Sensor Address 3 tTIMESLOT DC2 L tTIMESLOT DCO
1 0 0  |Sensor Address 4 triMESLOT_DC1_H triMESLOT_Dc2_H
1 0 1 [Sensor Address 5 triMESLOT DC2_H triMESLOT DC3_H
1 1 0 | Sensor Address 6 triMEsLOT_Dc3_H triMESLOT_Dco
1 1 1 N/A N/A N/A

Table 8-8 Valid Daisy Chain Addresses
Note: Writes to Sensor Address 7 are ignored.
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8.8  Error Handling
8.8.1 Daisy Chain Error Handling

The table below shows the effect of internal failure modes on the Daisy Chain initialization procedure.

Error Condition Effect on Daisy Chain
Supply Error Daisy Chain Commands Ignored. The device will not participate in Daisy Chain
Communication Error No Effect. The device will participate in Daisy Chain as programmed.
Test Mode Enabled Daisy Chain Commands Ignored. The device will not participate in Daisy Chain
Offset Error No Effect. The device will participate in Daisy Chain as programmed.
Temperature Error No Effect. The device will participate in Daisy Chain as programmed.
Memory Error No Effect. The device will participate in Daisy Chain as programmed.
Self Test Error No Effect. The device will participate in Daisy Chain as programmed.
Device Not Locked No Effect. The device will participate in Daisy Chain as programmed.

8.8.2 Initialization Phase 2 Error Handling

The table below shows the effect of internal failure modes on the Initialization Phase 2 transmissions. Some errors occurring
in Initialization Phase 2 will prevent entry into Initialization Phase 3. Once the error is no longer present, the device will com-
plete Initialization Phase 2 as necessary and then transition to Initialization Phase 3.

Error Condition Effect on Initialization Phase 2
Supply Error Temporary, Sync Pulses Ignored
Communication Error No Effect
Test Mode Enabled No Effect
Offset Error No Effect
Temperature Error No Effect. The device will attempt to transmit Initialization Phase 2 data.
Memory Error No Effect. The device will attempt to transmit Initialization Phase 2 data.
Self Test Error No Effect
Device Not Locked No Effect

8.8.3 Initialization Phase 3 Error Handling

The table below shows the effect of internal failure modes on the Daisy Chain initialization procedures. Some errors occur-
ring in Initialization Phase 3 will prevent entry into Run Mode until the error is no longer present. Once the error is no longer
present, one or more Sensor Ready commands will be transmitted before entering Run Mode.

Error Condition Effect on Initialization Phase 3
Supply Error Temporary, Sync Pulses Ignored
Communication Error No Effect
Test Mode Enabled No Effect
Offset Error No Effect
Temperature Error No Effect. The device will attempt to transmit Initialization Phase 3 data.
Memory Error No Effect. The device will attempt to transmit Initialization Phase 3 data.
Self Test Error No Effect
Device Not Locked Sensor Ready replaced with Sensor Ready, but Not Locked Transmission (UF2 Region is un-programmed)
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8.8.4  Normal Mode Error Handling

8.8.4.1 Standard Error Reporting

The table below summarizes the error reporting in normal mode if the PSI5 Error Extension option is disabled. A single error
transmission clears the device status allowing for temporary error conditions to be cleared once the error condition is
removed.

Error Condition Error Code Error Response
Supply Error NA
Communication Error
Test Mode Enabled
Offset Error 0x1F4
Temperature Error
Memory Error

Temporary (Normal transmissions continue once condition is removed)

Latched until reset
Self Test Error Ox1EA Note: A self test error on either channel results in a self test error response from both channels.
Device Not Locked NA NA

8.8.4.2 PSI5 Error Extension Option

If the PSI5 error extension option is enabled, additional error reporting is available as shown in the table below. A single
error transmission clears the device status allowing for temporary error conditions to be cleared once the error condition is

removed.
Error Condition Error Code Error Response
Supply Error NA
Communication Error Ox1EF
Test Mode Enabled Ox1EE L . .
Temporary (Normal transmissions continue once condition is removed)
Offset Error 0x1ED
Temperature Error Ox1EC
Memory Error 0x1EB
Latched until reset
Self Test Error Ox1EA Note: A self test error on either channel results in a self test error response from both channels.
Device Not Locked NA NA
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8.9 PSI5 Programming Mode
PSI5 Programming mode is a synchronous communication mode that allows for bidirectional communication with the
device. Programming mode is intended for factory programming of the OTP array and reading of diagnostic information. It is
not intended for use in normal operation.

8.9.1 PSI5 Programming Mode Entry
The device enters programming mode if and only if the following sequence occurs:

. At least 31 sync pulses are detected, directly preceding the Programming Mode Entry Short Command during
the Programming Mode Entry Window shown in Figure 8-13.

— The window timing is defined in Section 5.12 (tpg)-
— The Sync pulses and Programming Mode Entry command must be received with a sync pulse period of ts.s_pm
If the Programming Mode entry requirement is not met:
. Programming Mode Entry is blocked until the device is reset.
. The device proceeds with PSI5 Initialization Phase 2, and PSI5 Initialization Phase 3.
. The device enters normal mode, and responds as programmed to normal sync pulses.
If the Programming Mode entry requirement is met:
. Normal transmissions to sync pulses are terminated.
. The device will detect commands if the start condition is met as described in Section 8.9.2.2.
. The device responds only to valid PSI5 Short and XLong Commands addressed to Sensor Address ‘001’, as
defined in Section 8.9.3.

8.9.2  PSI5 Programming Mode - Data Link Layer

8.9.2.1 PSI5 Programming Mode - Command Bit Encoding

Commands messages are transmitted via the modulation of the supply voltage. The presence of a sync pulse is a logic '1'
and the absence of a sync pulse is a logic '0". Sync pulses are expected at a rate of ts_g_pw.

8.9.2.2 PSI5 Programming Mode - Command Message Format

Once Programming Mode is enabled, command message data frames consist of a start condition, 3 Start Bits (S[2:0]), a 3
bit Sensor Address (SAdr[2:0]), a 3-bit Function Code (FC[2:0]), an optional Register Address (RAdr[7:0]), an optional data
field (D[7:0]), and a 3-bit CRC (C[2:0]. The start condition consists of one of the following:

1. Aminimum of 5 consecutive logic ‘0’s (with no sync bits)
2. Aminimum of 31 consecutive logic ‘1’s (this includes logic ‘1’s transmitted for the previous response)

The command message format is shown in Figure 8-20.

Start Bits | Sensor Addr U
Code

S2 | S1 | SO [SAO[SA1|SA2|FCO|FC1|FC2|RA0|RA1[RA2|RA3|RA4|RA5|RAGIRA7| DO (D1 | D2 | D3 | D4 |D5|D6|D7|C2|C1]|CO RC | RD1 | RDO
oyt1y0|jt1fojojojft1jofojo|jfojojofojo|ojn 1 1 1 1 1 1 110]0/|0O0 $3FF | $3FF [ $3FF
CRC

Register Address Data CRC Response

Data to be written to register (optional)

Register Address (optional)
Function Codes (Reference Section 8.9.3)
Sensor Address - Fixed at 001

Start Bit Sequence = 010

Figure 8-20 Programming Mode Via PSI5 Command Data Format

Bit stuffing is necessary to maintain a synchronized time base between the command master and the device. A logic ‘1
Sync bit is added every 4™ bit in the command message to ensure there will never be more than 3 logic '0' bits in a row.

Sensor Function
Address Code

S2 | S1 | SO [Sy|SAO0[SA1|SA2|Sy|FCO|FC1|FC2(Sy(RAO|RA1|RA2|Sy|RA3[RA4(RA5|Sy|RAG|RA7| DO (Sy| D1 | D2 | D3 |Sy| D4 | D5 | D6 |Sy| D7 | C2 | C1 [Sy| CO RC | RD1 | RDO
o|1]of1f{1]ojo|1{fo|r|[o|1{fojofo|1{fOojoOofoO|1{1 |1 {1 |1{1 |1 |[1|1{1]1][1]|1[1]0]O0]|1|0]| [$1E2|$3FF|$3FF

Figure 8-21 Programming Mode Via PSI5 XLONG Command Data Format with Sync Bits

Start Bits Register Address Data CRC Response
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Once a command is received and verified, the device expects 2 to 3 consecutive sync pulses (depending upon the com-
mand message lengths described below). There is no delay restriction between the command and the first sync pulse for
the response. Once the first sync pulse for the response is received, each successive response sync pulse must be
received within the programming mode sync pulse period specified (tg.g py) or a framing error may occur.

For each of these sync pulses, The device will respond with the following settings:

Parameter Value
Time Slot triMESLOT_DC1_L
Data Size 10 Bit data
Error Checking Even Parity
Baud Rate 125kBaud
Sync Pulse Pulldown Disabled

Figure 8-22 Programming Mode Via PSI5 Response Message Settings

8.9.2.3 Short Frame Command and Response Format

Short frames are the simplest type of command message. No data is transmitted in a short frame command. Only specific
instructions are performed in response to short frame commands. The Short Frame format is shown in Figure 8-23. Short
Frame commands and responses are defined in Section 8.9.3.

The device only supports a short command for Programming Mode Entry.

Sensor

Start Bits Address Function Code CRC Response
S2 | S1 S0 | Sy [SA0|SA1|SA2| Sy |[FCO|FC1|FC2| Sy |C2|C1|CO RC RD1
0|1 0|1 1 0 0 1 0 0 1 1 of0|oO $1E2 | $3FF

Figure 8-23 Programming Mode Via PSI5 Short Command and Response Format

8.9.2.4 Long Frame Command and Response Format

Long frames allow for the transmission of data nibbles for register writes. The device can provide register data in response
to a read or write request. The Long Frame format is shown in Figure 8-25. The device does not support the Long Frame

Command.
Start Bits Banscy Function Code Register Address Data CRC Response
Address
S2[S1[S0|Sy|SA0|SA1|SA2|Sy|FCO|FC1|FC2|Sy|RAO|RA1|RA2|Sy|RA3|RA4|(RA5|Sy D0 |D1|D2|Sy|D3|C2|C1|Sy|CO RC RD1 RDO
o|1(0]|1 1 0 0 1 0 1 0 1 0 0 0 1 0 0 0 111|111 1]0f0|1]0 $1E2 $3FF $3FF

Figure 8-24 Programming Mode Via PSI5 Long Command and Response Format

8.9.2.5 Extra Long Frame Command and Response Format

Extra Long Frames allow for the transmission of address and data bytes for register reads and writes. The device can pro-
vide register data in response to a read or write request. The Extra Long Frame format is shown in Figure 8-25. Extra Long
Frame commands and responses are defined in Section 8.9.3.

The device supports Register Read and Register Write Extra Long commands.

Start Bits

Sensor
Address

Function

Code Register Address Data CRC Response

S2 | S1| SO |Sy|SA0

SA1

SA2

Sy|FCO|FC1|FC2(Sy|RA0|RA1|RA2(Sy(RA3|RA4(RA5|Sy|RA6(RA7| DO |Sy| D1 | D2 | D3 |Sy| D4 | D5 | D6 |Sy| D7 | C2 | C1 |Sy| CO RC | RD1 | RDO

0|10 (1)1

0

0

1jofl1jof1jofojof1jofoOojoO (1|1 (1|1t (1|11 |1 (1|1 |[1]1[1]1|[0]O0][1]0]| [$1E2|$3FF|$3FF

Figure 8-25 Programming Mode Via PSI5 Long Command and Response Format

8.9.2.6 Command Message CRC

Programming mode command error checking is accomplished by a 3-bit CRC. The 3-bit CRC is calculated using all mes-
sage bits except start bits and sync bits. The CRC verification uses a generator polynomial of g(x) = X3+X+1, with a non-
direct seed value = “111". The message data is provided to the CRC calculator in the order received (LSB first, SAdr, FC,
RAdr, Data), and then augmented with three ‘0’s. Table 8-1 shows some example CRC calculation values for 10-bit data
transmissions.

The calculated CRC is then compared against the received 3-bit CRC (received MSB first). If a CRC mismatch is detected,
the device responds with a CRC Error response as defined in Section 8.9.4.
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8.9.2.7 Command Sync Pulse Blanking Time

In Programming Mode and Programming Mode Entry, the device employs a fixed Sync Pulse blanking time of tsync_oFF 500

regardless of the state of the PDCM_CMD_B register value.

8.9.2.8 Command Timeout

In the event that the device does not detect a sync pulse within a 4-bit window time, the command reception will be termi-
nated and the device will respond to the next sync pulse with a Short Frame Framing Error response as defined in Section

8.9.4.

8.9.3  PSI5 Programming Mode Command and Response Summary

FXLS6xxxx

CMD FC Register| Data Response (OK Response (Error)
Type | SAIT |Ecr2:0) L Ad?:lress Field [TRC | 201 (| ) RDO RC Fi RD1( [ RD)O
Short 100 (Invalid Command N/A N/A No Response No Response
Short 101 (Invalid Command N/A N/A No Response No Response
Short 110 (Invalid Command N/A N/A No Response No Response
Short 001 111 |Enter Programming Mode N/A N/A OK 0x0CA N/A No Response
Long 010 |Invalid Command N/A N/A No Response No Response
Long 011 |Invalid Command N/A N/A No Response No Response
XLong 000 |Read register located at address RA7:RAQ | Varies | Varies OK RData RData+1 | Error | ErrN | 0x000
XLong 001 |Write WData to register RA7:RA0 Varies | Varies OK WnData RA7:RA0 | Error | ErrN | 0x000
Table 8-9 Programming Mode Via PSI5 Commands and Responses
Response Code Definition Value
RC = OK Command Message Received Properly 0x1E1
RC = Error Error during transmission of Command Message Ox1E2
RData Byte Contents of Register located at address RA7:RA1 with RAO = 0 (Low Byte) Varies
RData + 1 Byte Contents of Register located at address RA7:RA1 with RAO = 1 (High Byte) Varies
WnData Byte Contents of Register located at address RA7:RAQ Varies

Table 8-10 Programming Mode Via PSI5 Response Code Definitions

8.9.4 Programming Mode Via PSI5 Error Response Summary

ErrN Mnemonic Description Supported
0000 General General Error No
0001 Framing Framing Error (4 consecutive zeroes) Yes
0010 CRC CRC Error on Received Message Yes
0011 Address Sensor Address Not Supported No (Invalid Address is ignored)
0100 FC Function Code Not Supported No (N/A)
0101

0110 Reserved Reserved No
0111

1000

1001

1010

1011

7700 Reserved Reserved No
1101

1110

1111

Table 8-11 Error Response Summary
ErrN is transmitted in the 4 LSBs of RD1. All other bits in the response data field are set to ‘0.
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8.10 PSI5 OTP Programming Procedure

1.  Enter Programming Mode.

2 Set VCC = Vpp

3. Load desired data into the desired registers using PSI5 Write commands.
4

Write the necessary OTP program sequence to the WRITE_OTP_EN register for the desired OTP region to be
written.

o

Delay tprog_TiME after the completion of the Write OTP program to allow for completion of the OTP writes.
Read the DEVSTAT and DEVSTAT2 registers to confirm no errors occurred during the OTP writes.

7. Read back the register values that were written and compare to the desired values to confirm successful OTP
writes.

Reference the PSI5 OTP Programming Procedure Application Note for further details on OTP Programming.
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SECTION 9 STANDARD 32-BIT SPI PROTOCOL

The device includes a standard SPI protocol requiring 32-bit data packets. The device is a slave device requires that the
base clock value be low (CPOL = 0) with data captured on the rising edge of the clock and data propagated on the falling
edge of the clock (CPHA = 0). The most significant bit is transferred first (MSB first). SPI transfers are completed through a
sequence of two phases. During the first phase, the command is transmitted from the SPI master to the device. During the

second phase, response data is transmitted from the slave device. MOSI and SCLK transitions are ignored when SS_B is
not asserted.

sew [ A, U= UL
SS B / \ /7
wost 000000000000 I 00000 +-00000000C

H Phase One: Command 4>|
N

w
|¢ Phase One: Response -Previous Command +| }47 Phase Two: Response 4%
wso (0000000000000 OO000++000000000—

T 11711 112511 11211 i 121
sse \ [\ [\ [ 1 I

most__ RN NAARRARARARIAY NAARRARARARIAY NAARRARARARIAY
o e ke

I I e
miso — (RN SR (CARARRARERERD SR

Figure 9-1 Standard 32-Bit SPI Protocol Timing Diagram
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LSB

31|3o|29|2s|27|26|25|24|23|22|21|2o|19|1s|17|1s|15|14|13|12|11|1o|9|s|7|s|5|4|3|2|1|o

Register Access Command

Command Fixed Bits: Must = 0x0 Register Address Register Data 8-Bit CRC
C[3:0] 0 | 0 | 0 | 0 RA[7:1] |RA[0] RD[7:0] CRC[7:0]
Sensor Data Command
Command Fixed Bits: Must = 0x00000 8-Bit CRC
C[3:0] 0|0|o|0|0|o|0|0|0|o|0|0|o|0|0|o|0|0|0|o CRC[7:0]
9.2 SPI Response Format

MsSB

LSB

31|30|29|28|

27|26|25|24|23|22|21|20|19|18|17|16|15|14|13|12|11|10|9|8|7|6|5|4|3|2|1|0

Response to Register Request

Basic Unused

Command Status |Data = 0x0 Register Data: Contents of RA[7:1] High Byte | Register Data: Contents of RA[7:1] Low Byte 8-Bit CRC
coi[cai[crfcm] st [ oo RD[15:8] RDI[7:0] CRCI7:0]
Response to Sensor Data Request

Basic Detail n
Command Status Sensor Data Status 8-Bit CRC
C[o] | C[3] | cl2 | C[1]| ST[1:0] SD[11:0] Optional SD resolution | SF[1:0] CRC[7:0]

Error Response to Register Request

Basic Unused n 5 . q n . . R
Command Status |Data = 0x0 Register Data: Contents of RA[7:1] High Byte | Register Data: Contents of RA[7:1] Low Byte 8-Bit CRC
0 | 0 | 0 | 0 | 1 | 1 oo RD[15:8] RD[7:0] CRC[7:0]

Error Response to Sensor Data Request With Sensor Data

Basic Detail .
Command Status Sensor Data Status 8-Bit CRC
cor[cai|cfcmn] 1] 1 SD[11:0] | Optional SD resolution | SF[1:0] CRCI7:0]

Error Response to Sensor Data Request Without Sensor Data
Command oasie | x Unused Data = 0x0000 petal 8-Bit CRC
atus Status

o|0|o|01|1xo|0|o|o|o|o|o|o|0|o|o|0|o|o|o SF[1:0] CRC[7:0]

9.3

Command Summary

Data Source

C[3:0] Command Type SOURCEID[2:0] = C[3:1] Reference
0 0 0 0 Unused Command (Reserved for Error Response) Not Applicable Not Applicable
0 0 0 1 Sensor Data Request SOURCEID[3:0] = 0x0 Section 9.3.3
0 0 1 0 Reserved Command Not Applicable Not Applicable
0 0 1 1 Sensor Data Request SOURCEID[3:0] = 0x1 Section 9.3.3
0 1 0 0 Reserved Command Not Applicable Not Applicable
0 1 0 1 Sensor Data Request SOURCEID[3:0] = 0x2 Section 9.3.3
0 1 1 0 Reserved Command Not Applicable Not Applicable
0 1 1 1 Sensor Data Request SOURCEID[3:0] = 0x3 Section 9.3.3
1 0 0 0 Register Write Request Not Applicable Section 9.3.2
1 0 0 1 Sensor Data Request SOURCEID[3:0] = 0x4 Section 9.3.3
1 0 1 0 Reserved Command Not Applicable Not Applicable
1 0 1 1 Sensor Data Request SOURCEID[3:0] = 0x5 Section 9.3.3
1 1 0 0 Register Read Request Not Applicable Section 9.3.1
1 1 0 1 Sensor Data Request SOURCEID[3:0] = 0x6 Section 9.3.3
1 1 1 0 Reserved Command Not Applicable Not Applicable
1 1 1 1 Sensor Data Request SOURCEID[3:0] = 0x7 Section 9.3.3
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9.3.1

Register Read Command

The device supports a Register Read command. The Register Read command uses the upper 7 bits of the addresses
defined in Section 6.1 to address two 8-bit registers in the register map. The response to the command includes the con-
tents of RA[7:1] high byte (RA[0] = 1) in the upper byte and the contents of RA[7:1] low byte (RA[0] = 0) in the lower byte.

The response to a register read command is shown in Section 9.3.1.2. The response is transmitted on the next SPI
message if and only if all of the following conditions are met:

. No SPI Error is detected (Reference Section 9.5.4)

. No MISO Error is detected (Reference Section 9.5.5)
If the above conditions are met, the device responds to the register read request as shown in Section 9.3.1.2. Otherwise, the

device responds with the Error Response as defined in Section 9.5.3. The Register Read response includes the register
contents at the rising edge of SS_B for the Register Read command.

9.3.1.1 Register Read Command Message Format

MSB LSB
3130|2028 2726|2524 |23 222120191817 [16[15]14[13]12]mn[w0][e]s]7]6|5][a][3]2]1]0
Command C[3:0] |Fixed Bits: Must = 0x0 Register Address Register Data 8-Bit CRC
t[1JoJo]oJoJoJo RA[7:1] [Raof o JoJoJoJoJoJoTJo CRCI7:0]

Bit Field Definition

C[3:0] Register Read Command = ‘1100

RA[7:1] RA[7:1] contains the word address of the register to be read.
CRCI[7:0] CRC. Reference Section 9.4

9.3.1.2 Register Read Response Message Format

MsB

LSB

31|30|29|28 27|zs 25|24 23|22|21|20|19|18|17|16 15|14|13|12|11|10|9|8 7|6|5|4|3|2|1|0

Basic Unused

Command C[0], [3:1] Status |Data = 0x0 Register Data: Contents of RA[7:1] High Byte | Register Data: Contents of RA[7:1] Low Byte 8-Bit CRC
0 | 1 | 1 | o | st | o | 0 RD[15:8] RD[7:0] CRC[7:0]
Bit Field Definition
C[0], [3:1] Register Read Command = ‘0110’
ST[1:0] Status. Reference Section 9.5.1
RDI[15:8] The contents of the register addressed by RA[7:1] High Byte (RA[0] = 1)
RD[7:0] The contents of the register addressed by RA[7:1] Low Byte (RA[0] = 0)
CRCJ[7:0] CRC. Reference Section 9.4
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9.3.2

Register Write Command

The device supports a Register Write command. The Register Write command writes the value specified in RD[7:0] to the
register addressed by RA[7:0]. The response to the command includes the new contents of RA[7:1] high byte (RA[0] = 1) in
the upper byte and the contents of RA[7:1] low byte (RA[0] = 0) in the lower byte.

The response to a register write command is shown in Section 9.3.2.2. The register write is executed and a response is
transmitted on the next SPI message if and only if all of the following conditions are met:
. No SPI Error is detected (Reference Section 9.5.4)
. The ENDINIT bit is cleared
— This applies to all registers with the exception of the RESET[1:0] bits in the DEVLOCK_WR register
If the above conditions are met, the register write is executed and the device responds to the register write request as shown

in Section 9.3.2.2. Otherwise, no register is written and the device responds with the Error Response as defined in Section
9.2. The register is not written until the transfer during which the register write was requested has been completed.

A register write command to a read only register will not execute, but will result in a valid response.

9.3.2.1 Register Write Command Message Format

MSB LSB
31|3o|29|2s 27|26|25|24 23|22|21|2o|19|1s|17|1s 15|14|13|12|11|1o| 9 | 8 | 7 | 6 | 5 | 4|3 | 2 | 1 | 0
Command C[3:0] |Fixed Bits: Must = 0x0 Register Address Register Data 8-Bit CRC
1 | 0 | 0 | o[ o | 0 | 0 | 0 RA[7:1] IRA[O] RD[7:0] CRC[7:0]
Bit Field Definition
C[3:0] Register Write Command = ‘1000’
RA[7:0] RA[7:1] contains the byte address of the register to be written.
RD[7:0] RD[7:0] contains the data byte to be written to address RA[7:0]
CRCJ[7:0] CRC. Reference Section 9.4

9.3.2.2 Register Write Response Message Format

MSB LSB
31|3o|29|2s 27|26 25|24 23|22|21|2o|19|1s|17|1s 15|14|13|12|11|1o| 9 | 8 | 7 | 6 | 5 | 4|3 | 2 | 1 | 0
Command C[0], [3:1] | B2Sic | Unused |p icter Data: Contents of RA[7:1] High Byte | Register Data: Contents of RA[7:1] Low Byte 8-Bit CRC
PR Status |Data = 0x0 9 . : gh By 9 . :
0 | 1 | 0 | o | stt:o | o | 0 RD[15:8] RD[7:0] CRC[7:0]
Bit Field Definition
C[0], [3:1] Register Write Command = ‘0100’
ST[1:0] Status. Reference Section 9.5.1
RD[15:8] The contents of the register addressed by RA[7:1] High Byte (RA[0] = 1)
RDI[7:0] The contents of the register addressed by RA[7:1] Low Byte (RA[0] = 0)
CRCJ[7:0] CRC. Reference Section 9.4
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The device supports standard sensor data request commands. The sensor data request command format is described in
Section 9.3.3.1. The response to a sensor data request is shown in Section 9.3.3.2. The response is transmitted on the next
SPI message subject to the error handling conditions specified in Section 9.5. The sensor data included in the response is
the sensor data at the falling edge of SS_B for the Sensor Data Request response.

9.3.3.1 Sensor Data Request Command Message Format

MSB LsB
31|30|29|28 27|26|25|24|23|22|21|20|19|18|17|16|15|14|13|12|11|10|9|8 7|6|5|4|3|2|1|0
Command Fixed Bits: Must = 0x00000 8-Bit CRC
C[3:0] 0|0|o|0|0|o|0|0|0|o|0|0|o|0|0|o|0|0|0|o CRC[7:0]

Bit Field Definition
C[0] Sensor Data Request Command = ‘1’
C[3:1] = SOURCEID[2:0] | Source Identification code for the requested sensor data. Reference Section 6.2.12.
CRCI[7:0] CRC. Reference Section 9.4

9.3.3.2 Sensor Data Request Response

Message Format

MSB LSB
31|30|29|28 27|26 25|24|23|22|21|2o|19|1s|17|16|15|14|13|12|11|1o 9 | 8 | 7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
. Basic Detail 5
Command C[0], [3:1] Status Sensor Data Status 8-Bit CRC
1 |C[3]|C[2]|C[1] ST[1:0] SD[11:0] |Optiona| SD resolution | SF[1:0] CRCI[7:0]
Bit Field Definition
C[0] Sensor Data Request Command = ‘1’
C[3:1] = SOURCEID[2:0] | Source Identification code for the requested sensor data. Reference Section 6.2.12.
ST[1:0] Basic Status. Reference Section 9.5.1
SD[11:0] Sensor Data. Reference Section 6.6.4.9
SF[1:0] Detailed Status. Reference Section 9.5.2
CRCI7:0] CRC. Reference Section 9.4
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9.34 Reserved Commands

The device responds to reserved commands on the next SPI message subject to the error handling conditions specified in
Section 9.5.

9.3.4.1 Reserved Command Message Format

MSB LSB
31 | 30 | 29 | 28 272625 2423|2221 201918171615 [ 14131211 [10] o] 8] 7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
Command x | x [ x [ x| x| x| x| x| x| x| x|x|[x|x]|x]|x]|x]|x]|x]|x 8-Bit CRC
oo oo |x|x|x|x|x|x|x|x|[x|[x|x]|x]|x]|x]|x]|x/|x]|x]|x]x CRCI[7:0]
oo | 1o x| x|x|x|x|x|x|x|[x|[x|x]|x]|x]|x]|x]|x|x]|x]|x]x CRCI[7:0]
o1 |lofo|x|x|x|x|x|x|x|x|[x|[x|x]|x]|x]|x]|x]|x|x]|x]|x]x CRCI[7:0]
ol 1|1 lo x| x|x|x|x|x|x|x|x|[x|x]|x]|x]|x]|x]|x|x]|x]|x]x CRCI[7:0]
1o 1o x| x| x| x| x| x|x|[x]|x|x|x]|x|x|x|x]|x]|x]x]|x]x CRCI[7:0]
1t o | x| x| x| x| x| x| x|[x]|x|x|x|x|x|x|[x]|x]x]x]|x]x CRCI[7:0]
Bit Field Definition
C[3:0] Reserved Command
CRCJ[7:0] CRC. Reference Section 9.4
9.3.4.2 Reserved Command Response Message Format
MSB LSB
31|3o|29|2s 27|26|25|24|23|22|21|20|19|18|17|16|15|14|13|12|11|10|9|8 7|6|5|4|3|2|1|0
Command Echo Data 8-Bit CRC
X | X | X | X X | X | X | X | X | X | X | X | X | X | X | X | X | X | X | X | X | X | X | X CRC[7:0]
Bit Field Definition
Command Echo Reserved Command Echo - Undefined
Data Response Data - Undefined
CRCJ[7:0] CRC. Reference Section 9.4
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9.4 Error Checking
9.4.1 Default 8-bit CRC
9.4.1.1 Command Error Checking
The device calculates an 8-bit CRC on the entire 32-bits of each command. Message data is entered into the CRC calcula-
tor MSB first, consistent with the transmission order of the message. If the calculated CRC does not match the transmitted
CRC, the command is ignored and the device responds with the SPI Error response.
The CRC decoding procedure is:
A seed value is preset into the least significant bits of the shift register.
2. Using a serial CRC calculation method, the receiver rotates the received message and CRC into the least significant bits of
the shift register in the order received (MSB first).
3. When the calculation on the last bit of the CRC is rotated into the shift register, the shift register contains the CRC check
result.
If the shift register contains all zeros, the CRC is correct.
5. If the shift register contains a value other than zero, the CRC is incorrect.
The CRC polynomial and Seed are shown below.
SPICRCSEED[3:0] Default Polynomial Default Non-Direct Seed
0000 434524 x+1 1111 1111
Non-Zero XB+x®+x3+x2+x+1 1111 SPICRCSEED[3:0]
Table 9-1 SPI Command Message CRC
Some example CRC calculations are shown in Table 9-3.
9.4.1.2 Response Error Checking

The device calculates a CRC on the entire 32-bits of each response. Message data is entered into the CRC calculator MSB
first, consistent with the transmission order of the message.
The CRC Encoding procedure is:

A seed value is preset into the least significant bits of the shift register.

2. Using a serial CRC calculation method, the transmitter rotates the transmitted message into the least significant bits of the
shift register, MSB first.

3. Following the transmitted message, the transmitter feeds eight zeros into the shift register, to match the length of the CRC.
. When the last zero is fed into the input adder, the shift register contains the CRC.
5. The CRC is transmitted.

The CRC polynomial and Seed are shown below.

SPICRCSEED[3:0] Default Polynomial Default Non-Direct Seed

0000 XB+x5+x3+x2+x+1 1111 1111

Non-Zero xEexd+x3+x2+x+1 1111 SPICRCSEED[3:0]

Table 9-2 SPI Response Message CRC
Some example CRC calculations are shown in Table 9-3.

S Sood Bits[31:28] Bits[27:24] Bits[23:16] Bits[15:8] Bits[7:0]
Command 0x0 Register Address Register Data 8 Bit CRC
X+ + 3+ x+x+ 1 1111 1111 0x8 0x0 22 C1 0xBD
XX+ X+ x4+ x+ 1 11111111 Ox4 0x0 1F [¢3] 0x57
X+ + 3+ X+ x+ 1 1111 1111 0xC 0x0 22 00 0x66
XX+ X+ x4+ x+ 1 11111111 0x6 0x0 1F [¢3] 0xB8
X+ + 3+ X+ x+ 1 1111 1111 Ox4 0x0 FF 5A 0xE5
XX+ X+ x4+ x+ 1 11111111 0xC 0x0 3E 00 0x13
X+ + 3+ X+ x+ 1 1111 1111 0x6 0x0 FF 5A 0x0A

Table 9-3 SPI 8-Bit CRC Calculation Examples
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9.4.2 Selectable 4-bit CRC

The user can select a 4-bit CRC instead of the default 8-bit CRC for the SPI by programming the SPI_CFG register as
described in Section 6.2.19.

9.4.2.1 SPI Command Format with 4-bit CRC

MSB LSB

31|30|29|28|27|26|25|24|23|22|21|20|19|18|17|16|15|14|13|12|11|10|9|8|7|6|5|4|3|2|1|0

Register Access Command

Command Fixed Bits: Must = 0x0 Register Address Register Data Fixed Bits: Must = 0x0 4-Bit CRC

C[3:0] 0 | 0 | 0 | 0 RA[7:1] IRA[O] RD[7:0] 0 | 0 | 0 | 0 CRC[3:0]
Sensor Data Command

Command Fixed Bits: Must = 0x00000 Fixed Bits: Must = 0x0 4-Bit CRC

C[3:0] o|0|o|o|0|o|o|o|o|o|o|o|o|o|o|o|0|o|o|0 o|0|o|o CRC[3:0]

9.4.2.2 SPI Response Format with 4-bit CRC

MsSB LSB

31|30|29|28|27|26|25|24|23|22|21|20|19|18|17|16|15|14|13|12|11|10|9|8|7|6|5|4|3|2|1|0

Response to Register Request

Command Basic | Unused | icter Data: Contents of RA[7:1] High Byte | Register Data: Contents of RA[7:1] Low Byte | Unused Data = 0x0 4-Bit CRC
Status |Data = 0x0
C[0]|C[3]|C[2]|C[1] STH:0] | 0 | 0 RD[15:8] RD[7:0] 0 | 0 | 0 | 0 CRC[3:0]
Response to Sensor Data Request
Command SBtasic Sensor Data Beta KAC 4-Bit CRC
atus Status
c[o] | C[3] | cl2l | cr| st SD[11:0] Optional SD resolution | SF[1:0] KAC[3:0] CRC[3:0]
Error Response to Register Request
Command e s Register Data: Contents of RA[7:1] High Byte | Register Data: Contents of RA[7:1] Low Byte | Unused Data = 0x0 4-Bit CRC
Status |Data = 0x0 : : . :
0 | 0 | 0 | 0 | 1 | 1 oo RD[15:8] RD[7:0] 0 | 0 | 0 | 0 CRC[3:0]
Error Response to Sensor Data Request With Sensor Data
Command sl Sensor Data 2l KAC 4-Bit CRC
Status Status
C[0]|C[3]|C[2]|C[1] 1 | 1 SD[11:0] |0ptionaISDresqution SF[1:0] KAC[3:0] CRC[3:0]
Error Response to Sensor Data Request Without Sensor Data
Command oasie | x Unused Data = 0x0000 Detail |\ \sed Data = 0x0 4-Bit CRC
atus Status
o|0|o|01|1xo|0|o|o|o|o|o|o|0|o|o|0|o|o|o SF[1:0]0|0|0|0 CRC[3:0]

9.4.2.3 Command Error Checking with 4-bit CRC

The device calculates a 4-bit CRC on the entire 32-bits of each command. Message data is entered into the CRC calculator
MSB first, consistent with the transmission order of the message. If the calculated CRC does not match the transmitted
CRC, the command is ignored and the device responds with the SPI Error response.

The CRC decoding procedure is:

1. A seed value determined by the SPICRCSEEDI[3:0] value in the SPI_CFG register is preset into the least significant bits of
the shift register.

2. Using a serial CRC calculation method, the receiver rotates the received message and CRC into the least significant bits of
the shift register in the order received (MSB first).

3. When the calculation on the last bit of the CRC is rotated into the shift register, the shift register contains the CRC check
result.

If the shift register contains all zeros, the CRC is correct.
5. If the shift register contains a value other than zero, the CRC is incorrect.

The CRC polynomial and Seed are shown below.

Default Polynomial Non-Direct Seed

x4 +1 SPICRCSEED[3:0]

Table 9-4 SPI Command Message CRC, 4-Bit
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9.4.2.4 Response Error Checking with 4-bit CRC

The device calculates a CRC on the entire 32-bits of each response. Message data is entered into the CRC calculator MSB
first, consistent with the transmission order of the message.
The CRC Encoding procedure is:

A seed value determined by the SPICRCSEED][3:0] value is preset into the least significant bits of the shift register.

2. Using a serial CRC calculation method, the transmitter rotates the transmitted message into the least significant bits of the
shift register, MSB first.

3. Following the transmitted message, the transmitter feeds four zeros into the shift register, to match the length of the CRC.
. When the last zero is fed into the input adder, the shift register contains the CRC.
5. The CRC is transmitted.

The CRC polynomial and Seed are shown below.

Default Polynomial Non-Direct Seed

X+ 1 SPICRCSEED[3:0]

Table 9-5 SPI Response Message CRC, 4-Bit

9.4.2.5 Message Counter (KAC) with 4-bit CRC

If the 4-bit CRC is enabled, a 4-bit message counter field (KAC) is added to the Sensor Data Request Response. The message counter
field is a 4-bit rolling message counter that is independently incremented for each SOURCEID. The initial value of the counter is ‘0001".

9.4.2.6 Example 4-Bit CRC Calculations
Some example CRC calculations for 32-bit SPI commands are shown in Table 9-6.

- Bits[31:28] Bits[27:24] Bits[23:16] Bits[15:8] Bits[7:4] Bits[3:0]
Polynomial Seed = = .
Command 0x0 Register Address Register Data 0x0 4 Bit CRC
x*+1 1010 0x8 0x0 22 C1 0x0 OxF
xF+1 1010 0x4 0x0 1F [¢3] 0x0 0xD
x*+1 1010 0xC 0x0 22 00 0x0 0x6
xF+1 1010 0x6 0x0 1F [¢3] 0x0 OxF
x*+1 1010 0x4 0x0 FF 5A 0x0 0x1
xF+1 1010 0xC 0x0 3E 00 0x0 0xB
x*+1 1010 0x6 0x0 FF 5A 0x0 0x3
Table 9-6 SPI 4-Bit CRC Calculation Examples
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9.4.3 Selectable 3-bit CRC

The user can select a 3-bit CRC instead of the default 8-bit CRC for the SPI by programming the SPI_CFG register as
described in Section 6.2.19.

9.4.3.1 SPI Command Format with 3-bit CRC

MSB LSB

31|30|29|28|27|26|25|24|23|22|21|20|19|18|17|16|15|14|13|12|11|10|9|8|7|6|5|4|3|2|1|0

Register Access Command

Command Fixed Bits: Must = 0x0 Register Address Register Data Fixed Bits: Must = 0x00 3-Bit CRC

C[3:0] 0 | 0 | 0 | 0 RA[7:1] IRA[O] RD[7:0] 0 | 0 | 0 | 0 | 0 CRC[2:0]
Sensor Data Command

Command Fixed Bits: Must = 0x00000 Fixed Bits: Must = 0x00 3-Bit CRC

C[3:0] o|0|o|o|0|o|o|o|o|o|o|o|o|o|o|o|0|o|o|0 o|o|o|o|0 CRC[2:0]

9.4.3.2 SPI Response Format with 3-bit CRC

MsSB LSB

31|30|29|28|27|26|25|24|23|22|21|20|19|18|17|16|15|14|13|12|11|10|9|8|7|6|5|4|3|2|1|0

Response to Register Request

Command Basic | Unused | icier Data: Contents of RA[7:1] High Byte | Register Data: Contents of RA[7:1] Low Byte|  Unused Data = 0x00 3-Bit CRC
Status |Data = 0x0
c[o] | cpa | 2] | ci| st | o | 0 RD[15:8] RD[7:0] 0 | 0 | 0 | 0 | 0 CRC[2:0]
Response to Sensor Data Request
Command oonie Sensor Data el KAC 1 | 3BitcRC
atus Status
c[o] | C[3] | cl2l | cr| st SD[11:0] Optional SD resolution | SF[1:0] KAC[3:0] 1 CRC[2:0]
Error Response to Register Request
Command e s Register Data: Contents of RA[7:1] High Byte | Register Data: Contents of RA[7:1] Low Byte Unused Data = 0x00 3-Bit CRC
Status |Data = 0x0 : : . :
0 | 0 | 0 | 0 | 1 | 1 oo RD[15:8] RD[7:0] 0 | 0 | 0 | 0 | 0 CRC[2:0]
Error Response to Sensor Data Request With Sensor Data
Command sl Sensor Data 2l KAC 1 3-Bit CRC
Status Status
c[o] | cpa | 2] | cry| 1 | 1 SD[11:0] | Optional SD resolution | SF[1:0] KAC[3:0] 1 CRC[2:0]
Error Response to Sensor Data Request Without Sensor Data
Command oasie | x Unused Data = 0x0000 el Unused Data = 0x00 3-Bit CRC
atus Status
ofofJoJo[ 11 x[oJoJoJoJoJoJoJoJo[oJo[oJoJo[ofsrmmo [ofo]o]o]o RC[2:0]
S CRC|

9.4.3.3 Command Error Checking with 3-bit CRC

The device calculates a 3-bit CRC on the entire 32-bits of each command. Message data is entered into the CRC calculator
MSB first, consistent with the transmission order of the message. If the calculated CRC does not match the transmitted
CRC, the command is ignored and the device responds with the SPI Error response.

The CRC decoding procedure is:

1. A seed value determined by the SPICRCSEED][2:0] value in the SPI_CFG register is preset into the least significant bits of
the shift register.

2. Using a serial CRC calculation method, the receiver rotates the received message and CRC into the least significant bits of
the shift register in the order received (MSB first).

3. When the calculation on the last bit of the CRC is rotated into the shift register, the shift register contains the CRC check
result.

If the shift register contains all zeros, the CRC is correct.
5. If the shift register contains a value other than zero, the CRC is incorrect.

The CRC polynomial and Seed are shown below.

Default Polynomial Non-Direct Seed

B tx+1 SPICRCSEED[2:0]

Table 9-7 SPI Command Message CRC, 3-Bit

Some example CRC calculations are shown in Table 8-1.
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9.4.3.4 Response Error Checking with 3-bit CRC

The device calculates a CRC on the entire 32-bits of each response. Message data is entered into the CRC calculator MSB
first, consistent with the transmission order of the message.
The CRC Encoding procedure is:

A seed value determined by the SPICRCSEED][2:0] value is preset into the least significant bits of the shift register.

2. Using a serial CRC calculation method, the transmitter rotates the transmitted message into the least significant bits of the
shift register, MSB first.

3. Following the transmitted message, the transmitter feeds three zeros into the shift register, to match the length of the CRC.
. When the last zero is fed into the input adder, the shift register contains the CRC.
5. The CRC is transmitted.

The CRC polynomial and Seed are shown below.

Default Polynomial Non-Direct Seed

X3 +x+1 SPICRCSEED[2:0]

Table 9-8 SPI Response Message CRC, 3-Bit

9.4.3.5 Message Counter (KAC) with 3-bit CRC

If the 3-bit CRC is enabled, a 4-bit message counter field (KAC) is added to the Sensor Data Request Response. The message counter
field is a 4-bit rolling message counter that is independently incremented for each SOURCEID. The initial value of the counter is ‘0001".

9.4.3.6 Example 3-Bit CRC Calculations
Some example CRC calculations for 32-bit SPI commands are shown in Table 9-9.

Bits[31:28] Bits[27:24] Bits[23:16] Bits[15:8] Bits[7:3] Bits[2:0]
Polynomial Seed Command 0x0 Register Address Register Data 0b00000 3 Bit CRC
(Hex) (Hex) (Hex) (Hex) (Binary) (Binary)

XS+ x+1 111 0x8 0x0 22 C1 0b00000 0b100
X3+ x+1 111 0x4 0x0 1F C1 0b00000 0b010
XS+ x+1 111 0xC 0x0 22 00 0b00000 0b001
X3+ x+1 111 0x6 0x0 1F C1 0b00000 0b000
XS+ x+1 111 0x4 0x0 FF 5A 0b00000 0b000
X3+ x+1 111 0xC 0x0 3E 00 0b00000 0b101
XS+ x+1 111 0x6 0x0 FF 5A 0b00000 0b010

Table 9-9 SPI 3-Bit CRC Calculation Examples
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9.5
9.5.1

Exception Handling
Basic Status Field

All responses include a basic status field (ST[1:0]) that includes the general status of the device and transmitted data as
described below. The basic status includes channel specific data and may be unique by channel but will be common for mul-
tiple sources from the same channel. The contents of the basic status field is a representation of the device status at the ris-

September 13, 2019

ing edge of SS_B for the previous SPI command.

9.5.1.1 Basic Status Field for Responses to Register Commands

ST[1:0] Status Description SF[1:0] Priority
0 0 Device in Initialization ENDINIT Not Set 0 0 3
0 1 Normal Mode ENDINIT Set 0 0 4
1 0 Self Test ST’CTRLB:&;%?\% to ‘0000’ for 0 0 >
1 1 Internal Error Present Reference Section 9.5.2 Reference Section 9.5.2 1

9.5.1.2 Basic Status Field for Responses to Sensor Data Request Commands

Revision 2.18

ST[1:0] Status Description SF[1:0] Sensor Data Field Priority

0 0 Device in Initialization ENDINIT Not Set 0 0 Sensor Data 3

0 1 Normal Mode ENDINIT Set 0 0 Sensor Data 4

1 0 Self Test ST_CTRLI3:0] ngt equal to ‘0000 for 0 0 Sensor Data 2
the associated channel

1 1 Internal Error Present Reference Section 9.5.2 Reference Section 9.5.2 | Reference Section 9.5.2 1

Figure 9-2 shows the internal device status mapping by register and the basic status field contents by response type.

Figure 9-2 Internal Status Mapping and SPI Basic Status Content

Sensors Solutions Division
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9.5.2 Detailed Status Field
The response to sensor data requests includes a detailed status field (SF[1:0]). If the Basic Status indicates an internal error,
the contents of the detailed status field provide additional information regarding the error status. The detailed status includes
channel specific data and may be unique by channel but will be common for multiple sources from the same channel. The
contents of the detailed status field is a representation of the device status at the rising edge of SS_B for the previous SPI
command.
SUPERR DIS| Error Command Echo Sensor Data Request Cc d R SR AsEEs
ST[1:0] | SF[1:0] Status Sources DEVSTAT State State Priori . c d PCM
ate riority | Field (Source ID) Sensor Data Field Value Response
Oscillator Training Error | Bit set in DEVSTAT3 N/A 1 C[0], C[3:1] Sensor Data Normal No Effect
Bit set in CHx_STAT:
1 1 0 0 Offset Error SIGNALCLIP or OFF- N/A 10 C[0], C[3:1] Sensor Data Normal No Effect
SET_ERR
Temperature Error Bit set in DEVSTAT2 N/A 9 C[0], C[3:1] Sensor Data Normal No Effect
User OTP Memory Error | U_OTP_ERR set in The Sensor Data Field Error Code is trans-
(UFO or UF1) DEVSTAT2 N/A 8 0x0 mitted for a minimum of one transmission Normal No Effect
User R/W Memory Error [ U_RW_ERR set in The Sensor Data Field Error Code is trans-
1 1 0 1 (UF2) DEVSTAT2 N/A 7 0x0 mitted for a minimum of one transmission Normal No Effect
F_OTP_ERR setin The Sensor Data Field Error Code is trans-
NXP OTP Memory Error DEVSTAT2 NA 6 0x0 mitted for a minimum of one transmission Normal No Effect
. TESTMODE bit set in
Test Mode Active DEVSTAT N/A 5 0x0 All zero response No Effect
All zero response until the supply monitor timer expires
0 4 0x0 An Error Code is transmitted for a minimum of one transmission
1111110 Supply Error Bit set in DEVSTAT1 (Reference Section 6.2.2.5) Disabled
1 4 0x0 All zero response until the supply monitor timer expires
(Reference Section 6.2.2.5)
Reset Error DEVRES set N/A 3 0x0 The Sensor Data Field Error Code i§ trlansmitted for a minimum No Effect
of one transmission
MISO Error Bit set in DEVSTAT3 N/A 2 0x0 The Sensor Data Field Error Code is trans- | ¢ poshonse | No Effect
1 1 1 1 mitted for a minimum of one transmission
SPI Error N/A N/A 1 0x0 Th_e Sensor Da_ta_i Field Error Code s tra_ms— Error Response | No Effect
mitted for a minimum of one transmission
Table 9-10 SPI Error Response Status Field Definition
9.5.3 Error Responses
MSB LSB

31|30|29|28|27|26|25|24|23|22|21|20|19|18|17|16|15|14|13|12|11|10|9|8|7|6|5|4|3|2|1|0

Error Response to Register Request

Basic Unused f . . . Register Data: Contents of RA[7:1]| Detail R
Command Status |Data = 0x0 Register Data: Contents of RA[7:1] High Byte Low Byte Status 8-Bit CRC
0 | 0 | 0 | 0 | 1 | 1] o0 | 0 RD[15:8] RD[7:0] SF[1:0] CRC[7:0]
Error Response to Sensor Data Request With Sensor Data
Basic Detail .
Command Status Sensor Data Status 8-Bit CRC
cor[caicfcm] 1] 1 SD[11:0] | Optional SD resolution | SF[1:0] CRCI7:0]
Error Response to Sensor Data Request Without Sensor Data
Command B || Unused Data = 0x0000 petal 8-Bit CRC
Status Status
0|0|o|0 1|1 X 0|0|o|0|0|o|0|0|0|o|0|0|0|0|0 SF[1:0] CRC[7:0]
Bit Field Definition
C[3:0] Command bits: all Os or a command echo
Sensor Data or the Sensor Data Field Error Code.
« For unsigned data, the Sensor Data Field Error Code is 0x000
SD[11:0] +  For signed data, the Sensor Data Field Error Code is 0x800
Reference Section 9.5.2 for Sensor Data Request commands.
For all other commands, all bits are ‘0’.
SF[3:0] Status. Reference Section 9.5.2
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9.54

9.5.5

SPI Error

The following external SPI conditions result in a SPI error:
. SCLK is high when SS_B is asserted
. The number of SCLK rising edges detected while SS_B is asserted is not equal to 0 or 32
. SCLK is high when SS_B is deasserted
. A command message CRC error is detected (MOSI)
. A Sensor Data Request is received for a SOURCEID that is not enabled
. A Register Write command to any register other than the DEVLOCK_WR register is received while ENDINIT is set.

If a SPI error is detected, the device responds with the Error Response as described in Section 9.5.3 with the Detailed
Status Field set to “SPI Error” as defined in Section 9.5.2.

SPI Data Output Verification Error

The device includes a function to verify the integrity of the data output to the MISO pin. The function compares the data
transmitted on the MISO pin to the data intended to be transmitted. If any one bit doesn’t match, a SPI MISO Mismatch Fault
is detected and the MISO_ERR flag in the DEVSTATS3 register is set.

If a valid sensor data request message is received during the SPI transfer with the MISO mismatch failure, the request is
ignored and the device responds with the Error Response as described in Section 9.5.3 with the Detailed Status Field set to
“SPI Error” as defined in Section 9.5.2. during the subsequent SPI message.

If a valid register write request message is received during the SPI transfer with the MISO mismatch failure, the register
write is completed as requested, but the device responds with the Error Response as described in Section 9.5.3 with the
Detailed Status Field set to “SPI Error” as defined in Section 9.5.2. during the subsequent SPI message.

If a valid register read request message is received during the SPI transfer with the MISO mismatch failure, the register read
is ignored and the device responds with the Error Response as described in Section 9.5.3 with the Detailed Status Field set
to “SPI Error” as defined in Section 9.5.2. during the subsequent SP| message.

SPI DATA OUT SHIFT REGISTER DATA OUT BUFFER
D a—1b a | MISO
[ O R
D Q MISO ERR
SCLK A
R
Figure 9-3 SPI Data Output Verification
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9.6 SPI Timing Diagram
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Figure 9-4 SPI Timing Diagram
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10.1

10.2

SECTION 10 INTER INTEGRATED CIRCUIT (I°C) INTERFACE

Revision 2.18

The device includes an interface compliant to the NXP 12C bus specification UM10204, Revision 5. The device operates in
slave mode and includes support for Standard Mode, Fast Mode and Fast Mode Plus although the maximum practical
operating frequency for 12C in a given system implementation depends on several factors including the pull-up resistor

values and the total bus capacitance.

I2C Bit Transmissions

The state of SDA when SCL is high determines the bit value being transmitted. SDA must be stable when SCL is high and
change when SCL is low as shown in Figure 10-2. After the START signal has been transmitted by the master, the bus is

considered busy. Timing for the start condition is specified in Section 5.14.

o VT s

|SDAStabIe| |SDAStabIe | | SDA |

| SDA="1 | |SDA=‘O‘ | |Changes|
I I I I I I

Figure 10-1 I2C Bit Transmissions

I2C Start Condition

A bus operation is always started with a start condition (START) from the master. A START is defined as a high to low tran-
sition on SDA while SCL is high as shown in Figure 10-2. After the START signal has been transmitted by the master, the

bus is considered busy. Timing for the start condition is specified in Section 5.14.
A start condition (START) and a repeat START condition (rSTART) are identical.

SR VY S S

Figure 10-2 I2C Start Condition
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10.3

I°C Byte Transmissions

Data transfers are completed in byte increments. The number of bytes that can be transmitted per transfer is unrestricted.
Each byte must be followed by an Acknowledge bit (Section 10.4) from the receiver. Data is transferred with the Most Signif-
icant Bit (MSB) first (Figure 10-3). The master generates all clock pulses, including the 9t clock for the Acknowledge bit.
Timing for the byte transmissions is specified in Section 5.14.

All functions for this device are completed within the Acknowledge clock pulse. Clock Stretching is not used.

AT Oy

|
|
|
|
ACK 'ack STOP
|

From Slave From Receiver

Figure 10-3 I2C Byte Transmissions

10.4 1°C Acknowledge and Not Acknowledge Transmissions
Each byte must be followed by an Acknowledge bit (ACK) from the receiver. For an ACK, the transmitter releases SDA
during the acknowledge clock pulse and the receiver pulls SDA low during the high portion of the clock pulse. Set-up and
hold times as specified in Section 5.14 must also be taken into account.
For a Not Acknowledge bit (NACK), SDA remains high during the entire acknowledge clock pulse. Five conditions lead to a
NACK:
1. No receiver is present on the bus with the transmitted address.
2. The addressed receiver is unable to receive or transmit because it is performing some real-time function and is not ready to
start communication with the master.
3. The receiver receives unrecognized data or commands.
4. The receiver cannot receive any more data bytes.
5. The master-receiver signals the end of the transfer to the slave transmitter.
Following a Not Acknowledge bit, the master can transmit either a STOP to terminate the transfer, or a repeated START to
initiate a new transfer.
An example ACK and NACK are shown in Figure 10-4.
| | | |
| | | |
SDA | | | |
| | |
| | | |
| | | |
scL | | | |
| [ | |
,  ACK | NACK |
9th Clock Pulse 9th Clock Pulse
Figure 10-4 I1°C Acknowledge and Not Acknowledge Transmission
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10.5 12C Stop Condition

A bus operation is always terminated with a stop condition (STOP) from the master. A STOP is defined as a Low to high
transition on SDA while SCL is high as shown in Figure 10-5. After the STOP has been transmitted by the master, the bus is

considered free. Timing for the stop condition is specified in Section 5.14.
|
SDA / \ /]
|
|
|
|
|
|
|
|

STOP

Figure 10-5 12C Stop Condition

10.6 12C Register Transfers
10.6.1 Register Write Transfers

The device supports 12c register write data transfers. Register write data transfers are constructed as follows:
The Master transmits a START condition

The Master transmits the 7-Bit Slave Address

The Master transmits a ‘0’ for the Read/Write Bit to indicate a Write operation

The Slave transmits an ACK

The Master transmits the register address to be written

The Slave transmits an ACK

The Master transmits the data byte to be written to the register address

The Slave transmits an ACK

© ©®© N kr N

The master transmits a STOP condition

S SLAVE ADDRESS WA REGISTER ADDRESS A REGISTER DATA A P

Master Transmission

Slave Transmission

The device automatically increments the register address allowing for multiple register writes to be completed in one trans-
action. In this case, the register write data transfers are constructed as follows:

1. The Master transmits a START condition
The Master transmits the 7-Bit Slave Address
The Master transmits a ‘0’ for the Read/Write Bit to indicate a Write operation
The Slave transmits an ACK
The Master transmits the register address to be written
The Slave transmits an ACK
The Master transmits the data byte to be written to the register address

© NSO ok 0N

The Slave transmits an ACK

9. The Master transmits the data byte to be written to the register address +1
10. The Slave transmits an ACK

11. Repeat steps 9 and 10 until all registers are written

12.  The master transmits a STOP condition

Sensors Solutions Division Printed versions are uncontrolled except when stamped “Controlled Copy” in red.
NXP Semiconductors CONFIDENTIAL AND PROPRIETARY 159 of 163



Revision 2.18 September 13, 2019 FXLS6xxxx
10.6.2 Register Read Transfers
The device supports 12c register read data transfers. Register read data transfers are constructed as follows:
1. The Master transmits a START condition
2. The Master transmits the 7-Bit Slave Address
3. The Master transmits a ‘0’ for the Read/Write Bit to indicate a Write operation
4. The Slave transmits an ACK
5. The Master transmits the register address to be read
6. The Slave transmits an ACK
7. The Master transmits a repeat START condition
8. The Master transmits the 7-Bit Slave Address
9. The Master transmits a ‘1’ for the Read/Write Bit to indicate a Read operation
10. The Slave transmits an ACK
11.  The Slave transmits the data from the register addressed
12. The master transmits a NACK
13. The master transmits a STOP condition
S SLAVE ADDRESS W| A REGISTER ADDRESS A |rSTART SLAVE ADDRESS REGISTER DATA N| P

Master Transmission

Slave Transmission

The device automatically increments the register address allowing for multiple register reads to be completed in one trans-

action. In this case, the register read data transfers are constructed as follows:
1. The Master transmits a START condition

The Master transmits the 7-Bit Slave Address

The Master transmits a ‘0’ for the Read/Write Bit to indicate a Write operation

The Slave transmits an ACK

The Master transmits the register address to be read

The Slave transmits an ACK

The Master transmits a repeat START condition

The Master transmits the 7-Bit Slave Address

9. The Master transmits a ‘1 for the Read/Write Bit to indicate a Read operation

10. The Slave transmits an ACK

11.  The Slave transmits the data from the register addressed

12.  The Master transmits an ACK

13. The Slave transmits the data byte from register address +1

© N o Ok DN

14. Repeat steps 12 and 13 until all registers are read
15. The Master transmits a NACK
16. The master transmits a STOP condition
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10.6.3 Sensor Data Register Read Wrap Around Options

The device includes automatic sensor data register read wrap around features to optimize the number of 12C transactions
necessary for continuous reads of sensor data.

10.6.3.1 Single Channel Register Read Wrap Around

Depending on the state of the SIDx_EN bits in the channel 0 and channel 1 SOURCEID_0 and SOURCEID _1 registers, the
register address automatically wraps back to the DEVSTAT_COPY register as shown in the table below.

Ch1 Ch1 Cho Cho

SID1_EN | SIDO_EN | SID1_EN | SID0_EN Address Increment and Wrap Around Effect Optimized Register Read Sequence
0 0 0 0 Address wraps around from $FF to $00 None
DEVSTAT_COPY,
0 0 0 1 Address wraps from $63 (CHO_SNSDATAO_H) to $61 (DEVSTAT_COPY) CHO_SNSDATAQ_ L, CHO_SNSDATAO_H

DEVSTAT_COPY,
0 0 1 x Address wraps from $65 (CHO_SNSDATA1_H) to $61 (DEVSTAT_COPY) | CHO_SNSDATAO_L, CHO_SNSDATAO_H,
CHO_SNSDATA1_L, CHO_SNSDATA1_H
DEVSTAT_COPY,
0 ) « « Address jumps from $65 (CHO_SNSDATA1_H) to $72 (CH1_SNSDATAO_L) | CHO_SNSDATAO_L, CHO_SNSDATAOQ_H,
Address wraps from $73 (CH1_SNSDATA1_H) to $61 (DEVSTAT_COPY) | CHO_SNSDATA1_L, CHO_SNSDATA1_H,
CH1_SNSDATAO_L, CH1_SNSDATAQ0_H
DEVSTAT_COPY,

Address jumps from $65 (CHO_SNSDATA1_H) to $72 (CH1_SNSDATAO_L) g:g—gmggﬁ$ﬁg—t 8:8‘2“28?&%:

! x x x Address wraps from $75 (CH1_SNSDATAT_H) to $61 (DEVSTAT_COPY) | <[\ aNSDATAG L. OHT SNSDATAG H
CH1_SNSDATA1_L, CH1_SNSDATA1_H

10.7 12C Timing Diagram

tsraLL tsrise tseup
tsraLL toLo tvaup
t
tsrise s
tsmarmHOLD tscLL
tscL
trree
t tVALID t
tstartseTUP tsmrmHon  Trey STOPSETUP
Figure 10-6 12C Timing Diagram
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A
SECTION 11 PACKAGE DIMENSIONS AND RECOMMENDED FOOTPRINT

Reference the NXP Case Outline Drawing SOT1688 at the following link for package dimensions and recommended foot-
print information:

http://www.nxp.com/packages
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