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Datasheet

Single channel inertial sensor

Features

. X-axis, Y-axis, or Z-axis
- 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 1 s resolution
- Selectable baud rate: 125 kBd or 189 kBd
- 10- 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

. I2C compatible serial interface (UM10204["])

- Slave mode operation

- Standard mode, fast mode, and fast mode plus support
. Programmable arming function
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. DSP
- Up to a fourth order low-pass filter with rolloff frequency options from 12.5 Hz to 1500 Hz
- Optional single pole high pass filter with fast startup and output rate limiting
- Optional moving average
- Optional 16 to 1 output interpolation
. Pb-free 16-Pin QFN 4 mm x 4 mm x 1.45 mm package

Applications

Automotive

. Airbag, collision/crash detection
. Active suspension vibration monitoring

Industrial

. Machine condition monitoring

Description

The NXLS9xxxO0 is a single channel DSI3, PSI5, SPI, and I?*C compatible lateral (X-axis or Y-axis) or vertical (Z-
axis) inertial sensor.
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Ordering information

1 Ordering information

Table 1. Ordering information

Package
Type number
I S N
Plastic, thermal enhanced low profile quad flat non-leaded package; 16 terminals; 0.8 mm pitch; 4 mm x 4 mm x 1.45 Package outline - LQFN16
mm body (step-cut wettable flank)
NXLS9xxxxAESR2 HLQFN16 )
Plastic, thermal enhanced low profile quad flat non-leaded package, dimple deburr wettable flank; 16 terminals; 0.8 mm Pa.ckage outline - LOFN16
Lo (dimple deburr wettable
pitch; 4 mm x 4 mm x 1.45 mm body flank)
1.1 Ordering options

Table 2. Ordering options

Channel 0
Device Protocol
T

NXLS95220 X M SPI/DSI3
NXLS95230 X H SPI/DSI3
NXLS95120 4 M SPI/DSI3
NXLS95130 Z H SPI/DSI3
NXLS95620 Y M SPI/DSI3
NXLS95630 Y H SPI/DSI3
NXLS96220 X M PSI5
NXLS96230 X H PSI5
NXLS96120 Zz M PSI5
NXLS96130 Zz H PSI5
NXLS96620 Y M PSI5
NXLS96630 Y H PSI5

DS15164 - Rev 1 page 3/228
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2 Marking

Figure 1. Part marking

Data Code Legend:

Lys

F: ASECL assembly site

FXXXXX WL: 2 alpha character representation of the wafer lot
YW: 2 alpha character representation of the year and work week
WLYWZ Z: Assembly Split
o
‘— Data Code Legend:
,l N: ATBK assembly site
NXXXXX WL: 2 alpha character representation of the wafer lot
YW: 2 alpha character representation of the year and work week
WLYWZ Z: Assembly Split
© aaa-030573
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Application diagrams

Application diagrams

3.1

311

R1

C1

C2

C3

c4

1. The total bus capacitance must not exceed the values specified in the DSI3[?] standard.

DSI3 application diagrams

DSI3 discovery mode application diagram

General
purpose

Ceramic

Ceramic

Ceramic

Ceramic

Figure 2. DSI3 discovery mode application diagram

Optional
VisuE BUS_| B”,S_Tf mination {5 ysin

| |
o IDATA I |
| R1 :
Vss =01 : |
| C4 |

AL BUSRTN 1 T | BUSRTN
_L © —— e

BUS_O T BUSOUT

aaa-060044

Table 3. DSI3 discovery mode external component recommendations(') (2)

Ref Des | Type Typ'ca! v.alue Component value selection and range Comment
description

330 Q, 5%,
200 PPM

220 pF, 10 %,
50 V minimum,
X7R

0.47 pF, 10 %,
10 V minimum,
X7R

100 pF, 10 %,
50 V minimum,
X7R

2.2nF, 10 %,
50 V minimum,
X7R

The system level communication, EMC, and ESD testing
determine the optimal value of this component.

The optimal value of this component should be determined by
the system level communication, EMC, and ESD testing.

The optimal value of this component should be determined
based on the system level micro-cut immunity requirement. To
achieve the specified power supply rejection, the minimum
value including all tolerances is 0.22 pF. The maximum
specified value including all tolerances is 2 pF.

The optimal value of this component should be determined by
the system level communication, EMC, and ESD testing.

The optimal value of this component should be determined by
the system level communication, EMC, and ESD testing.

Optional bus termination for high inductance bus wire
connections. For optimal EMC performance, this component
along with C4 are to be placed as close to the BUS_| and
BUSRTN connector pins as possible.

For optimal EMC performance, this component along with R1
are to be placed as close to the BUS_| and BUSRTN connector
pins as possible.

For optimal EMC performance, this component is to be placed
as close to the VBUF and BUSRTN pins as possible.

For optimal EMC performance, this component is to be placed
as close to the BUS_O and BUSRTN connector pins as
possible.

Optional bus termination for high inductance bus wire
connections. For optimal EMC performance, this component
along with R1 are to be placed as close to the BUS_| and
BUSRTN connector pins as possible.

2. The external components are dependent on the bus master and bus impedance and may vary from application to application.

DS15164 - Rev 1
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Application diagrams

3.2

3.21

R1

R2

C1

C2

C3

c4

General
purpose

General
purpose

Ceramic

Ceramic

Ceramic

Ceramic

PSI5 application diagrams

PSI5 parallel or universal mode application diagram

Figure 3. PSI5 parallel or universal mode application diagram

VBUF Vee i ) Vce
c4 =Teo J— © ct
I Vss -|- -|- Vss
il L

aaa-030556

Table 4. PSI5 parallel or universal mode external component recommendations(")

820, 5 %, 200
PPM

27 Q, 5 %, 200
PPM

2.2 nF, 10 %, 50
V minimum, X7R

15nF, 10 %, 50 V
minimum, X7R

470 pF, 10 %, 50
V minimum, X7R

0.47 pF, 10 %, 10
V minimum, X7R

Component value selection and range

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 Q. The
maximum value is determined by the minimum bus voltage
provided at the module pin and the minimum operating voltage
of the device. To meet the minimum PSI5 operating voltage at
the module pin, the maximum resistance including all
tolerances is 89.0 Q.1)

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 Q. The
maximum value is determined by the minimum bus voltage
provided at the module pin. To meet the minimum PSI5
operating voltage at the module pin, the maximum resistance
including all tolerances is 66.6 Q. If the low response current is
used, the maximum resistance including all tolerances is 133
Q.

The optimal value of this component should be determined by
the system level communication, EMC, and ESD testing

The optimal value of this component should be determined by
the system level communication, EMC, and ESD testing®)

The optimal value of this component should be determined by
the system level communication, EMC, and ESD testing

The optimal value of this component should be determined
based on the system level micro-cut immunity requirement. To
achieve the specified power supply rejection, the minimum
value including all tolerances is 0.22 pF. The maximum
specified value including all tolerances is 2 pF.

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, ST recommends reducing the value of C2. The actual value depends on the bus configuration and number of

slaves.

DS15164 - Rev 1

Purpose

Vcc filtering and signal damping

IpaTa filtering and signal damping

Ve power supply decoupling and signal damping. For optimal
EMC performance, this component is to be placed as close to
the BUS_| and BUSRTN connector pins as possible.

Ve power supply decoupling. For optimal EMC performance,
this component is to be placed as close to the BUS_| and
BUSRTN pins as possible.

IpaTa Filtering and Signal Damping

For optimal EMC performance, this component is to be placed
as close to the VBUF and BUSRTN pins as possible.
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Application diagrams

3.2.2

R1

R2

R3

C1

C2

C3

c4

R4

M1

PSI5 daisy chain mode application diagram

Figure 4. PSI5 daisy chain mode application diagram

Vee 0 Vce
VBUF L1
IpATA . B8
J.
- =c2 =c3 — &
I Vss T T T Vss
= R3
BUSSW_L o
Vss out
aaa-030558

Table 5. PSI5 daisy chain mode external component recommendations(!) (2) (%)

General 82 Q, 5%, 200

purpose PPM

General 27 Q, 5 %, 200

purpose PPM

General 20 kQ, 5 %, 200

purpose PPM

Ceramic 2.2nF, 10 %, 50
V minimum, X7R

Ceramic 15 nF, 10 %, 50 V
minimum, X7R

Ceramic 470 pF, 10 %, 50
V minimum, X7R

Ceramic 0.47 pF, 10 %, 10
V minimum, X7R

General 100 kQ, 5 %, 200

purpose PPM

N-Channel | NTR4501NT1G,

MOSFET or similar

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 pin and the minimum operating voltage
of the device. To meet the minimum PSI5 operating voltage at
the module pin, the maximum resistance including all
tolerances is 89.0 Ohms.

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 pin. To meet the minimum PSI5
operating voltage at the module pin, the maximum resistance
including all tolerances is 66.6 Ohms. If the low response
current is used, the maximum resistance including all
tolerances is 133 Ohms.

The optimal value of this component should be determined by
the system level communication, EMC, and ESD testing.

The optimal value of this component should be determined by
the system level communication, EMC, and ESD testing.

The optimal value of this component should be determined by
the system level communication, EMC, and ESD testing.

The optimal value of this component should be determined by
the system level communication, EMC, and ESD testing.

The optimal value of this component should be determined
based on the system level micro-cut immunity requirement. To
achieve the specified power supply rejection, the minimum
value including all tolerances is 0.22 pF. The maximum
specified value including all tolerances is 2 pF.

The optimal value of this component should be determined by
the system level communication, EMC, and ESD testing.

The optimal value of this component should be determined by
the system level communication, EMC, and ESD testing.

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, ST recommends reducing the value of C2. The actual value depends on the bus configuration and number of

slaves.

DS15164 - Rev 1

V¢ filtering and signal damping

IpaTa filtering and signal damping

Gate resistor for external low side daisy chain FET

Ve power supply decoupling and signal damping. For optimal
EMC performance, this component is to be placed as close to
the BUS_| and BUSRTN connector pins as possible.

Ve power supply decoupling. For optimal EMC performance,
this component is to be placed as close to the BUS_| and
BUSRTN pins as possible.

IpaTa Filtering and Signal Damping

For optimal EMC performance, this component is to be placed
as close to the VBUF and BUSRTN pins as possible.

Gate pulldown resistor for external low side daisy chain FET

Low side daisy chain transistor

page 7/228
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Application diagrams

3.3 SPI application diagram

Figure 5. SPI application diagram

Vee
Vee SS B

SCLK
Vcceio [

MOSI
——

MISO
——»

PCM
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Table 6. SPI external component recommendations

Ve power supply decoupling. For optimal
EMC performance, this component is to

C1 Ceramic 0.1 pF, 10 %, 10 V Minimum, X7R be placed as close to the Vo and Vs
pins as possible.
3.4 I>’C application diagram
Figure 6. I*C application diagram
Vee Vee Vee
Vee
R1
SS B
R2 | |R3
VBUF
SCL .
= C{
Vss
SDA .

aaa-030561

Table 7. I’C external component recommendations

General purpose 1000 Q, 5 %, 200 PPM 12C selection pin pull-up resistor
R2 General purpose 1000 Q, 5 %, 200 PPM Serial clock pull-up resistor
R3 General purpose 1000 Q, 5 %, 200 PPM Serial data pull-up resistor
c1 Ceramic 0.1 pF, 10 %, 10 V Minimum, X7R V¢ power supply decoupling

DS15164 - Rev 1 page 8/228
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4 Block diagram
Figure 7. Single channel internal block diagram
BUFFER VBUF
BUS_I @ VOLTAGE 0 VBUF
REGULATOR
INTERNAL | /REG
L  VOLTAGE v,
REFERENCE | VREF REGULATOR REGA
VOLTAGE
BUS_I -3
oo ] oo
DECODER
Vss
oTP OSCILLATOR
»| PROGRAMMING > =
INTERFACE
> oTP
IDATA D ARRAY
l() l( SERIAL
) ENCODER 0SS B
CONTROL
LOGIC SPI
BUSRTN & le—J SCLK/SCL
DAA o Mos!
I L »0 MISO/SDA
I 12c
BUS_OO
ARMAND | o5 ARMIPCMO
BUSSW LO——<— | DAISY CHAIN PCM LOGIC
- SWITCH DRIVER
e e e e e e e e e e e e —————— 1
r-——c-n ] ]
I} OVER- 1] OE';S(':ET 1 DSP |
1 DAMPED | I |
I G-CELL I ] OFFSET !
| '_ " | MONITOR |
[l g e | [sne IR USER INTERPOLATION I
24 ! DIGITAL HPF output | !
| i CoNVERTER [F{FILTER | TRIM [ oo [ LPF [ Sense (H MTT - — scALING
L ; [ — | | scaLinG !
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aaa-030565
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5 Device orientation diagrams

Figure 8. Orientation diagram

(o) (o)
» gx XXXXXXX
bod I_Ly oo XXXXXXX
o o | 1 | ] +1 gl
/
Table 8. Single axis device orientation
| “%_f, i o L ] | l
Ch0:0g Ch0: +1 g Ch0:0g Ch0:-1g Ch0:0g Ch0:0g
Ch0:—1g Ch0:0g Ch0: +1 g Ch0:0g Ch0:0g Ch0:0g
Ch0:0g Ch0:0g Ch0:0g Ch0:0g Ch0: +1 g Ch0:-1g
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Pinning information

Pinning information

6.2

10

1"

12
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Pinning: SPI or I°C mode

Figure 9. Device pinout: SPI or I?*C mode

terminal 1 O 0O w O
index area L L L9

Vee | 1 17 12 | PCMO/ARMO

nc.| 2 11 | MISO/SDA
NXLS9xxx0

TESTO| 3 10 | MOSI

TEST1| 4 9 | SCLK/SCL

I

o ™ v Mm

b 5 2 22a-060084
w w

F o

Transparent topview

Pin description: SPI or I’C mode

Vee

n.c.

TEST

Vss

SS B

SCLK/SCL

MOSI

MISO/SDA

PCMO / ARMO

Table 9. Device pinout: SPI or I?°C mode

R e

Supply

No connect

Test Pin

Supply Return

Slave select

SPI Clock

SPI Data In

SPI Data Out

Channel 0 PCM
Channel 0 Arm

ST recommends that this pin be connected to V. Optionally, this pin can be
unterminated.

This pin is not connected internally. ST recommends that these pins be unterminated.
Optionally, this pin can be tied to Vss.

ST recommends that these pins be unterminated. Optionally, this pin can be tied to Vss.
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.

In I12C mode, this pin must be connected to Vgyg with an external pull-up resistor as shown

in Figure 6. I12C application diagram.

In SPI mode, this input pin provides the serial clock. An internal pull-down device is
connected to this pin.

In I2C mode, this input pin provides the serial clock. This pin must be connected to Vgyr
with an external pull-up resistor as shown in Figure 6. I?C application diagram.

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 I2C mode, ST recommends that this pin be unterminated. Optionally, this pin can be
connected to Vgs.

In SPI mode, this pin functions as the serial data output.

In I12C mode, this pin functions as the serial data input/output. This pin must be connected
to Vgyr with an external pull-up resistor as shown in Figure 6. I?C application diagram.

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-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.
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Pinning information

T

13,15, 16

17

6.3

6.4

4,6,12

3,5
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Vee

PAD

Supply

Die Attach Pad

If unused, or in I?°C mode, ST recommends that this pin be unterminated.

This pin is connected to the supply for the device. An external capacitor must be
connected between this pin and Vsg as shown in Figure 5. SP| application diagram and

Figure 6. I1>C application diagram.

This pin is the die attach flag, and must be connected to Vgs. See Section 13: Package
outlines for die attach pad connection details.

Pinning: DSI3 or PSI5 mode

Figure 10. Device pinout: DSI3 or PSI5 mode pinout

Z
terminal 1 E o % 5
index area o 8 3 <
Iﬁl 15|14 (|13
BUS O | 1 17 12 | TEST4
nc.| 2 11 | TEST_MISO
NXLS9xxx0
BUSSW L | 3 10 | TEST_MOSI
TEST1 | 4 9 | TEST_SCLK
I?I 6 7 8

aaa-060085

TEST_SS_B

Transparent topview

Pin description: DSI3 or PSI5 mode

BUS_O

NC

TEST

BUSSW _L

BUSRTN/Vss

TEST SS B

Table 10. Device pinout: DSI3 or PSI5 mode pinout

i i ame —Lostmion ——omsarmion

Supply Out

No Connect

Test Pin

Low Side Bus
Switch Driver

Supply Return

Slave select

This pin is connected to the IDATA pin through an internal sense resistor and provides the
supply connection to the next slave in a daisy chain configuration.

In DSI3 mode, an external capacitor must be connected between this pin and Vgg as
shown in Figure 2. DSI3 discovery mode application diagram.

In PSI5 mode, ST recommends that this pin be unterminated. Optionally, this pin can be
connected to IDATA.

This pin is not connected internally. ST recommends that these pins be unterminated.
Optionally, this pin can be tied to Vgs.

ST recommends that these pins be unterminated. Optionally, this pin can be tied to Vss.

In PSI5 daisy chain mode, these pins are connected to the gate of an N-channel FET
which connects BUSRTN to the next slave in the daisy chain. An external pulldown
resistor is required on the gate of the N-channel FET as shown in Figure 4. PSI5 daisy
chain mode application diagram. Note: both 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, ST recommends that this pin be unterminated. Optionally, this
pin can be tied to Vgs.

This pin is the supply return node.

ST recommends that this pin be unterminated. Optionally, this pin can be connected to
VBuUF-
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B .

ST recommends that this pin be unterminated. Optionally, this pin can be connected to

TEST_SCLK SPI Clock

Vss.
10 TEST MOSI SPI Data In \S/'Sl'srecommends that this pin be unterminated. Optionally, this pin can be connected to
11 TEST_MISO SPI Data Out This pin must be left unconnected.
This pin is connected to a buffer regulator for the internal circuitry. The buffer regulator
Power supplies the internal regulators to provide immunity from EMC and supply dropouts. An
13 VBUF external capacitor must be connected between this pin and Vgg as shown in
Supply Figure 2. DSI3 discovery mode application diagram, Figure 3. PSI5 parallel or universal
mode application diagram, and Figure 4. PSI5 daisy chain mode application diagram.
Supply and This pin is connected to the supply line and supplies power to the device. An external filter
15 BUS | o must be connected between this pin and BUSRTN as shown in Figure 2. DSI3 discovery
- Communlcahon mode application diagram, Figure 3. PSI5 parallel or universal mode application diagram,
Receiver and Figure 4. PSI5 daisy chain mode application diagram.
This pin modulates the response current for DSI3 and PSI5 communication. An external
16 IDATA Communication | filter must be connected between this pin and BUSRTN as shown in Figure 2. DSI3

Transmitter discovery mode application diagram, Figure 3. PSI5 parallel or universal mode application
diagram, and Figure 4. PSI5 daisy chain mode application diagram.

This pin is the die attach flag, and must be connected to Vgs. See Section 13: Package

7 PAD Die Attach Pad outlines for die attach pad connection details.
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7 Electrical characteristics

Section 7.1: Maximum ratings through Section 7.20: Dynamic electrical characteristics - supply and support
circuitry contain tables with "Test notes". The note identifiers cross reference to the identifiers and descriptions
found in Table 11. Test notes legend.

Table 11. Test notes legend

Indicates critical characteristic.

Parameter tested 100 % at final test. Temperature = —40 °C, 25 °C, and 105 °C, Vgys_| = 7 V, Unless otherwise
stated

Parameter tested 100 % at final test during safe launch

Parameter verified by pass/fail testing at final test

2
3
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.

Circuit integrity assured through IDDQ and scan testing. Timing is determined by internal system clock
frequency.

9 Parameter verified by functional evaluation

Thermal resistance provided with device mounted to a 2 layer, 1.6 mm FR4 PCB as documented in AN1902

10 with 1 signal layer and 1 ground layer.

Digital low-pass filter characteristics are specified independently and do not include g-cell characteristics.

1 Higher frequency filters will have lower system cut-off frequencies due to the g-cell damping.

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

Table 12. Maximum ratings

-_ Symee! n
notes

Supply Voltage (BUS_I/Vcc, IDATA, BUS_O)

3381 Reverse Current externally limited to < 160 mA, t < 100 ms BUS_Irev -0.7 \Y 6
3383 Continuous BUS_Iyax +20.0 \ 6
3384 VBUF VBUFMAX -0.3t0 +7.0 \ 6
3385 SCLK, SS_B, MOSI, MISO (High Z), PCMO/ARMO VIOMAX —0.3 to Vgyr +0.3 \% 6
3386 BUS_I/V¢c, IDATA, and BUS_O Continuous Current Isupmax 200 mA 6
3387 Powered Shock (six sides, 0.5 ms duration) Ypms +2000 g 5
3390 Unpowered Shock (six sides, 0.5 ms duration) Jshock +2000 g 5
3389 Powered Shock (six sides, 0.5 ms duration) pms +4000 g 9
3388 Unpowered Shock (six sides, 0.5 ms duration) Ishock +4000 g 9
3391 Drop Shock (to concrete, tile or steel surface, 10 drops, any orientation) hprop 1.5 m 5

Electrostatic Discharge (per AEC-Q100[4]), External Pins

3392 BUS_IVg, IDATA, BUS_O, BUSRTN, HBM (100 pF, 1.5 kQ) Vesp +4000 v 5
Electrostatic Discharge (per AEC-Q100[4])

3393 HBM (100 pF, 1.5 kQ) Vesp +2000 v 5

3395 CDM (R=00Q) Vesp +750 % 5
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-_ Smee! “
notes

Temperature Range

3396 Storage Tstg —55 to +150 °C 5
3397 Junction Ty —55 to +150 °C 7
3400 Thermal Resistance 64 47 °C/W 7.10

7.2 Operating range - DSI / PSI5

Table 13. Operating range - DSI / PSI5

- characteriste Symee! “-“ﬂ
notes

3398 DSI3 Supply Voltage (VyigH), Measured at BUS_| VHIGH
10468 DSI3 Supply Voltage (Vi ow) Measured at BUS_| N V Low 4.0 — — \Y 1
10467 PSI5 Supply Voltage (Excluding Sync Pulse) . Vpsis 4.0 - 16.5 \% 1
10466 Supply Voltage (Undervoltage) Veus__uv | VBus_luv_F — Viow_min \Y 3.6
10472 Supply Power On Ramp Rate VCCfRTAMPfSA 0.00001 — 10 V /s 6
Programming Voltage (lpp <5 mA, 10 °C < T4 £40 °C)
10469 Applied to BUS_I Vpp 9.0 10.0 11.0 \Y 3,6
ESD Operating Voltage (No Device Reset, Cgys_in = 220 pF)
\Y
10470 Maximum +15 kV Air Discharge, 330 pF, 2.0 kQ VBUS_I_ESD BUS_I_LOW_mi — 10.0 \Y 7,9
n
Operating Temperature Range T TH
10471 Production Tested Operating Temperature Range Ta —40 — +105 °C 1
10490 Guaranteed Operating Temperature Range TA -40 — +125 °C 56,7

7.3 Operating range - SPI/ I’C

Table 14. Operating range - SP1/ I>)C

- chareteriste Smee! “-““
notes

10501 Supply Voltage (Ve = Veur) Measured at Vgyr Vee BUF

10502 Supply Voltage (Vcc = Veur) Measured at Vgyr N Vce BUF 3.135 — — vV 1

10504 Supply Voltage (Undervoltage) Veuruv.op = VBUF UV F — Vee_BUF_min \Y 3.6

V

10509 Supply Power On Ramp Rate CCRAMP_SP | 6 00001 — 10 Vips 6

Operating Temperature Range T TH

10507 Production Tested Operating Temperature Range TaA -40 — +105 °C 1

10508 Guaranteed Operating Temperature Range TA -40 — +125 °C 56,7
7.4 Electrical characteristics - supply and 1/O

Table 15. Electrical characteristics - supply and 1/0

VBUS_I_L_min S (VBUSJ —Vgg) £ VBUS | H max, TLS Tas Ty, AT < 25 °C/min, unless otherwise specified

_ Charac‘eriSﬁC Symbo' ““m

Quiescent Supply Current
10512 Veus_I =4V, DSI, PSI5 N lg_a1 4.0 — 6.0 mA 1

Vgus_i =10V, DSI, PSI5 : g 10.1 4.0 — 6.0 mA 1
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e Test
- CharaCtensnc Symbo' ““ﬂ
4.0 — 6.5 mA 1

Vaus_| = 16.5 V, DSI, PSI5 : lq_10_1
10511 VBus_1 =20 V, DSI/ PSI5 : lq20.1 40 — 75 mA 1
10510 Vpus 1= 3.135 V, SPI, IC : lq 311 — — 6.0 mA 3,6

Response Current

10515 DSI Low . IR DsI_1 lg +10.5 lg+12.0 lg+13.5 mA 1
' . IR st 1+ IR psi_1+ IR psi 1+
1 DS _DSL DS 1
10519 DS! High R.DsL2 105 12.0 135 mA
10518 PSI5 Normal . IR_Psis lg+22.0 lg+26.0 Iq +30.0 mA 1
10517 PSI5 Low " IR PsI5_Low Ig+11.0 lg+13.0 Ig+15.0 mA 6
In-Rush Current (No external Components) tINRUSH — — 40 mA 6

Internally Regulated Voltage
10522 Internally Regulated Voltage (Vgur, Veus_1 =4 V, Veus_| =20 V) VBUF 2.85 3.00 3.15 \% 1

Low Voltage Detection Threshold

10523 BUS_| Falling, COMMTYPE =2, 3, 4,5, 6,7 * VausiuvF 3.85 3.95 4.00 v 3.6
BUS_ Falling, COMMTYPE =0, 1 VBus I uv o1 3.31 3.50 3.67 v 6
10542 Vgur Falling © VeuFuvF 264 274 2.84 v 3,6

Vgur External Capacitor

10525 Capacitance CVBUF 100 1000 2000 nF 7.9
10543 ESR (including interconnect resistance) ESR 0 — 200 mQ 7.9
DSI3 Vi ow Detection Threshold (Section 9.1.1: Command receiver)

VLow_min < (VBus_i — Vss) < VHIGH_max

VDELTA_THRE
SH

10526 Viow Detection Threshold Vyige - 1.25 Vhigh— 1.0 VhicH-0.75 \% 3,6

DSI3 Discovery Mode Current Sense (Section 9.2.3: DSI3 discovery mode: Address assignment method for resistor connected daisy chain devices)

10527 Sense Resistor Rsense 1.0 1.3 3.0 Q 6
10545 Iresp Detection Threshold (Igys_o_g < 24 mA) IRESP_Offset 6 12 18 mA 3,6
PSI5 Synchronization Pulse

Vpsi5_min < (VBus_I — Vss) < BUS_lyax

10528 DC Sync Pulse Detection Threshold AVsync V psis+1.0 V psis+1.5 V psi5+2.0 \% 3,6
10529 PSI5 Sync Pulse Pulldown Current Isync_Pp — Ir_psis — mA 7
Bus Switch Output

10530 High Voltage (BUSSW_L, I gaq = —100 pA) Veussw L oH | VeuF—0.35 — VBUF v 3,6
10546 Low Voltage (BUSSW_L, I oaq = 100 pA) VBussw L oL — — 0.1 v 3,6
Open-Drain Output (ARMO)

10549 Pulldown Current (ARMO, Varm = 1.5 V) loppp 10 20 100 WA 3,6
10536 Pullup Current (ARMO, Vagy = 1.5 V) lobPU -100 -20 -10 uA 3,6
Output High Voltage (MISO/SDA, PCMO/ARMO)

21205 Vgur = VCC, lioad =—1 mA VoH Vgur—0.2 — VBUF \% 3,6
10547 Vpur internally regulated, I gag = —1 MA VoH_sat Vgur — 0.2 — VBUF Y 3,6

Output Low Voltage (MISO/SDA, PCM0/ARMO0)

ILoad =2 MA VoL - — 0.4 \% 3,6
10537 Input High Voltage SS_B, SCLK/SCL, MOSI Vin 2.0 — — Vv 3,7
10560 Input Low Voltage SS_B, SCLK/SCL, MOSI Vi — — 1.0 V2 3,7
10561 Input Voltage Hysteresis SS_B, SCLK, MOSI VI_HysT — 0.250 — \% 7
10562 Input Current High (at Vi) (SCLK/SCL, MOSI) i 10 20 70 A 6
10565 Input Current Low (at Vi) (SS_B) i -70 -20 -10 PA 6
10563 MISO Output Leakage IMISo_Lkg -10 — 10 pA 6
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7.5

Electrical characteristics - temperature sensor signal chain

Table 16. Electrical characteristics - temperature sensor signal chain

VBUs_ | L_min < (VBUS | — Vss) < VBUS | H_max: TL < Ta < Ty, AT < 25 °C/min, unless otherwise specified

10520

10559

Characteristic

Temperature Measurement Range

Temperature Output at 25 °C

Range of Output (8 bit)

10558

10657

10556

Unsigned Temperature
Temperature Output Sensitivity (8 bit)

Temperature Output Accuracy (8 bit)

Temperature Output Noise RMS (8 bit)

10555

7.6

Standard Deviation of 50 readings, fsamp = 8 kHz

>mee “

TRANGE

Tos

TRANGE

Tsense

Tacc

Trvs

-50

83

93

1.10

Electrical characteristics - inertial sensor signal chain: High g

Table 17. Electrical characteristics - inertial sensor signal chain: High g

VBUS_I_L_min < (VBUS_I —Vsg) VBUS_I_H_max» TL £ Ta £ Ty, AT £ 25 °C/min, unless otherwise specified

Test

Sensitivity

Characteristic

Total Sensitivity Error Including Linearity (From Trim Target, Output @ 0 Hz)

10584

High g, lateral, or Z-Axis, verified with a 50 g Range

High g Standard Trim Range 12-bit Sensitivity Target, lateral, or Z-Axis

10612

Offset

10626

10583

+50 g Range ( 2047 LSB, U_SNS_SHIFT = 0x3, U_SNS_MULT = 0xDF)

Hi jtal ?ﬁset efore Offs tCan%eIIation 12-Bit, Lateral or Z-Axis
18 g (100 g Range, scales with user sensitivity sca mg;

Digital Offset After Offset Cancellation, lateral, or Z-Axis, All Ranges, 12 bit

Digital Offset After Offset Cancellation with rate limiter, lateral, or Z-Axis, All Ranges, 12 bit

Continuous Offset Monitor Limit (U_SNS_SHIFT = 0x2, U_SNS_MULT = 0x00)

10619

Sensor

12 bit: Scales with user gain, Highg=~15¢g

Range of Signed Output (SPI, DSI3, lateral, or Z-Axis, All Ranges)

10635

10628

10636

10637

Signed Sensor Data, 10 bit
Signed Sensor Data, 12 bit
Signed Error Code, 10 bit

Signed Error Code, 12 bit

Range of Unsigned Output (SPI, DSI3, lateral, or Z-Axis, All Ranges)

10638

10639

10640

Unsigned Sensor Data, 10 bit
Unsigned Sensor Data, 12 bit

Unsigned Error Code, 10 bit, 12 bit

Range of Signed Output (PSI5, lateral, or Z-Axis, All Ranges)

10634

Signed Sensor Data, 10 bit

Cross-Axis Sensitivity, lateral, or Z-Axis, All Ranges

10645

10647

Z-axis to X-Axis, Y-axis to X-Axis, Z-axis to Y-Axis, X-axis to Y-Axis

X-axis to Z-Axis, Y-axis to Z-Axis

Non-Linearity (12 bit, lateral, or Z-Axis, All Ranges)

10669

Differential Non-Linearity (No Missing Codes)

DS15164 - Rev 1

SENSgRRH

SENSs50H

OFFHigh_1
OFFCANC128it

OFFCANCRL 15

OFFmon

RANGEsjgned_10
RANGEsjgned_12
ERRsigned_10

ERRSignedJZ

RANG Eunswgnedj 0
RANG EUns\gnedJ 2

ERRUnsigned

RANGESjgned_10

Vzx, Vyx

Vxz,Vyz

DNL

38.9157

-100

-1

—164

=511

—2047

—480

-5

40.9639

-512

—2048

Test
notes
7,9

+160 °C
103 LSB 6,7
255 LSB 7,8,9
LsB/°C 6,7
+20 °C 6,7
+2 LSB 6,7

+5 % 1
43.0121 LSB/g 1
+100 LSB 1
+1 LSB 6.8,9
+2 LSB 7.8,9
+164 LSB 7,89
+511 LSB 7.8,9
+2047 LSB 7.8,9
_ LSB 7,8,9
_ LSB 7,8,9
1023 LSB 7.8,9
4095 LSB 7,89
_ LSB 7,8,9
+480 LsB 7,89
+5 % 6
+5 % 6
+1.0 LSB 7
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- cheracteriste Svmee “-“m
notes

10670 End Point Non-Linearity (Least Squares BFSL) +20.0

Supply Coupling (Cgyg = 1 uf, 12 bit, DSI3, PSI5, lateral, or Z-Axis, All Ranges)

10663 1kHz <f, <10 kHz, BUS_I =8.0 V £ 2.0 V (Represents PSI5 Sync Pulse) PSCpsis — — 1 LSB 6
10682 10 kHz = f, <100 kHz, BUS_I = 6.0 V £ 1.0 V (Represents DSI3 BRC) PSCpsiac — — 1 LsSB 6
10681 100 kHz < f, <1 MHz, BUS_I = 6.0 V + 0.5 V (Represents DSI3/PSI5 Response) PSCpsisr — — 1 LSB 6
10680 1 MHz < f, £20 MHz, BUS_I = 6.0 V + 0.1 V(Represents Response Harmonics) PSCsaTH — — 1 LSB 6

Supply Coupling (Cgyr = 0.1 pf, 12 bit, SPI, lateral, or Z-Axis, All Ranges)

10675 1kHz < f, <20 MHz, Vgyr =5.0V £ 0.1V PSCspis — — 2 LsB 6
10683 1kHz < f, <20 MHz, Vgyp =33V 0.1V PSCspi3 — — 2 LSB 6
Noise: Lateral Sensor

System Output Noise Peak (12 bit), High g Range = 125 g, Lateral

10653 Max. Deviation from Mean, Min. 2000 values, Min. fsamp = 2 kHz, LPF = 400 Hz, 4-Pole N NPeakX_400C —4 — +4 LSB 6
10655 Max. Deviation from Mean, Min. 50 values, Min. fsamp = 2 kHz, LPF = 400 Hz, 4-Pole N NPeakx_400T —4 — +4 LSB 1
System Output Noise Average (12 bit), High g Range = 125 g, Lateral

10654 Standard Deviation, Min. 2000 values, Min. fsamp = 2 kHz, LPF = 400 Hz, 4-Pole - NRMSX_400C — — +1.0 LSB 6
10656 Standard Deviation, Min. 50 values, Min. fsamp = 2 kHz, LPF = 400 Hz, 4-Pole N NRMSX_400T — — +1.0 LSB 1
Noise: Z-Axis Sensor

System Output Noise Peak (12 bit), High g Range = 125 g, Z-Axis

10659 Max. Deviation from Mean, Min. 2000 values, Min. fsamp = 2 kHz, LPF = 400 Hz, 4-Pole N NPeakz_400C -8 — +8 LSB 6
10661 Max. Deviation from Mean, Min. 50 values, Min. fsamp = 2 kHz, LPF = 400 Hz, 4-Pole N Npeakz_400T -8 — +8 LSB 1
System Output Noise Average (12 bit), High g Range = 125 g, Z-Axis

10660 Standard Deviation, Min. 2000 values, Min. fsamp = 2 kHz, LPF = 400 Hz, 4-Pole - NRMSZ_400C — — +2.0 LSB 6

10662 Standard Deviation, Min. 50 values, Min. fsamp = 2 kHz, LPF = 400 Hz, 4-Pole - NRMSZ_400T — — +2.0 LSB 1

The offset before offset cancellation scales with the user gain. The higher the gain (lower range), the higher the
offset. Table 18. High g adjusted offset specification limits lists the adjusted offset specification limits for some SPI
and DSI3 12-bit user gain settings.

Table 18. High g adjusted offset specification limits

User range (g) Offset (LSB, 12 bit)

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
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Note:

Table 19. PSI5, High g offset cancellation limits lists the offset before offset cancellation limits for some PSI5 10-
bit user gain settings.

Table 19. PSI5, High g offset cancellation limits

User range (g) Offset (LSB, 10 bit)

60 +40
120 +20
240 +10
480 +5

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. Table 20. Lateral, High g, SPI/DSI3 12-bit noise
specification and Table 21. Z-Axis, High g, SPI/DSI3 12-bit noise specification lists the adjusted specification limits
for some user gain settings and low-pass filter selections on the lateral, and Z-axis.

Peak values indicate the maximum deviation from the mean.

Table 20. Lateral, High g, SPI/DSI3 12-bit noise specification

LPF 400 Hz, 4p LPF 400 Hz, 3p LPF 180 Hz, 2p LPF 325 Hz, 3p LPF 1500 Hz, 4p LPF 800 Hz, 4p
User range

62.5
100
125
187
250
3125
375
500

User range

50
62.5
100
125
187
250
312.5
375
500

DS15164 - Rev 1

Peak Peak
LSB12 | LSB12 LsB12 | LSB12 | LSB12
bit bit i i bit bit bit
1 3 11 8 2 10 3 21 5 15 4
9 3 9 3 6 2 8 2 17 4 12 3
5 2 6 2 4 1 5 2 11 3 8 2
4 1 4 1 3 1 4 1 8 2 6 2
3 1 3 1 2 1 3 1 6 2 4 1
3 1 3 1 2 1 2 1 4 1 3 1
2 1 2 1 2 1 2 1 4 1 3 1
2 1 2 1 1 1 2 1 3 1 2 1
2 1 2 1 1 1 1 1 2 1 2 1

Table 21. Z-Axis, High g, SPI/DSI3 12-bit noise specification

LPF 400 Hz, 4p LPF 400 Hz, 3p LPF 180 Hz, 2p LPF 325 Hz, 3p LPF 1500 Hz, 4p LPF 800 Hz, 4p

Peak Peak
LSB12 | LSB12 LsB12 | LSB12 | LSB12
bit bit i i bit bit bit
21 6 22 6 15 4 20 5 41 30 8
17 5 18 5 12 3 16 4 33 9 24 6
11 3 11 3 8 2 10 3 21 6 15 4
8 2 9 2 6 2 8 2 16 4 12 3
6 2 6 2 4 1 6 2 11 3 8 2
5 2 5 2 3 1 4 1 9 2 6 2
4 1 3 1 3 1 3 1 7 2 5 2
3 1 3 1 2 1 2 1 6 2 4 1
3 1 3 1 2 1 2 1 5 1 3 1
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Table 22. Lateral, High g, PSI5 10-bit noise specification and Table 23. Z-Axis, High g, PSI5 10-bit noise
specification list the adjusted specification limits for some PSI5 10-bit user gain settings and low-pass filter
selections on the lateral, and Z-axis.

Table 22. Lateral, High g, PSI5 10-bit noise specification

LPF 400 Hz, 4p LPF 400 Hz, 3p LPF 800 Hz, 4p
User range
Peak Peak Peak
LSB 10 bit LSB 10 bit LSB 10 bit LSB 10 bit LSB 10 bit LSB 10 bit

60, PSI5

120, PSI5 2 0.5 2 0.6 2 0.8
240 PSI5 1 0.5 2 0.6 2 0.8
480 PSI5 1 0.5 2 0.6 2 0.8

Table 23. Z-Axis, High g, PSI5 10-bit noise specification

LPF 400 Hz, 4p LPF 400 Hz, 3p LPF 800 Hz, 4p
User range
Peak Peak Peak RMS
LSB 10 bit LSB 10 bit LSB 10 bit LSB 10 bit LSB 10 bit LSB 10 bit

60, PSI5 6 1.6

120, PSI5 3 0.6 3 0.7 4 0.9

240 PSI5 2 0.5 2 0.6 2 0.8

480 PSI5 1 0.5 2 0.6 2 0.8
7.7 Electrical characteristics - inertial sensor signal chain: Medium g

Table 24. Electrical characteristics - inertial sensor signal chain: Medium g

VBus_I_L_min < (VBus_I — Vss) < VBUS_|_H_max. TL < Ta < T, AT < 25 °C/min, unless otherwise specified

- CharaCteriStiC Symbo' ““m

Sensitivity
Total Sensitivity Error Including Linearity (From Trim Target, Output @ 0 Hz)
10585 Medium g, lateral, or Z-Axis, Verified with a 15 g Range - SENSEgRrrM -5 — +5 % 1

Medium g Standard Trim Range 12-bit Sensitivity Target, lateral, or Z-Axis

10602 +16 g Range (+2047 LSB, U_SNS_SHIFT = 0x3, U_SNS_MULT = 0xF0) . SENSp16m 121.5406 127.9375 134.3344 LSB/g 1

Offset

007 | R Qe Rl g " OFFuen 0= e0 | uss

10583 Digital Offset After Offset Cancellation, lateral, or Z-Axis, All Ranges, 12 bit OFFCANC12git -1 0 +1 LSB 6,89
Digital Offset After Offset Cancellation with rate limiter, lateral, or Z-Axis, All Ranges, 12 bit OFFCANCRL12git -2 0 +2 LSB 7,8,9

Continuous Offset Monitor Limit (U_SNS_SHIFT = 0x2, U_SNS_MULT = 0x00)

10619 12 bit: Scales with user gain, Mediumg=~5¢g OFFpmonN -164 — +164 LSB 7,8,9

Sensor

Range of Signed Output (SPI, DSI3, lateral, or Z-Axis, All Ranges)

10635 Signed Sensor Data, 10 bit RANGESigned_10 -511 — +511 LSB 7.8,9

10628 Signed Sensor Data, 12 bit RANGESigned_12 —2047 — +2047 LSB 7.8,9

10636 Signed Error Code, 10 bit ERRsigned_10 — -512 — LSB 7,8,9

10637 Signed Error Code, 12 bit ERRsigned_12 — —2048 — LSB 7.8,9

Range of Unsigned Output (SPI, DSI3, lateral, or Z-Axis, All Ranges)

10638 Unsigned Sensor Data, 10 bit RANGEynsigned_10 1 — 1023 LSB 7,89
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10639 Unsigned Sensor Data, 12 bit RANGEynsigned_12 4095

10640 Unsigned Error Code, 10 bit, 12 bit ERRunsigned — 0 — LSB 7,8,9
Range of Signed Output (PSI5, lateral, or Z-Axis, All Ranges)

10634 Signed Sensor Data, 10 bit RANGEsjgned_10 —-480 — +480 LSB 7.8,9
Cross-Axis Sensitivity, 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 -5 — +5 % 6
10647 X-axis to Z-Axis, Y-axis to Z-Axis Vxz, Vyz -5 — +5 % 6
Non-Linearity (12 bit, lateral, or Z-Axis, All Ranges)

10669 Differential Non-Linearity (No Missing Codes) N DNL — — +1.0 LSB 7
10670 End Point Non-Linearity (Least Squares BFSL) N INL — — +20.0 LSB 6

Supply Coupling (Cgyr = 1 uf, 12 bit, DSI3, PSI5, lateral, or Z-Axis, All Ranges)

10663 1kHz < f, <10 kHz, BUS_I =8.0 V + 2.0 V (Represents PSI5 Sync Pulse) PSCpgis — — 1 LsSB 6
10682 10 kHz = f,, = 100 kHz, BUS_| = 6.0 V + 1.0 V (Represents DSI3 BRC) PSCpsiac — — 1 LSB 6
10681 100 kHz < f, <1 MHz, BUS_I = 6.0 V + 0.5 VV (Represents DSI3/PSI5 Response) PSCpsizr — — 1 LSB 6
10680 1 MHz < f, <20 MHz, BUS_I = 6.0 V + 0.1 V(Represents Response Harmonics) PSCsatH — — 1 LSB 6

Supply Coupling (Cgyg = 0.1 pf, 12 bit, SPI, lateral, or Z-Axis, All Ranges)

10675 1 kHz < f, <20 MHz, Vgug =5.0V £ 0.1V PSCspis — — 2 LSB 6
10683 1kHz < f, <20 MHz, Vgyr =3.3V 0.1V PSCspi3 — — 2 LsB 6
Noise: Lateral Sensor

System Output Noise Peak (12 bit), Medium g Range = 50 g, Lateral

10653 Max. Deviation from Mean, Min. 2000 values, Min. fsamp = 2 kHz, LPF = 400 Hz, 4-Pole * NPeakX_400C —4 — +4 LSB 6
10655 Max. Deviation from Mean, Min. 50 values, Min. fsamp = 2 kHz, LPF = 400 Hz, 4-Pole - NPeakX_400T —4 — +4 LSB 1
System Output Noise Average (12 bit), Medium g Range = 50 g, Lateral

10654 Standard Deviation, Min. 2000 values, Min. fsamp = 2 kHz, LPF = 400 Hz, 4-Pole N NRMSX_400C — — +1.0 LSB 6
10656 Standard Deviation, Min. 50 values, Min. fsamp = 2 kHz, LPF = 400 Hz, 4-Pole N NRMSX_400T — — +1.0 LSB 1
Noise: Z-Axis Sensor

System Output Noise Peak (12 bit), Medium g Range = 50 g, Z-Axis

10659 Max. Deviation from Mean, Min. 2000 values, Min. fsamp = 2 kHz, LPF = 400 Hz, 4-Pole N Npeakz_400C -8 — +8 LSB 6
10661 Max. Deviation from Mean, Min. 50 values, Min. fsamp = 2 kHz, LPF = 400 Hz, 4-Pole - NPeakz_400T -8 — +8 LSB 1
System Output Noise Average (12 bit), Medium g Range = 50 g, Z-Axis

10660 Standard Deviation, Min. 2000 values, Min. fsamp = 2 kHz, LPF = 400 Hz, 4-Pole * NRMSZ_400C — = +2.0 LsSB 6

10662 Standard Deviation, Min. 50 values, Min. fsamp = 2 kHz, LPF = 400 Hz, 4-Pole - NRMSZ_400T — — +2.0 LSB 1

The offset before offset cancellation scales with the user gain. The higher the gain (lower range), the higher the
offset. Table 25. Medium g, SPI/DSI3 12-bit offset specification lists the adjusted offset specification limits for
some SPI and DSI3 12-bit user gain settings.

Table 25. Medium g, SPI/DSI3 12-bit offset specification

User range (g) Offset (LSB, 12 bit)

15.5 +162
16 +157
20 +126
25 +100
35 72
50 +50
60 +42

DS15164 - Rev 1 page 21/228




‘_ NXLS9xxx0AES
’l Electrical characteristics

User range (g) Offset (LSB, 12 bit)

62 +41
62.5 +41
75 +34
85.3 +30
100 +25
105 +24
112.5 +23
125 21
128 +20
150 17

Table 26. Medium g, PSI5 10-bit offset specification lists the offset before offset cancellation limits for some PSI5
10-bit user gain settings.

Table 26. Medium g, PSI5 10-bit offset specification

User range (g) Offset (LSB, 10 bit)

15 +40
20 +30
30 +20
60 +10
120 +5

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. Table 27. Lateral, Medium g, SPI/DSI3 12-bit
noise specification lists the adjusted specification limits for some user gain settings and low-pass filter selections.

Note: Peak values indicate the maximum deviation from the mean.

Table 27. Lateral, Medium g, SPI/DSI3 12-bit noise specification

LPF 400 Hz, 4p LPF 400 Hz, 3p LPF 180 Hz, 2p LPF 325 Hz, 3p LPF 1500 Hz, 4p LPF 800 Hz, 4p

User range Peak Peak Peak Peak Peak Peak
(9) LSB 12 LSB 12 LSB 12 LSB 12 LSB 12 LSB 12 LSB 12 LSB 12 LSB 12 LSB 12 LSB 12
bit bit bit bit bit bit bit i bit bit bit bit
15.5 14 14 10 13 4 26 20 5
25 9 3 9 3 6 2 8 2 17 4 12 3
50 4 1 5 1 3 1 4 1 8 2 6 2
62.5 4 1 4 1 3 1 4 1 7 2 5 2
100 3 1 3 1 2 1 2 1 4 1 3 1
125 2 1 2 1 2 1 2 1 4 1 3 1
150 2 1 2 1 1 1 2 1 3 1 2 1
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Table 28. Z-axis, Medium g, SPI/DSI3 12-bit noise specification

LPF 400 Hz, 4p LPF 400 Hz, 3p LPF 180 Hz, 2p LPF 325 Hz, 3p LPF 1500 Hz, 4p LPF 800 Hz, 4p

User range

15.5 27 7 28 7 20 5 25 7 53 14 39 10
25 17 5 18 5 12 3 16 4 33 9 24 6
50 8 2 9 2 6 2 8 2 16 4 12 3

62.5 7 2 7 2 5 2 7 2 13 4 10 3
100 5 1 5 2 3 1 4 1 9 2 6 2
125 4 1 4 1 3 1 4 1 7 2 5 2
150 3 1 3 1 2 1 3 1 6 2 4 1

Table 29. Lateral, Medium g, PSI5 10-bit noise specifications and Table 30. Z-axis, Medium g, PSI5 10-bit noise
specification list the adjusted specification limits for some PSI5 10-bit user gain settings and low-pass filter
selections.

Table 29. Lateral, Medium g, PSI5 10-bit noise specifications

LPF 400 Hz, 4p LPF 400 Hz, 3p LPF 800 Hz, 4p
User range
(@

Peak Peak Peak
LSB 10 bit LSB 10 bit LSB 10 bit LSB 10 bit LSB 10 bit LSB 10 bit

30, PSI5 2 0.5 3
60, PSI5 1 0.5 2 0.6 2 0.8
120, PSI5 1 0.5 2 0.6 2 0.8

Table 30. Z-axis, Medium g, PSI5 10-bit noise specification

LPF 400 Hz, 4p LPF 400 Hz, 3p LPF 800 Hz, 4p
User range
()]

Peak RMS Peak RMS Peak RMS
LSB 10 bit LSB 10 bit LSB 10 bit LSB 10 bit LSB 10 bit LSB 10 bit
0.8 4 0.9 5 1.2

30, PSI5 4

60, PSI5 2 0.5 3 0.6 3 0.8

120, PSI5 1 0.5 2 0.6 2 0.8
7.8 Electrical characteristics - inertial sensor self-test

Table 31. Electrical characteristics - inertial sensor self-test

VBus_I_L_min < (VBus_I — Vss) < VBUS_| H_max: TL S Ta < Th, AT < 25 °C/min, unless otherwise specified

- CharaCteriStic Symbo' ““m

Med g Lateral Self-test, 62 g, U_SNS_SHIFT = 0x2, U_SNS_MULT = 0x00 ASTmiN ASTnom ASTmax
Low self-test, 14.80 g, 10-bit Signed Delta from Offset STmL_s2x_10 54 121 188 LSB 7
High self-test, 44.50 g, 10-bit Signed Delta from Offset STmH_62x_10 220 367 511 LSB 7
Low self-test, 14.80 g, 12-bit Signed Delta from Offset STuL_s2x_12 218 485 752 LSB 7
High self-test, 44.50 g, 12-bit Signed Delta from Offset STMH_62><_12 881 1470 2047 LSB 7
Low self-test, 14.80 g, 16-bit SPI/PSI5 Extended Signed Delta from Offset STML_SZX_16 3456 7744 12032 LSB 7
High self-test, 44.50 g, 16-bit SPI/PSI5 Extended Signed Delta from Offset STmH_62x_16 14080 23488 32767 LSB 7

10687 Low self-test, 14.80 g, 16-bit Signed SNSDATAXx Register Delta from Offset * STuL_62x_13 436 970 1504 LSB 1
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10688 High self-test, 44.50 g, 16-bit Signed SNSDATAXx Register Delta from Offset
Med g Z-Axis Self-test, 62 g, U_SNS_SHIFT = 0x2, U_SNS_MULT = 0x00

Low self-test, 10.28 g, 10-bit Signed Delta from Offset

High self-test, 27.47 g, 10-bit Signed Delta from Offset

Low self-test, 10.28 g, 12-bit Signed Delta from Offset

High self-test, 27.47 g, 12-bit Signed Delta from Offset

Low self-test, 10.28 g, 16-bit SPI/PSI5 Extended Signed Delta from Offset

High self-test, 27.47 g, 16-bit SPI/PSI5 Extended Signed Delta from Offset
30134 Low self-test, 10.28 g, 16-bit Signed SNSDATAX Register Delta from Offset
30135 High self-test, 27.47 g, 16-bit Signed SNSDATAX Register Delta from Offset
High g Lateral Self-test, 187 g, U_SNS_SHIFT = 0x2, U_SNS_MULT = 0x00

Low self-test, 18.33 g, 10-bit Signed Delta from Offset

High self-test, 55.00 g, 10-bit Signed Delta from Offset

Low self-test, 18.33 g, 12-bit Signed Delta from Offset

High self-test, 55.00 g, 12-bit Signed Delta from Offset

Low self-test, 18.33 g, 16-bit SPI/PSI5 Extended Signed Delta from Offset

High self-test, 55.00 g, 16-bit SPI/PSI5 Extended Signed Delta from Offset
10685 Low self-test, 18.33 g, 16-bit Signed SNSDATAXx Register Delta from Offset
10686 High self-test, 55.00 g, 16-bit Signed SNSDATAXx Register Delta from Offset
High g Z-Axis Self-test, 187 g, U_SNS_SHIFT = 0x2, U_SNS_MULT = 0x00

Low self-test, 27.63 g, 10-bit Signed Delta from Offset

High self-test, 75.04 g, 10-bit Signed Delta from Offset

Low self-test, 25.40 g, 12-bit Signed Delta from Offset

High self-test, 75.04 g, 12-bit Signed Delta from Offset

Low self-test, 27.63 g, 16-bit SPI/PSI5 Extended Signed Delta from Offset

High self-test, 75.04 g, 16-bit SPI/PSI5 Extended Signed Delta from Offset
30136 Low self-test, 27.63 g, 16-bit Signed SNSDATAX Register Delta from Offset
30137 High self-test, 75.04 g, 16-bit Signed SNSDATAX Register Delta from Offset
High self-test Accuracy: A from Stored Value, including Sensitivity Error
(12 bit, Lateral or Z-Axis, All Ranges)
10678 25 °C, Post Pre-conditioning
10690 —40°C<sTps125°C
Self-test Delta Offset: A Offset from Pre-Self-test to Post Self-test
(12 bit, Lateral or Z-Axis, All Ranges)
10692 25°C
10692 —40°C<Tp<125°C

Digital Self-test Before Offset Cancellation

44629 Digital Self-test 0xC, 16-bit Signed SNSDATAXx Register Value
44630 Digital Self-test 0xD, 16-bit Signed SNSDATAX Register Value
44631 Digital Self-test OxE, 16-bit Signed SNSDATAx Register Value
44632 Digital Self-test 0xF, 16-bit Signed SNSDATAx Register Value

DS15164 - Rev 1

STmH_62x_13

STwL_62z 10
STMH_627_10
STuL_s2z_12
STMH_627_12
STmL 622 16
STMH_627_16
STwuL_62z_13

STwH_622_13

SThL_187x_10
STHH_187X_10
SThL_187%_12
SThH_187x_12
STHL_187x_16
SThH_187x_16
SThL_187x_13

SThH_187x_13

SThL_187z_10
SThH_1872_10
SThi_1872_12
SThH_1872_12
SThL_1872_16
SThH_1872_16
STHL_1872_13

SThHH_1877_13

ASTHACC_25P

ASTHACC_T

ASTOFF_25

ASTOFF_T

DSTco
DSTpo
DSTgo

DSTro

1763
ASTyin
34
136
139
544
2176
8708
278
1088
ASTyin
24
90
99
361
1536
5760
198
723
ASTyin
31
123
125
492
1984

7885

985

-10

-2

E77F
OFA3
EFA2

07B7

2939
ASTnom
85
227
340
907
5432
14514
679
1814
ASTnom
55
150
220
603
3520
9600
440
1206
ASTnom

76

303
821
4840
13143
660

1643

E780
OFA4
EFA3

07B8

4115
ASTmax
135
318
540
1270
8640
20320
1080
2540
ASTumax
86
212
341
845
5504
13568
682
1689
ASTmax

120

480
1150
7680
18400

960

2300

+2

+10

+2

+4

E781
OFAS5
EFA4

07B9

LsB 7
LsB 7
LsB 7
LsB 7
LsB 7
LsB 7
LsB 1
LsB 1
LsB 7
LsB 7
LsB 7
LsB 7
LsB 7
LsB 7
LsB 1
LsB 1
LsB 7
LsB 7
LsB 7
LsB 7
LsB 7
LsB 7
LsB 1
LsB 1
% 6
% 1
LsB 1
LsB 1
HEX 7
HEX 7
HEX 7
HEX 7
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7.9 Electrical characteristics - lateral inertial sensor overload

Table 32. Electrical characteristics - lateral inertial sensor overload

VBUs_ | L_min < (VBUS | — Vss) < VBUS | H_max: TL < Ta < Ty, AT < 25 °C/min, unless otherwise specified

# Characteristic Symbol Min Typ Max Units n?:;
Acceleration Range, Lateral Transducer

10694 Medium g Jg-cell_ClipMedX +500 — — g 7
10693 High g 9g-cell_ClipHiX +2000 — - ] ’
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

7.10 Electrical characteristics - Z-axis inertial sensor overload

Table 33. Electrical characteristics - Z-axis inertial sensor overload

VBus I L_min < (VBus_| — Vss) < VBUS | H_max, TL < Ta < T, AT < 25 °C/min, unless otherwise specified

» . Test
_ characteriste Symee! ““

Acceleration Range, Z-Axis Transducer

10698 Medium g 9g-cell_ClipMedZ + 500 — — g 7

10699 High g 9g-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) 9Dig_ClipHizHi + 1500 — — g 7
7.1 Dynamic electrical characteristics - DSI3

Table 34. Dynamic electrical characteristics - DSI3

VBus | L_min < (VBuUs_I — Vss) < VBUS | H max: TL = Ta = Ty, AT <25 °C/min, unless otherwise specified

- CharaCteris“c symbo' ““m

Command Reception (General)

10709 VHhigH low-pass filter time constant (Section 9.1.1: Command receiver) tvHIGH_RC 60 120 180 Ms 7.9
10722 VyicH Detection Analog Delay (Section 9.1.1: Command receiver) tVHIGH_Delay — — 600 ns 7.9
10721 Command Valid time (Section 9.1.1: Command receiver) tcmd_valid — 2 — Hs 7.9

Response Transmission (General, Slew Control Enabled, Section 9.3.3: DSI3 command and response mode timing)

10710 Response Slew Time: 2.0 mA to 10.0 mA, 10.0 mA to 2.0 mA tSLEW1_RESP 350 400 500 ns .79
10726 Response Slew Time: 4.0 mA to 20.0 mA, 20.0 mA to 4.0 mA tSLEw2_RESP 350 400 500 ns 17,9
10725 tsLEw1_RESP — tSLEw2_RESP Ats|Ew -100 — 100 ns 79
10724 tSLEW1_RESP_Rise — ISLEW2_RESP_Fall AtsLew_if -250 — 250 ns e
10723 Response Current Activation Time: Current Activated to 50 % tACT_RESP 200 — 400 ns 3,79

Response Transmission (General, Slew Control Disabled, Section 9.3.3: DSI3 command and response mode timing)

10727 Response Slew Time: 2.0 mA to 10.0 mA, 10.0 mA to 2.0 mA thSLEW1_RESP — — 300 ns 7.9
10728 Response Slew Time: 4.0 mA to 20.0 mA, 20.0 mA to 4.0 mA thSLEw2_RESP —_ — 300 ns 7.9
10729 tsLEw1_REsP — tsLEw2_RESP AtnsLew -300 — 300 ns 79
10730 tSLEW1_RESP_Rise — {SLEW2_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 9.2: Address assignment ) tSTART_DISC tPoR_DsI — 13.5 ms 7,8,9

10734 Command Bit Time (Section 9.2: Address assignment ) toisc_BitTime 14 16 18 'S 7,89
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10733 Command Transmission Period (Section 9.2: Address assignment ) tpER_DISC

10732 Command Blocking Time, Discovery Mode (Section 9.1.1: Command receiver) tcmdBlock_DISC — 80 — us 7,89

Response Transmission (Discovery Mode)

30078 Idle Current Sample Delay (Section 9.2: Address assignment ) toisc_pLy — 48 — us 7,8,9
30079 Idle Current Sample Time (Section 9.2: Address assignment ) toisc_icca_samp — 15 — us 7,89
10718 Response Start Delay (Section 9.2: Address assignment ) tSTART_DISC_RSP — 64 — us 7,8,9
10738 Response Ramp Time (Section 9.2: Address assignment ) toisc_Ramp_RsP — 16 — us 7,8,9
10737 Response Ramp Rate (Section 9.2: Address assignment ) IDISC_Ramp — 15 — mA/us 7,8,9
10736 Response Idle Time (Section 9.2: Address assignment ) toisc_idle RSP — 16 — Us 7,89
10735 Response Peak Current (Section 9.2: Address assignment ) Ipisc_Peak — 2*Iresp — mA 7,8,9
30081 Response Current Sample Delay (Section 9.2: Address assignment ) tipisc_samp_Dly — 65 — us 7,8,9
30080 Response Current Sample Time (Section 9.2: Address assignment ) tipisc_samp — 31 — us 7.8,9
C Reception (C 1d and Response Mode)

10717 Command Bit Time (Section 9.3: DSI3 command and response mode) tcmd_BitTime — 8 — Us 7,8,9
10741 Command Transmission Period (Section 9.3: DSI3 command and response mode) tPER_CRM 475 — — Hs 7,89
10740 Command Blocking Time, CRM (Section 9.1.1: Command receiver) tcmdBlock_CRM — 455 — Hs 7,8,9
10739 Command Blocking Start Time, CRM (Section 9.1.1: Command receiver) tcmdBlock_ST_CRM — 290 — Us 7,89
Response Trar ission (C 1d and Resy Mode)

10716 Response Chip Time tCHIP_CRM — 5 — us 7,8,9
10742 Response Start Time (Section 9.3: DSI3 command and response mode) tSTART CRM — 295 — us 7.8,9

Command Reception (Periodic Data Collection Mode)

Command Bit Time (Section 9.4: DSI3 periodic data collection mode and background

. _ _ 7,8,9
10715 diagnostic mode) tema_sittime 8 us

Command Transmission Period (Section 9.4: DSI3 periodic data collection mode and _ _ 789
10743 background diagnostic mode) {PER_PDCM 50 s o
Response Transmission (Periodic Data Collection Mode)
10714 Response Chip Time Typical (Section 8.2.15.4: Chip time (CHIPTIME)) tcHIP_PDCM 1.0 — 5.0 us 7,8,9
10746 Min Programmed Start Time: PDCM_RSPSTx < 0x0015 tSTART_PDCM_Min — 20 — us 7.8,9

. )
10745 Min Programmed Start Time: BDM Enabled START_PDCMBDMMi — 51 — us 7.8,9
n

10744 Max Programmed Start Time: PDCM_RSPSTx = 0x1FFF tSTART_PDCM_Max — 8191 — Us 7,8,9

Response Transmission (Background Diagnostic Mode)

49314 Response Chip Time tcHIP_BDM = tcHIP_PDCM — us 7.8,9
Response Start Time (Section 9.4: DSI3 periodic data collection mode and background _ _ 789

10747 diagnostic mode) {START_BOM 20 Hs o

10712 DSI Data Latency tLAT DsI 0 — 2.00 Hs 7.8

OTP Program Timing

10711 Time to program an OTP User Region toTP_WRITE_MAX — — 10 ms 7.8,9

712 Dynamic electrical characteristics - PSI5

Table 35. Dynamic electrical characteristics - PSI5

VBUS_I_L_min < (VBUS_I —Vsg) VBUS_I_H_max» TL £ Ta £ Th, AT £ 25 °C/min, unless otherwise specified

- CharaCteriStic Symbo' ““ﬂ

Initialization Timing

10748 Phase 1 tpsi5_INIT1 — 133 — ms 7,8,9
10758 Phase 2 (Synchronous Mode, k = 4, ts.g = 500 ps) tpsis_INIT2_10s — 256 * ts.s — s 7,8,9
10757 Phase 2 (Asynchronous Mode, k = 8) tpsI5_INIT2_10a — 512 * tasyne — s 7,89
10756 Phase 3 (Synchronous Mode, ts.g = 500 ps) tpsi5_INIT3_10s — 2*tgg — s 7,8,9
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10755 Phase 3 (Asynchronous Mode) tPsI5_INIT3_10a — 2 *tasyNe

10754 PSI5 Self-test Start Time tpsIsST_START — 30 — ms 7,8
10753 PSI5 Self-test Time, including Post OC Startup Offset tsT — 223 — ms 78
41756 Programming Mode Entry Window temE — 127 — ms 7,89

Synchronization Pulse

10759 Reset to first sync pulse (Program Mode Entry) trs_pm 6 — — ms 7,8,9
10779 Reset to first sync pulse (Normal Mode) trs tpsI5_INIT1 — — s 7,8,9
10778 Sync Pulse Period ts-s 175 — — us 7.8,9
10777 Sync Pulse Width tsync 9 — — us 7,8,9
10776 Sync Pulse Reference LPF time constant tsync_LPF 120 280 — us 7.9
10775 Sync Pulse Reference Discharge Start Time tSYNC_LPF_RST_ST — 9.0 — Hs 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 7.8,9
10772 Analog Delay of Sync Pulse Detection ta_sync_pLy 50 — 600 ns 7.9
10771 Sync Pulse Pulldown Function Delay Time tpp_pLY — 9.0 — Hs 7.9
10770 Sync Pulse Pulldown Function Activate Time tpp_oN — 16 — Hs 7.8
10769 Sync Pulse Detection Jitter tsync_uiT 0 — 0.5 us 7.8

Data Transmission Single Bit Time
10768 Data Transmission Single Bit Time (PSI5 Standard Bit Rate) tBIT_Standard — 8.00 — Us 7.8,9
10767 Data Transmission Single Bit Time (PSI5 High Bit Rate) tBIT_HI — 5.30 — Hs 7,8,9

Response Current Transmission (No external Components)

10766 Response Slew Time: 20 % to 80 % of Ir_psis tSLEW1_RESP 350 400 500 ns 1.7.9
10765 Position of bit transition (All except 5.3 us) tBittrans_LowBaud 49 50 51 % 89
10780 Position of bit transition (5.3 us) tBittrans_HighBaud 49 51 % 89
Time Slots

10764 Asynchronous Response Time tasYNG — 228 — Hs 7,8,9
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 7.8,9
10789 Default Time Slot (PDCM_RSPSTx = 0x0000) tTIMESLOT_DFLT — 20 — us 7,8,9
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 7,8,9
10786 Sync pulse to Daisy Chain Default Time Slot 1 (Low) tTIMESLOT_DC1_L — 192 — us 7.8,9
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 7,8,9
10783 Sync pulse to Daisy Chain Default Time Slot 2 (High) trIMESLOT DC2_H — 260 — us 7,8,9
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 7.8,9

Data Latency

10762 PSI5 Data Latency tLAT Psis 0 — 1.00 Us 7.8
Bus Switch Output Activation Time (C = 50 pF)

10761 From last bit of "SetAdr" Response to 80 % of Vgus_sw_oH tgus_sw 300 Us 7
PSI5 Programming Mode

PSI5 Programming Mode Sync Pulse Perlijod, L .
10760 The user'must provide a sync pulse period within this range to guarantee Programming ts.s PM 245 250 255 us 7.8,9

Mode communications
PSI5 Programming Mode Command Blanking Time tSYNC_OFF_250 — 200 — us 7.8,9
Daisy Chain Mode

aisy Chain Mode Sync Pulse Period
39810 ?he %ser must prowsc\!/e a sync pulse period within this range to guarantee communications ts-s pc 490 500 510 us 789
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OTP Program Timing

10793 Time to program one OTP User Region toTP_WRITE_MAX — — 10 ms 7,8,9

713 Dynamic electrical characteristics - SPI

Table 36. Dynamic electrical characteristics - SPI

Vee BUF min S (VBus | — Vss) € Vec BUF maxs TL S Ta S Ty, AT < 25 °C/min, unless otherwise specified

# Characteristic Symbol Min Typ Max Units nT:;ts
Serial Interface Timing (See Figure 97. SPI timing diagram, Cyso < 80 pF, Rmiso 2 10 kQ)
10794 Clock (SCLK) period (10 % of Vg to 10 % of Veg) tscLk 88 — — ns 6
10801 Clock (SCLK) high time (90 % of V¢ to 90 % of Vc) tscLKH 30 . — ns 6
10802 Clock (SCLK) low time (10 % of Vg to 10 % of V) tSCLKL 30 — — ns 6
10800 Clock (SCLK) risetime (10 % of Ve to 90 % of V) tscLKR — 10 25 ns 7
10803 Clock (SCLK) fall time (90 % of Vg to 10 % of Vec) tSCLKF — 10 25 ns 7
10799 SS_B asserted to SCLK high (SS_B = 10 % of V¢ to SCLK = 10 % of V¢g) tLEAD 50 — — ns 6
10798 SS_B asserted to MISO valid (SS_B = 10 % of Vg to MISO = 10/90 % of Vcc) taCCESS — — 50 ns 6
10797 Data setup time (MOSI = 10/90 % of Vg to SCLK = 10 % of V¢c) tseTuP 20 — — ns 6
10796 MOSI Data hold time (SCLK = 90 % of V¢ to MOSI = 10/90 % of Veg) tHoLD_IN 10 — — ns 6
10804 MISO Data hold time (SCLK = 90 % of V¢c to MISO = 10/90 % of V¢c) tHoLp_ouT 0 — — ns 6
10795 SCLK low to data valid (SCLK = 10 % of V¢ to MISO = 10/90 % of Vg) tvaALID — — 30 ns 6
10807 SCLK low to SS_B high (SCLK = 10 % of V¢ to SS_B = 90 % of V) tLac 60 — — ns 6
10806 SS_B high to MISO disable (SS_B = 90 % of V¢ to MISO = High Z) tDISABLE — — 60 ns 6
10808 SCLK low to SS_B low (SCLK = 10 % of V¢ to SS_B = 90 % of V) tcikss 50 — — ns 6
10815 SS_B high to SCLK high (SS_B = 90 % of V¢ to SCLK = 90 % of Vg) tsscLk 50 _ _ ns 7
10818 SPI Data Latency tLAT_spi — — 1 us 7.8
SS_B high to SS_B low (SS_B = 90 % of V¢ to SS_B = 90 % of V¢c)
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_UFo1 50 — — us 6
Time Between Sensor Data Requests
10810 Time Between Sensor Data Requests (SPI Only, Arm Enabled) tacc_REQ_x 15 — — Hs 6
Arming Output Activation Time (ARMO, Iagy = 200 pA)
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
Pin Capacitance

Pin Capacitance (MISO, MOSI, SCLK, SS_B to VSS) CspI_PIN — — 10 pF 7

714 Dynamic electrical characteristics - I°C

Table 37. Dynamic electrical characteristics - I>C

Vee BUF min < (VBus_1 — Vss) < Vcc BUF _maxs 1L < Ta < Ty, AT < 25 °C/min, unless otherwise specified

- CharaCteris“c symbo' ““m

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

10819 100 kHz Mode tscLk_100 9.50 — — 'S 6
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— — us 6

10820 400 kHz Mode tscLk_400 2.37

10821 1000 kHz Mode tscLk_1000 1.00 — — Hs 6

Clock (SCL) High Time (70 % of V¢ to 70 % of V)

10823 100 kHz Mode tscLH_100 4.00 — — s 6
10837 400 kHz Mode tSCLH_400 0.60 — — s 6
10836 1000 kHz Mode (note: not compliant with UM10204(1] tscLH_1000 0.50 — — us 6

Clock (SCL) Low Time (30 % of V¢ to 30 % of V)

10835 100 kHz Mode tscLL_100 4.70 — — us 6
10839 400 kHz Mode tscLL 400 1.30 — — us 6
10838 1000 kHz Mode tscLL_1000 0.50 — — Us 6

Clock (SCL) and Data (SDA) Risetime (30 % of V¢ to 70 % of Vcc)

10834 100 kHz Mode tSRISE_100 — — 1000 ns 6
10841 400 kHz Mode tsRISE_400 — — 300 ns 6
10840 1000 kHz Mode tSRISE_1000 — — 120 ns 6

Clock (SCL) and Data (SDA) Fall Time (70 % of V¢ to 30 % of V)

10833 100 kHz Mode tSFALL_100 — — 300 ns 6
10844 400 kHz Mode tSFALL_400 — — 300 ns 6
10843 1000 kHz Mode tSFALL_1000 — — 120 ns 6

Data Input Setup Time (SDA = 30/70 % of V¢ to SCL = 30 % of V¢c)

10832 100 kHz Mode tSETUP_100 250 — — ns 6
10846 400 kHz Mode tseTUP_400 100 — — ns 6
10845 1000 kHz Mode tSETUP_1000 50 — — ns 6

Data Input Hold Time (SCL = 70 % of V¢¢ to SDA = 30/70 % of V¢c)

10831 100 kHz Mode tHoLD_100 0 — 900 ns 6
10848 400 kHz Mode tHoLD_400 0 — 900 ns 6
10847 1000 kHz Mode tHoLD_1000 0 — 300 ns 6

Start Condition Setup Time (SDA = 30/70 % of V¢ to SCL = 30 % of V)

10830 100 kHz Mode tSTARTSETUP_100 4.70 — — Us 6
10851 400 kHz Mode tSTARTSETUP_400 0.60 — —_ Hs 6
10850 1000 kHz Mode {STARTSETUP_1000 0.26 — — us 6

Start Condition Hold Time (SCL = 70 % of V¢ to SDA = 30/70 % of V()

10829 100 kHz Mode tSTARTHOLD_100 4.00 — — Hs 6
10853 400 kHz Mode tSTARTHOLD_400 0.60 — — Hs 6
10852 1000 kHz Mode tSTARTHOLD_1000 0.26 — — s 6

Stop Condition Setup Time (SDA = 30/70 % of V¢ to SCL = 30 % of Vcc)

10828 100 kHz Mode tSTOPSETUP_100 4.00 — — Hs 6
10855 400 kHz Mode tsTOPSETUP_400 0.60 - — Hs 6
10854 1000 kHz Mode tSTOPSETUP_1000 0.26 — — Hs 6

SCLK low to data valid (SCL = 30 % of V¢ to SDA = 30/70 % of V)

10827 100 kHz Mode tvALID_100 — — 3.45 Hs 6
10857 400 kHz Mode tvALID_400 — — 0.90 Hs 6
10856 1000 kHz Mode tvALID_1000 — — 0.45 s 6

Bus Free Time (SDA =70 % of V¢ to SDA =70 % of V¢c)

10826 100 kHz Mode tFREE_100 4.00 — — us 6
10859 400 kHz Mode tFREE_400 1.30 — — Hs 6
10859 1000 kHz Mode teREE_ 1000 0.50 — — us 6

Bus Capacitive Load
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— 400 pF 7.9

10825 Bus Capacitive Load Cgus —

715 Dynamic electrical characteristics - signal chain, low-pass filter

Table 38. Dynamic electrical characteristics - signal chain, low-pass filter
VBUS | L_min < (VBUS_I —Vgg) £ VBus_ | H_mins TLS TA< Ty, AT <25 °C/min, unless otherwise specified
# Characteristic Symbol Min Typ Max Units Test notes

DSP Low-Pass Filters Sample Times

tiaChaino,

10872 SAMPLERATE = 00, 01 . SigChain00 _ 16 _ us 7,89
tsigchaino1

10872 SAMPLERATE = 10 : tsigchainto — 32 _ us 7,89

10871 SAMPLERATE = 11 : tsigchaint1 — 64 _ us 7,89

DSP Low-Pass Filters (Signal Chain Sample Time = 16 ps)

21379 Cutoff Frequency, Filter Option #0, and #2, 4-Pole N feo_16, fo2_16 — 400 — Hz 7,8,9, 11
21380 Cutoff Frequency, Filter Option #1, and #3, 3-Pole N fe1_16, fe3_16 — 400 — Hz 7,8,9, 11
21381 Cutoff Frequency, Filter Option #4, 3-Pole N fea_16 — 325 — Hz 7,8,9, 11
21382 Cutoff Frequency, Filter Option #5, 2-Pole N fes_16 — 370 — Hz 7,8,9,11
21383 Cutoff Frequency, Filter Option #6, 2-Pole N fee_16 — 180 _ Hz 7,8,9,11
21384 Cutoff Frequency, Filter Option #7, 2-Pole N fe7_16 — 100 — Hz 7,8,9, 11
21385 Cutoff Frequency, Filter Option #8, 4-Pole N fes_16 — 1500 — Hz 7,8,9, 11
26413 Cutoff Frequency, Filter Option #9, 4-Pole N feo 16 — 500 — Hz 7,8,9, 11
10860 Cutoff Frequency, Filter Option #10, 4-Pole N fe10_16 — 800 — Hz 7,8,9,11
10870 Cutoff Frequency, Filter Option #11, 3-Pole N fe11_16 — 1200 — Hz 7.8,9,11
10869 Cutoff Frequency, Filter Option #12, 3-Pole N fe12_16 — 120 — Hz 7,8,9, 11

Cutoff Frequency, Filter Option #13, 3-Pole : fc13_16 — 20,000 — Hz 7,8,9,11
10868 Cutoff Frequency, Filter Option #14, 2-Pole N fo14_16 — 120 — Hz 7,8,9, 11
38364 Cutoff Frequency, Filter Option #15, 2-Pole N fe15_16 — 50 — Hz 7,8,9,11

DSP Low-Pass Filters (Signal Chain Sample Time = 32 ps)

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 N fe1 32, fe3 32 — 200 — Hz 7,8,9, 11
38380 Cutoff Frequency, Filter Option #4, 3-Pole N fea_32 — 162.5 — Hz 7,8,9,11
38381 Cutoff Frequency, Filter Option #5, 2-Pole N fes_32 — 185 _ Hz 7,8,9, 11
38382 Cutoff Frequency, Filter Option #6, 2-Pole N fes_32 — 90 — Hz 7,8,9, 11
38383 Cutoff Frequency, Filter Option #7, 2-Pole N fe7_32 — 50 — Hz 7,8,9, 11
38384 Cutoff Frequency, Filter Option #8, 4-Pole N feg 32 — 750 — Hz 7,8,9, 11
38385 Cutoff Frequency, Filter Option #9, 3-Pole N feo_32 — 250 — Hz 7,8,9, 11
38386 Cutoff Frequency, Filter Option #10, 4-Pole N fe10_32 — 400 — Hz 78,9, 11
38387 Cutoff Frequency, Filter Option #11, 4-Pole N fe11_32 — 600 — Hz 7,8,9, 11
38388 Cutoff Frequency, Filter Option #12, 3-Pole N fe12.32 — 60 — Hz 7,8,9, 11

Cutoff Frequency, Filter Option #13, 2-Pole fe13_32 — 10,000 — Hz 7,8,9, 11
38389 Cutoff Frequency, Filter Option #14, 2-Pole N fo14_32 — 60 — Hz 7,8,9,11
38390 Cutoff Frequency, Filter Option #15, 4-Pole N fe15_32 — 25 — Hz 7,8,9, 11

DSP Low-Pass Filters (Signal Chain Sample Time = 64 pus)

38365 Cutoff Frequency, Filter Option #0, and #2, 4-Pole N feo_64 fe2_64 — 100 — Hz 7,8,9, 11
38366 Cutoff Frequency, Filter Option #1, and #3, 3-Pole N fo1_64, fo3_64 — 100 — Hz 7,8,9,11
38367 Cutoff Frequency, Filter Option #4, 3-Pole N fea_64 — 81.25 _ Hz 7,8,9, 11
38368 Cutoff Frequency, Filter Option #5, 2-Pole N fes_64 — 92.75 — Hz 7,8,9, 11
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38369 Cutoff Frequency, Filter Option #6, 2-Pole N fes_64 — 45 — Hz 7,8,9, 11
38370 Cutoff Frequency, Filter Option #7, 2-Pole N fe7_64 — 25 — Hz 7,8,9, 11
38371 Cutoff Frequency, Filter Option #8, 4-Pole N fes_64 — 375 _ Hz 7,8,9, 11
38372 Cutoff Frequency, Filter Option #9, 3-Pole N feo 64 — 125 — Hz 7,8,9, 11
38373 Cutoff Frequency, Filter Option #10, 4-Pole N fc10 64 — 200 — Hz 7,8,9, 11
38374 Cutoff Frequency, Filter Option #11, 4-Pole N fe11_64 — 300 — Hz 7,8,9, 11
38375 Cutoff Frequency, Filter Option #12, 3-Pole N fo12_64 — 30 — Hz 7,8,9, 11

Cutoff Frequency, Filter Option #13, 2-Pole N fe13_64 — 5,000 — Hz 7,8,9, 11
38376 Cutoff Frequency, Filter Option #14, 2-Pole N fe14 64 — 30 — Hz 7,8,9,11
38377 Cutoff Frequency, Filter Option #15, 4-Pole N fc15 64 — 12.5 — Hz 7,8,9,11

7.16 Dynamic electrical characteristics - signal chain

Table 39. Dynamic electrical characteristics - signal chain

VBUS | L_min < (VBUS_I —Vgg) £ VBus_ | H_mins TLS TA< Ty, AT <25 °C/min, unless otherwise specified

# Characteristic Symbol Min Typ Max Units n1;)etzts
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 7.8
10875 Time in Phase 0 toco — 4.096 — ms 7.8
10888 Sample Time, Phase 1 tocsamP1 — 256 — Hs 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
10885 Sample Time, Phase 2 tocsamp2 — 256 — Us 7.8
10886 Cutoff Frequency, Phase 2, 1-Pole foc2 — 10.24 — Hz 7.8
10887 Time in Phase 2 toc2 — 16.388 — ms 7.8
10900 Sample Time, Phase 3 tocsAMP3 — 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
10897 Sample Time, Phase 4 tocsAMP4 — 256 — Hs 7.8
10898 Cutoff Frequency, Phase 4, 1-Pole foca — 0.6400 — Hz 7.8
10899 Time in Phase 4 toca — 262.19 — ms 7.8
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
39811 Sample Time, Phase 6a tocsAMPea — 256 — us 7.8
39812 Cutoff Frequency, Phase 6a, 1-Pole * focsa — 0.0400 — Hz 7.8
39813 Sample Time, Phase 6b tocsamPeb — 1024 — us 7,8
39814 Cutoff Frequency, Phase 6b, 1-Pole * foceb — 0.005 — Hz 7.8
Offset Cancellation Output Rate Limiting (0.04 Hz Offset LPF only)
10882 Rate Limiting Output Update Time tRL_Rate — 2 — s 7.8,9
10903 Rate Limiting Output Step Size (10 bit) OFFstep1o — 0.5 — LSB 7,89
Rate Limiting Output Step Size (16 bit, PSI5, SPI) OFFstep16 — 32 — LSB 7.8
Offset Monitor
10883 Update Rate OFFMONopsc — 0.5 — ms 7.8
10905 Count Limit OFFMONcNTLIMIT — 4096 — 1 7.8
10904 Counter Size OFFMONcnTsIZE — 8192 — 1 7.8
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# Characteristic Symbol Min Typ Max Units nToetsets
Signal delay
10881 Signal Delay (Sinc Filter to Output Delay, excluding LPF) tsigDelay — — 128 Hs 7.8
Interpolation
20923 tsigchain = tsigchain00s tsighain01 tNTERP_00, 01 — 1 . us 7.8
20922 tsigchain = tsigchaino2 tNTERP_02 — 2 — us 7.8
20921 tsigchain = tsigchain03 tNTERP_03 — 4 — s 78
10877 Interpolation Latency tLAT_INTERP — tsigChainxx — s ne
717 Dynamic electrical characteristics - analog self-test response time
Table 40. Dynamic electrical characteristics - analog self-test response time
VBus | L min S (VBus_ I — Vss) < VBUS_ | H_mins TL S Ta < Ty, AT <25 °C/min, unless otherwise specified
# Characteristic Symbol Min Typ Max units  Test
Self-test Response Time: Self-test Activation/Deactivation to 99 %/1 % gst
Medium g, Lateral
10878 Medium g Lateral, LPF = 800 Hz, 4-Pole tST_Resp_MedX_800_4 750 795 1020 s 7.8
44634 Medium g Lateral, LPF = 1500 Hz, 4-Pole tST_Resp_MedX_1500_4 395 415 725 us 7.8
38147 Medium g Lateral, LPF = 400 Hz, 4-Pole tST_Resp_MedX_400_4 1510 1590 1810 Us 7.8
38151 Medium g Lateral, LPF = 400 Hz, 3-Pole tST_Resp_MedX_400_3 1420 1490 1710 us 7.8
38150 Medium g Lateral, LPF = 180 Hz, 2-Pole tST_Resp_Medx_180_2 3030 3190 3470 us 7.8
38149 Medium g Lateral, LPF = 300 Hz, 4-Pole tST_Resp_MedX_300_4 2010 2120 2360 s 7.8
38148 Medium g Lateral, LPF = 188 Hz, 4-Pole tST_Resp_MedX_188_4 3210 3380 3680 Us 7.8
High g, Lateral
38152 High g Lateral, LPF = 800 Hz, 4-Pole tST Resp_HiX_800_4 750 795 892 us 7.8
44636 High g Lateral, LPF = 1500 Hz, 4-Pole tST Resp_HiX_1500_4 395 415 490 us 7.8
38153 High g Lateral, LPF = 400 Hz, 4-Pole tST_Resp_HiX_400_4 1510 1590 1720 s 7.8
38154 High g Lateral, LPF = 400 Hz, 3-Pole tST_Resp_Hix_400_3 1420 1490 1620 us 7.8
38155 High g Lateral, LPF = 180 Hz, 2-Pole ST _Resp_HiX_180_2 3030 3190 3400 Us 7.8
38156 High g Lateral, LPF = 300 Hz, 4-Pole tST_Resp_HiX_300_4 2010 2120 2280 us 7.8
38157 High g Lateral, LPF = 188 Hz, 4-Pole tST_Resp_HiX_188_4 3210 3380 3600 s 7.8
Medium g, Z-Axis
38158 Medium g Z-Axis, LPF = 800 Hz, 4-Pole ST _Resp_Medz_800_4 750 795 1010 us 7.8
44637 Medium g Z-Axis, LPF = 1500 Hz, 4-Pole ST _Resp_Medz_1500_4 395 415 710 us 7.8
38159 Medium g Z-Axis, LPF = 400 Hz, 4-Pole tST_Resp_Medz_400_4 1510 1590 1810 us 7.8
38160 Medium g Z-Axis, LPF = 400 Hz, 3-Pole tST Resp_MedZ 400 3 1420 1490 1700 us 7.8
38161 Medium g Z-Axis, LPF = 180 Hz, 2-Pole tST_Resp_Medz_180_2 3030 3190 3470 Us 7.8
38162 Medium g Z-Axis, LPF = 300 Hz, 4-Pole ST _Resp_Medz_300_4 2010 2120 2360 Us 7.8
38163 Medium g Z-Axis, LPF = 188 Hz, 4-Pole ST _Resp_Medz_188 4 3210 3380 3680 Us 7.8
High g, Z-Axis
38164 High g Z-Axis, LPF = 800 Hz, 4-Pole tST Resp_HiZ 800_4 750 795 994 bs 7.8
44638 High g Z-Axis, LPF = 1500 Hz, 4-Pole tST_Resp_Hiz_1500_4 395 415 675 us 7.8
38165 High g Z-Axis, LPF = 400 Hz, 4-Pole tST_Resp_Hiz_400_4 1510 1590 1800 Us 7.8
38166 High g Z-Axis, LPF = 400 Hz, 3-Pole tST_Resp_Hiz_400_3 1420 1490 1690 Us 7.8
38167 High g Z-Axis, LPF = 180 Hz, 2-Pole tST_Resp_Hiz_180_2 3030 3190 3470 us 78
38168 High g Z-Axis, LPF = 300 Hz, 4-Pole tST Resp_Hiz 3004 2010 2120 2360 ps 7.8
38169 High g Z-Axis, LPF = 188 Hz, 4-Pole tST_Resp_Hiz_188_4 3210 3380 3680 us 7.8
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718 Dynamic electrical characteristics - digital self-test response time

Table 41. Dynamic electrical characteristics - digital self-test response time

VBUs_ I L_min < (VBUS_| — Vss) < VBUS | H_min» TL < Ta < Ty, AT < 25 °C/min, unless otherwise specified

Self-test Response Time: Self-test Activation/Deactivation to Final Value

44639 LPF <60 Hz tDST Resp_50 — — 50 ms 7.8

44641 60 Hz < LPF < 200 Hz tDST Resp_100 — — 25 ms 7.8

44640 300 Hz < LPF = 1500 Hz DST_Resp_400 — — 12 ms 7.8

38176 Fixed Pattern Response Time: Self-test Activation/Deactivation tST_FP_Resp — — 100 us 7.8
719 Dynamic electrical characteristics - transducer

Table 42. Dynamic electrical characteristics - transducer

VBUS | L min < (VBUS_I —Vgg) £ VBus | H_mins TLS TA< Ty, AT <25 °C/min, unless otherwise specified

» . Test
_ characteriste Symee! ““

Lateral Transducer Rolloff Frequency (-3 db)

10917 Medium g Tgcell_3dB_mid 1500 2500 4500 Hz 7
10915 High g fgcell_3dB_hi 4000 7000 13000 Hz 7
Lateral Transducer Delay (@100 Hz)

10921 Medium g focell_delay100_mid — — 250 ps !
10919 High g fgcell_delay100_hi — — 250 s 7
Z-Axis Transducer Rolloff Frequency (-3 db)

10923 Medium g fgcell_3dB_mid 1500 2500 4500 Hz 7
10925 High g fgcell_3dB_hi 1500 2500 7500 Hz 7
Z-Axis Transducer Delay (@100 Hz)

10927 Medium g fqcell_delay100_mid — — 250 ps !
10929 High g fgcell_delay100_hi — — 250 s 7
Package Resonance Frequency

10912 Package Resonance Frequency frackage 100 — — kHz 7

7.20 Dynamic electrical characteristics - supply and support circuitry

Table 43. Dynamic electrical characteristics - supply and support circuitry

VBus_I L min < (VBus_I — Vss) < VBUS_I_H_min, TL < Ta < T, AT < 25 °C/min, unless otherwise specified

- CharaCteriStiC Symbo' ““m

Reset Recovery (All Modes, excluding Vgys_| voltage ramp time)

10930 VCC = VCCMIN to POR Release tvcc_PorR — — 1 ms 7,8,9
10939 POR to first DSI Command (Section 9.1: DSI3 physical layer) tPor_DsI — — 6 ms 7,8,9
10938 POR to PSI5 Initialization Phase 1 Start (Section 10.4: Initialization) tPoR_Psi5 — — 6 ms 7,8

10937 POR to first SPI Command tPOR_sPI 0.400 — 0.700 ms 7.8,9
10936 POR to Sensor Data Valid tPOR_DataVvalid — — 30 ms 7,89
10935 DSP Setting Change to Sensor Data Valid: DS3, SPI, I)C tRANGE_Datavalid — — 6 ms 7,89

Soft Reset Activation Time

10934 SPI: SS_B high to Reset {SOFT_RESET_SPI — — 700 ns 7,8
30152 12C: Command Complete to Reset (No ACK follows) tSOFT_RESET_I2C — — 700 ns 7.8
30151 DSI3: Command/Response Complete to Reset tSOFT_RESET_DSI — — 1" us 7.8
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- cheracterste Smee! “-“m
notes

41495 PSI5: Command/Response Complete to Reset
Internal Oscillator Period

10933 Untrained

10940 With Oscillator Training

Oscillator Training (Section 8.5.1: Oscillator training)

10932 Oscillator Training Time

10942 Oscillator Cycles in Training Time

10944 Oscillator Training Window

10943 Oscillator Training Adjustment Threshold
10941 Oscillator Training Step Size

Quiescent Current Settling
10946 Quiescent Current Settling Time (Power Applied to Iq = lip_g + 2 mA)

BUS_I Micro-cut

10931 Survival Time (BUS_| disconnect without Reset, Cgyr=1 WF, Bus with 1 slave)
10952 Reset Time (BUS_| disconnect time to Reset, Cgyr=1 pF, Bus with 1 slave)
10953 Survival Time (BUS_I disconnect without Reset, Cgyr=470 nF, Bus with 1 slave)
10954 Reset Time (BUS_| disconnect time to Reset, Cgyr=470 nF, Bus with 1 slave)

BUS_I Undervoltage Detection Delay

10947 BUS_I < Vgus_|_uv_F to Iresp Deactivation
Vgur Undervoltage Detection Delay

10958 VBUF < VBUF_uv_F to Iresp Deactivation
Undervoltage/Overvoltage Recovery Delay

10957 Undervoltage/Overvoltage Recovery Delay

Vgur Capacitor Monitor

36817 DSI Command Start to Capacitor Test

36821 PSI5 Synchronous Command Start to Capacitor Test
36823 PSI5 Asynchronous Response Start to Capacitor Test
36822 Capacitor Test Disconnect Time

DS15164 - Rev 1

tSOFT_RESET_PsI

fosc

fosc_TrRAIN

toscTrain
NosC_ams_TYP
OscTrainyn
OscTrainapy

OscTrainges

tseT

tBus_I_mIcrRoCUT

tBUS_I_RESET

tBus_I_MICROCUT

tBUs_I_RESET

tBuS_I_POR

tvBUF_POR

tuvov_Rrcv

to_capTEST

tp_CAPTEST

tA_cAPTEST

tcAPTST_TIME

9.560

9.900

10.000

10.000

100

3.0

9.2

179.2

10.440

10.100

42000

400

1000

1000

MHz 1,7,8,9
MHz 7.8,9
ms 7.8
1ffosc ne
1ffosc 7.8
fosc 7.8
1ffosc 78
ms 7.9
us 7.9
us 7,9
us 7,9
us 7,9
s 7
s 7
ps !
ps !
s 7
s 7
s 7
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8 Functional description

8.1.1

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.

User accessible data - general device information

Table 44. User accessible data - general device information

I N S I ) S S

$00 COUNT COUNT[7:0]
R $01 DEVSTAT CHO_ERR RESERVED 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 RESERVED TEMPO_ERR RESERVED RESERVED
R $04 DEVSTAT3 MISO_ERR OSCTRAIN_ERR RESERVED RESERVED RESERVED RESERVED RESERVED RESERVED
R $05 COMMREV 0 0 0 0 COMMREV[3:0]
R $06 MREAD_STAT RESERVED RESERVED RESERVED RESERVED RESERVED RESERVED MARGIN_RD_ACT = MARGIN_RD_ERR
R $07-$0D = RESERVED RESERVED
R $0E TEMPERATURE TEMP[7:0]
R $OF RESERVED RESERVED

8.1.2

User accessible data - communication information

Table 45. User accessible data - communication information

I 2 S S

DEVLOCK_WR ENDINIT RESERVED RESERVED RESERVED SUP_ERR_DIS RESERVED RESET[1:0]
RIW $11 WRITE_OTP_EN UOTP_WR_INIT MARGIN_RD_EN RESERVED RESERVED EX_COMMTYPE EX_PADDR UOTP_REGION[1:0]
RIW $12 BUSSW_CTRL RESERVED RESERVED RESERVED RESERVED RESERVED RESERVED BUSSW_CTRLI[1:0]
RIW $13 PSI5_TEST RESERVED RESERVED RESERVED RESERVED RESERVED RESERVED RESERVED PSI5_TEST
RIW $14 UF_REGION_W REGION_LOAD[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 $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 ST_RPT[1:0] PSI5_ERRLATCH SS_EN CHIPTIME[3:0]
UF2 $24 TIMING_CFG2 PSI5_INIT2_D19 OSCTRAIN_ERRCNT[2:0] CAPTEST_OFF 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-$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-$3C  RESERVED RESERVED
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I S SO N O S S

$3D SPI_CFG SPI_STATUS DATASIZE
UF2 $3E WHO_AM_I
UF2 $3F 12C_ADDRESS

1. Memory Type Codes
R - Readable Register with No OTP
F — User Readable Register with OTP
UFO0 — 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

8.1.3

SPI_CRC_LENJ[1:0]

SPICRCSEED[3:0]
WHO_AM_I[7:0]

12C_ADDRESS]7:0]

User accessible data - sensor specific information

Table 46. User accessible data - sensor specific information

_———_———

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] MOVEAVG[1:0]

UF2 $43 CHO_CFG_U4 RESET_OC INVERT OC_FILT[1:0] PCM ARM_CFG[2:0]

UF2 $44 CHO_CFG_U5 ST_CTRL[3:0] OC_LIMIT[2:0] DSP_DIS

UF2 $45 CHO_ARM_CFG ARM_DS[1:0] ARM_PSI[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 $48-34F | RESERVED RESERVED

UF2 $50 OC_PHASE_CFG CHO_OCFINAL RESERVED RESERVED RESERVED RESERVED RESERVED RESERVED RESERVED
UF2 $51-$54 | RESERVED RESERVED

UF2 $55 CHO_U_OFFSET_L CHO_U_OFFSET[7:0]

UF2 $56 CHO_U_OFFSET_H CHO_U_OFFSET[15:8]

UF2 $57-$5E | RESERVED RESERVED

F $5F CRC_UF2 LOCK_UF2 0 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 RESERVED 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_SNSDATA1_L CHO_SNSDATA1[7:0]

R $65 CHO_SNSDATA1_H CHO_SNSDATA1[15:8]

R $66-$9F | RESERVED RESERVED

1. Memory Type Codes
R - Readable Register with No OTP
F — User Readable Register with OTP
UFO0 — 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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8.1.4 User accessible data - sensor specific information

Table 47. User accessible data - sensor specific information

CHO_CFG_F DEV_RANGE[3:0] RESERVED RESERVED AXIS[1:0]
F $A1 RESERVED RESERVED

F $A2 CHO_STL_P_L CHO_STL_P[7:0]

F $A3 CHO_STL_P_H CHO_STL_P[15:8]

F $A4 CHO_STH_P_L CHO_STH_P[7:0]

F $A5 CHO_STH_P_H CHO_STH_P[15:8]

F $A6 CHO_STL_N_L CHO_STL_N[7:0]

F $A7 CHO_STL_N_H CHO_STL_N[15:8]

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 $AF CRC_F_A LOCK_F_A REGA_BLOCKID[2:0] CRC_F_A[3:0]
F $BO-$BE  RESERVED RESERVED

F $BF CRC_F_B LOCK_F_B REGB_BLOCKID[2:0] CRC_F_B[3:0]

1. Memory Type Codes
R - Readable Register with No OTP
F — User Readable Register with OTP
UFO0 - 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

8.1.5 User accessible data - traceability information

Table 48. User accessible data - traceability information

I 2 S S O

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 PN1[7:0]

F $C6 SNO SNI[7:0]

F $C7 SN1 SN[15:8]

F $C8 SN2 SN[23:16]

F $C9 SN3 SN[31:24]

F $CA SN4 SN[39:36] = DEVICE_REV[3:0] SN[35:32]
F $CcB ASICWFR# ASICWFRH[T:0]

F scc ASICWFR_X ASICWFR_X[7:0]

F $CD ASICWFR_Y ASICWFR_Y[7:0]

F $CE DVCREVID RESERVED DVCREVID[3:0]
F SCF CRC_F_C LOCK_F_C REGC_BLOCKID[2:0] CRC_F_C[3:0]
F $D0 ASICWLOT L ASICWLOT_L[7:0]

F $D1 ASICWLOT_H ASICWLOT_H[7:0]

F $D2 TRNSTWFR_X TRNSTWFR_X[7:0]

F $D3 TRNSTWFR_Y TRNSTWFR_Y[7:0]

F $D4 TRNSTLOT_L TRNSILOT_L[7:0]

F $D5 TRNS1LOT_H TRNS1LOT_H[7:0]
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F $D6-$D9 | RESERVED RESERVED
F $DA TRNSTWFR# TRNS_ASSY_REV[2:0] TRNS1WFR#[4:0]
F $DB-$DE  RESERVED RESERVED
F $DF CRC_F_D LOCK_F_D REGD_BLOCKID[2:0] CRC_F_D[3:0]
UF0 SEO USERDATA_0 USERDATA_0[7:0]
UF0 SE1 USERDATA_1 USERDATA_1[7:0]
UF0 $E2 USERDATA_2 USERDATA_2[7:0]
UFO SE3 USERDATA 3 USERDATA_3[7:0]
UF0 SE4 USERDATA_4 USERDATA_4[7:0]
UF0 SE5 USERDATA 5 USERDATA_5[7:0]
UF0 SE6 USERDATA_6 USERDATA_6[7:0]
UF0 SE7 USERDATA_7 USERDATA_7[7:0]
UF0 SE8 USERDATA_8 USERDATA_8[7:0]
UF0 SE9 USERDATA_9 USERDATA_9[7:0]
UF0 SEA USERDATA_A USERDATA_A[7:0]
UF0 $EB USERDATA_B USERDATA_B[7:0]
UFO $EC USERDATA_C USERDATA_CI[7:0]
UFO $ED USERDATA_D USERDATA_DI[7:0]
UF0 SEE USERDATA_E USERDATA_E[7:0]
F $EF CRC_UFO LOCK_UFO REGE_BLOCKID[2:0] CRC_UFO0[3:0]
UF1 $F0 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 SFA USERDATA_1A USERDATA_1A[7:0]
UF1 $FB USERDATA_1B USERDATA_1B[7:0]
UF1 SFC USERDATA_1C USERDATA_1C[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]

1. Memory Type Codes
R - Readable Register with No OTP
F — User Readable Register with OTP
UFO0 — 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

8.2 Register definitions

8.21 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 prescaler divides the primary oscillator frequency by 1000. Thus, the value in
the register increases by one count every 100 us and the counter rolls over every 25.6 ms.

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

DS15164 - Rev 1 page 38/228




NXLS9xxx0AES

Functional description

Table 49. Rolling counter register (COUNT)

N N N 2
COUNT COUNTI[7:0]
Reset Value 0 0 0 0 0 0 0 0
8.2.2 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, 1°C mode or PSI5 Programming Mode.

Table 50. Device status registers (DEVSTATX)

Location

=l =1 1 o I & &1 = I = 1 5 I 5|

DEVSTAT CHO_ERR RESERVED COMM_ERR MEMTEMP_ERR SUPPLY_ERR TESTMODE DEVRES DEVINIT

Reset Value 1 0 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 RESERVED 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

8.2.2.1 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]

8.2.2.2 Communication error flag (COMM_ERR)
The communication error flag is set if any bit in DEVSTAT3 is set:
COMM_ERR = MISO_ERR | OSCTRAIN_ERR

8.2.2.3 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 | TEMPO_ERR

8.2.24 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_ERR | 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 tyvov_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

Table 51. Supply error flag (SUPPLY_ERR).
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Table 51. Supply error flag (SUPPLY_ERR)

SUP_ERR_ | DSI3 and SPI operating modes PSI5 operating modes I’C operating modes
DIS (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.

° A read of the DEVS.TAH register clears No transmissions occur if the timer is No response until the supply monitor
all supply errors, using any non-zero. The error is cleared when the | timer expires.
communication interface or on a data . )
transmission that includes the error in timer reaches zero and normal A read of the DEVSTAT1 register clears
the status field, if and only if the timer transmissions resume. all supply errors.

has reached zero.

No transmissions occur if the timer is
non-zero. The error is cleared when the
timer reaches zero and normal
transmissions resume.

8.2.2.5 Test mode (TESTMODE)

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.

Table 52. Test mode (TESTMODE)

TESTMODE Operating mode

0 Test mode is not active
1 Test mode is active
8.2.2.6 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 communication interface or on a data transmission that includes the error in the status field.

Table 53. Device reset (DEVRES)

0 Normal operation
1 Device reset occurred
8.2.2.7 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 (tpor_patavalid)-

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

Table 54. Device initialization (DEVINIT)

0 Normal operation

1 Device Initialization in Process
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8.2.2.8 Vguyr under-voltage error (VBUFUV_ERR)

The Vgyr under-voltage error bit is set if the VBUF voltage falls below the voltage specified in

Section 7.4: Electrical characteristics - supply and 1/0. See Section 8.4: Voltage regulators for details on the Vgyr
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 rcv- This bit is cleared based on the state of the SUP_ERR_DIS bit in the
DEVLOCK_WR register as shown in Section 8.2.2.4: Supply error flag (SUPPLY_ERR).

Table 55. Vgyfg under-voltage error (VBUFUV_ERR)

0 No error detected
1 VBUF Voltage Low
8.2.2.9 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 7.4: Electrical characteristics - supply and 1/0. See Section 8.4: Voltage regulators for details on the BUS
IN 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 tyyov_rcv- This bit is cleared based on the state of the SUP_ER-R_DIS bit in the
DEVLOCK_WR register as shown in Section 8.2.2.4: Supply error flag (SUPPLY_ERR).

Table 56. BUS IN under-voltage error (BUSINUV_ERR)

0 No error detected

1 BUS_IN Voltage Low

8.2.2.10 Vgur over-voltage error (VBUFOV_ERR)

The Vgyr over-voltage error bit is set if the VBUF voltage rises above the voltage specified in

Section 7.4: Electrical characteristics - supply and I/O. See Section 8.4: Voltage regulators for details on the Vgyfr
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 tyyov_rcv- This bit is cleared based on the state of the SUP_ERR_DIS bit in the

DEVLOCK_WR register as shown in Section 8.2.2.4: Supply error flag (SUPPLY_ERR).

Table 57. Vgyg over-voltage error (VBUFOV_ERR)

0 No error detected

1 VBUF Voltage High

8.2.2.11 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 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_rcv- This bit is cleared based on the state of the SUP_ERR_DIS bit in the

DEVLOCK_WR register as shown in Section 8.2.2.4: Supply error flag (SUPPLY_ERR).

Table 58. Internal analog regulator voltage out of range error (INTREGA_ERR)

0 No error detected

1 Internal Analog Regulator Voltage Out of Range
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8.2.2.12 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
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_rcv. This bit is cleared based on the state of the SUP_ERR_DIS bit in the
DEVLOCK_WR register as shown in Section 8.2.2.4: Supply error flag (SUPPLY_ERR).

Table 59. Internal digital regulator voltage out of range error (INTREG_ERR)

0 No error detected

1 Internal Digital Regulator Voltage Out of Range

8.2.2.13 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
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_rcv. This bit is cleared based on the state of the SUP_ERR_DIS bit in the
DEVLOCK_WR register as shown in Section 8.2.2.4: Supply error flag (SUPPLY_ERR).

Table 60. Internal OTP regulator voltage out of range error (INTREGF_ERR)

0 No error detected

1 Internal OTP Regulator Voltage Out of Range

8.2.2.14 Continuity monitor error (CONT_ERR)

The continuity monitor passes a low current through a connection around the perimeter of the device and
monitors the continuity 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
tuvov_rcv- This bit is cleared based on the state of the SUP_ERR_DIS bit in the DEVLOCK_WR register as
shown in Section 8.2.2.4: Supply error flag (SUPPLY_ERR).

Table 61. Continuity monitor error (CONT_ERR)

0 No error detected

1 Error detected in the continuity of the monitor circuit

8.2.2.15 ST 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. See Section 8.2.15.2: PSI5 error latching enable bit (PSI5_ERRLATCH) for details on a method to
disable the automatic clearing of this error in PSI5 mode.

Table 62. ST OTP array error (F_OTP_ERR)

0 No error detected

1 Error Detected in the Factory OTP Array

8.2.2.16 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. See Section 8.2.15.2: PSI5 error latching enable bit (PSI5_ERRLATCH) for details on a method to disable
the automatic clearing of this error in PSI5 mode.
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Table 63. User OTP array error (U_OTP_ERR)

0 No error detected

1 Error Detected in the User OTP Array

8.2.2.17 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. See Section 8.2.15.2: PSI5 error latching enable bit (PSI5_ERRLATCH) for details on a method to
disable the automatic clearing of this error in PSI5 mode.

Table 64. User read/write array error (U_RW_ERR)

0 No error detected

1 Error Detected in the User Read/Write Array

8.2.2.18 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.

Table 65. User OTP write in process status bit (U_W_ACTIVE)

U_W_ACTIVE Status condition

0 No OTP Write in Process
1 OTP Write in Process

8.2.2.19 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. See Section 8.2.15.2: PSI5 error latching enable bit (PSI5_ERRLATCH)
for details on a method to disable the automatic clearing of this error in PSI5 mode.

Table 66. Channel 0 temperature sensor error (TEMP0_ERR)

0 No error detected

1 QOver- or Under-Temperature error condition detected

8.2.2.20 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 11.5.7: SPI data output verification error. 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
SPL.

Table 67. SPI MISO data mismatch error flag (MISO_ERROR)

0 Normal operation
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1 MISO Data Mismatch

8.2.2.21 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. See Section 8.5.2: Oscillator training error handling. 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.

Table 68. Oscillator training error (OSCTRAIN_ERR)

0 No error detected
1 Oscillator Training Error. See Section 8.5.2: Oscillator training error handling
8.2.3 Communication protocol revision register (COMMREYV)

The communication protocol revision register is a read-only register which contains the revision for the
communication protocol used.

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

Table 69. Communication protocol revision register (COMMREV)

Locatlon

COMMREV 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.
8.24 Margin read status register (MREAD_STAT)

The Margin Read Status register is a read-only register which contains the status for the user enabled OTP
margin read test.

This register is readable in DSI3 mode, SPI mode, I1°C mode or PSI5 Programming Mode.

Table 70. Margin read status register (MREAD_STAT)

Location

$06 MREAD_STAT RESERVED RESERVED RESERVED RESERVED RESERVED RESERVED MARGIN_RD_ACT MARGIN_RD_ERR
Reset Value 0 0 0 0 0 0 0 0
Note: The user enabled OTP margin read test is not intended for use in normal operation. It is intended for use only

after user OTP programming during manufacturing.

8.24.1 Margin read active status (MARGIN_RD_ACT)

The margin read active status bit is set if a user enabled OTP margin read test is in process. The status bit is
automatically cleared when the OTP margin read test is complete. See Section 8.2.7.1: Margin read enable bit
(MARGIN_RD_EN) for details regarding the user enabled OTP margin read test.
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Table 71. Margin read active status (MARGIN_RD_ACT)

0 No Margin Read Test is in Process
1 Margin Read Test is in Process
8.24.2 Margin read error status (MARGIN_RD_ERR)

The margin read error status bit is set if a user enabled OTP margin read test has failed. The margin read error
status bit is cleared on a read of the MREAD_STAT register. The margin read error status bit has no impact on
device operation or performance. See Section 8.2.7.1: Margin read enable bit (MARGIN_RD_EN) for details
regarding the user enabled OTP margin read test.

Table 72. Margin read error status (MARGIN_RD_ERR)

0 No Margin Read Test Failure
1 Margin Read Test Failure
8.2.5 Temperature register (TEMPERATURE)

The temperature register is a read-only register which provides a temperature value from the internal temperature
sensor. The temperature value is specified in Section 7.5: Electrical characteristics - temperature sensor signal
chain.

Note, the device is only guaranteed to operate within the temperature limits specified in Section 7: Electrical
characteristics. This includes the performance of the temperature register values.

This register is readable in DSI3 mode, SPI mode, I1°C mode or PSI5 Programming Mode.

Table 73. Temperature register (TEMPERATURE)

Location

$0E TEMPERATURE TEMP[7:0]
Reset Value 0 0 0 0 0 0 0 0
8.2.6 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, I?*C mode or PSI5 Programming Mode.

Table 74. Device lock register (DEVLOCK_WR)

Location

] ] e ] o

DEVLOCK_WR ENDINIT RESERVED RESERVED RESERVED SUP_ERR_DIS RESERVED RESET[1:0]

Reset Value 0 0 0 0 0 0 0 0

8.2.6.1 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:

DS15164 - Rev 1 page 45/228



‘_ NXLS9xxx0AES
,l Functional description

. 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.

8.2.6.2 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. See Section 8.2.2.4: Supply error flag (SUPPLY_ERR).

8.2.6.3 Reset control bits (RESET[1:0])

In DSI3 mode, SPI mode, 12C mode or PSI5 mode, a series of three consecutive register write operations to the
reset control bits results in a device reset. To reset the device, the following register write operations must be
performed in consecutive commands and in the order shown in Table 75. Reset control bits (RESET[1:0]) or the
device will reset.

Table 75. Reset control bits (RESET[1:0])

Register write to DEVLOCK_WR mm Effect

Register Write 1 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 third Register Write command, the device initiates a reset and therefore does not transmit a
response to this command or an Acknowledge in I?C mode. The response to a register read returns '00' for
RESETI[1:0] and terminates the reset sequence. The reset control bits are not included in the read/write array
error detection.

8.2.7 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, I?*C mode or PSI5 Programming Mode.

Table 76. Write OTP enable register

Location

=1 =1 > T s T = T 5 [ 5 I s T ¢ 5|

WRITE_OTP_EN UOTP_WRL_INIT MARGIN_RD_EN RESERVED RESERVED EX_COMMTYPE EX_PADDR UOTP_REGION[1:0]

Reset Value 0 0 0 0 0 0 0 0

8.2.7.1 Margin read enable bit (MARGIN_RD_EN)

The margin read enable bit initiates an OTP margin read test for all user programmable OTP regions: UF2, UFO,
and UF1. The user enabled OTP margin read test is not intended for use in normal operation. It is intended for
use only after user OTP programming during manufacturing.

The procedure for completing an OTP margin read test is shown in step 1. through step 7.:

1. Read the MREAD_STAT register to confirm that the MARGIN_RD_ACT and MARGIN_RD_ERR bits are both
cleared.
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2. Write 0x40 to the WRITE_OTP_EN register to set the MARGIN_RD_EN bit. This initiates the OTP margin
read test which completes the sequence listed in steps a. through i..
a. The UF2 block is read. The ECC is checked for double bit errors and the CRC is verified. If an ECC error
or CRC error exists or if UF2 block is unlocked, the MARGIN_RD_ERR bit is set and the test is terminated.

b. A margin read low test is run with the read threshold reduced by 25 %. The data is checked against the
expected values in the mirror registers. If a double bit ECC error or data comparison mismatch occurs, the
MARGIN_RD_ERR bit is set and the test is terminated.

c. A margin read high test is run with the read threshold increased by 25 %. The data is checked against the
expected values in the mirror registers. If a double bit error or data comparison mismatch occurs, the
MARGIN_RD_ERR bit is set and the test is terminated.

d. The UFO0 block is read. The ECC is checked for double bit errors and the CRC is verified. If an ECC error
or CRC error exists or if UF0 block is unlocked, the MARGIN_RD_ERR bit is set and the test is terminated.

e. A margin read low test is run with the read threshold reduced by 25 %. The data is checked against the
expected values in the mirror registers. If a double bit ECC error or data comparison mismatch occurs, the
MARGIN_RD_ERR bit is set and the test is terminated.

f. A margin read high test is run with the read threshold increased by 25 %. The data is checked against the
expected values in the mirror registers. If a double bit error or data comparison mismatch occurs, the
MARGIN_RD_ERR bit is set and the test is terminated.

g. The UF1 block is read. The ECC is checked for double bit errors and the CRC is verified. If an ECC error
or CRC error exists or if UF1 block is unlocked, the MARGIN_RD_ERR bit is set and the test is terminated.

h. A margin read low test is run with the read threshold reduced by 25 %. The data is checked against the
expected values in the mirror registers. If a double bit ECC error or data comparison mismatch occurs, the
MARGIN_RD_ERR bit is set and the test is terminated.

i. A margin read high test is run with the read threshold increased by 25 %. The data is checked against the
expected values in the mirror registers. If a double bit error or data comparison mismatch occurs, the
MARGIN_RD_ERR bit is set and the test is terminated.

3. Read the MREAD_STAT register to confirm that the MARGIN_RD_ACT bit is set and the MARGIN_RD_ERR
bit is cleared.

4. Delay 1.5 ms minimum.

5. Read the MREAD_STAT register to confirm that the MARGIN_RD_ACT bit is cleared. Check the state of the
MARGIN_RD_ERR bit.

- If the MARGIN_RD_ERR bit is cleared, the margin read test passed.
- If the MARGIN_RD_ERR bit is set, the margin read test failed.
6. When the test is complete, the MARGIN_RD_EN bit is cleared.

7. When the test is complete and the MREAD_STAT register has been read, the MARGIN_RD_ACT and the
MARGIN_RD_ERR bit are cleared.

The user enabled OTP margin read test can only be enabled when the ENDINIT bit is not set.

8.2.7.2 Write OTP enable and programming bits

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_REGION[1:0],
the EX_COMMTYPE, and the EX_PADDR bits in the command determine which region of OTP are written as
shown in Table 77. Write OTP enable and programming bits.

Table 77. Write OTP enable and programming bits

EX_COMMT UOTP_REGIO | UOTP_REGIO
EX_PADDR N[1] N[O] OTP write operation Special conditions

Write the current contents of the UFO registers to OTP
X X 0 1 Write the current contents of the UF1 registers to OTP

Write the current contents of the UF2 registers to OTP,
0 0 1 0 including the COMMTYPE register and the
PHYSADDR register
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EX_COMMT UOTP_REGIO | UOTP_REGIO
EX_PADDR N[1] N[O] OTP write operation Special conditions

Write the current contents of the UF2 registers to OTP, PHYSADDR = 0x00
including COMMTYPE and excluding PHYSADDR. after OTP Write

Write the current contents of the UF2 registers to OTP, User must not

! 0 ! 0 excluding COMMTYPE and including PHYSADDR. g\gm:tTeYPE
User must not
1 1 1 o Moot cners o e UF2 gz 0 07", Sonnrrre
" PHYSADDR = 0x00
after OTP Write
X X 1 1 Reserved for Future Use

The UFO0 and UF1 user OTP regions as well as the ST 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 needs 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 is used, the PHYSADDR register must remain un-programmed (0x0000). If a pre-programmed bus
mode is 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 Table 77. Write OTP enable and programming bits.

Once a region is written using the OTP Write sequence, the LOCK_Uxx bit in the appropriate CRC_xxx register is
automatically 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:

1. Read the appropriate CRC_UFx register and confirm the LOCK_Uxx bit is not set.

2. Write the desired values to the user array registers for only the region to be written using the procedures in
Section 8.2.10: UF region selection registers (UF_REGION_x).

- The user must take care to ensure that the proper data is written to each region. If a register write is
executed to a new region, the base address changes to the new region. The previous data written to the
register block remains in the shared registers and is written to OTP if the Write OTP sequence is
completed.

3. 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 remains set.

4. Delay totp_wRITE_Max to allow the device to complete the writes to OTP.

5. Verify that the OTP write successfully completed by reading back all of the OTP registers using Register Read
commands as defined in Section 8.2.10: UF region selection registers (UF_REGION_x).

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

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

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

3. 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 remains set.

4. Delay totp wRITE max to allow the device to complete the writes to OTP and an automatic read of the UF2
registers from OTP.

5. Verify that the OTP write successfully completed by reading back all of the OTP registers using Register Read
commands.
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8.2.8 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, I?°C mode or PSI5 Programming Mode.

Table 78. Bus switch control register (BUSSW_CTRL)

Location

I S S S S B

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 pin.

Table 79. BUSSW_L pin state

BUSSW_CTRL[1] BUSSW_CTRL[0] BUSSW_L Pin State

High Impedance. An external pullup or pulldown resistor is required if an

0 0 external switch is connected

0 1 High Imped_ancg. An external pullup or pulldown resistor is required if an
external switch is connected

1 0 Active Low.

1 1 Active High.

Note: In DSI3 and PSI5 DPM modes, the bus switch is 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.

8.2.9 PSI5 test register (PSI5_TEST)

The PSI5 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, I?*C mode or PSI5 Programming Mode.

Table 80. PSI5 test register (PSI5_TEST)

Location

= =1 ° T o T o T o5 5 I s I ¢ I o |

PSI5_TEST RESERVED RESERVED RESERVED RESERVED RESERVED RESERVED RESERVED PSI5_TEST
Reset Value 0 0 0 0 0 0 0 0
8.2.9.1 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.
1. The device switches the BUS_| transceiver to PSI5 mode.

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

3. The system must transmit a sync pulse meeting the specifications in Section 7: Electrical characteristics.
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4. The device transmits a response to the sync pulse with the following configuration:
a. The sync pulse is pulled down as configured by the SYNC_PD bit in the PSI5_CFG register.
The response starts in the time slot selected in the PDCM_RSPSTO register.
The response bit time is configured in the CHIPTIME register.
The response current is configured by the PSI5_ILOW bit in the PSI5_CFG register.
Two start bits are transmitted as specified in Section 10.3.2: PSI5 data transmission.
10-bits of data equal to 0x2AA are transmitted.
g. Error checking bits are transmitted as configured by the P_CRC bit in the PSI5_CFG register.

5. 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 I1>C reply necessary.
If PSI5 mode is enabled in the COMMTYPE register, this bit has no impact on device operation or performance.

~0oao0vT

8.2.10 UF region selection registers (UF_REGION_Xx)

The UF region load register is a user read/write register that contains the control bits for the UFO 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 UFO and UF1 regions to be accessed.

The UF_REGION_W register is readable and writable in DSI3 mode, SPI mode, I1°C mode or PSI5 Programming
Mode. The UF_REGION_R register is readable in DSI3 mode, SPI mode, I?C mode or PSI5 Programming Mode.

Table 81. UF region selection registers (UF_REGION_x)

I
e [ e [ [ [ [ [ [ - | |
$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. To ensure proper reading of the UF0, UF1 and F registers, follow this procedure:

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

Table 82. Region load bits

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 $BO0 through $BF
1 1 0 0 Address Range $CO0 through $CF
1 1 0 1 Address Range $D0 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 tssn_uFo1-
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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_LOADI[3:0] bits in the UF_REGION_W register.

Table 83. Region active bits

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 $D0 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 UF0, 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.

Notes:

. 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 are 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 I?C 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.

8.2.11 Communication type register (COMMTYPE)

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

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

Table 84. Communication type register (COMMTYPE)

Location

————————

COMMTYPE RESERVED RESERVED RESERVED RESERVED RESERVED COMMTYPE[2:0]
Unprogrammed OTP Value: NXLS95xxx 0 0 0 0 0 0 0 0
Programmed OTP Value: NXLS96xxx 0 0 0 0 0 0 0 1

8.2.11.1 Communication type (COMMTYPE[2:0])

The communication type bits select the available protocols for the device as shown in Table 85. Communication
type (COMMTYPE[2:0]).
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Table 85. Communication type (COMMTYPE[2:0])

Available communication protocols BUS_I
COMMTYPE [2:0] Arming function availability undervoltage
0 0 0 X X Enabled based on ARM_CFG[2:0] Disabled
0 0 1 X X Enabled based on ARM_CFG[2:0] Disabled
0 1 0 X Enabled based on ARM_CFG[2:0] Disabled
0 1 1 X Disabled Enabled
1 0 0 X Enabled based on ARM_CFG[2:0] Disabled
1 0 1 X Disabled Enabled
1 1 0 X Disabled Disabled
1 1 1 X Disabled Disabled

See Section 9: DSI3 protocol

See Section 10: PSI5 protocol

See Section 11: Standard 32-bit SPI protocol

See Section 12: Inter-integrated circuit (1?C) interface

A WD~

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.

Table 86. COMMTYPEs and effect on device describes how communication mode register changes are handled.

Table 86. COMMTYPEs and effect on device

Original New Device effect
COMMTYPE COMMTYPE

0 (DSI3/SPI) 1 (PSI5/SPI) | A protocol change does not occur until a device reset (assuming the OTP is programmed).
0 (DSI3 / SPI) 2,3 4,5 (SPI, A protocol change does not occur until a device reset (assuming the OTP is programmed).
DSI3 or PSI5)
0 (DSI3 / SPI) 6,7 (I)C) A protocol change does not occur until a device reset (assuming the OTP is programmed).
1 (PSI5/ SPI) 5 (PSI5) A protocol change does not occur until a device reset (assuming the OTP is programmed).
2,3,4,5(SPI) Any No protocol change occurs.
6, 7 (1’C) Any No protocol change occurs.
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 PSI5 / 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, UF0, and UF1 registers.

. In SPI only mode and in I12)C only mode, the BUS_| undervoltage detection is disabled to allow for 3.3 V
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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8.2.12 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, I?*C mode and PSI5 mode, the PHYSADDR register is readable and writable, but has no impact on
device operation or performance.

Table 87. Physical address register (PHYSADDR)

Location

I 2 S N S s S S

PHYSADDR PADDR[3:0]

Unprogrammed OTP Value 0 0 0 0 0 0 0 0

8.2.13 Source identification registers (SOURCEID_x)

The source identification registers are user programmed read/write registers which contain the source
identification information 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, I2C mode or PSI5 Programming Mode.

Table 88. Source identification registers (SOURCEID_x)

Location

= (= v T o T 5 T 5 [ 5 7 9 1 ¢ 1 3]

SOURCEID_0 SIDO_EN PDCMFORMATI[2:0] SOURCEID_0[3:0]
Unprogrammed OTP Value 0 0 0 0 0 0 0 0
NXLS96xxx
1 1 0 0 0 0 0 0
Unprogrammed Default PSI5 Mode
$1B SOURCEID_1 SID1_EN RESERVED RESERVED RESERVED SOURCEID_1[3:0]
Unprogrammed OTP Value 0 0 0 0 0 0 0 0

8.2.13.1 Data source enable bits (SIDx_EN)

The SIDx_EN bits enable the data source for the associated source identification as described in
Section 8.2.13.3: Source identification (SOURCEID_x).

8.2.13.2 PDCM format control bits (PDCMFORMAT[2:0])

In DSI3 mode, the PDCM format control bits set the PDCM field sizes as shown in Table 89. PDCM format control
bits (PDCMFORMAT[2:0]). See Section 9.4.2: DSI3 periodic data collection mode response transmission for
PDCM response format details.

Table 89. PDCM format control bits (PDCMFORMAT[2:0])

SRR A Source ID field size | Keep alive counter Status field size Data field size Total including CRC
[2:0] (Bits) field size (Bits) (Bits) (Bits) (Bits)

0 0 2

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
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PDCMFORMATI2:0 Source ID field size | Keep alive counter Status field size Data field size Total including CRC
[2:0] (Bits) field size (Bits) (Bits) (Bits) (Bits)
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 in Table 90. PDCM format
control bits. See Section 10.3.2: PSI5 data transmission 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.

Table 90. PDCM format control bits

PDCMFORMAT[2:0] Data field size (Bits)

0 X X 10
1 X X 16

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

8.2.13.3 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 Table 91. SPI source
identification (SOURCEID_x). 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.

Table 91. SPI source identification (SOURCEID_x)

Source ID enable (SIDx_EN) Transmitted data

0 SPI Error Response
SOURCEID_0

1 CHO_SNSDATAO

0 SPI Error Response
SOURCEID_1

1 CHO_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
Table 92. DSI3 source identification (SOURCEID_x).

Table 92. DSI3 source identification (SOURCEID_x)

Source ID enable
issi ime(1) i (2)
Source ID (SIDx_EN) Transmission time Transmitted data
0 NA NA

SOURCEID_0
1 PDCM_RSPSTO CHO_SNSDATAO
0 NA NA
SOURCEID_1
1 PDCM_RSPST1 CHO_SNSDATA1

1. See Section 8.2.18.1: Periodic data collection mode response start time (PDCM_RSPSTx[12:0])
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2. See Section 8.2.25.2: Channel 0 data type 0 selection bits (CHXDATATYPEO) and See Section 8.2.25.3: Channel 0 data
type 1 selection bits (CHXDATATYPE1)

In PSI5 mode, the SOURCEID_x register SIDx_EN bit values control data transmissions as shown in
Table 93. PSI5 source identification (SOURCEID_x). The SOURCEID_x bits have no effect in PSI5 mode.

Table 93. PSI5 source identification (SOURCEID_x)

Asynchronous mode Synchronous mode Daisy chain mode
Source ID (SIDx_EN)

SOURCEID_0 tasvne CHO_SNSDATAO CHO_SNSDATAO
1 PDCM_RSPSTO CHO_SNSDATAO Section 10.7: Daisy chain
— — mode
0 NA NA
SOURCEID_1 NA NA NA NA
1 PDCM_RSPST1 CHO_SNSDATA1

1. See Section 8.2.18.1: Periodic data collection mode response start time (PDCM_RSPSTx[12:0])

2. See Section 8.2.25.2: Channel 0 data type 0 selection bits (CHXDATATYPEO) and Section 8.2.25.3: Channel 0 data type 1 selection bits
(CHxDATATYPE1)

In I2C mode, the SOURCEID_x registers are readable and writable. See Section 12.6.3: Sensor data register read
wraparound options, for details regarding the effect of the SIDx_EN bits.

8.2.14 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, I?°C mode or PSI5 Programming Mode.

Table 94. Communication timing register (TIMING_CFG)

Location

I S Sy S S S S

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

8.2.14.1 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 Table 95. Periodic data collection mode period (PDCM_PER[3:0]).
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.

Table 95. Periodic data collection mode period (PDCM_PER[3:0])

PDCM_PER][2] PDCM_PER[1] PDCM_PER]0] Periodic data collection mode period

0 100 s
0 0 1 125 ps
0 1 0 250 s
0 1 1 333 ps
1 0 0 500 ps
1 0 1 800 us
1 1 0 1000 ps
1 1 1 2000 ps
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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 7.11: Dynamic electrical characteristics -
DSI3 are met. See Section 8.5.1: Oscillator training for details regarding oscillator 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 7.12: Dynamic electrical characteristics - PSI5 are met.
See Section 8.5.1: Oscillator training 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 general timing parameters specified in Section 7.13: Dynamic electrical characteristics - SP| are met. See
Section 8.5.1: Oscillator training for details regarding oscillator training.

In I)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 7.14: Dynamic electrical characteristics - I°C are met.
See Section 8.5.1: Oscillator training for details regarding oscillator training.

8.2.14.2 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 Table 96. Oscillator training protocol selection bit (OSCTRAIN_SEL).

Table 96. Oscillator training protocol selection bit (OSCTRAIN_SEL)

COMMTYPE OSCTRAIN_SEL Protocol to use for oscillator training

0 DSI3
0

1 SPI

0 PSI5
1 1 SPI
2 X SPI
3 X DSI3
4 X SPI
5 X PSI5
6 X I’C
7 X I’C

8.2.14.3 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 8.2.14.5: Clock calibration enable (CK_CAL_EN). See Section 8.5.1: Oscillator
training for details regarding oscillator training.

8.2.14.4 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 commands 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 7.11: Dynamic electrical
characteristics - DSI3 are met. See Section 8.5.1: Oscillator training for details regarding oscillator training.
In SPI and I?C mode, the CRM_PER([1:0] bits are readable and writable, but have no impact on device operation
or performance.
In PSI5 mode, the CRM_PER([1:0] bits are readable and writable, but have no impact on device operation or
performance.
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Table 97. Command and response mode period (CRM_PER[1:0])

Command and response mode period
CRM_PER[1] CRM_PER][0]
(Multiples of the periodic data collection mode period)

0 0 1
0 1 2
1 0 4
1 1 8

8.2.14.5 Clock calibration enable (CK_CAL_EN)

The clock calibration enable bit enables oscillator training over the DSI3, PSI5, SPI, or I?*C communication
interface. See Section 8.5.1: Oscillator training for details regarding oscillator training.

Table 98. Clock calibration enable (CK_CAL_EN)

CK_CAL_EN CK_CAL_RST Oscillator training

The oscillator value is maintained at the last trained value prior to clearing the

0 0 CK_CAL_RST bit.
The oscillator value is reset to the untrained value with a tolerance specified in
0 1 ) . : . L e
Section 7.20: Dynamic electrical characteristics - supply and support circuitry.
1 X Oscillator is trained as specified in Section 8.5.1: Oscillator training
8.2.15 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, I?*C mode or PSI5 Programming Mode.

Table 99. Chip time and bit time register (CHIPTIME)

Location

=T =1 5 T o T ¢ T o [ 5 =& T ¢ 5]

CHIPTIME ST_RPT[1:0] PSI5_ERRLATCH SS_EN CHIPTIME[3:0]
Unprogrammed OTP Value 0 0 0 0 0 0 0 0
NXLS96xxx
0 0 0 0 1 0 0 0

Unprogrammed Default PS5 Mode

8.2.15.1 PSI5 self-test repetition bits (ST_RPT[1:0])

In PSI5 mode, the PSI5 self-test repetition bits set the maximum number of PSI5 self-test repetitions that the
device will run before setting the ST_ERROR bit. See Section 6.6.2.5 for details regarding the PSI5 startup self-
test.

Table 100. PSI5 self-test repetition bits (ST_RPT[1:0])

ST_RPT[1] ST_RPT[0] Maximum PSI5 self-test repetitions

0 0 8
0 1 1
1 0 4
1 1 2
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8.2.15.2 PSI5 error latching enable bit (PSI5_ERRLATCH)

In PSI5 mode, the PSI5 error latching enable bit allows for users to disable the automatic error clearing
mechanism for internal faults. When this bit is set, internal errors are latched until reset. See

Section 10.8.4: Normal mode error handling with internal error automatic clearing and Section 10.8.5: Normal
mode error handling with internal error latching for details regarding internal error handling.

Table 101. PSI5 error latching enable bit (PSI5_ERRLATCH)

:SIS—ERRLATC PSI5 error handling

0 Error handling is as specified in Section 8.2.2: Device status registers (DEVSTATx) and
Section 10.8.4: Normal mode error handling with internal error automatic clearing

1 Automatic error clearing is disabled and internal errors are latched until reset as specified in
Section 10.8.5: Normal mode error handling with internal error latching

8.2.15.3 Simultaneous sampling enable (SS_EN)

In DSI3 mode, the simultaneous sampling enable bit selects between one of two data latency methods. See
Section 9.4.7: DSI3 PDCM data transmission modes for details regarding sample timing.

Table 102. DSI3 simultaneous sampling enable (SS_EN)

0 Synchronous Sampling Mode: Latency relative to transmission start time (PDCM_RSPST)

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.

Table 103. PSI5 simultaneous sampling enable (SS_EN)

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.

Table 104. SPI simultaneous sampling enable (SS_EN)

0 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 corresponding 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_0.

If SOURCEID_O0 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 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
taken by the user to ensure proper data transmissions.

In I?C mode, the simultaneous sampling enable bit is readable and writable but has no impact on device operation
or performance.
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8.2.15.4 Chip time (CHIPTIME)

In DSI3 mode, the CHIPTIME bits set the chip time for Periodic Data Collection Mode as described in

Table 105. Chip time (CHIPTIME). The chip time for Command and Response Mode is always set to 5 ps with
slew control enabled.

In PSI5 mode, the CHIPTIME bits set the bit time for the PSI5 response data as described in Table 105. Chip time
(CHIPTIME).

Table 105. Chip time (CHIPTIME)

CHIPTIME[3] CHIPTIME[2] CHIPTIME[1] CHIPTIME[0]
I e e e I

5.3 us 189 kHz Enabled 1.0 ps 1000 kHz Disabled
0 0 0 1 5.3 us 189 kHz Enabled 2.0 s 500.0 kHz Disabled
0 0 1 0 53 ps 189 kHz Enabled 25us 400.0 kHz Enabled
0 0 1 1 53 s 189 kHz Enabled 26 s 384.6 kHz Enabled
0 1 0 0 5.3 s 189 kHz Enabled 26 ps 384.6 kHz Enabled
0 1 0 1 5.3 s 189 kHz Enabled 2.7 ps 370.3 kHz Enabled
0 1 1 0 5.3 s 189 kHz Enabled 28 s 357.1 kHz Enabled
0 1 1 1 53 s 189 kHz Enabled 29 ps 344.8 kHz Enabled
1 0 0 0 8.0 us 125 kHz Enabled 3.0ps 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 35ps 294.1 kHz Enabled
1 1 0 1 8.0 us 125 kHz Enabled 4.0 us 250.0 kHz Enabled
1 1 1 0 8.0 us 125 kHz Enabled 4.5 s 222.2 kHz Enabled
1 1 1 1 8.0 us 125 kHz Enabled 5.0 us 200.0 kHz Enabled

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

8.2.16 Timing configuration #2 register (TIMING_CFG2)

The timing configuration #2 register is a user programmed read/write register which contains user-specific timing
configuration information. This register is included in the read/write array error detection. See Section 9.4: DSI3
periodic data collection mode and background diagnostic mode for details regarding Background Diagnostic
Mode.

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

Table 106. Timing configuration #2 register (TIMING_CFG2)

Location

= e=1 - T o T o 5 5 I = I I & |

TIMING_CFG2 PSI5_INIT2_D19 OSCTRAIN_ERRCNT[2:0] CAPTEST_OFF RESERVED BDM_FRAGSIZE BDM_EN

Unprogrammed OTP Value 0 0 0 0 0 0 0 0

8.2.16.1 PSI5 initialization phase 2 D19 and D20 change bit (PSI5_INIT2_D19)

The PSI5 initialization phase 2 D19 and D20 change bit provides the option to change the data transmitted in
PSI5 Initialization Phase 2 nibbles D19 and D20 as shown in Table 107. PSI5 initialization phase 2 D19 and D20
change bit (PSI5_INIT2_D19).
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Table 107. PSI5 initialization phase 2 D19 and D20 change bit (PSI5_INIT2_D19)

Initialization phase 2 data
e T R

Section 8.2.42: Device serial number registers,
0 SN4[7:4] SN4[3:0] Section 10.4.2.1: PSI5 initialization phase 2 data
transmissions

Section 8.2.46.1: PSI5 initialization phase 2 data
1 USERDATA_6[7:4] USERDATA_E[7:4] transmissions of user data, Section 10.4.2.1: PSI5
initialization phase 2 data transmissions

In DSI3 mode, SPI mode, and I2C mode, the PSI5_INIT2_D19 bit is readable and writable, but has no impact on
device operation or performance.

8.2.16.2 Oscillator training error counter (OSCTRAIN_ERRCNT[2:0])

The oscillator training error counter bits use the number of 4 ms periods used to determine the error detection
time for oscillator training as shown in Table 108. Oscillator training error counter (OSCTRAIN_ERRCNT[2:0]).
See Section 8.5.2: Oscillator training error handling for details regarding oscillator training error detection.

Table 108. Oscillator training error counter (OSCTRAIN_ERRCNT[2:0])

Minimum time for error
4 ms periods counted before detection

GRS R the OSCTRAIN error flag is set

(ms)

1 1 0 32 128
1 1 1 64 256

8.2.16.3 Capacitor test disable bit (CAPTEST_OFF)

The capacitor test disable bit provides the option to disable the VBUF capacitor test in DSI3 mode as shown in
Table 109. Capacitor test disable bit (CAPTEST_OFF).

Table 109. Capacitor test disable bit (CAPTEST_OFF)

CAPTEST_OFF Capacitor test status

Capacitor test is operational as specified in Section 8.4.1: Vg regulator capacitor and capacitor

0 .
monitor

1 Capacitor test will not run

If a capacitor error is present, the VBUFUV_ERR bit is set in the DEVSTAT1 register as specified in
Section 8.4.1: Vgyr regulator capacitor and capacitor monitor. The presence of the VBUFUV_ERR will prevent

the user from writing to the TIMING_CFG2 register to disable the capacitor test unless and until the capacitor
error recovers.

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

In PSI5 mode, the CAPTEST_OFF bit is readable and writable, but has no impact on device operation or
performance.
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8.2.16.4 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.

Table 110. Background diagnostic mode fragment size (BDM_FRAGSIZE)

BDM command fragment size BDM response fragment size
BDM_FRAGSIZE
(Bits) (Chips)

0 2 3
1 4 6

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

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

8.2.16.5 Background diagnostic mode enable (BDM_EN)

The background diagnostic mode enable bit enables background diagnostic mode as described in
Table 111. Background diagnostic mode enable (BDM_EN). See Section 9.4: DSI3 periodic data collection mode
and background diagnostic mode for details regarding background diagnostic mode.

Table 111. Background diagnostic mode enable (BDM_EN)

0 Disabled
1 Enabled

In SPI and I2C 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.

8.2.17 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, I?°C mode or PSI5 programming mode.

Table 112. PSI5 configuration register (PSI15_CFG)

Location

= e=1 - T o T o o5 s s I ¢ I o |

PSI5_CFG SYNC_PD DAISY_CHAIN PSI5_ILOW RESERVED EMSG_EXT P_CRC INIT2_EXT ASYNC
Unprogrammed OTP Value 0 0 0 0 0 0 0 0
NXLS96xxx

0 0 0 0 0 1 0 0
Unprogrammed Default PSI5 Mode

8.2.17.1 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. See Section 8.2.18.1: Periodic data collection mode response start time
(PDCM_RSPSTx[12:0]) for more information regarding the sync pulse pulldown.
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Table 113. Sync pulse pull-down enable bit (SYNC_PD)

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

8.2.17.2 PSI5 daisy chain selection bit (DAISY_CHAIN)

In PSI5 mode, the transmission mode selection bits select the PSI5 transmission mode as shown in
Table 114. PSI5 daisy chain selection bit (DAISY_CHAIN).

Table 114. PSI5 daisy chain selection bit (DAISY_CHAIN)

DAISY_CHA Response
Operatlng mode (PDCM RSTSTO)

Section 10.5: No

Normal Mode (Asynchronous or Parallel, Synchronous) SNSDATAQ
rmal mode

Section 10.7: Da

1 Daisy Chain Mode SNSDATAOQ . .
isy chain mode

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

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

8.2.17.3 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 7.4: Electrical characteristics - supply and I/O as shown in Table 115. PSI5 low response current selection
bit (PSI5_ILOW).

Table 115. PSI5 low response current selection bit (PSI5_ILOW)

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.

8.2.17.4 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 in Table 116. Error message information extension bit (EMSG_EXT).

Table 116. Error message information extension bit (EMSG_EXT)

0 All internal Errors map to 0x1F4 (See Section 10.3.4: PSI5 data field and data range values)
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1 Additional PSI5 reserved codes are used for internal error distinction (See Section 10.3.4: PSI5 data field
and data range values)

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

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

8.2.17.5 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 detection of the PSI5 response message. See Section 8.2.18.1: Periodic data collection mode response
start time (PDCM_RSPSTx[12:0]) for details regarding response message error detection.

Table 117. PSI5 response message error detection selection bit (P_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 I2C mode, the P_CRC bit is readable and writable, but has no impact on device operation or
performance.

8.2.17.6 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 in Table 118. Initialization phase 2 data extension bit
(INIT2_EXT).

Table 118. Initialization phase 2 data extension bit (INIT2_EXT)

0 D33 through D48 are not transmitted

D33 through D48 are transmitted as defined in Section 10.4.2.1: PSI5 initialization phase 2 data

1 R
transmissions

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

In SPI and I?°C mode, the INIT2_EXT bit is readable and writable, but has no impact on device operation or
performance.

8.2.17.7 Asynchronous mode bit (ASYNC)

In PSI5 mode, the asynchronous mode bit enables asynchronous data transmission as described in
Section 8.2.18.1: Periodic data collection mode response start time (PDCM_RSPSTx[12:0]) 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 I2C mode, the ASYNC bit is readable and writable, but has no impact on device operation or
performance.

8.2.18 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.
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Table 119. DSI3 and PSI5 start time registers (PDCM_RSPSTx_x)

Location

—-—————-

PDCM_RSPSTO_L PDCM_RSPSTO[7:0]
Unprogrammed OTP Value 0 0 0 0 0 0 0 0
NXLS96xxx
0 0 1 0 1 1 1 1
Unprogrammed Default PSI5 Mode
$27 PDCM_RSPSTO_H BRC_RSPO[1:0] RESERVED PDCM_RSPSTO[12:8]
Unprogrammed OTP Value 0 0 0 0 0 0 0 0
NXLS96xxx
0 0 0 0 0 0 0 0
Unprogrammed Default PSI5 Mode
$28 PDCM_RSPST1_L PDCM_RSPST1[7:0]
Unprogrammed OTP Value 0 0 0 0 0 0 0 0
NXLS96xxx
0 0 0 0 0 0 0 0
Unprogrammed Default PS5 Mode
$29 PDCM_RSPST1_H BRC_RSP1[1:0] RESERVED PDCM_RSPST1[12:8]
Unprogrammed OTP Value 0 0 0 0 0 0 0 0
NXLS96xxx
0 0 0 0 0 0 0 0

Unprogrammed Default PSI5 Mode

8.2.18.1 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 synchronous mode response start time for the associated data and SOURCEID. The value is stored in 1.0
us increments.

Table 120. Periodic data collection mode response start time (PDCM_RSPSTx[12:0])

PDCM_RSPSTx[12:0] Periodic data collection mode response start time

0 See Table 121. Synchronous mode: Source ID response start time
0 < PDCM_RSPSTx[12:0] < 20 20.0 ps
20 < PDCM_RSPSTx[12:0] PDCM response start = PDCM_RSPST x 1.0 ps

Table 121. Synchronous mode: Source ID response start time 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.

Table 121. Synchronous mode: Source ID response start time

SOURCEID register Transmitted data Start time registers Default start (PDCM_RSPSTx[12:0] = 0x00)

SOURCEID_0 CHO_SNSDATAO PDCM_RSPSTO0[12:0] Transmit Data with a start time of 20 s
SOURCEID_1 CHO_SNSDATA1 PDCM_RSPST1[12:0] Transmit Data with a start time of 20 s

Table 122. Asynchronous mode: Source ID response start time 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.

Table 122. Asynchronous mode: Source ID response start time

ASYNC bit SOURCEID register Transmitted data Time slot start time | Default start (PDCM_RSPSTx[12:0] = 0x00)

SOURCEID_0 CHO_SNSDATAO Asynchronous Mode tasync

PDCM_RSPSTO[12:0
]
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ASYNC bit SOURCEID register Transmitted data Time slot start time | Default start (PDCM_RSPSTx[12:0] = 0x00)

SOURCEID_1 CHO_SNSDATA1  FPCM RS]PSTmZO

Transmit Data with a start time of 20 ps

In SPI and I?C mode, the PDCM_RSPSTXx registers are readable and writable, but have no impact on device
operation or performance.

8.2.18.2 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 Table 123. Broadcast read command type selection bits
(BRC_RSP[1:0]):

Table 123. Broadcast read command type selection bits (BRC_RSP[1:0])

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

8.2.19 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, I?°C mode or PSI5 programming mode.

Table 124. DSI3 and PSI5 command blocking time registers (PDCM_CMD_B_x)

Location

I R I S SN SN S N N S

$38 PDCM_CMD_B_L PDCM_CMD_BJ[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
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In DSI3 mode, the DSI3 periodic data collection mode command blocking time bits set the periodic data collection
mode command blocking time in 1.0 ys increments, with zero as the default value of 450 ys. For proper
communication, the command blocking time must exceed the completion of the last source response
transmission. See Section 9.1.1: Command receiver 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 9.1.1: Command receiver, Figure 63. DSI3 command receiver timing diagram: valid command, the
VHIGH voltage is initially captured at the end of the command blocking time and then filtered. The user must
ensure that the command blocking end time is set for a time when no command or response transmissions are
occurring to provide the most stable BUS_| voltage.

Table 125. DSI3 mode: Command blocking time bits

PDCM_CMD_BJ[12:0] Sync pulse blocking time

0 450 ps
Non-Zero Sync Pulse Blocking Time = PDCM_CMD_B x 1 ps

In PSI5 mode, the command blocking time bits set the PSI5 sync pulse blocking time in 1.0 ys increments, with
zero as the default value of 450 ps. See Section 10.2.1: Synchronization pulse 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.

Table 126. PSI5 mode: Command blocking time bits

PDCM_CMD_BJ[12:0] Sync pulse blocking time

0,1,2,3,4,5,6,7,8,9 450 ps
10 - 8191 Sync Pulse Blocking Time = PDCM_CMD_B x 1 ps

In SPI and I?°C mode, the PDCM_CMD_B bits are readable and writable, but have no impact on device operation
or performance.

8.2.20 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, I?C mode or PSI5 programming mode.

Table 127. SPI configuration control register

Location

= re= 7 T o T o 5 I 5 1 5 T o [ o |

SPI_CFG SPI_STATUS DATASIZE SPI_CRC_LEN[1:0] SPICRCSEEDI[3:0]

Unprogrammed OTP Value 0 0 0 0 0 0 0 0

8.2.20.1 SPI status reporting selection bit (SPI_STATUS)

The SPI status reporting bit controls the reporting of the SPI basic status as shown in Table 128. SPI status
reporting selection bit (SPI_STATUS). See Section 11.5: Exception handling.

Table 128. SPI status reporting selection bit (SPI_STATUS)

SPI_STATUS SPI basic status reporting

0 As documented in Section 11.5.1: Standard basic status reporting field

1 As documented in Section 11.5.2: Alternative basic status reporting field
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8.2.20.2

8.2.20.3

8.2.21
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In DSI3 mode, the SPI_STATUS bit is readable and writable, but has no impact on device operation or
performance.

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

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

SPI data field size bit (DATASIZE)

The SPI data field size bit controls the size of the SPI data field as shown in Table 129. SPI| data field size bit
(DATASIZE). See Section 8.6.4.9: Output scaling.

Table 129. SPI data field size bit (DATASIZE)

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

SPI CRC length and seed bits (SPI_CRC_LEN[1:0], SPICRCSEED[3:0])

The SPI_CRC_LEN[1:0] bits select the CRC length for SPI mode as shown in Table 130. SPI CRC length and
seed bits (SPI_CRC_LEN[1:0], SPICRCSEEDI3:0]). The SPI CRC seed bits contain the seed used for the SPI
Mode. The default SPI CRC is an 8-bit. When the SPI_CRC_LENT[1:0] 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.

Table 130. SPI CRC length and seed bits (SPI_CRC_LEN[1:0], SPICRCSEED[3:0])

SPI_CRC_LEN[1:0] | SPICRCSEED CRC polynomial
0

1111, 1111

0 0 x8+ x5+ x3+x2+x+1
Non-Zero 1111, SPICRCSEED[3:0]
0 1010
0 1 x4+ 1
Non-Zero SPICRCSEED[3:0]
0 111
1 0 X3 +x+1
Non-Zero SPICRCSEEDI2:0]
0 111
1 1 3+ x+1
Non-Zero SPICRCSEEDI2:0]

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 I2C mode, the SPI CRC bits are readable and writable, but have no impact on device operation or performance.

Who Am | register

The Who Am | register is a user programmed read/write register which contains the unique product identifier for
I2C 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, I?*C mode or PSI5 Programming Mode.
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Table 131. Who Am | register

I
-——————-—
WHO_AM_| WHO_AM_I[7:0]
Unprogrammed OTP 0 0 0 0 0 0 0 0
Value
Unprogrammed Read 1 1 0 0 0 1 0 0

Value

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

Table 132. WHO_AM._| bits

WHO_AM_| Register Value (HEX) Response to a register read command

0X00 0xC4
0X01 Through OxFF Actual register value
8.2.22 I>C slave address register

The I?C slave address register is a user programmed read/write register which contains the unique I*C 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, I?°C mode or PSI5 Programming Mode.

Table 133. IC slave address register

Location

I T S S

12C_ADDRESS 12C_ADDRESS[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 I?C slave address is 0x60 and a value of 0x60
is transmitted in response to a read command. For all other register values, the I?C slave address is the lower 7
bits of the actual register value and the actual register value is transmitted in response to a read command.

Table 134. 12C_ADDRESS bits

12C_ADDRESS register value (HEX) Response to a register read command I>C slave address

0x00, 0x80 0x60 0x60
0x01 Through 0x7F, 0x81 Through OxFF Actual Register Value I2C_ADDRESSI6:0]
8.2.23 Channel 0 user configuration #1 register (CH0O_CFG_U1)

The Channel 0 user configuration #1 register is a user programmable read/write register which contains channel-
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, I?°C mode or PSI5 programming mode.

Table 135. Channel 0 user configuration #1 register (CHO_CFG_U1)

Location

C=r=1 >+ T ¢ 5 35 J 5§ = 7 7 T 5]

CHO_CFG_U1 LPF([3:0] SAMPLERATE[1:0] USER_SNS_SHIFT[1:0]
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Lys

Location

I S O S O T N B

Unprogrammed OTP Value

8.2.23.1 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. See Section 8.6.4.4: Low-pass
filter for details regarding the low-pass filter.

Table 136. Low-pass filter and sample rate selection bits (LPF[3:0], SAMPLERATE[1:0])

- -

Low-pass filter type

SAMPLERATE = 00, 01 SAMPLERATE =10 SAMPLERATE = 11
T T S TS

0 0 0 400 Hz, 4-Pole 200 Hz, 4-Pole 100 Hz, 4-Pole
0 0 0 1 400 Hz, 3-Pole 200 Hz, 3-Pole 100 Hz, 3-Pole
0 0 1 0 400 Hz, 4-Pole 200 Hz, 4-Pole 100 Hz, 4-Pole
0 0 1 1 400 Hz, 3-Pole 200 Hz, 3-Pole 100 Hz, 3-Pole
0 1 0 0 325 Hz, 3-Pole 162.5 Hz, 3-Pole 81.25 Hz, 3-Pole
0 1 0 1 370 Hz, 2-Pole 185 Hz, 2-Pole 92.5 Hz, 2-Pole
0 1 1 0 180 Hz, 2-Pole 90 Hz, 2-Pole 45 Hz, 2-Pole
0 1 1 1 100 Hz, 2-Pole 50 Hz, 2-Pole 25 Hz, 2-Pole
1 0 0 0 1500 Hz, 4-Pole 750 Hz, 4-Pole 375 Hz, 4-Pole
1 0 0 1 500 Hz, 3-Pole 250 Hz, 3-Pole 125 Hz, 3-Pole
1 0 1 0 800 Hz, 4-Pole 400 Hz, 4-Pole 200 Hz, 4-Pole
1 0 1 1 1200 Hz, 4-Pole 600 Hz, 4-Pole 300 Hz, 4-Pole
1 1 0 0 120 Hz, 3-Pole 60 Hz, 3-Pole 30 Hz, 3-Pole
1 1 0 1 20 kHz, 2-Pole 10 kHz, 2-Pole 5 kHz, 2-Pole
1 1 1 0 120 Hz, 2-Pole 60 Hz, 2-Pole 30 Hz, 2-Pole
1 1 1 1 50 Hz, 4-Pole 25 Hz, 4-Pole 12.5 Hz, 4-Pole
Changes to these register bits reset the DSP data path. The contents of the SNSDATA_x registers are not
guaranteed until the DSP has completed initialization as specified in Section 7.20: Dynamic electrical
characteristics - supply and support circuitry. Reads of the SNSDATA_x registers and Sensor Data requests
should be prevented during this time.
8.2.23.2 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. See Section 8.2.24.1: User sensitivity multiplier bits (U_SNS_MULT[7:0]) for details.
8.2.24 Channel 0 user configuration #2 register (CH0O_CFG_U2)

The Channel 0 user configuration #2 register is a user programmable read/write register which contains channel-
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, I?°C mode or PSI5 programming mode.

Table 137. Channel 0 user configuration #2 register (CHO_CFG_U2)

Location

= e=1 - T o T o 5 5 I = I T & |

CHO_CFG_U2 U_SNS_MULT[7] U_SNS_MULTI[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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8.2.24.1

Desired
Device range
type

20
25
35
50
60
62
Medium g 62.5
75
85.3
100
105
1125
125
128
150
50
60
62
High g 625
100
105

112.5

DS15164 - Rev 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. Eq. (1) describes the scaling:

256 + SensitivityMultiplier

OutputSensitivity = TrimSensitivity X SensitivityShiftFactor X

256 (1)

Where:

TrimSensitivity = The default timmed sensitivity of the device, as specified in Section 7.6: Electrical
characteristics - inertial sensor signal chain: High g

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

Table 138. Sensitivity shift factors

Table 138. Sensitivity shift factors

Device Type U_SNS_SHIFT[1] U_SNS_SHIFTI[0] Sensitivity shift factor
0 0

Normal Range 0.25
Normal Range 0 1 0.50
Normal Range 1 0 1
Normal Range 1 1 2

Table 139. Example user shift and multiplier configuration for typical scale range shows some example user shift
and multiplier values for typical full scale ranges (+ 2047, 12 bit):

Table 139. Example user shift and multiplier configuration for typical scale range

User sensitivity shift factor User multiplier value Actual Actual Actual Actual
Desired

ST trim sensitivity sensitivity sensitivity sensitivity
sensitivity Multiplier value
(12 bit, LSB/g) U_SNS_SHIFT U_SNS_-MULT P 16 bit register 10 bit Sensor 12 bit Sensor 16 bit Sensor
(12 bit, LSB/q) (HEX) (HEX) (Dec) Chx_SNS-DATAXx data request, data request, data request,
LSB/g) LSB/g LSB/g LSB/g
131.7246 33.0161 0x3 2 OxFF 255 263.6130 32.9516 131.8065 2108.904
127.9375 33.0161 0x3 2 0xFO 240 255.8748 31.9844 127.9374 2046.998
102.3500 33.0161 0x3 2 0x8D 141 204.8030 25.6004 102.4015 1638.424
81.8800 33.0161 0x3 2 0x3D 61 163.5328 20.4416 81.7664 1308.262
58.4857 33.0161 0x2 1 0xC5 197 116.8460 14.6058 58.4230 934.7680
40.9400 33.0161 0x2 1 0x3D 61 81.7664 10.2208 40.8832 654.1312
34.1167 33.0161 0x2 1 0x09 9 68.3536 8.5442 34.1768 546.8288
33.0161 33.0161 0x2 1 0x00 0 66.0322 8.2540 33.0161 528.2576
32.7520 33.0161 0ox1 0.5 O0xFC 252 65.5164 8.1896 32.7582 524.1312
27.2933 33.0161 0x1 0.5 0xA7 167 54.5540 6.8193 27.2770 436.4320
24.0000 33.0161 0x1 0.5 0x74 116 47.9766 5.9971 23.9883 383.8128
20.4700 33.0161 0ox1 0.5 0x3D 61 40.8832 5.1104 20.4416 327.0656
19.5000 33.0161 0ox1 0.5 O0x2E 46 38.9486 4.8686 19.4743 311.5888
18.2000 33.0161 0ox1 0.5 Ox1A 26 36.3692 4.5462 18.1846 290.9536
16.3760 33.0161 0x0 0.25 O0xFC 252 32.7582 4.0948 16.3791 262.0656
16.0000 33.0161 0x0 0.25 0xFO 240 31.9844 3.998 15.9922 255.8752
13.6467 33.0161 0x0 0.25 OxA7 167 27.2770 3.4096 13.6385 218.2160
40.9400 10.9465 0x3 2 0xDF 223 81.9278 10.2410 40.9639 655.4224
34.1167 10.9465 0x3 2 O0x8F 143 68.2446 8.5306 34.1223 545.9568
33.0161 10.9465 0x3 2 0x82 130 66.0210 8.2526 33.0105 528.1680
32.7520 10.9465 0x3 2 Ox7F 127 65.5080 8.1885 32.7540 524.0640
20.4700 10.9465 0x2 1 OxDF 223 40.9638 5.1205 20.4819 327.7104
19.5000 10.9465 0x2 1 0xC8 200 38.9970 4.8746 19.4985 311.9760
18.2000 10.9465 0x2 1 OxAA 170 36.4314 4.5539 18.2157 291.4512
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User sensitivity shift factor User multiplier value Actual Actual Actual Actual
Desired

Desired

Device range S ST trim shif Multplior value sensitivity sensitivity sensitivity sensitivity
type (12 bit, LSB/g) U_SNS_SHIFT U_SNS_-MULT 16 bit register 10 bit Sensor 12 bit Sensor 16 bit Sensor
@ (12 bit, LSB/g) (HEX) Factor (HEX) (Dec) Chx_SNS-DATAx data request, data request, data request,
LSBI/g) LSBlg LSB/g LSBlg
16.3760 10.9465 1 O0x7F 127 32.7540 4.0943 16.3770 262.0320
128 16.0000 10.9465 0x2 1 0x76 18 31.9844 3.9981 15.9922 255.8752
150 13.6467 10.9465 0x2 1 O0x3F 63 27.2808 3.4101 13.6404 218.2464
High g 187 10.9465 10.9465 0x2 1 0x00 0 21.8930 27366 10.9465 175.1440
250 8.1880 10.9465 0ox1 0.5 Ox7F 127 16.3770 2.0471 8.1885 131.0160
312.5 6.5504 10.9465 0ox1 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 O0x7F 127 8.1884 1.0236 4.0942 65.5072
Note: Table 139 includes some typical device ranges. Other ranges are possible with the user-selected shift and

multiplier values.

Table 140. Example user shift and multiplier configuration for typical psi5 scale range shows some example user
shift and multiplier values for typical PSI5 full scale ranges (+ 480, 10 bit):

Table 140. Example user shift and multiplier configuration for typical psi5 scale range

User sensitivity shift factor User multiplier value Actual Actual
Desired

ST trim ST trim

Device type range De(iigebditsigsBi;i;’ity ) ) U SNS. SHIFT U SNS MuLT Multiplier value sensitivity sensitivity
3 (10 bit, LSB/g) (16 bit, LSB/g) = (HE_X) Shift Factor = (HE_X) (PSI5 10 bit, (PSI5 16 bit,
(Dec) LSB/g) LSBlg)
15 32.0000 8.2540 528.256 0x3 2 0xFO 240 31.9844 2047.00
20 24.0000 8.2540 528.256 0x3 2 0x74 116 23.9883 1535.25
Medium g 30 16.0000 8.2540 528.256 0x2 1 0xFO 240 15.9922 1023.50
60 8.0000 8.2540 528.256 0x1 0.5 0xFO 240 7.9961 511.500
120 4.0000 8.2540 528.256 0x0 0.25 0xFO 240 3.9980 255.875
60 8.0000 2.7366 175.142 0x3 2 0x76 118 7.9961 511.749
_ 120 4.0000 2.7366 175.142 0x2 1 0x76 118 3.9980 255.874
Hione 240 2.0000 2.7366 175.142 0x1 0.5 0x76 118 1.9990 127.937
480 1.0000 2.7366 175.142 0x0 0.25 0x76 118 0.9995 63.9686
Note: Table 140 includes some typical device ranges. Other ranges are possible with the user-selected shift and
multiplier values.
8.2.25 Channel 0 user configuration #3 register (CHO_CFG_U3)

The Channel 0 user configuration #3 register is a user programmable read/write register which contains channel-
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, I?*C mode or PSI5 Programming Mode.

Table 141. Channel 0 user configuration #3 register (CHO_CFG_U3)

Location

I S Sy S S S S

CHO_CFG_U3 UNSIGNEDDATA DATATYPEO[1:0] DATATYPE1[2:0] MOVEAVG[1:0]

Unprogrammed OTP Value 0 0 0 0 0 0 0 0

8.2.25.1 Unsigned data select bit (UNSIGNEDDATA)

The unsigned data selection bit selects signed or unsigned data for the register and sensor data transmissions as
shown in Table 142. Unsigned data select bit (UNSIGNEDDATA).
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Table 142. Unsigned data select bit (UNSIGNEDDATA)

Register values DATATYPE transmissions
UNSIGNEDDATA

CHx_SNSDATAO0 CHx_SNSDATA1 Sensor data (DSI, SPI) Sensor data (PSI5)

Channel Sensor Data

0 Signed Data Signed Data Signed Data
Signed Data
1 Unsigned Data Unsigned Data Unsigned Data

Temperature Sensor Data

As specified in Section 8.7.2: Temperature sensor output scaling equations

8.2.25.2 Channel 0 data type 0 selection bits (CHxDATATYPEO)

The Channel Data Type 0 selection bits select the type of data to be included in the SNSDATAO_L and
SNSDATAQ_H registers.

Table 143. Channel 0 data type 0 selection bits (CHxDATATYPEOQ)

CHxDATATYPEO[ | CHxDATATYPEO[ Data transmitted

Data transmitted Offset canceled? Interpolation?

Selected by OC_-
0 0 CHx Sensor Data FILT[1YO] - Selected by Selected by

0 ) CHx Sensor Data No MOVEAVG[1:0] = MOVEAVG[1:0]

Temperature Sensor Data (As specified in Section 8.7.2: Temperature sensor output
1 1 scaling equations)

8.2.25.3 Channel 0 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 registers.
Table 144. Channel 0 data type 1 selection bits (CHxDATATYPE1)

Data transmitted
CHxDATATYPE | CHxDATATYPE | CHxDATATYPE

112] 1] 110] Data transmitted i el Interpolation?
canceled? average?

_ Selected by
0 0 0 CHx Sensor Data Selected by OC_ No
FILT[1:0] MOVEAVG[1:0]
Selected by
0 0 1 CHx Sensor Data No No
MOVEAVG[1:0]
0 1 0 Temperature Sensor Data (As specified in Section 8.7.2: Temperature sensor
output scaling equations)
0 1 1
1 0 0 CHx Sensor Data Sele'c::tIeLE:Jr[t;yo(])C_- No No
Selected by
1 0 1 CHx Sensor Data No No
MOVEAVG[1:0]
1 1 0

Temperature Sensor Data (As specified in Section 8.7.2: Temperature sensor
1 1 1 output scaling equations)
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8.2.25.4 Signal chain moving average selection bits (MOVEAVG[1:0])

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

Table 145. Signal chain moving average selection bits (MOVEAVG[1:0])

Typical signal sampling period

MOVEAVGI[1] MOVEAVG][0] (Dependent on oscillator) Signal chain moving average Interpolation
(ws)
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

Changes to these register bits reset the DSP data path. The contents of the SNSDATA_x registers are not
guaranteed until the DSP has completed initialization as specified in Section 7.20: Dynamic electrical
characteristics - supply and support circuitry. Reads of the SNSDATA_x registers and Sensor Data requests
should be prevented during this time.

8.2.26 Channel 0 user configuration #4 register (CHO_CFG_U4)

The Channel 0 user configuration #4 register is a user programmable read/write register which contains channel-
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, I?*C mode or PSI5 Programming Mode.

Table 146. Channel 0 user configuration #4 register (CHO_CFG_U4)

Location

e e e e e e e e e

CHO_CFG_U4 RESET_OC INVERT OC_FILT[1:0] ARM_CFGJ[2:0]

Unprogrammed OTP Value 0 0 0 0 0 0 0 0

8.2.26.1 Reset offset cancellation startup bit (RESET_OC)

When the reset offset cancellation startup bit is written to logic 1, the offset cancellation startup is forced to phase
0 and follows the phase advancement as documented in Section 8.6.4.6: Offset cancellation. The RESET_OC bit
is cleared when the offset cancellation phase reaches phase 1.

8.2.26.2 Signal inversion bit (INVERT)

The signal inversion bit provides the option to invert the polarity of the sensor signals as shown in
Table 147. Signal inversion bit (INVERT).

Table 147. Signal inversion bit (INVERT)

INVERT R OEi el ARG e L Sl Digital self-test Analog self-test Temperature
sensor data test

Delta from Offset as specified in

Positive Self- Section 7: Electrical
Digital Self-Test Activation | Test: ection /- Electrica As specified in
As shown in As specified in results in the values characteristics
0 Secltlon 5 Devic Section 8.2.27 1 Self- speglfled in ‘ Delta from Offset inverted from Section 8.7.2: Tem
e orientation ) Section 7.8: Electrical . : perature sensor
di test control bits h teristi inertial Negative Self- the specified values in - i
jagrams. (ST_CTRL[3:0]) characteristics - inertia g Section 7.8: Electrical output scaling

X Test: i R i
sensor self-test. characteristics - inertial sensor equations

self-test (Negative Values)
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INVERT R OEi ARG e L el Digital self-test Analog self-test Temperature
sensor data test

Delta from Offset inverted from

. Digital Self-Test Activation " the specified values in -
Inverted polarit I - , - 4 . As specified in
from thatpshowz As specified in results in the two's "I:')gsstl'tlve Self Section 7.8: Electrical pecified i
) ) . complement of the values ’ characteristics - inertial sensor Section 8.7.2: Tem
n Section 8.2.27.1: Self- [P, .

1 B Davi . specified in self-test (Negative Values) perature sensor

Section 5: Devic | test control bits Section 7.8: Electrical i
e orientation (ST_CTRL[3:0]) o o S output scaling
diagrams - ’ characteristics - inertial Negative Self- Delta from Offset as specified in equations

sensor self-test. . Section 7: Electrical
Test: -
characteristics

8.2.26.3 Offset cancellation filter selection bits (OC_FILT[1:0])

The offset cancellation filter selection bits provide the option to bypass the offset cancellation filter and the rate
limiting. See Section 8.6.4.6: Offset cancellation for details regarding offset cancellation.

Table 148. Offset cancellation filter selection bits (OC_FILT[1:0])

OC_FILT[1] OC_FILT[0] Offset cancellation IIR filter Offset cancellation rate limiting

0.04 Hz Enabled
0 1 0.04 Hz Bypassed
1 0 0.005 Hz Bypassed
1 1 Bypassed Bypassed

8.2.26.4 Arming pin configuration bits (ARM_CFG[2:0]) and PCM range selection bit (PCM)
The ARM configuration bits (ARM_CFGJ[2:0]) select the mode of operation for the arming pins.

Table 149. Arming pin configuration bits (ARM_CFG[2:0]) and PCM range selection bit (PCM)

ARM_CF | ARM_CF | ARM_CF
G[2] G[1] G[O] - Operatlng mode OUtPUt type

Arm/PCM Output High Impedance

Disabled
0 0 1 0 A_rm/PCM Output Driven Low
Disabled
. Section 8.8: PCM
0 0 1 1 PCM Output Digital Output output function
. . . . Section 8.9.1: Armin
0 1 0 x Moving Average Mode Open-Drain, Active High with Pull- g function: moving
down Current
average mode
. . . Section 8.9.1: Armin
0 1 1 X Moving Average Mode Open-Drain, Active Low with Pull-up g function: moving
Current
average mode
. . . . Section 8.9.2: Armin
1 0 0 X Count Mode Open-Drain, Active High with Pull- g function: count
down Current mode
. . . Section 8.9.2: Armin
1 0 1 x Count Mode Open-Drain, Active Low with Pull-up g function: count
Current mode
. . . . Section 8.9.3: Armin
1 1 0 X Unfiltered Mode Open-Drain, Active High with Pull- g function: unfiltered
down Current mode
. . . Section 8.9.3: Armin
1 1 1 X Unfiltered Mode Open-Drain, Active Low with Pull-up g function: unfiltered

Current
mode
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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
DATATYPEQO selection bits is output on the ARM/PCM pin. See Section 8.8: PCM output function for more
information regarding the PCM output.

8.2.27 Channel 0 user configuration #5 register (CH0O_CFG_U5)

The Channel 0 user configuration #5 register is a user programmable read/write register which contains channel-
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, I?*C mode or PSI5 Programming Mode.

Table 150. Channel 0 user configuration #5 register (CHO_CFG_U5)

I
e [ e [ [ [ [ [ [
$44 CHO_CFG_U5 ST_CTRL[3:0] OC_LIMIT[2:0] DSP_DIS

Unprogrammed OTP Value 0 0 0 0 0 0 0 0

8.2.27.1 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
Table 151. Self-test control bits (ST_CTRL[3:0]).

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 I?°C Mode.

The self-test control bits are writable in PSI5 programming mode.

Table 151. Self-test control bits (ST_CTRL[3:0])

16-bit
SNSDATAX Effect on Effect on
ST_CTR | ST_CTR | ST_CTR | ST_CTR . . ST_INCMPLT | ST_ACTIVE
(3] (2] (1] L[o] Function Register
value bit in bit in
. Chx_STAT Chx_STAT
signed
0 0 0 0

No Effect Clear _when
Active
0 0 0 1 Clear on Set When
DSP writes to the SNS_DATAXx_X registers Activation Active
as configured in the ChxDATATYPEXx Sensor Data
0 0 1 0 registers. Clear on Set When
Activation Active
Clear on Set When
0 0 1 1 Activation Active
Clear on Set When
0 1 0 0 0x0000 Activation Active
AAA Clear on Set When
0 1 0 1 Ox Activation Active
DSP write to registers inhibited.
Clear on Set When
0 1 1 0 0x5555 Activation Active
Clear on Set When
0 1 1 1 OxFFFF Activation Active
. Clear on Set When
1 0 0 0 Positive Analog Self-test - Low Activation Active
Sensor Data ol SetWh
. ear on e en
1 0 0 1 Negative Analog Self-test - Low Activation Active
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16-bit
SNSDATAX Effect on Effect on
ST _CTR | ST_CTR | ST CTR | ST_CTR . ST_INCMPLT | ST_ACTIVE
3] 2] L[] L[0] Function Register
value bit in bit in
. Chx_STAT Chx_STAT
signed - -

Clear on Set When
Positive Analog Self-test - High Activation Active
Sensor Data
. ) Clear on Set When
1 0 1 1 Negative Analog Self-test - High Activation Active
1 1 0 0 Clear on Set When
Reference Activation Active
1 1 0 1 Section 7.8: El Clear on Set When
ectrical Activation Active
Digital Self-test isti
chare‘acter_lstlcs Clear on Set When
1 1 1 0 - inertial Activati Acti
sensor self- ctivation ctive
1 1 1 1 test Clear on Set When
Activation Active

8.2.27.2 Offset cancellation test limit bits (OC_LIMIT[2:0])

The offset cancellation test limit bits set the offset limits for the offset test at the end of the PSI5 self-test
documented in Section 8.6.2.5: PSI5 automatic startup self-test procedure. The test limits are set as shown in
Table 152. Offset cancellation test limit bits (OC_LIMIT[2:0]).

Table 152. Offset cancellation test limit bits (OC_LIMIT[2:0])

OC_LIMIT[2:0] Post PSI5 self-test offset limits

0x0 The post PSI5 self-test offset test is disabled.
0x1 + 2 LSB, 10-bit

0x2 + 4 LSB, 10-bit

0x3 + 6 LSB, 10-bit

0x4 + 8 LSB, 10-bit

0x5 + 10 LSB, 10-bit

0x6 + 12 LSB, 10-bit

Ox7 + 14 LSB, 10-bit

8.2.27.3 DSP disable bit (DSP_DIS)

The DSP disable bit provides the option for the user to disable the clocking to the DSP if sensor data from the
associated channel is not used.

Table 153. DSP disable bit (DSP_DIS)

0 DSP operational as specified

DSP clocking disabled. Sensor data is readable but will not be updated by the DSP even when self-test is

1 enabled

Care must be taken to ensure the DSP is not disabled for sources that are enabled.
8.2.28 Channel 0 arming configuration register (CHO_ARM_CFG)

The arming configuration register contains configuration information for the arming function. The values in this
register are only relevant if the arming function is operating in moving average mode, or count mode.
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Note: The arming function is reset on a change to the CHx_ARM_CFG bits. This includes the downsampling state and
all history registers.

This register can be written during initialization but is locked once the ENDINIT bit is set. Refer to
Section 8.2.6: Device lock register (DEVLOCK_WR). The register is included in the read/write array error
detection.

Table 154. Channel 0 arming configuration register (CHO_ARM_CFG)

Location

Eerl e

CHO_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

8.2.28.1 Arming function down sampling selection bits (ARM_DS[1:0])

The arming function down sampling selection bits select the down sample rate for the arming function. See
Section 8.9.4: Arming function down sampling.

Table 155. Arming function down sampling selection bits (ARM_DS[1:0])

ARM_DS|0 .
] Down sampling

0 0 Provide every Sensor Data Request sample to the arming function.

0 1 Provide every other Sensor Data Request sample to the arming function.

1 0 Provide every fourth Sensor Data Request sample to the arming function.
1 1 Provide every eighth Sensor Data Request sample to the arming function.

8.2.28.2 Arming pulse stretch (ARM_PS[1:0])

The ARM_PS[1:0] bits set the programmable pulse stretch time for the arming outputs. See Section 8.9: Arming
function for more details regarding the arming function. Pulse stretch times are derived from the internal oscillator,
so the tolerance on this oscillator applies.

Table 156. Arming pulse stretch (ARM_PS[1:0])

ARM_PS[1] ARM_PSJ[0] Pulse stretch time (typical oscillator)

0 0 0 ms

0 1 128.000 ms - 130.048 ms

1 0 512.000 ms - 514.048 ms

1 1 2048.000 ms - 2050.048 ms

8.2.28.3 Arming window size (ARM_WS_NJ[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_U3 registers. See Section 8.9: Arming function 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 polarity. If the arming function is set to count mode, the ARM_WS bits set the sample count limit for the
arming function.

Table 157. Positive arming window size definitions (moving average mode)

0 0 2
0 1 4
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1 0 8
1 1 16

Table 158. Negative arming window size definitions (moving average mode)

0 0 2
0 1 4
1 0 8
1 1 16

Table 159. Arming count limit definitions (count mode)

Don't Care Don't Care

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
8.2.29 Arming threshold registers (CH0O_ARM_T_P, CHO_ARM_T_N)

The arming threshold registers contain the positive and negative thresholds to be used by the arming function.
Refer to Section 8.9: Arming function 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 8.2.6: Device lock register (DEVLOCK_WR). The registers are included in the read/write array error
detection.

Table 160. Arming threshold registers (CH0O_ARM_T_P, CHO_ARM_T_N)

Location

2 S S S S B S

CHO_ARM_T_P ARM_T_P[7:0]
$47 CHO_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 8.9: Arming function. The threshold registers hold independent unsigned 8-bit values for
each polarity. Each threshold increment is equivalent to 1 output LSB, 10-bit. Table 161. Example threshold
register values and corresponding threshold shows examples of some threshold register values and the
corresponding threshold.

Table 161. Example threshold register values and corresponding threshold

Arming Range of Programmed thresholds

Device Sensitivity | thresh-old

nee |z | RN | oo | osive | Neguve | (R
LSBIg), (9) (Decimal) (Decimal) (@)
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
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Arming Range of Programmed thresholds

g‘:‘:;: e t,z;i::t'ﬁ,lg 2 . . Positive Negative
(@) SSZBt;gi obit threshold Pos!tlve Neg?tlve threshold threshold
LSBIg), ) (Decimal) (Decimal) (g)
25 81.8800 20.4700 12.4573 245 61 12 -3
16 127.9375 31.9844 7.9726 223 95 7 -3

If either the positive or negative threshold 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 are
programmed to 0x00, the arming function is disabled and the output pin is set to high impedance, regardless of
the value of the ARM_CFG bits in the CHO_CFG_U4 register.

8.2.30 Offset cancellation user configuration register (OC_PHASE_CFG)

The offset cancellation user configuration register is a user programmable read/write register which contains
offset cancellation configuration information. The register is included in the read/write array error detection.

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

Table 162. Offset cancellation user configuration register (OC_PHASE_CFG)

Location

=Tl 5 T o5 57 5 1 & 1 5 [ 0]

OC_PHASE_CFG CHO_OCFINAL RESERVED RESERVED RESERVED RESERVED RESERVED RESERVED RESERVED

Unprogrammed OTP Value 0 0 0 0 0 0 0 0

8.2.30.1 Channel 0 offset cancellation final phase control bit (CHO_OCFINAL)

The channel 0 offset cancellation final phase control bit provides the option for the user to control the final offset
cancellation phase for normal mode as shown in Table 163. Channel 0 offset cancellation final phase control bit
(CHO_OCFINAL).

Table 163. Channel 0 offset cancellation final phase control bit (CHO_OCFINAL)

CHO_OCFINAL | Channel 0 offset cancellation final phase for normal mode

0 Phase 6 (a or b) as specified in the table in Section 8.6.4.6: Offset cancellation
Phase 5 as specified in the table in Section 8.6.4.6: Offset cancellation

(Rate Limiting is always bypassed)

8.2.31 User offset calibration registers (Chx_U_OFFSET_L, Chx_U_OFFSET_H)

The user offset calibration registers contain a user programmable 16-bit signed offset correction value for the
sensor data.

These registers can be written during initialization but are locked once the ENDINIT bit is set. Refer to
Section 8.2.6: Device lock register (DEVLOCK_WR). The registers are included in the read/write array error
detection.

Table 164. User offset calibration registers (Chx_U_OFFSET_L, Chx_U_OFFSET_H)

Location

=1 == v T o 1 5 o1 51 2 1 5 1 5|

CHO_U_OFFSET_L CHO_U_OFFSET[7:0]
$56 CHO_U_OFFSET_H CHO_U_OFFSET[15:8]
Unprogrammed OTP Value 0 0 0 0 0 0 0 0
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The value programmed into the user offset calibration register is directly added to the sensor data after the user
sensitivity scaling but before the offset cancellation. See Section 8.6.4.9: Output scaling for scaling of the
CHx_U_OFFSET value. The CHx-_U_OFFSET register has the same resolution as the sensor value in the
SNSDATAX registers. A 1 LSB change in the CHx-_U_OFFSET register will result in a 1 LSB change to the value
in the SNSDATAX registers.

Note: The user offset calibration register range is larger than the full scale range of the output. The user must take
care to ensure that the value stored in this register does not result in a compressed output range or a railed
output.

8.2.32 Channel-specific status register (CHO_STAT)

The channel-specific status register is a read-only register which contains sensor data-specific status information.
This register is readable in DSI3 mode, SPI mode, 12C mode or PSI5 programming mode.

Table 165. Channel-specific status register (CHO_STAT)

Location

—-—————-

CHO_STAT SIGNALCLIP OCPHASE[2:0] ST_INCMPLT ST_ACTIVE OFFSET_ERR ST_ERROR

Reset Value 0 0 0 0 1 0 0 0

8.2.32.1 Signal clipped status bit (SIGNALCLIP)

In DSI3 mode, SPI mode, and I?°C mode, the signal clipped status bit is set if the output of the sinc filter reaches
either the maximum or minimum value. The SIGNALCLIP 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.

In PSI5 mode, the SIGNALCLIP bit has no impact on device operation or performance.
8.2.32.2 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 8.6.4.6: Offset cancellation.

Table 166. Offset cancellation phase status (OCPHASE[2:0])

Offset low-pass filter frequency
OCPHASE[2:0] Offset cancellation startup phase
(]

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
1M1 Not Applicable

8.2.32.3 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 are enabled in the ST_CTRL register (ST_CTRL[3] = logic 1 | ST_CTRL[2] = logic 1 | | ST_CTRL[1] = logic
1 || ST_CTRL[0] = logic 1) or the PSI5 internal self-test procedure has started.

Table 167. Self-test incomplete (ST_INCMPLT)

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
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8.2.32.4 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_CTRL[1] | ST_CTRL[0] | (self-test voltage applied to transducer)

8.2.32.5 Offset error flag (OFFSET_ERR)

The offset error flag is set if the sensor signal reaches the offset limit specified in Section 7.6: Electrical
characteristics - inertial sensor signal chain: High g. 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.
See Section 8.2.15.2: PSI5 error latching enable bit (PSI5_ERRLATCH) for details on a method to disable the
automatic clearing of this error in PSI5 mode.

Table 168. Offset error flag (OFFSET_ERR)

0 No error detected

1 Offset error detected

8.2.32.6 Self-test error flag (ST_ERROR)

The self-test error flag is set if the PSI5 startup self-test fails as described in Section 6.6.2.5. This bit can only be
cleared by a device reset.

8.2.33 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. See Section 8.2.2: Device status registers (DEVSTATXx) 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.

Table 169. Device status copy register (DEVSTAT_COPY)

Location

I 2 S T S

DEVSTAT_COPY CHO_ERR RESERVED COMM_ERR MEMTEMP_ERR SUPPLY_ERR TESTMODE DEVRES DEVINIT

8.2.34 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_U3 register. See

Section 8.2.25.2: Channel 0 data type 0 selection bits (CHXDATATYPEO). See Section 8.6.4.9: Output scaling for
details regarding the 16-bit sensor data.

These registers are readable in DSI3 mode, SPI mode, 12C mode or PSI5 Programming Mode. In I12C mode, the
SNSDA-TAO_H register value is latched on a read of the SNSDATAO_L register value until the SNSDATAO_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.

Table 170. Sensor data #0 registers (CHx_SNSDATAO_L, CHx_SNSDATAO_H)

Location

————————

CHO_SNSDATAO_L CHO_SNSDATAO[7:0]
$63 CHO_SNSDATAO_H CHO_SNSDATAO[15:8]

Reset Value 0 0 0 0 0 0 0 0
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8.2.35 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. See

Section 8.2.25.3: Channel 0 data type 1 selection bits (CHXDATATYPE1). See Section 8.6.4.9: Output scaling for
details regarding the 16-bit sensor data.

These registers are readable in DSI3 mode, SPI mode, I2C mode or PSI5 programming mode. In I)C 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.

Table 171. Sensor data #1 registers (CHx_SNSDATA1_L, CHx_SNSDATA1_H)

Location

= e [ - [ - [ - [ - 1 1

$64 CHO_SNSDATA1_L CHO_SNSDATA1[7:0]
$65 CHO_SNSDATA1_H CHO_SNSDATA1[15:8]
Reset Value 0 0 0 0 0 0 0 0
8.2.36 Channel-specific factory configuration register (CHx_CFG_F)

The channel-specific configuration register is factory programmable OTP register which contains channel specific
configuration information. This register is included in the factory programmed OTP array error detection.

This register is readable in DSI3 mode, SPI mode, I?°C mode or PSI5 Programming Mode when ENDINIT is not
set. See Section 8.2.10: UF region selection registers (UF_REGION_x) for details on the register read process for
this register.

Table 172. Channel-specific factory configuration register (CHx_CFG_F)

I S
I I A N N N N N S R NN
$A0 CHO_CFG_ DEV_RANGE[3:0] RESERVED A RESERVED AXIS[1:0]

F

8.2.36.1 Range indication bits (RANGE[3:0])

The range indication bits indicate the full scale range of the channel as shown in Table 173. Range indication bits
(RANGE[3:0]).

Table 173. Range indication bits (RANGE[3:0])

0 RESERVED
0 0 0 1 RESERVED
0 0 1 0 Medium
0 0 1 1 RESERVED
0 1 0 0 High
0 1 0 1 RESERVED
0 1 1 0 RESERVED
0 1 1 1 RESERVED
1 0 0 0 RESERVED
1 0 0 1 RESERVED
1 0 1 0 RESERVED
1 0 1 1 RESERVED
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RANGE[3] RANGE[2] mm Acceleration range

RESERVED
1 1 0 1 RESERVED
1 1 1 0 RESERVED
1 1 1 1 RESERVED

8.2.36.2 Axis indication bits (AXIS[1:0])

The axis indication bits indicate the axes of sensitivity for the channel as shown in Table 174. Axis indication bits
(AXIS[1:0]).

Table 174. Axis indication bits (AXIS[1:0])

AXIS[1] NG Axis of sensitivity

0 0 X
0 1 Y
1 0 z
1 1 RESERVED
8.2.37 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 25 °C. 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. See Section 8.2.10: UF region selection registers (UF_REGION_x) for details on the register read
process for these registers.

Table 175. Self-test deflection storage registers

Location

————————

CHO_STL_P_L CHO_STL_P[7:0]
$A3 CHO_STL_P_H CHO_STL_P[15:8]
$A4 CHO_STH_P_L CHO_STH_P[7:0]
$AS CHO_STH_P_H CHO_STH_P[15:8]
$A6 CHO_STL_N_L CHO_STL_N[7:0]
$A7 CHO_STL_N_H CHO_STL_N[15:8]
$A8 CHO_STH_N_L CHO_STH_N[7:0]
$A9 CHO_STH_N_H CHO_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 be tween the factory
measured Chx-_SNSDATAO register value with the analog self-test active and the factory measured
CHx_SNSDATAQO 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_MULTI[7:0] = 0x00.

CHO_STL_P = 0.5 * [CHO_SNSDATAOsT cTRL=0x8 - CHO_SNSDATAOST cTRL=0x0]
CHO_STL_N = 0.5 * [CHO_SNSDATAOsT cTRL=0x0 - CHO_SNSDATAOST CTRL=0x9]
CHO_STH_P = 0.5 * [CHO_SNSDATAOsT cTRL=0xA - CHO_SNSDATAOST cTRL=0x0]
CHO_STH_N = 0.5 * [CHO_SNSDATAOsT cTRL=0x0 - CHO_SNSDATAOsT cTRL=0xB]

Two self-test values are stored and available for comparison: a high self-test value and a low self-test value. 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 8.2.27.1: Self-test control bits (ST_CTRL[3:0]).
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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 accuracy limits specified in Section 7.7: Electrical characteristics - inertial sensor signal chain:
Medium g (ASTacc). See Section 8.6.2: Inertial sensor self-test interface for more details on calculating the self-

test limits.

8.2.38 IC type register

The IC type register is a factory programmable OTP register which contains the IC type as defined in
Table 176. IC type register. This register is included in the factory programmed OTP array error detection.

Table 176. IC type register

I
e e [ [ [ [
$Co 0 0 0 0 0 0 0 1

ICTYPEID

8.2.39 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, I1°C mode or PSI5 programming mode when ENDINIT is not
set. See Section 8.2.10: UF region selection registers (UF_REGION_x) for details on the register read process for
this register.

Table 177. IC revision register

Location

e [ e | [ [ [ - [ [
$C1

ICREVID ICREVID[7:0]

8.2.40 IC manufacturer identification register

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

This register is readable in DSI3 mode, SPI mode, I?°C mode or PSI5 Programming Mode when ENDINIT is not
set. See Section 8.2.10: UF region selection registers (UF_REGION_x) for details on the register read process for
this register.

Table 178. IC manufacturer identification register

[ e | e T T
e [ e | [ [ [ [ [ [ [ |
$C2 0 0 0 0 0 0 1 0

ICMFGID

8.2.41 Part number register

The part number registers are factory programmed OTP registers which include the numeric portion of the device
part number. 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. See Section 8.2.10: UF region selection registers (UF_REGION_x) for details on the register read
process for these registers.

Table 179. Part number register

Location

e [ e [ [ [ - [ [
$C4 PNO PNO[7:0]

$C5 PN1 PN1[7:0]
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Table 180. Part number: Protocol type

PN1[7:4] Protocol type

0 User Selectable
1 SPI32
2 DSI3
3 PSI5
4 12C
5-15 RESERVED

Table 181. Part number: Axis

0 RESERVED

1 4

2 X

3 RESERVED

4 RESERVED

5 RESERVED

6 Y

7 RESERVED
8-15 RESERVED

Table 182. Part number: Range

0 RESERVED
1 RESERVED
2 Medium g
3 High g
4-15 RESERVED

Table 183. Part number: Unused

PNO[3:0] N/A

0 0

8.2.42 Device serial number registers

The serial number registers are factory programmed OTP registers which include the unique serial number of the
device. Serial numbers begin at 1 for all produced devices in each lot and are sequentially assigned. Lot numbers
begin at 1 and are sequentially assigned. No lot will contain more devices than can be uniquely identified by the
16-bit serial number. Depending on lot size and quantities, all possible lot numbers and serial numbers may not
be assigned. These registers are included in the factory programmed OTP array error detection.

These registers are readable in DSI3 mode, SPI mode, 1°C mode or PSI5 programming mode when ENDINIT is
not set. See Section 8.2.10: UF region selection registers (UF_REGION_x) for details on the register read
process for these registers.
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Table 184. Device serial number registers

Location

I ) o S T B

SN[7:0]
$C7 SN1 SN[15:8]
$c8 SN2 SN[23:16]
$C9 SN3 SN[31:24]
$CA SN4 SN[39:32]

Table 185. Example serial number decoding shows an example serial number decoding:

Table 185. 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
Example Lot Number 0b 00 00 00 00 0101 0010 = 0x0052 = 82d

Example Serial Number 16’b 00 00 00 00 01 01 00 00 = 0x0050 = 80d

8.2.43 ASIC wafer ID registers

The ASIC 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 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. See Section 8.2.10: UF region selection registers (UF_REGION_x) for details on the register read
process for these registers.

Table 186. ASIC wafer ID registers

Location

I T S S S

ASICWFR# ASICWFR#[7:0]
$cc ASICWFR_X ASICWFR_X][7:0]
$CD ASICWFR_Y ASICWFR_Y[7:0]
$DO ASICWLOT_L ASICWLOT_L[7:0]
$D1 ASICWLOT_H ASICWLOT_H[7:0]

8.2.44 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 detection.

These registers are readable in DSI3 mode, SPI mode, 12C mode or PSI5 programming mode when ENDINIT is
not set. See Section 8.2.10: UF region selection registers (UF_REGION_x) for details on the register read
process for these registers.

Table 187. Transducer wafer ID registers

Location

T e ] o ] ] ] ]

TRNSTWFR_X TRNS1WFR_X[7:0]
$D3 TRNSTWFR_Y TRNS1WFR_Y([7:0]
$D4 TRNS1LOT_L TRNS1LOT_L[7:0]
$D5 TRNS1LOT_H TRNS1LOT_H[7:0]
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Location

= re=1 7 T 5 1 = 5 1 = T 3 I 5 [ ¢ |

TRNS1WFR# TRNS_ASSY_REV[2:0] TRNS1WFR#[4:0]

8.2.45 Device revision ID register

The Device revision ID register is a factory-programmed OTP register that includes the device revision
information. This register is included in the factory-programmed OTP array error detection.

This register is readable in DSI3 mode, SPI mode, I?°C mode, or PSI5 Programming mode when the ENDINIT is
not set. See Section 8.2.10: UF region selection registers (UF_REGION_x) for details on the register read
process for this register.

Table 188. Device revision ID register

I

Address Register 7 6 5 4 3 2 1 0
$CE DVCREVID Reserved Reserved Reserved Reserved DVCREVID[3:0]
0-14 Engineering device
15 Qualifiable and production device
8.2.46 User data registers (USERDATA_0 - USERDATA_E)

User data registers are user programmable OTP registers which contain 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. See Section 8.2.10: UF region selection registers (UF_REGION_x) for details on the register
read process for these registers.

Table 189. User data registers (USERDATA_0 - USERDATA_E)

Location

I 2 2 S O O

USERDATA_0 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]
$ES 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_C[7:0]
$ED USERDATA_D USERDATA_DI[7:0]
$EE USERDATA_E USERDATA_E[7:0]
Unprogrammed OTP Value 0 0 0 0 0 0 0 0

8.2.46.1 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
Table 190. PSI5 initialization phase 2 data transmissions of user data. See Section 10.4.2.1: PSI5 initialization
phase 2 data transmissions for details on the PSI5 Initialization Phase 2 Transmissions.
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Table 190. PSI5 initialization phase 2 data transmissions of user data

Location

I 2 2 S O O

USERDATA_0 RESERVED 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

PSI5_INIT2_D19 = 0, Channel 0 F9: D32
$E6 USERDATA_6 Channel 0 F7: D14
PSI5_INIT2_D19 =1, Ch 0 F9: D32 = Ch 0 F9: D19 = Ch 1 F9: D19

$E7 USERDATA_7 Channel 0 F8: D16 Channel 0 F8: D15

$E8 USERDATA_8 Channel 0 F8: D18 Channel 0 F8: D17

$E9 USERDATA 9 RESERVED RESERVED

$EA USERDATA_A RESERVED RESERVED

$EB USERDATA_B RESERVED RESERVED

$EC USERDATA_C RESERVED RESERVED

$ED USERDATA_D RESERVED RESERVED

$EE USERDATA_E RESERVED RESERVED

Unprogrammed OTP Value 0 0 0 0 0 0 0 0

8.2.47 User data registers (USERDATA_10 - USERDATA_1E)

User data registers are user programmable OTP registers which contain 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. See Section 8.2.10: UF region selection registers (UF_REGION_x) for details on the register
read process for these registers.

Table 191. User data registers (USERDATA_10 - USERDATA_1E)

Location

I 2 2 S O O

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]
$F7 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

8.2.48 Lock and CRC registers

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 8.2.7: Write OTP enable register.
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Table 192. Lock and CRC registers

Location

I B O O O S O O | B

CRC_UF2 LOCK_UF2 CRC_UF2[3:0]
Unprogrammed OTP Value 0 0 0 0 0 0 0 0
$AF CRC_F_A LOCK_F_A REGA_BLOCKID[2:0] CRC_F_A[3:0]
Reset Value 1 0 0 1 Varies
SBF CRC_F_B LOCK_F_B REGB_BLOCKID[2:0] CRC_F_B[3:0]
Reset Value 1 0 1 0 Varies
$CF CRC_F_C LOCK_F_C REGC_BLOCKID[2:0] CRC_F_C[3:0]
Reset Value 1 0 1 1 Varies
$DF CRC_F_D LOCK_F_D REGD_BLOCKID[2:0] CRC_F_D[3:0]
Reset Value 1 1 0 0 Varies
$EF CRC_F_E LOCK_F_E REGE_BLOCKID[2:0] CRC_F_E[3:0]
Unprogrammed OTP Value 0 0 0 0 0 0 0 0
$FF CRC_F_F LOCK_F_F REGF_BLOCKID[2:0] CRC_F_F[3:0]
Unprogrammed OTP Value 0 0 0 0 0 0 0 0

Table 193. Lock bit, block identifier, and CRC states shows the state of the lock bits, the block identifiers, and the
CRC for each register block before and after programming.

Table 193. Lock bit, block identifier, and CRC states

Lock bit Block identifier
bit[7] bits[6:4]

Register block address

Before After Before After Before After
programming programming programming programming programming programming

UF2 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 on N/A Varies
$Dx 0 1 N/A 100 N/A Varies
$Ex 0 1 000 101 0000 Varies
SFx 0 1 000 110 0000 Varies
8.2.49 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 logic 0 or logic 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 logic 0 or logic 1. A write to the reserved bits must always be '0'
for normal device operation and performance.

8.2.50 Invalid register addresses

A register read command to a register address outside the addresses listed in Section 8.1: User accessible data
array will result in a valid response. The data for the registers will be '0x00'.

A register write command to a register address outside the addresses listed in Section 8.1: User accessible data
array 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.

8.3 OTP and read/write register array CRC verification

8.3.1 ST 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.
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Table 194. Memory type code: ST OTP register

Memory type codes
F User readable register with OTP

8.3.2 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) = 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.

Table 195. Memory type code: User OTP register

Memory type codes

UFO0 One time user programmable OTP region 0
UF1 One time user programmable OTP region 1
8.3.3 OTP modifiable registers

The following registers are user read/write registers as well as OTP registers with writable mirror registers. The
OTP registers 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 registers 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) = 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.

Registers verified by the OTP CRC:

Table 196. Memory type code: CRC verified OTP registers

Memory type codes

UF2 One time user programmable OTP region 3 with modifiable mirror registers
Registers verified by the ENDINIT calculated CRC:

Table 197. Memory type code: ENDINIT CRC verified OTP registers

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

8.4 Voltage regulators

The device derives its internal supply voltage from the Vcc/BUS | and Vg pins. The internal regulators are
supplied by a buffer regulator (Vgyg) to provide immunity from EMC and supply dropouts on BUS_I. An external
filter capacitor is required for Vgyg, as shown in Section 3: Application diagrams.

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 undervoltage error flag as specified in Section 8.4.2: BUS |, Vgyr, VrReG, VREGA, undervoltage
monitor when the external supply or internally regulated voltages fall below the under-voltage detection
thresholds.

A reference generator provides a reference voltage for the A converter.

DS15164 - Rev 1 page 90/228



<71 NXLS9xxx0AES
> /4

Functional description

Figure 11. Voltage regulation and monitoring
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8.4.1 Vgur regulator capacitor and capacitor monitor

In DSI3 and PSI5 modes, the buffer regulator requires an external capacitor between the Vgyr pin and the Vgg
pin. Section 3: Application diagrams 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 Vgyr capacitor
becomes open. If the external capacitor is not present, the regulator voltage will fall below the threshold specified
in Section 7.4: Electrical characteristics - supply and /O 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 in

Figure 12. Vgyf capacitor monitor timing, DSI3, Figure 13. Vgyg capacitor monitor timing, PSI5 synchronous
mode, and Figure 14. Vgyr capacitor monitor timing, psi5 asynchronous mode.
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8.4.1.1 Vur capacitance monitor timing, DSI3

Figure 12. Vgyf capacitor monitor timing, DSI3
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8.4.1.2 Vgur capacitance monitor timing, PSI5
Figure 13. Vgyg capacitor monitor timing, PSI5 synchronous mode
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8.4.1.3 VBur capacitance monitor timing, PSI5 asynchronous mode
Figure 14. Vgyr capacitor monitor timing, psi5 asynchronous mode
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8.4.2 BUS_I, Vgur, VReGs VREGA, Undervoltage monitor

A circuit is incorporated to monitor the BUS_| supply voltage and the internally regulated voltages, Vgyr, VReG,
and VRega. If any of the voltages fall below the specified under-voltage thresholds in Section 7.4: Electrical
characteristics - supply and 1/0O, the device reacts as described:

. 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 8.2.2.4: Supply error flag (SUPPLY_ERR).

- 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 8.2.2.4: Supply error flag (SUPPLY_ERR).

- 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 8.2.2.4: Supply error flag (SUPPLY_ERR). 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 8.2.2.4: Supply error flag (SUPPLY_ERR). 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 8.2.2.4: Supply error flag
(SUPPLY_ERR). 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 8.2.2.4: Supply error flag (SUPPLY_ERR).

. 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 8.2.2.4: Supply error flag (SUPPLY_ERR).
. 12C

- If any supply falls below the specified threshold, I?C transactions are terminated. Once the supply
returns above the threshold, the device will resume responses as specified in Section 8.2.2.4: Supply
error flag (SUPPLY_ERR).

See Figure 15. BUS_| micro-cut response (DSI3 or PSI5) for an example of a supply line interruption during a
DSI3 or PSI5 response.
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Figure 15. BUS_I micro-cut response (DSI3 or PSI5)
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8.5 Internal oscillator

The device includes a factory trimmed oscillator as specified in Section 7.20: Dynamic electrical characteristics -
supply and support circuitry.

8.5.1 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: Do not use oscillator training in systems that employ spread spectrum communication methods to reduce
emissions.
8.5.1.1 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 4 ms (NcrM_PER_4ms_TYP @nd NppcM_PER_4ms_~TYP)-

In Command and Response Mode, oscillator training is completed over 4 ms periods if and only if the
CK_CAL_EN bit is set and the Command and Response Mode period is between 500 ys and 4 ms, inclusive. The
following procedure is used to train the oscillator (See Figure 16. Command and response mode oscillator training
timing diagram):

1. The device counts the number of oscillator cycles in ncrv_PER_4ms_TYP Periods (Nosc_ams)-

2. nosc_ams is compared to nosc_ams_Tvp- If the value is within the acceptable training window (OscTrainyyn)
specified in Section 7.20: Dynamic electrical characteristics - supply and support circuitry, 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. If nosc 4ms is less than nosc 4ms_Typ - 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.

DS15164 - Rev 1 page 94/228



‘_ NXLS9xxx0AES
,l Functional description

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 7.20: Dynamic electrical characteristics - supply
and support circuitry.

Figure 16. Command and response mode oscillator training timing diagram
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In Periodic Data Collection Mode, oscillator training is completed over 4 ms periods if the CK_CAL_EN bit is set.

The following procedure is used to train the oscillator (See Figure 17. Periodic data collection mode oscillator

training timing diagram):

1. The device counts the number of oscillator cycles in nppcm_PER_4ms_TYP Periods (Nosc_4ms)-

2. Nosc_ams is compared to Nosc_4ms_Typ- If the value is within the acceptable training window (OscTrainyn)
specified in Section 7.20: Dynamic electrical characteristics - supply and support circuitry, an oscillator
adjustment is made. Otherwise, no adjustment is made.

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

b. If nosc_4ms is less than nosc_4ms_Typ - 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 nppcm_PER_0sc calculation.

Figure 17. Periodic data collection mode oscillator training timing diagram
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8.5.1.2 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 number of transmission periods for every 4 ms (npsi5_pER_4ms_TYP)-

Oscillator training is completed over 4 ms periods if the CK_CAL_EN bit is set. The following procedure is used to
train the oscillator (see Figure 18. PSI5 oscillator training timing diagram):

1. The device counts the number of oscillator cycles in npgi5 peR 4ms_TYP P€riods (Nosc_4ms)-
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2. nosc_4ms is compared to Nnpsc_4ms_Tvp- If the value is within the acceptable training window (OscTrainyyn)
specified in Section 7.20: Dynamic electrical characteristics - supply and support circuitry, 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. If nosc_4ms is less than nosc_4ms_Typ - 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 nppcm_per_osc calculation.

Figure 18. PSI5 oscillator training timing diagram
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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 trs pwm after reset.

8.5.1.3 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_O0 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 4 ms (nspi_pER_4ms_TYP)-

In SPI Mode, oscillator training is completed over 4 ms 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_4ms is compared to Nnpsc_4ms_Tvp- If the value is within the acceptable training window (OscTrainyyn)

specified in Section 7.20: Dynamic electrical characteristics - supply and support circuitry, 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. If nosc_4ms is less than nosc_ams_Tvp - OscTrainapy, the oscillator frequency target is increased by
OscTrainggs.

c. The oscillator frequency target value is changed.

8.5.1.4 I*C 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 I?C reads of the SNSDATAQ_L register from the master against the value stored in
the PDCM_PER][2:0] bits of the user read/write register array. The master programs the intended command period
into the PDCM_PERJ2:0] bits. The device then calculates the number of transmission periods for every 4 ms

(NSPI_PER_4ms_TYP)-
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In I)C mode, oscillator training is completed over 4 ms 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 njac_per_ams_TyP Periods (Nosc_4ms)-

2. nosc_ams is compared to Nnosc_4ms_Typ- If the value is within the acceptable training window (OscTrainyn)
specified in Section 7.20: Dynamic electrical characteristics - supply and support circuitry, an oscillator
adjustment is made. Otherwise, no adjustment is made.

a. If nosc_ams is greater than nosc_4ms_Typ + OscTrainapy, the oscillator frequency target is decreased by
OscTrainggs.

b. If nosc_4ms is less than nosc_ams_Tvp - OscTrainapy, the oscillator frequency target is increased by
OscTrainggs.

c. The oscillator frequency target value is changed.

8.5.2 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_4ms) for any
mode is outside the Oscillator Training Window (OscTrainyyn)-

. 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 the OSCTRAIN_ERRCNT setting in the TIMING_CFG2 register, 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 500 us to 4 ms window.

. The Command and Response Mode period established by the PDCM_PER and CRM_PER settings is not
a whole number divisor of 4 ms.

8.6 Inertial sensor signal path

8.6.1 Inertial sensor transducer

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

wf

H(S)=sz+2-§<wn-s+m% (2)

Where:
4 = Damping Ratio
Wn = Natural Frequency = 2 [M*f

See Section 7.19: Dynamic electrical characteristics - transducer for transducer parameters.

8.6.2 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 (See

Section 8.2.37: Self-test deflection storage registers). 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 8.2.27: Channel 0 user
configuration #5 register (CHO_CFG_US5). A diagram of the self-test interface is shown in Figure 19. Self-test
interface.
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Figure 19. Self-test interface
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Two self-test voltages are available for each device range. The self-test voltage is selected via the ST_CTRL[3:0]
bits.

Self-test can be verified via the following methods:

8.6.2.1 Raw self-test deflection verification

In DSI3 mode, SPI mode or I?°C mode, the raw self-test deflection can be verified against raw self-test limits in
Section 7.7: Electrical characteristics - inertial sensor signal chain: Medium g.

8.6.2.2 Delta self-test deflection verification

In DSI3 mode, SPI mode or I?°C 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 8.2.37: Self-test deflection storage registers. The Delta
Self-test Deflection limits can then be determined by Eq. (3) and Eq. (4):

ASTAcCMINLIMIT = STDATA X (1 — AST pcc) 3)
Note: This value is truncated.
AST pccMAXLIMIT = STDATA X (1 + AST pcc) (4)
Note: This value is rounded up.
Where:
ASTacc = The accuracy of the self-test deflection relative to the stored deflection as specified in

Section 7.8: Electrical characteristics - inertial sensor self-test.

STDATA = The value stored in the appropriate CHx_STy_z register as defined in Section 8.2.37: Self-test
deflection storage registers.
8.6.2.3 Startup digital self-test

In DSI3 mode, SPI mode or I?C 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 8.2.27.1: Self-test control bits (ST_CTRL[3:0]).

8.6.2.4 Fixed pattern self-test

In DSI3 mode, SPI mode or I?C 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_U5 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. The fixed pattern
self-test values are listed in Section 8.2.27.1: Self-test control bits (ST_CTRL[3:0]).
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8.6.2.5 PSI5 automatic startup self-test procedure

Figure 20. PSI5 self-test procedure shows the PSI5 self-test procedure which is run automatically at startup on

each channel if the device is a PSI5 device. The minimum gain settings are used for this procedure:
U_SNS_SHIFT ='00", U_SNS_MULT = 0x00.

Figure 20. PSI5 self-test procedure

PS15 Internal self-test

Complete Internal Fixed
Capacitor self-test

Fixed Cap Test Pass?

Delay tpsissT_START

Suspend the Offset
Cancellation Filter

ST Disabled
Sample DSP Output

|

Enable Positive self-test yes Captured 16 Sensor no
Delay 8.192 ms i Roadings? Delay 512 s
Sample DSP Output

Captured 16 Sensor
Readings?

yes

Calculate ST+ =
STPOSpvG - Offsetavg

|

Delay 512 us

Set REPEAT_ST

Enable Negative self-test
Delay 8.192 ms

Delay 512 ps

Delay 512 ps Captured 16 Sensor

Readings?.

Calculate ST-=
STNEGayg - Offsetavg

Set REPEAT_ST

no

ST_RPT at max?

Increment ST_RPT

Enable Digital self-test
Delay 19.5 ms
Sample DSP Output

DST
within Specification
Limits?

Delay 512 ps

no

Increment ST_RPT

no
ST_RPT at max?
yes

Reset Offset Cancellation |—-| Delay 106 ms
no T |
no OC - within
ST_RPT at max? Increment ST_RPT je— Programmed Limits?
yes yes

Self-test passed.
Clear ST_ERROR

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 are transmitted instead of sensor data.
In this case, the ST_ER-ROR bit can only be cleared by a device reset.

aaa-030615
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8.6.3 Inertial sensor ZA 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 1 MHz. A simplified block diagram is
shown in Figure 6. I?C application diagram.

Figure 21. ZA converter block diagram

first second 1-Bit
Vy integrator integrator quantizer

transducer

Po—————

— Y(Z) ={0, 1}

CTOP# a1 = a2 1
CINT1 z! + z 1 1
+ - -
CBOT‘# / 1-7-1 / 1-7-1

AC = CtopP - CBOT B1 B2

,.___..________
o
>
@]

V =AC x Vx/C|NT1

aaa-030616

8.6.4 Inertial sensor digital signal processor

A digital signal processor (DSP) is used to perform signal filtering and compensation. A diagram illustrating the
signal processing flow within the DSP is shown in Figure 22. Signal chain diagram.

Figure 22. Signal chain diagram

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
F - L without interpolation no yes (100)
- M - L with interpolation no no
- M - L without interpolation yes (01) yes (000)

aouT

A| SINC | B C D IR E USER F
L FILTER TRIM CEIJ_‘I(FB"FT\?:E; LPF SENSE
\ \ SCALING

Q
INTERPOLATION
Ao [ Qe e oerour,
- P
OFFSET
s P o P o [ oo A}
OFFSET W
MONITOR FUNCTION
aaa-030617
Table 198. Signal chain diagram legend
Sample Time S'gm.“ QYRIcS
Description margin block Reference
(ks) (Bits) latency
Section 8.6.3: Inert
A | ZA 1 1 1 NA 1 NA 2.5ps ial sensor ZA
converter
B  SINC Filter 16, 32, 64 23 1 NA 21 NA 225 s Section 8.6.4.1: De

cimation sinc filter

Section 8.6.4.2: Si
C Trim 16, 32, 64 32 1 2 18 11 N/A gnal trim and
compensation
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Sample Time Sign Signal Typical
Description ) ot block Reference
(h=) (Bits) (Bits) latency
D  Digital Clipping 16, 32, 64 32 1 2 18 1 N/A Section 8.6.4.3: Di
gital clipping
E Low-pass filter 16, 32, 64 32 1 2 18 1 Filter Section 6_5.6.4.4: Lo
Dependent | w-pass filter
Section 8.6.4.5: Us
F  User Scaling 16, 32, 64 32 1 2 18 11 N/A er sensitivity
scaling
H Down Sample 32, 64, 128 32 1 NA 31 NA N/A Se_ctlon 8.6.4.7: M
oving average
J  Secondary Down Sample 256 32 1 NA 31 NA N/A Section 8.6.4.6: Off
set cancellation
K  Offset low-pass filter 256 32 1 2 18 11 N/A Section 8.6.4.6: Off
set cancellation
L  Offset Rate Limiting 256 16 1 2 11 2 N/A Section 8.6.4.6: Off
set cancellation
M  Moving Average Filter 32, 64, 128 24 1 2 18 3 Filter Septlon 8.6.4.7: M
Dependent | oving average
P | Offset Subtraction 32, 64, 128 24 1 2 18 3 N/A Section 8.6.4.6: Off
set cancellation
. ) ) Section 8.6.4.8: Da
Q | Interpolation 1,24 24 1 2 18 3 tsigChainxx interpolation
R ' Output Range Selection 1,2,4 18 User Selectable N/A section 3'6'4‘9: Ou
tput scaling
8.6.4.1 Decimation sinc filter

The output of the ZA modulator is decimated and converted to a parallel value by a third order Sinc Filter with a
decimation ratio of 16.

— 3
1-7 16)

1
H(Z) = (—
@ (163)x ( 1-771

Figure 23. Sinc filter response 3rd order sinc filter magnitude response

aaa-030618
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-60 /\

AN

-100 / \ /\f/\ /\/\/\
[H/BINRIRIRIRVAIA

0 200 400 600 800 1000
frequency (kHz)
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8.6.4.2 Signal trim and compensation

The device includes digital trim to compensate for sensor offset, sensitivity, and non-linearity over temperature.
Eq. (6), Eq. (7), Eq. (8), and Eq. (9) are used for the trim compensation.

Of fsetrrim = Ag + B2 (T = Tg5) + Cog X (T = T25)° (6)
SensitivityTyyy = By + (T = T25) X C12 (7)

Linearityryrim = C11 (8)

Trimoyt = Trimpy, X [Sensitivityp iy, + Trimy, X Linearityyim| + Of fsetryim (9)

Table 199. Signal trim and compensation variable descriptions

Variable .
Variable L Range - Resolution
name Description Size
(Real) (Bits) (Real)

Ao Offset Compensation -1.0to +1.0 12 4.8852e-04
By Offset Compensation with First Order Temperature Compensation -1.0to +1.0 12 4.8852e-04
Co2 Offset Compensation with Second Order Temperature Compensation -1.0to +1.0 12 4.8852e-04
By Sensitivity Compensation -1.0to +1.0 12 4.8852e-04
Ci2 Sensitivity Compensation with First Order Temperature Compensation -1.0to +1.0 12 4.8852e-04
Cy 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 -1.0to +1.0 12 4.8852e-04

Trimy, Output of the Sinc Filter

Trimoyt Output of the Trim Block

8.6.4.3 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 7.9: Electrical characteristics - lateral
inertial sensor overload and Section 7.10: Electrical characteristics - Z-axis inertial sensor overload.

8.6.4.4 Low-pass filter
Data from the Sinc filter is processed by an infinite impulse response (lIR) low-pass filter.

H(z) = ag - (nll . ZO) + (n12 'Z_l) + (n13 . 2_2) . (n21 . ZO) + (nzz 'Z_l) + (Tl23 . 2_2)
0 (d11 . ZO) + (d12 -Z_l) + (d13 . 2_2) (dz]_ . ZO) + (dzz . Z_l) + (d23 . 2_2) (’] O)

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 8.2.23.1: Low-pass filter and sample rate selection bits (LPF[3:0],
SAMPLERATE[1:0]). Response parameters for the low-pass filter are specified in Section 7.18: Dynamic electrical
characteristics - digital self-test response time. Filter characteristics for the highest sample rate are illustrated in
Figure 24. 400 Hz, 4-pole low-pass filter response magnitude through Figure 49. 50 Hz, 4-pole low-pass filter
response signal delay.
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0,2

Filter

Filter

4

5

0000
or

0010

LPF[3:0]

0001
or

0011

LPF[3:0]

0100

LPF[3:0]

0101

Table 200. LPF #0 and LPF #2

Typical

1000 Hz Step response

-3dB Sample Filter

SAMPLERATE[1:0] Attenuation Activation to 99 %

time (ps) order

Frequency

(Hz) (dB) (ms)

00 or 01 400 16 839 -19.5 1.59
10 200 32 4 1678 —42.3 3.18
" 100 64 3356 -66.0 6.36

Table 201. LPF #1 and LPF #3

Typical

1000 Hz Step response

-3dB Sample Filter

SAMPLERATE[1:0] time (us) ol

Attenuation Activation to 99 %

Frequency
(Hz)

(dB) (ms)

00 or 01 400 16 697 -16.6 1.49
10 200 32 3 1394 -33.5 2.98
" 100 64 2788 -51.5 5.96

Table 202. LPF #4

Typical

1000 Hz Step response

-3dB Sample Filter

SAMPLERATE[1:0] time (us) s e

Attenuation Activation to 99 %

Frequency

(Hz) (dB) (ms)

00 or 01 325 16 856 -21.4 1.84
10 162.5 32 4 1712 -38.7 3.68
81.25
" 64 3424 -56.8 7.36
5

Table 203. LPF #5

Typical

1000 Hz Step response

-3dB Sample Filter

SAMPLERATE[1:0] time (us) e e

Attenuation Activation to 99 %

Frequency
(Hz)

(dB) (ms)

00 or 01 370 16 586 -14.1 1.55
10 185 32 2 172 —25.2 3.10
" 92.5 64 2344 -37.2 6.20

Filter coefficients

ap 0.003143225986084408

N1 0.0009951105668343345 di 1

ni2 0.002003487780064749 dq2 —1.892328151433503
nq3 0.001008466113720278 dq3 0.8954713774195870
n2q 0.2516720624825626 da1 1

n22 0.4999888752940916 do2 —1.918978239761011
n23 0.2483390622233452 do3 0.9229853042218408

Filter coefficients

ag 0.05189235225042199

nyq 0.001629077582099646 d 1

ni2 0.001630351547919014 diz —0.9481076477495780
n3 0 di3 0

n21 0.2500977520825902 das 1

n22 0.4999999235890745 dp2 ~1.915847097557409
no3 0.2499023243303036 das 0.9191065266874253

Filter coefficients

ap 0.0424754749983549118
N1 0.0010903775691986084 diq 1

ni2 0.00108939409255981445 dq2 —0.95752453804016113281

ni3 0 diz 0
noq 0.24988752603530883789 d24 1
N2 0.49999989569187164307 doo —1.93140876293182373047

na3 0.2501125633716583252 da3 0.93358850479125976562

Filter coefficients

ap 0.00220982858445495367
N1 0.25 diq 1

ni2 0.49999998509883880615 di2 —1.91803151369094848633

ni3 0.25 di3 0.92024135589599609375
n21 1 da1 1
n22 0 d2z 0
n23 0 da3 0
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6

Filter

Filter

8

9

0110

LPF[3:0]

0111

LPF[3:0]

1000

LPF[3:0]

1001

Table 204. LPF #6

Typical

1000 Hz Step response

-3dB Sample Filter

SAMPLERATE[1:0] Attenuation Activation to 99 %

time (ps) order

Frequency

(Hz) (dB) (ms)

00 or 01 180 16 1187 -25.6 3.19
10 90 32 2 2374 -37.5 6.38
" 45 64 4748 —49.7 12.8

Table 205. LPF #7

WGE 1000 Hz Step response
SAMPLERATE[1:0] =Sk tf‘r:'e“&':) Fller Attenuation |  Activation to 99 %
Frequenc;
?Hz) v (dB) (ms)
4

00 0r 01 100 16 2167 357

575

10 50 32 2 4334 477 15
-60.0

1" 25 64 8668 23.0

5

Table 206. LPF #8

Typical

1000 Hz Step response

-3dB Sample Filter

SAMPLERATE[1:0] time (us) s e

Attenuation Activation to 99 %

Frequency

(Hz) (dB) (ms)

00 or 01 1500 16 223 -1.26 0.420
10 750 32 4 446 -5.70 0.840
" 375 64 892 -21.7 1.68

Table 207. LPF #9

Typical

1000 Hz Step response

-3dB Sample Filter

SAMPLERATE[1:0] time (us) e e

Attenuation Activation to 99 %

Frequency
(Hz)

(dB) (ms)

00 or 01 500 16 558 -12.0 1.18
10 250 32 3 1116 -27.9 2.36
" 125 64 2232 —45.8 4.72

n21

n22

n23

n21

n22

n23

ao

n1q

ni2

n21

n22

n23

ap

nq

ni2

n21

n22

n23

Filter coefficients

0.00053406920051202178

0.25

0.50

0.25

1

Filter coefficients

0.00016630983736831695

0.25

0.5

0.25

Filter coefficients

0.03834337295612844088

0.01260285855167835381

0.02520581295635351826

0.01260284171453899225

0.25000039185483757809

0.49999888229656874739

0.25000072584865173919

Filter coefficients

0.06461570392887561187

0.00253228358602412005

0.00253382455746249506

0.0

0.25007606629379214302

0.49999995372560029905

0.24992397997755622097

diz

dig

diz

diz

dz2

da3

diq
diz
dia
d24
dz2

da3

diq
di2
diz
da1
dzz

da3

—1.95983958244323730469

0.96037364006042480469

1

0

—1.97762179374694824219

0.97778809070587158203

—1.62182206187479138748

0.66016543483091971734

—1.69136566438039781524

0.74177717760299266558

—0.93538429607112438813

0.0

—1.89461887839771225828

0.89968498654120099278
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Filter

#

Filter

#

Filter

#

Filter

#

1010

LPF[3:0]

1011

LPF[3:0]

1100
or

1101

LPF[3:0]

1100
or

1101

SAMPLERATE[1:0]

00 or 01

SAMPLERATE[1:0]

00 or 01

SAMPLERATE[1:0]

00 or 01

SAMPLERATE[1:0]

00 or 01

Table 208. LPF #A

Typical

1000 Hz Step response

-3dB Sample Filter

Attenuation Activation to 99 %

time (ps) order

Frequency

(Hz) (dB) (ms)

800 16 419 —4.92 0.795
400 32 4 838 -19.5 1.59
200 64 1676 —42.3 3.18

Table 209. LPF #B

Typical

1000 Hz Step response

-3dB Sample Filter

Rt 0
time (us) ol Activation to 99 %

Attenuation
Frequency

(Hz)

(dB) (ms)

1200 16 279 -2.00 0.530
600 32 4 558 -9.30 1.06
300 64 1116 —28.8 212

Table 210. LPF #C

Typical

1000 Hz Step response

-3dB Sample Filter

R o
time (ps) order Activation to 99 %

Attenuation

Frequency

(Hz) (dB) (ms)

120 16 2325 —46.5 5.00
60 32 3 4650 —-64.5 10.0
30 64 9300 -82.8 20.0

Table 211. LPF #D

Typical

1000 Hz Step response

-3dB Sample Filter

) o
time (ps) order Activation to 99 %

Attenuation

Frequency
(kH2)

(dB) (ms)

20 16 <50 0 <0.100
10 32 2 <100 -0.01 <0.200
5 64 <200 -0.04 <0.400

n21

n22

n23

n21

n22

n23

ao

n1q

ni2

n21

n22

n23

ap

nq

ni2

n21

n22

n23

Filter coefficients

0.01190410984205714229

0.00384158186528944052

0.00768325414507123675

0.00384155498534484614

0.25000103366513437564

0.49999618339874751793

0.25000278293126343421

diq 1
dq2 —1.790004627 19285069468
dig 0.80190873703490794799
d2q 1
do2 —1.83684943491757790568

do3 0.85221582591330946599

Filter coefficients

0.02546195827091324651

0.00830769458672901175

0.01661549341945577768

0.00830767373784346147

0.25000062740839573694

0.49999811778583796995

0.25000125480314383530

diq 1
dq2 —1.69226073394381204551
di3 0.71772269221472528855
day 1
do2 —1.75385062639799738093

d23 0.78708148814205258770

Filter coefficients

0.01589500145947964072

0.00015161988544501960

0.00015200954845361584

0.0

0.25032124994306603760

0.49999917553953604488

0.24967957470143059551

diq 1

di2 —0.98410499854052035928
dig 0.0

das 1

doo —1.97464045392631648568

da3 0.97494408336020621508

Filter coefficients

0.46228490769863128662

1.03297972679138183594

2.06595945358276367188

1.03297972679138183594

1

diq 1
dq2 0.72391998767852783203

diz 0.18620371818542480469

dzs 1
doo 0
do3 0
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Table 212. LPF #E

WG 1000 Hz Step response
Filter .
SAMPLERATE[1:0] S t?r:;“&':) Fllter Attenuation |  Activation to 99 % Filter coefficients
#
Frequency
i (dB) (ms)
ap 0.00023895280210650682
00 or 01 120 16 1804 -32.8 4.85
nqq 0.25 dqq 1
N2 0.50 di2 —1.97316625013962188007
E 1110 10 60 32 2 3608 —44.7 9.70 n13 0.25 dis 0.97340520294172827587
N2 1 da1 1
n22 0 do2 0
1" 30 64 7216 -57.0 19.4
n23 0 da3 0

Table 213. LPF #F

WGE 1000 Hz Step response
Filter .
LPF[3:0] SAMPLERATE[1:0] =Jek Samplc F";” Attenuation | Activation to 99 % Filter coefficients
# CH—— time (ps) order
(H2) (dB) (ms)
ao 0.00005137322664827693
00 or 01 50 16 6726 -89.7 12.8
niq 0.00001504124143177110 diq 1
N1z 0.00003226111162087577 di2 | —1.98626319205697576820
F 1M1 10 25 32 4 13,452 -114 256 ni3 | 0.00001738720648386979 | di3 | 0.98631456528362415614
na1 0.26880063911477075633 da1 1
n22 0.49866318155607519680 doo —1.98997568035769623052
1 125 64 26,904 -138 512
np3 | 0.23253587866496652770 | d3  0.99004036988244481510
Figure 24. 400 Hz, 4-pole low-pass filter response magnitude
aaa-030619
10
magnitude
(dB)
0 — ~
-10 Q
AN
-20 N
-30
-40
50 —— minimum oscillator
—— typical oscillator
—— maximum oscillator
-60 I —
10 102 103 104

frequency (Hz)

DS15164 - Rev 1 page 106/228




NXLS9xxx0AES

Functional description

1000

Figure 25. 400 Hz, 4-pole low-pass filter response signal delay
aaa-030688
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Figure 26. 400 Hz, 3-pole low-pass filter response magnitude
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Figure 27. 400 Hz, 3-pole low-pass filter response signal delay
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Figure 28. 325 Hz, 3-pole low-pass filter response magnitude
aaa-030621

10
magnitude
(dB)

0

-40 \

50 — minimum oscillator \\
—— typical oscillator 3 \
—— maximum oscillator \

60 I — N

10 102 103 104
frequency (Hz)

Figure 29. 325 Hz, 3-pole low-pass filter response signal delay
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Figure 30. 370 Hz, 2-pole low-pass filter response magnitude
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Figure 31. 370 Hz, 2-pole low-pass filter response signal delay
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Figure 32. 180 Hz, 2-pole low-pass filter response magnitude
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Figure 33. 180 Hz, 2-pole low-pass filter response signal delay
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Figure 34. 100 Hz, 2-pole low-pass filter response magnitude
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Figure 35. 100 Hz, 2-pole low-pass filter response signal delay
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Figure 36. 1500 Hz, 4-pole low-pass filter response magnitude
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Figure 37. 1500 Hz, 4-pole low-pass filter response signal delay
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Figure 38. 500 Hz, 3-pole low-pass filter response magnitude
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Figure 39. 500 Hz, 3-pole low-pass filter response signal delay
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Figure 40. 800 Hz, 4-pole low-pass filter response magnitude
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Figure 41. 800 Hz, 4-pole low-pass filter response signal delay
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Figure 42. 1200 Hz, 4-pole low-pass filter response magnitude
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Figure 43. 1200 Hz, 4-pole low-pass filter response signal delay
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Figure 44. 120 Hz, 3-pole low-pass filter response magnitude
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Figure 45. 120 Hz, 3-pole low-pass filter response signal delay
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Figure 46. 120 Hz, 2-pole low-pass filter output magnitude response
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Figure 47. 120 Hz, 2-pole low-pass filter output magnitude response
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Figure 48. 50 Hz, 4-pole low-pass filter response magnitude
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Figure 49. 50 Hz, 4-pole low-pass filter response signal delay
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8.6.4.5 User sensitivity scaling
The device includes a user controlled sensitivity scaling as described in Section 8.2.24.1: User sensitivity
multiplier bits (U_SNS_MULT[7:0]).
8.6.4.6 Offset cancellation

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 50. Offset cancellation block diagram.
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Offset LPF startup
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Figure 50. Offset cancellation block diagram
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The transfer function for the offset low-pass filter is:
-1
no\nq -z
H(z) = ag x 0( ! _1)
do(dy-2~1) (1)

Response parameters are specified in Section 7: Electrical characteristics and the offset low-pass filter
coefficients are specified in Table 214. Offset cancellation phases and times: DSI3, SPI, and I°C modes.

During startup, 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 startup phases is shown in
Table 214. Offset cancellation phases and times: DSI3, SPI, and I?C modes.

In normal mode, the offset low-pass filter frequency can be selected and 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. Rate limiting can only be
enabled if the 0.04 Hz offset LPF is selected. If rate limiting is enabled, the offset cancellation output is updated by
OFFstep LSB every tr|_Rrate S€CONdS.

The offset cancellation circuit output value is frozen when analog or digital self-test is active (ST_CTRL = 0x8 -
0xF) regard-less of the offset cancellation phase. When analog or digital self-test is deactivated, the offset
cancellation output value freeze is extended for 15 ms before continuing updates.

Table 214. Offset cancellation phases and times: DSI3, SPI, and I’°C modes

Time from reset to LPF corner frequency

Sample Time Time constant (1)

start of phase Coefficients (24 bit) (FOe=) Rate limiting

(5] (ms)

(ms) (Hz)

DS15164 - Rev 1

a0 0.234051465988159
0 256 no 0.49999988079071 n 0.49999988079071 163.8 0.9714 Bypassed

do 1.0 d1 ~0.765948414802551
a0 0.063805103302002

4.096 256 no 0.49999988079071 n 0.49999988079071 40.96 3.886 Bypassed
do 1.0 d1 ~0.936194777488708
a0 0.0163367986679077

8.192 256 no 0.49999988079071 1 0.49999988079071 10.24 15.54 Bypassed
0 1.0 d1 ~0.983663082122802
a0 0.00410926342010498

2458 26 no 0.49999988079071 n1 0.49999988079071 2560 6217 Bypassed
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- Time from reset to Sample Time LPF corner frequency Time constant (1)
S D start of phase Coefficients (24 bit) (3dB) Rate limiting
phase (us) (ms)
(ms) (Hz)
3 24.58 256 do 1.0 d1 ~0.995890617370605 2.560 62.17 Bypassed
a0 0.00102889537811279
4 9.1 256 no 0.49999988079071 n 0.49999988079071 0.6400 2487 Bypassed
0 10 a1 0.998970985412597
a0 0.000257253646850586
5 3523 256 no 0.49999988079071 nt 0.49999988079071 0.1600 9947 Bypassed
do 10 d1 ~0.999742627143859
a0 0.0000643377478321934
6a 1401 256 no 0.49999988079071 n 0.49999988079071 0.0400 3979 gg’l‘l’:‘l’:ﬁa %}i
do 10 d1 0.9999356623
at 0.00003216939131789331
6b 1401 1024 10 05 1 05 0.005 32000 Bypassed
10 1 a1 | —0.99996783025562763214

Self-test Active Output Frozen

Table 215. Offset cancellation phases and times: PSI5 modes

Time from reset to start of LPF corner Time constant (1)
Offset LPF phase frequency (-3 dB) Rate limiting
startup phase (ms)
(ms) (Hz)
0 0 163.8 0.9714 Bypassed
1 4.096 40.96 3.886 Bypassed
2 8.192 10.24 15.54 Bypassed
3 24.58 2.560 62.17 Bypassed
4 90.11 0.6400 248.7 Bypassed
6a End of Initialization Phase 3 0.0400 3979 Controlled by OC_FILT[1:0]
6b End of Initialization Phase 3 0.005 32000 Bypassed
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Figure 51. 0.04 Hz offset cancellation low-pass filter characteristics
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Figure 52. 0.005 Hz offset cancellation low-pass filter characteristics
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8.6.4.7 Moving average

The device includes an optional moving average function. See Section 8.2.25.4: Signal chain moving average
selection bits (MOVEAVG[1:0]) for details regarding the moving average function. If the moving average function
is enabled, interpolation is disabled.

8.6.4.8 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 functions for calculating the interpolation:

DSPOutcyyrent — DatalnterpOut; _ 1

16-G-1 (12)

DatalnterpOut; = DatalnterpOut; _ 1 +

DatalnterpOuty = DSPOuUtpyepious (1 3)

An example of the output interpolation is shown in Figure 53. Output interpolation example: Linear interpolation
(16 to 1).
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Figure 53. Output interpolation example: Linear interpolation (16 to 1)
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8.6.4.9 Output scaling
Table 216. Output scaling shows the output scaling for each output data type and protocol.

Table 216. Output scaling

16-bit Register Read x

16-bit x

16-bit x x

12-bit x x

10-bit x x x

CHx_U_OFFSET x x x x x
Readable Data
Noise Bits

Clipped Bits

Eq. (14) is used to convert sensor data readings to acceleration using the variables specified in Table 217. Sensor
data variables.

Note: The values listed apply for a user gain of 1x (U_SNS_SHIFT ='10"and U_SNS_MULT = 0x00).

SensorDatajgp — SensorDataOFF | gp

Accelerationg =

SENSEACCEL (14)
Where:
Acceleration g = The acceleration output in g
SensorData sg =  The acceleration output in LSB
SensorDataOFF_gg = The acceleration output value at 0 g in LSB
SENSEAGCEL = The expected sensitivity in LSB/g

Table 217. Sensor data variables

Typical
Minimum sensor data | Maximum sensor data
Data reading value value

type
v sB (LSB/9) | (signed LSB) (Signed LSB)
(5:))

g Range SensorDataOFF, | SENSEacceL

Mediumg  16-bit Register Read 0 66.0322 0x8000 (-32768) OX7FFF (+32767)
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Typical
SensorDataOFF

Minimum sensor data
value

(Signed LSB)

SENSEACCEL

Data reading value

sB (LSB/g)
(LSB)

(Signed LSB)

Medium g

High g

8.7

8.71

8.7.2

16-bit DSI3 PDCM Sensor Data
16-bit SPI Sensor Data

16-bit PSI5 Sensor Data

12-bit DSI3 PDCM Sensor Data
12-bit SPI Sensor Data

10-bit DSI3 PDCM Sensor Data
10-bit PSI5 Sensor Data

16-bit Register Read

16-bit DSI3 PDCM Sensor Data
16-bit SPI Sensor Data

16-bit PSI5 Sensor Data

12-bit DSI3 PDCM Sensor Data
12-bit SPI Sensor Data

10-bit DSI3 PDCM Sensor Data
10-bit PSI5 Sensor Data

Temperature sensor

0

o O O O O O o o o o o o o o

Temperature sensor signal chain

The device includes a temperature sensor for signal compensation. The output of the temperature sensor is
provided for user readability. A simplified block diagram is shown in Figure 54. Temperature sensor signal chain
block diagram. Temperature sensor parameters are specified in Section 7.5: Electrical characteristics -
temperature sensor signal chain and Section 7.18: Dynamic electrical characteristics - digital self-test response

time.

Figure 54. Temperature sensor signal chain block diagram
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Temperature sensor output scaling equations
Eq. (15) is used to convert temperature readings with the variables as specified.

T _TLsp—TO0LsB
bEGe TSENSE

Where:
Toegc =  The temperature output in degrees C
T.sB =  The temperature output in LSB
TO.sB =  The expected temperature output in LSB at 0 C
T =  The expected temperature sensitivity in LSB/C

SENSE

OX7FFF (+32767)
OX7FFF (+32767)
0x7800 (+30720)
OX7FF (+2047)
OX7FF (+2047)
OX1FF (+511)
Ox1EO (+480)
OXTFFF (+32767)
OX7FFF (+32767)
OX7FFF (+32767)
0x7800 (+30720)
OX7FF (+2047)
OX7FF (+2047)
OX1FF (+511)
Ox1EO (+480)

to temperature

output

aaa-030637

Maximum sensor data

(15)
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Table 218. Temperature sensor output scaling equation variables

Dat gi TO sp TsensSE
ata reading
(LSB) (LSBIC)

8-bit Register Read 68 Tsense
16-bit Register Read 17408 TseNse * 256
16-bit DSI3 PDCM Sensor Data 17408 TseNse » 256
16-bit SPI Sensor Data 17408 TseNse * 256
16-bit PSI5 Sensor Data 1728 TseNse - 64
12-bit DSI3 PDCM Sensor Data 1100 Tsense - 16
12-bit SPI Sensor Data 1100 Tsense « 16
10-bit DSI3 PDCM Sensor Data 276 Tsense + 4
10-bit PSI5 Sensor Data =27 Tsense
8.8 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 DATATYPEO bits in the Chx_CFG_U3 register is
saturated to 10-bits as shown in Section 8.6.4.9: Output scaling and converted to an unsigned value.

. The 10-bit sensor value is input into a summer clocked at 10 MHz.
. The carry from the summer circuit is output to the PCM pin.
A block diagram of the PCM output is shown in Figure 55. PCM output function block diagram.

Figure 55. PCM output function block diagram
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8.9 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.

See Section 11.5: Exception handling 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.
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8.9.1 Arming function: moving average mode

In moving average mode, the arming function runs a moving average on the offset canceled output of
DATATYPEOQ. 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. See Section 8.2.28.3: Arming window size (ARM_WS_N[1:0],
A_WS_P[1:0]) for register details.

0Cp, + 0Cp_1 + ... + OC _
ARM_MAn=( n n—1 - n+1 k)

(16)

Where n is the current sample.

The sample rate 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, the moving average for the associated channel is updated with a
new sample. See Figure 56. Arming function block diagram - moving average mode. The arming function input
data rate can be down sampled as described in Section 8.9.4: Arming function down sampling. The SPI sensor
data sample rate must meet the minimum time between requests (tacc_req_x) specified in Section 7.13: Dynamic
electrical characteristics - SPI.

The moving average output is compared against positive and negative thresholds that are individually
programmed via the CHx_ARMT _x registers. See Section 8.2.29: Arming threshold registers (CHO_ARM_T_P,
CHO_ARM_T_N) for register details. If the moving average equals or exceeds either threshold, an arming
condition is indicated, the arming pin output is asserted, and the pulse stretch counter is set as described in
Section 8.9.5: Arming pulse stretch function.

The arming pin output is deasserted only when the pulse stretch counter expires. Figure 56. Arming function block
diagram - moving average mode shows the arming output operation for different SPI conditions.

Figure 56. Arming function block diagram - moving average mode
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8.9.2 Arming function: count mode

In count mode, the arming function compares each offset canceled sample against positive and negative
thresholds that are individually programmed via the CHx_ARMT_x_x and CHx_ARMT_x_x registers. See
Section 8.2.29: Arming threshold registers (CHO_ARM_T_P, CHO_ARM_T_N) 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 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, a new sample is compared against the thresholds. See Figure 57. Arming
function block diagram - count mode. The arming function input data rate can be down sampled as described in
Section 8.9.4: Arming function down sampling. The SPI sensor data sample rate must meet the minimum time
between requests (tacc rReq x) specified in Section 7.13: Dynamic electrical characteristics - SPI.

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 arm pin output is
asserted, and the pulse stretch counter is set as described in Section 8.9.5: Arming pulse stretch function.

The arm pin output is deasserted only when the pulse stretch counter expires. Figure 58. Arming condition,
moving average and count mode shows the arming output operation for different SPI conditions.
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Figure 57. Arming function block diagram - count mode
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Figure 58. Arming condition, moving average and count mode
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8.9.3 Arming function: unfiltered mode

At the falling edge of SS_B for a sensor data SPI response for SOURCEID_0, the most recent available offset
canceled sample is compared against positive and negative thresholds that are individually programmed via the
CHx_ARM_T_x and CHx_ARM_T_x registers. See Section 8.2.29: Arming threshold registers (CHO_ARM_T_P,
CHO_ARM_T_N) for register details. If the sample equals or exceeds either threshold, an arming condition is
indicated.

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

Figure 59. Arming function block diagram - unfiltered mode contains a block diagram of the Arming Function
operation in Unfiltered Mode. Figure 60. Arming condition, unfiltered mode shows the Arming output operation
under the different SPI request conditions.
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Figure 59. Arming function block diagram - unfiltered mode
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Figure 60. Arming condition, unfiltered mode
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8.9.4 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 zero. At the falling edge of SS_B for a sensor data SPI response, if the counter
value is equal to '00', the arming function is updated with the new sample as described in Section 8.9.1: Arming

function: moving average mode or Section 8.9.2: Arming function: count mode. The counter is then incremented
by one. The counter rolls over to '00" after the maximum value specified in the ARM_DSJ[1:0] bits is reached.

8.9.5 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 after the most recent evaluated sample. The arming output is deasserted if and only if an
arming condition does not existafter 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 deasserted. 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 after the most recent evaluated sample. See Figure 58. Arming condition, moving average
and count mode.

Exception conditions listed in Section 11.5: Exception handling 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.
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8.9.6 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 8.2.26.4: Arming pin configuration bits (ARM_CFG[2:0]) and
PCM range selection bit (PCM). The active high and active low pin output structures are shown in

Figure 61. Arming function - pin output structure.

Figure 61. Arming function - pin output structure
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9 DSI3 protocol

The DSI3[2! 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.

9.1 DSI3 physical layer

9.1.1 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 (Vygy) 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 Vy gy voltage. Figure 62. Command receiver physical layer
shows a block diagram of the command receiver physical layer.

Figure 62. Command receiver physical layer

bus in DSI3
DSI/PSI Vbufa cmd_block
41.66 mV | 83.33 mV
11R[ Yyl "\ DSI3/PSI5
X N command_detect b R
- COUNTER |22, command |
fosc
Ipf_reset b CONTROL cmd_start
LOGIC | emd_valid
R = 54 pF command_detect Vhigh_sample
F—————
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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 63. DSI3 command receiver timing diagram: valid command shows a timing diagram of the command
receiver when a valid command is received, and Figure 64. DSI3 command receiver timing diagram: micro-cut
shows a timing diagram of the command receiver when a micro-cut is received during the command window.
Voltage values and timing parameters are specified in Section 7.4: Electrical characteristics - supply and 1/0 and
Section 7.20: Dynamic electrical characteristics - supply and support circuitry.
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Figure 63. DSI3 command receiver timing diagram: valid command
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Figure 64. DSI3 command receiver timing diagram: micro-cut
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9.1.2 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 Igrgsp current is being
transmitted or the 2 x Irggp cur-rent is being transmitted. A diagram of the response transmitter is shown in
Figure 63. DSI3 command receiver timing diagram: valid command. Current values and timing parameters are
specified in Section 7.4: Electrical characteristics - supply and 1/0O and Section 7.11: Dynamic electrical
characteristics - DSI3.

Figure 65. DSI3 transmitter block diagram
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9.1.3 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 66. Discovery mode current
sense circuit block diagram. Current values and timing parameters are specified in Section 7.4: Electrical
characteristics - supply and 1/0 and Section 7.11: Dynamic electrical characteristics - DSI3. Details regarding
discovery mode are included in Section 9.2.3: DSI3 discovery mode: Address assignment method for resistor
connected daisy chain devices.

Figure 66. Discovery mode current sense circuit block diagram
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Figure 67. DSI3 discovery mode sensing timing diagram
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9.2 Address assignment

The device supports all three address assignment methods described in the DSI3[?! standard as described in
Section 9.2.1: Address assignment method for parallel connected slaves, Section 9.2.2: Address assignment
method for bus switch connected daisy chain devices, and Section 9.2.3: DSI3 discovery mode: Address
assignment method for resistor connected daisy chain devices.

9.21 Address assignment method for parallel connected slaves

Devices connected in parallel must have pre-programmed addresses by storing a non-zero value into the
PADDRJ3:0] 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. See Section 9.3: DSI3 command and response mode for details regarding Command and
Response Mode.

9.2.2 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 9.2.1: Address assignment method for parallel connected slaves, or an un-programmed address.
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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. See Section 9.3: DSI3 command and response mode 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 deactivated.

9.2.3 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 7.11: Dynamic
electrical characteristics - DSI3. If the ENDINIT bit is not set and the PADDR[3:0] field is set to '0000', the device
will detect a Discovery Command tstarT pisc after a power-on reset and for intervals of tpgr_pisc until Discovery
Mode has ended (the maximum value of tstarT pisc)-

Discovery Mode follows the sequence listed here. Figure 68. DSI3 discovery mode timing diagram 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 (Aisgnsg)-
a. If the current is above irgsp, the device disables its response current, increments its physical address
counter, and waits for the next Discovery Command.
b. If the current is low (Aisensg less than irgsp), the device continues to ramp its response current to 2*
iRESP in time tDISC_RAMF’_RSP and maintains the current at 2* iRESF’ for time tDISC_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 68. DSI3 discovery mode timing diagram
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9.3 DSI3 command and response mode
DSI3 command and response mode is the main communication method used for initialization of the device.

9.31 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 purpose 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 69. Command and response mode
example command. The command consists of 32 bits of data broken up into multiple fields as described in
Section 9.3.1.2: Command message format.

Figure 69. Command and response mode example command
BUS_I
‘ PA PA|CMD CMD ‘ ED ED | RD RD | CRC CRC

[3] [011[3] [011[7] [011[7] [0111[7] [0]
PA[3:0] CMD[3:0] ED[7:0] RD[7:0] CRC[7:0]
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Table 219. Command and response mode example command descriptions

Physical address Command Extended data Register data Error checking

T [ [l o[ o Lo [on [ Ton [on [ Tow [ (oo [ (o o [m [ o[ w (o [w e = =[]~
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
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9.3.1.1 Bit encoding

Figure 70. Command and response mode command bit encoding shows the bit encoding used for Command and
Response Mode Commands from the Master device.

Figure 70. Command and response mode command bit encoding

0 o 0 1 1.0 11
VHIGH — | | |
Viow —
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9.3.1.2 Command message format

The command and response mode command format is shown in Table 220. Command and response mode -
command format.

Table 220. Command and response mode - command format

Physical address Extended data Register data

PA[3:0] CMD[3:0] ED[7:0] RDI[7:0] CRCI[7:0]

Table 221. Command and response mode - field definitions

. Length N

PA[3:0] 4 Physical Address. The physical address must match the value in the PADDR[3:0] of the PHYSADDR register
CMDI3:0] 4 Command (see Section 9.3.4: DSI3 command and response mode command summary)

EDI[7:0] 8 Extended Data (see Section 9.3.4: DSI3 command and response mode command summary)

RD[7:0] 8 Register Data (see Section 9.3.4: DSI3 command and response mode command summary)

CRC[7:0] 8 Error Checking (see Section 9.3.1.3: Error checking)
9.3.1.3 Error checking

The device calculates an 8-bit CRC on the entire 32-bits of each command. Message data is entered into the
CRC 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 does not respond.

The CRC decoding procedure is:
1. 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.

4. 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 222. Command and
response mode command CRC .

Table 222. Command and response mode command CRC

Command and Response Mode x84+ X+ x3+x2+x+1 1111 1111

Some example CRC calculations are shown in Table 223. Command and response mode - CRC calculation
examples .
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Table 223. Command and response mode - CRC calculation examples

Physical address Extended data Register data Non-direct seed 8-bit CRC

0x01 0x08 0x11 0x86 OXFF 0xB0

0x02 0x01 0x25 OxFF OxFF 0x38

0x03 O0xOF Ox1A 0x41 OxFF 0x2C

0x04 0x01 0x01 0x01 OxFF 0xD4
9.3.2 DSI3 command and response mode response transmission

An example command and response mode response is shown in Figure 71. Command and response mode
response example. The response consists of 32 bits of data broken up into multiple fields as described in
Section 9.3.2.2: Response message format.

Figure 71. Command and response mode response example
18t symbol

response
current
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Table 224. Command and response mode response example

Physical address Command Extended data Register data Error checking

P43 [ a2 [at [l s | ca | ot ] co Jois Jow [0 [0z [0t [0t [0 s [or oo Jos ] oe ] on Joz [0 [on |7 [es (s e o |2 e | &0
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

9.3.2.1 Symbol encoding
The device response to a Command and Response Mode Command uses multilevel 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 7.5: Electrical
characteristics - temperature sensor signal chain: ig, iq + irRgsp, and ig + 2 X iresp- Figure 72. Response symbol
encoding shows the chip trans-missions and an example of a 3 symbol (9 chip), 12-bit data packet.

Figure 72. Response symbol encoding

response data bit encoding
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+IRESP —
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each symbol encodes four data bits
aaa-030656

Of the 27 possible combinations for three consecutive tri-level chips, the combinations that begin with the null
current level (ig) are discarded. Of the remaining 18 symbols, the two symbols that contain the same value for all
three chips are also discarded. The remaining 16 symbols all begin with a non-null current level and have at least
one transition. These characteristics 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 225. Symbol mapping shows the symbol encoding used by the device.
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Table 225. Symbol mapping

Encoded data (4 Bits) Symbol transmitted

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
Where:

0=iq

1=1iresp

2=2XIiRrgsp

9.3.2.2 Response message format

The command and response mode response format is shown in Table 226. Command and response mode -
response format.

Table 226. Command and response mode - response format

Physical address Register + 1 data Register data

PA[3:0] CMDJ[3:0] RD1[7:0] RDI[7:0] CRCJ[7:0]

Table 227. Command and response mode - field definitions

Physical Address

PA[3:0] 4
Matches 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, see Section 9.3.4: DSI3
' command and response mode command summary)
RD[7:0] 8 The data contained in the register addressed by RA[7:1] + O (Low Byte, see Section 9.3.4: DSI3
' command and response mode command summary)
CRCJ[7:0] 8 Error Checking (see Section 9.3.2.3: Error checking)
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9.3.2.3 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:
1. 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.

4. 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 228. Command and
response mode response CRC.

Table 228. Command and response mode response CRC

Command and Response Mode x8+xP+x3+x2+x+1 1111 1111

Some example CRC calculations are shown in Table 223. Command and response mode - CRC calculation
examples.

9.3.3 DSI3 command and response mode timing

A timing diagram for command and response mode is shown in Figure 73. Command and response mode timing
diagram. Timing parameters are specified in Section 7.11: Dynamic electrical characteristics - DSI3.

Figure 73. Command and response mode timing diagram
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9.34 DSI3 command and response mode command summary

Table 229. DSI3 command and response mode command summary

Command

m-m-m--nn-n-n-nnn

$0 Register Read RA[7] RA[6] RA[5] RA[4] RA[3] RA[2] RA[1] 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 X X
0 0 1 1 $3 Reserved X X X X x x x X X X X X X X X X
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Command

mmmmm--nn-nnnnnnn

Reserved

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 b3 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] RAIS] | RA[4] | RA[B] | RA[2] RA[1] | RA[0] RD[7] RD[6]  RD[5] RD[4] RD[3] RD[2] RD[] | RD[0]
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 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 b3 X X X X X X X x x X x X x X
1 1 0 1 $D Reserved X b3 b3 X X X X b3 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
9.3.4.1 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 PADDR([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 8.1: User accessible data array.
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 8.1: User accessible data
array. If an attempt is made to read a register that is not readable, the device will respond with all zero data.

Table 230. Register read command format

I S D

PA3] | PA[2] | PA[1] | PA[O] 0 0 | RA7]  RA6]  RAS] | RAM] | RA[3] | RARZ]  RAM]  x 0 8 bits

Table 231. Register read command format description

DSI physical address. This field contains the physical address. This field must match the PADDR][3:0] bits in the

PAL3:0] 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 232. Register read command: response format

I O

RD[15 | RD[14 | RD[13 RD[12 | RD[11  RD[10
1 1 ] ] ] ]

PA3] | PA[2] | PA[1] | PA[O] 0 RD[9] | RD[8] | RD[7] RD[6] =RD[5] RD[4] RD[3] | RD[2] RD[]  RD[0] | 8bits

Table 233. Register read command: response format description

PA[3:0] DSI physical address. This field contains the PADDR[3:0] bits in the PHYSADDR register.
C[3:0] Register Read Command = '0000'

RD[15:8] The data contained in the register addressed by RA[7:1] + 1 (High Byte)

RDI[7:0] The data contained in the register addressed by RA[7:1] + O (Low Byte)
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A register read command to a register address outside the addresses listed in Section 8.1: User accessible data
array will result in a valid response. The data for the registers will be '0x0000'.

9.3.4.2 Register write command

The device supports the Register Write command as a device address specific command. If the PA[3:0] field in
the command 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 9.3.4.3: Global register write
command to the PHYSADDR register.

The Register Write command uses the byte address definitions shown in Section 8.1: User accessible data array.
Writable registers along with their Byte addresses are shown in Section 8.1: User accessible data array.

Table 234. Register write command format

Address Command

PAB] | PA2] | PA[] | PA[0] 1 RA7] | RA] | RAS] = RAM4] | RAB] | RA2] = RA[] = RA0] RD[7] = RD[6] = RD[5] = RD4] | RD[3] | RD[2] = RD[1] | RD[] | 8bits

Table 235. Register write command format description

DSl physical address. This field contains the physical address. This field must match the PADDR([3:0] bits in the

PAI3:0] 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 236. Register write command: response format

Address Command

PAB] | PA2l | PA[] | PA[O] 1 RD[15] = RD[14] = RD[13] | RD[12] | RD[11] = RD[10] = RD[9] = RD[8] = RD[7] | RD[6] = RD[5] = RD4] | RD[3] | RD[2] = RO[] | RD[] | 8bits

Table 237. Register write command: response format description

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'

RD[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] + 0 (Low Byte) (after the register write is executed)

A register write command to a register address outside the addresses listed in Section 8.1: User accessible data
array 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.

9.3.4.3 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.
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Table 238. Global register write command format

O S S S A A B

0 RD[3] = RD[2] = RD[1]  RD[0] | 8bits

Table 239. Global register write command format description

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] RD[3:0] contains the new physical address for the device.

Table 240. Global register write command: response format

Address Command

RD[15 = RD[14  RD[13 | RD[12 = RD[11  RD[10
]

PA[3] | PA[2] = PA[] | PA[0] 1 0 ] ] ] ] 1

RD[9] = RD[8] RD[7] | RD[6] = RD[5] RD[4] RD[3] RD[2] | RD[1] RD[0] & 8bits

Table 241. Global register write command: response format description

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

RDI[7:0] The data contained in the PHYSADDR register after the register write is executed.

9.3.4.4 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 PADDR[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 in Table 245. Enter periodic data collection mode command: response format. 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 TIMING_CFG2 register as shown in Table 242. PDCM enable command and BDM_EN bit status.

Table 242. PDCM enable command and BDM_EN bit status

E::bclzxn m Command and Response Mode | Periodic Data Collection Mode | Background Diagnostic Mode

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 8.3.3: OTP modifiable registers are locked and the
user array read/write register array verification is enabled. The ENDINIT bit can only be cleared by a device reset.
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Table 243. Enter periodic data collection mode command format

O S S S A A B

PA[3] | PA[2] = PA[M] | PA[0] 1 0 8 bits

Table 244. Enter periodic data collection mode command format description

DSI physical address. This field contains the physical address. This field must match the PADDR([3:0] bits in the

PAL3:0] PHYSADDR register or the Global Address of '0000'. Otherwise, the command is ignored.
C[3:0] Enter PDCM Command ='1011"
Table 245. Enter periodic data collection mode command: response format
Address Command
. = I
-m-m----mmmmmmnn-nnnnnnn
PA[3] = PA[2] = PA[1] @ PA[0] 1 0 Ch[3] = Ch[2] = Ch[1] = Ch[0] 0 0 8 bits

Table 246. Enter periodic data collection mode command: response format description

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'

9.34.5 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 correct CRC are transmitted. The data included in the response is undefined.

Table 247. Reserved commands

I S S A

PAB] | PA2] | PA[] | PA[0] 8 bits
PAB] | PA2l | PA[] | PA[0] 0 0 1 0 x x x x x x x x x x x x x x x x 8 bits
PAB] | PA2l | PA[] | PA[0] 0 0 1 1 x x x x x x x x x x x x x x x x 8 bits
PAI3] | PA2] | PA[] | PA[O] 0 1 0 0 X x x x x x x x x x x x x x x x 8 bits
PAB] | PA2l | PA[] | PA[O] 0 1 0 1 x x x x x x x x x x x x x x x x 8 bits
PAB] | PA2] | 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
PAB] | PAZ] | 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
PAB] | PA2] | PA[1] | PA[0] 1 0 0 1 x x x x x x x x x x x x x x x x 8 bits
PAB] | PA2] | PA[] | PA[0] 1 0 1 0 x x x x x x x x x x x x x x x x 8 bits
PAB] | PA2] | PA[] | PA[O] 1 1 0 0 x x x x x x x x x x x x x x x x 8 bits
PAB] | PA2l | PA[] | PA[O] 1 1 0 1 x x x x x x x x x x x x x x x x 8 bits
PAI3] | PA2] | PA[] | PA[0] 1 1 1 0 x X x x x x x x x x x x x x x x 8 bits
PAB] | PA2l | 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

Table 248. Reserved commands description

PA[3:0] DSI 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] Invalid Commands
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X Don't Care

Table 249. Reserved command response format

O S S A B

PA[3] | PA2] @ PAM] | PAl]  C[3]  C[2l | C[1] | C[O] x x 8 bits

Table 250. Reserved command response format description

PA[3:0] DSI physical address. This field contains the PADDR[3:0] bits in the PHYSADDR register.
C[3:0] Reserved Command Echo
9.4 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.

9.4.1 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.

9.4.1.1 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 9.3.1.1: Bit encoding.

9.4.1.2 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 9.3.1.2: Command
message format.

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
eithera "1' or a'0'. Figure 74. Background diagnostic mode command bit encoding shows the Broadcast Read
Commands supported by the device.

Figure 74. Background diagnostic mode command bit encoding
BRC 0 BRC 1

VHIGH

Viow = aaa-030658
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 TIMING_CFG2 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.

See Section 9.4.4: Background diagnostic mode response transmission for additional details on Background
Diagnostic Mode timing.
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9.4.1.3 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 9.3.1.3: Error checking.

No error checking is employed for the Broadcast Read Commands.

9.4.2 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 75. Periodic data mode
response transmission and described in the following sections.

Figure 75. Periodic data mode response transmission
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9.4.2.1 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 9.3.2.1: Symbol encoding.

9.4.22 Response message format

The Periodic Data Collection Mode response format is shown in Table 251. Periodic data collection mode
response format and Table 252. Periodic data collection mode status field definition. Field sizes are defined by the
PDCMFORMATI2:0] bits in the SOURCEID_x register in Section 8.2.13: Source identification registers
(SOURCEID_x).

Table 251. Periodic data collection mode response format

KAC S D

SOURCEID CRC[7:0]
. If enabled in the PDCMFORMATI[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 252. Periodic data collection mode status field

definition. See Section 9.7: DSI3 exception handling 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 9.4.2.3: Error checking.
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Table 252. Periodic data collection mode status field definition

Error Sensor data field value
s[3:0] Description DEVSTAT state SUP_ER-R_DIS state rio?it
Prionty | STATUS field size = 4 STATUS field size = 0
0 0 0 O N/A N/A 16

Normal Mode

Sensor Data

Normal Mode, User Array Not

ololols Locked NA NA 15 Sensor Data The Sensor Data Field Error Code is transmitted for a minimum of
(UF2 region has not been one transmission
locked)

Bit setin CHx_STAT:

Self-test Incomplete or Self- The Sensor Data Field Error Code is transmitted for a minimum of

0 0 1 0 testActve orSelf-test Error ST_INCMPLT or N/A 14 Sensor Data 4 L
Present ST_ACTIVE or one transmission
ST_ERROR
o 0 1 1 | Oscillator Training Error Bit set in DEVSTAT3 N/A 13 Sensor Data The Sensor Data Field Error Code is transmitted for a minimum of

one transmission

Bit set in CHx_STAT:

The Sensor Data Field Error Code is transmitted for a minimum of

0 1 0 0 OffsetEror N/A 12 Sensor Data

SIGNALCLIP or one transmission
OFFSET_ERR
0 1 0|1 | Temperature Error Bit set in DEVSTAT2 N/A 1 Sensor Data The Sensor Data Field Error Code s transmitted for a minimum of
one transmission
0110 to 0111 RESERVED N/A N/A 9.10 Sensor Data The Sensor_ D§'a Field Error Code is transmitted for a minimum of
one transmission
User OTP Memory Error .
1.0 0 0 U_OTP_ERR setin N/A 8 The Sensor Data Field Error Code is transmitted for a minimum of one transmission
(UF2) DEVSTAT2
1.0 0 1 UserR/WMemory Error (UF2) UiRDVéY/ES?'iTS;( n N/A 7 The Sensor Data Field Error Code is transmitted for a minimum of one transmission
1.0 1 0 STOTP Memory Error F—O;;\—/E{FEET;M n N/A 6 The Sensor Data Field Error Code is transmitted for a minimum of one transmission
1.0 1 1 TestMode Active TESTEAS\E)SET%- setin 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
1.1 0 0 SupplyError Bit set in DEVSTAT1 4 (See Section 8.2.2.4: Supply error flag (SUPPLY_ERR))
No Response until the supply monitor timer expires
1
(See Section 8.2.2.4: Supply error flag (SUPPLY_ERR))
1.1 0 1 ResetError 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

9.4.2.3 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:
1. 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.

4. 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 253. Periodic data collection
mode response CRC.

Table 253. Periodic data collection mode response CRC

Periodic Data Collection Mode x+x5+x3+x2+x+1 0000, SOURCEID_x[3:0]

Some example CRC calculations are shown in Table 254. Periodic data collection mode - CRC calculation
examples.

DS15164 - Rev 1 page 143/228




NXLS9xxx0AES
‘Yl

DSI3 protocol

Table 254. Periodic data collection mode - CRC calculation examples

Source identification (4 | Keep alive counter (2 Status (4 Bits) Sensor data (10 Non-direct seed 8-bit CRC
Bits) Bits) Bits)

Ox1FF 0x01 0xD6
0x2 0x2 0x0 Ox1FE 0x02 0x70
0x3 0x1 0x0 0x20D 0x03 0xBO
0x4 0x0 0x0 Ox1EA 0x04 O0x5F

9.4.3 DSI3 periodic data collection mode timing

A timing diagram for periodic data collection mode is shown in Figure 76. Periodic data collection mode timing
diagram. Timing parameters are specified in Section 7.11: Dynamic electrical characteristics - DSI3.

Figure 76. Periodic data collection mode timing diagram
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tsLEW1 _RESP 4" tSLEWZ_RESP aaa-030660
9.4.4 Background diagnostic mode response transmission

9.4.4.1 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 9.3.2.1: Symbol encoding.

9.44.2 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 9.3.2.2: Response message format.
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. 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.

. Responses 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.
See Figure 77. Background diagnostic mode timing diagram for Background Diagnostic Mode timing.

9.44.3 Error checking

The error checking for Background Diagnostic Mode responses is the same as used for Command and Response
Mode, and described in Section 9.3.1.3: Error checking.

9.4.5 DSI3 background diagnostic mode timing
An example timing diagram for background diagnostic mode is shown in Figure 77. Background diagnostic mode
timing diagram. In this example, BDM_FRAGSIZE is set to '1' (4 bits). Timing parameters are specified in
Section 7.11: Dynamic electrical characteristics - DSI3.

Figure 77. Background diagnostic mode timing diagram
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9.4.6 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 9.3.4.1: Register read
command. The register write command is not supported in background diagnostic mode.
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9.4.7 DSI3 PDCM data transmission modes

9.4.7.1 Simultaneous sampling mode (SS_EN = 1)

Figure 78. Simultaneous sampling mode
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9.4.7.2 Synchronous sampling mode with minimum latency (SS_EN = 0)

Figure 79. Synchronous sampling mode with minimum latency
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9.5 Initialization timing
Figure 80. Initialization timing
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9.6 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.

9.6.1 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.
9.6.2 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.
9.6.3 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 (lgus_o _g)-

The practical limit is determined by a combination of the above restriction and the following:
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. 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.
9.7 DSI3 exception handling

Table 255. Exception conditions and response summarizes the exception conditions detected by the device and
the response for each exception.

Table 255. Exception conditions and response

PDCM Description Device response
exception enabled?
. See Section 9.5: Initialization timing
Power-On Reset N/A Power Applied . ST_INCMPLT set, PDCM disabled. The device must be
reinitialized
. Response Current Deactivated
. BUSIN_UV_ERR set, PDCM Status set as specified in
Vaus_s Error N/A VBus_1 < VBus_I_uv_F Section 9.4.2.2: Response message format
. The device ignores commands in CRM
. Response Current Deactivated
. VBUFUV_ERR set, PDCM Status set as specified in
< _ s
Vaur Error N/A VBuF < VBUF_UV_F Section 9.4.2.2: Response message format
. The device ignores commands in CRM
. The device is held in Reset
Internal Regulator Internal regulator under-voltage ’ No response to DSI commands
Error N/A condition . If actlvat_ed, BUSSW_L. |§_d§actlvated .
. The device must be reinitialized when the internal regulator
returns above the threshold
OTP Error Detection . Periodic Data Collection Mode response data set to error
Fault N/A Error detected in factory response
programmed OTP array. . F_OTP_ERR set, PDCM Status set as specified in
(Factory Array) Section 9.4.2.2: Response message format
(F)TFI:tError Detection Error detected in User . I:eesrrl;())(ilgeData Collection Mode response data set to error
au N/A d OTP d th I
Eroo(g:?n&mbei}t is set arrayandfhe | U_OTP_ERR set, PDCM Status set as specified in
(User Array) - ) Section 9.4.2.2: Response message format
No N/A N/A
BS?F I?/W l,;_\rra;ty Error Error detected in user read write . IrDeeSrrlJ%(ilgeData Collection Mode response data set to error
etection Fau ; e
Yes :zgtysters and the ENDINIT bitis |, U_RW_ERR set, PDCM Status set as specified in
’ Section 9.4.2.2: Response message format
. 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
eli-tes active data
Activated . ST_ACTIVE set
Yes ST activated in Periodic Data . Periodic Data Collection Mode sensor response data normal
Collection Mode . Self-test Activation ignored
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Condition

No
Self-test Never

Activated after Reset Yes

9.71

excention PDCM Description
P enabled?

In initialization, before Self-test .

Device response

Normal Responses to Command and Response Mode

. Periodic Data Collection Mode sensor response data normal

In PDCM, Self-test incomplete .

ST_INCMPLT set, PDCM Status set as specified in

Section 9.4.2.2: Response message format

Daisy chain and discovery mode error handling

Table 256. DSI3 error handling - discovery mode and daisy chain mode shows the effect of internal failure modes
on the discovery and daisy chain initialization procedures.

Table 256. DSI3 error handling - discovery mode and daisy chain mode

Error condition

Supply Error

Memory Error

Temperature Error

Communication Error
(Internal)

Offset Error

Self-test Incomplete or Self-
test Active

Device Not Locked
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Discovery Commands Ignored. The device does not
participate in Discovery Mode

No Effect. The device attempts to participate in
Discovery Mode as programmed.

No Effect. The device will attempt to participate in
Discovery Mode as programmed.

No Effect. The device participates in Discovery Mode
as programmed.

No Effect. The device will participate in Discovery
Mode as programmed.

Not Applicable.

No Effect. The device will participate in Discovery
Mode as programmed.

Effect on discovery mode Effect on daisy chain

Daisy Chain Commands Ignored. The device will not
participate in Daisy Chain

No Effect. The device will attempt to participate in
Daisy Chain as programmed.

No Effect. The device will attempt to participate in
Daisy Chain as programmed.

No Effect. The device will participate in Daisy Chain as
programmed.

No Effect. The device will participate in Daisy Chain as
programmed.

Not Applicable.

No Effect. The device will participate in Daisy Chain as
programmed.
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10 PSI5 protocol

10.1 Communication interface overview

The communication interface between a master device and this slave device in PSI5 mode is established via a
PSI5 compatible 2-wire interface, with parallel or serial (daisy-chain) connections to the satellite modules.
Figure 81. PSI5 satellite interface diagram shows one possible system configuration for multiple satellite modules

in parallel.
Figure 81. PSI5 satellite interface diagram
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10.2 Data transmission physical layer

This device uses a two wire interface for both its power supply (Vcc), and data transmission (IDATA). The PSI5
master sup-plies 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 accomplished via modulation of the current on the power supply line.

10.2.1 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 8.2.18: DSI3 and
PSI5 start time registers (PDCM_RSPSTx_x), and Section 7.12: Dynamic electrical characteristics - PSI5.
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Figure 82. Synchronous communication overview
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10.2.1.1 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 (ttrig), and
initiates the timers associated 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 83. Synchronization pulse detection circuit shows a
block diagram of the Sync pulse detection circuit.

Figure 83. Synchronization pulse detection circuit
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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 tgync). 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 tsync_ofr (referenced from trrig). tsync_orFr can be
programmed by the user via the PDCM_CMD_B_x registers. See Section 8.2.19: DSI3 and PSI5 command
blocking time registers (PDCM_CMD_B_ x) for details on the programmable option, and
Section 7.12: Dynamic electrical characteristics - PSI5 for timing specifications for each option.

3. The Sync pulse detection low-pass filter is reset for a specified time (tsync_Lpr_RESET).
If the Sync pulse is invalid, all timers are reset, and the detector becomes sensitive within 2 ps.

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 tyrg jitter is minimized.
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Figure 84. Synchronization pulse detection timing
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Figure 85. Sync pulse characteristics
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10.2.1.2 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 Ir_psjs

additional current from the BUS_I pin. The pulldown current is activated after tpp py (referenced to trrig), and is
activated for tpp_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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10.3 Data transmission data link layer

10.3.1 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, a transition occurs at the start of a bit time.

Figure 86. Manchester data bit encoding
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10.3.2 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 87. Example Manchester encoded data transfer - PSI15-x10x.

Figure 87. Example Manchester encoded data transfer - PS15-x10x

data bit — SB1 | SBO DO | D1 | D2 | D3 | D4 | D5 | D6 | D7 | D8 | D9 ‘PAR SB1 |

LI

IR_Psi5 T

bit value —

tTrRAN = tBIT * (2+DATASIZE+(P_CRC?3:1))

tFRAME aaa-030672

10.3.2.1 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 registers and the P_CRC bit in the PSI5_CFG register.

Table 257. PSI5-x10P transmission mode

S2 S1 DO D1 D2 D3 D4 D5 D6 D7 D8 D9 P

10.3.2.2 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.

Table 258. PSI5-x10C transmission mode

Start bits Sensor data (See ) CRC

S2 S1 DO D1 D2 D3 D4 D5 D6 D7 D8 D9 C2 C1 Co

10.3.2.3 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 registers and the P_CRC bit in the PSI5_CFG register. In 16-bit mode, the 10-bit initialization and
status data are transmitted in the upper 10-bits of the data packet and the lower 6-bits are filled-up with D6 bit
value.
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Table 259. PSI5-x16P transmission mode

D11 D12 D13 D14 D15

10-bit Initialization Data as specified in Section 10.4.2.1: PSI5

Init Data D6 D6 D6 D6 D6 D6 initialization phase 2 data transmissions

10-bit Status Data as specified Section 10.3.4: PSI5 data field and data

Status Data | D6 D6 D6 D6 D6 D6
range values

10.3.2.4 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 and
status data are transmitted in the upper 10-bits of the data packet and the lower 6-bits are filled-up with D6 bit
value.

Table 260. PSI5-x16C transmission mode

Start bits Sensor data (See ) CRC

S2 | S1 DO | D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 D13 D14 D15 C2  C1 COo

10-bit Initialization Data as specified in Section 10.4.2.1: PSI5

Init Data D6 D6 D6 | D6 | D6 D6 initialization phase 2 data transmissions

c2 C1 Co

10-bit Status Data as specified Section 10.3.4: PSI5 data field and

Status Data D6 D6 D6 D6 D6 D6
data range values

c2 C1  Co

10.3.3 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.

10.3.3.1 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.

10.3.3.2 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 generator 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 '000". Start bits are not used in
the CRC calculation. Table 261. PSI5 3-bit CRC calculation examples shows some example CRC calculation
values for 10-bit data transmissions.

Table 261. PSI5 3-bit CRC calculation examples

Data transmitted

0x000 0 0 0

0xoCC 0 0 1 1 0 0 1 1 0 0 0 1 1
0x151 0 1 0 1 0 1 0 0 0 1 0 0 0
O0x1EOQ 0 1 1 1 1 0 0 0 0 0 0 1 1
0x1F4 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
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10.3.4 PSI5 data field and data range values

Table 262. PSI5 data values 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 8.2.13.2: PDCM format control bits
(PDCMFORMATI[2:0]).

Table 262. PSI5 data values

16-bit data values 10-bit data value Description

Description
R IR S T
+32704 TFFF +511 1FF
+32640 7F80 +510 1FE
+32576 TF7F +509 1FD
+32512 7F00 +508 1FC
+32448 TEFF +507 1FB
+32384 7TE80 +506 1FA | Reserved Reserved
+32320 TETF +505 1F9
+32256 7EOQ0 +504 1F8
+32192 7DFF +503 1F7
+32128 7D80 +502 1F6
+32064 7D7F +501 1F5
+32000 7D00 +500 1F4 | Reserved Sensor Defect Error
+31936 7CFF +499 1F3
+31872 7C80 +498 1F2
Reserved Reserved
+31808 7C7F +497 1F1
+31744 7C00 +496 1FO0
+31680 7BFF +495 1EF | Communication Error (OSCTRAIN_ERR bit)
+31616 7B80 +494 1EE | Test Mode Enabled (TESTMODE bit set)
+31552 7B40 +493 1ED g)efiiet Error (CHO or CH1 OFFSET_ERR bit Reserved (Error

Mapped to 0x1F4)
Temperature Error (TEMPO_ERR or

+31488 7B00 +492 "EC TEMP1_ERR bit set)

Memory Error (F_OTP_ERR, U_OTP_ERR or
U_RW_ERR set)

Sensor Self-test Error (CHO or CH1

+31424 TAFF +491 1EB

+31360 7A80 +490 1EA ST_ERROR bit set) Sensor Self-test Error
+31296 TATF +489 1E9 Reserved Reserved

+31232 7A00 +488 1E8 | Sensor Busy Sensor Busy

+31168 79FF +487 1E7 | Sensor Ready Sensor Ready
+31104 7980 +486 1E6  Sensor Ready, but Unlocked 3?\?:0";6?93"% but
+31040 797F +485 1E5 Reserved Reserved
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16-bit data values 10-bit data value .. Description
Description
. . (EMSG_EXT =0 in
+30976 7900 +484 1E4
Reserved Reserved
+30912 78FF +483 1E3
Bidirectional
NA NA +482 1E2 | Bidirectional Communication: RC "Error" Communication: RC
"Error"
Bidirectional
NA NA +481 1E1 | Bidirectional Communication: RC "OK" Communication: RC
"OK"
+30720 7800 +480 1E0 | Maximum positive sensor value Maximum positive
sensor value
Positive sensor values Positive sensor values
+129 to +192 0081 to 00CO +3 003
+65 to +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
65t0-128  FFBFtoFF80 = -2 3FE  Negative sensor values \';'5322"9 sensor
-129 to -192 FF7F to FF40 -3 3FD
-30720 8800 480 220  Maximum negative sensor value Maximum negative
sensor value
-30784 87FF —481 1000011111 21F
Initialization Data Codes
10-bit Status Data Nibble 1 - 16 (0000 - 1111) (Dx)
-31744 8400 -496 | 1000010000 210
-31808 83FF —497 | 1000001111 20F
Initialization Data IDs
Block ID 1 - 16 (10-bit Mode) (IDx)
-32767 8000 -512 | 1000000000 200
10.4 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.
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In asynchronous mode, initialization data is transmitted for Source ID 0 only.
In synchronous mode, the same initialization data is transmitted for each enabled Source ID.

In daisy chain mode, initialization data is transmitted in the Source ID 0 time slot as defined by the sensor address
as documented in Section 10.7: Daisy chain mode.

Figure 88. PSI5 sensor 10-bit initialization
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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 89. PSI5 initialization timing, synchronous mode shows the timing for internal and external initialization in
synchronous mode. Figure 90. PSI5 initialization timing, asynchronous mode shows the timing for internal and
external initialization in asynchronous mode. Timing parameters are specified in Section 7.12: Dynamic electrical
characteristics - PSI5.

Figure 89. PSI5 initialization timing, synchronous mode
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Figure 90. PSI5 initialization timing, asynchronous mode
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10.4.1 PSI5 initialization phase 1

During PSI5 initialization phase 1, the device begins internal initialization and self-checks, but transmits no data.
Initialization begins with this sequence, shown in Figure 89. PSI5 initialization timing, synchronous mode:

1. Internal delay to ensure analog circuitry has stabilized (tpor_psis5)

2. Offset cancellation low-pass filter initialization begins (tpsissT_START)

3. Monitor for the Programming Mode Entry Sequence (tppEg)

4. If the Programming Mode Entry Sequence is not detected, the device enters Initialization Phase 2 (tpsi5_iniT2)

10.4.2 PSI5 initialization phase 2

During PSI5 initialization phase 2, the device continues its internal selfchecks and transmits the PSI5 initialization
phase 2 data. Initialization data is transmitted using the initialization data codes and IDs specified in

Table 262. PSI5 data values, and in the order shown in Table 263. PSI5 initialization phase 2 data transmission
order.

Table 263. PSI5 initialization phase 2 data transmission order

.- >/ =]

D14 D14 D1, | DIy D1, | D1 | ID2 D24 D2, | D2 D2 | D2 D32, | D32 | D32 D32, D32, | D32
Repeat k times Repeat k times Repeat k times
The Initialization phase 2 time is calculated using Eq. (17).
tphase2 = Transyipple X k x (DataFields) X tg _ g (17)

Where:
Transpipple = # of Transmissions per Data Nibble
2:1for 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
10.4.2.1 PSI5 initialization phase 2 data transmissions

In PSI5 initialization phase 2, the device transmits a sequence of sensor specific configuration and serial number
information. The transmission data is in conformance with the PSI5[°! specification, and AKLV2713]. The data
content and transmission format is shown in Table 265. Channel 0 PSI5 initialization phase 2 data.

Table 264. Initialization phase 2 time shows the phase 2 timing for different operating modes. Times are
calculated using the equation in Section 10.4.2: PSI5 initialization phase 2.
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Table 264. Initialization phase 2 time

Asynchronous Mode (228 ps) 512 116.7 ms
Synchronous Mode (500 ps) 4 256 128.0 ms

Table 265. Channel 0 PSI5 initialization phase 2 data

PR PSI5 nibble ID # Page address PSI5 nibble address Register address PSI5 descrip

0000 USERDATA_0[3:0] User Specific Data User
0010 0000
F2 D2, D3 0001, 0010 NA l;lumber of Data Blocks: 32: INIT2_EXT =0, 48: INIT2_EXT = or
0011 0000
F3 D4, D5 0011, 0100 USERDATA_1[3:0], USERDATA_1[7:4] User Specific Data User
Fa D6, D7 0101, 0110 USERDATA_2[3:0], USERDATA_2[7:4] User Specific Data User
D8 o111 USERDATA_3[3:0] User Specific Data User
e D9 0 1000 USERDATA_3[7:4] User Specific Data User
D10 1001 USERDATA_4[3:0] User Specific Data User
e 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
D16 11 USERDATA_7([7:4] User Specific Data User
78 D17 0000 USERDATA_8[3:0] User Specific Data User
D18 0001 USERDATA_8[7:4] User Specific Data User
D19 0010 SNA[7:4] or USERDATA_6[7:4] Ilf)eagtiasgt:termined by PSI5_INIT2_D19 in TIMING_CFG2 User
D20 0011 SN4[3:0] or USERDATA_E[7:4] Ilf)eztiaSld;termined by PSI5_INIT2_D19 in TIMING_CFG2 User
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 o111 SN2[3:0] Device Serial Number Factory
F9 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 11 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_P[7:4] Channel 0 Post Positive Self-test Offset, High Nibble Varies
D36 0011 CHO_STOFFSET_P[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
Fio D40 2 o111 CHO_STOFFSET_N[3:0] Channel 0 Post Negative Self-test Offset, Low Nibble Varies
D41 1000 RESERVED RESERVED
D42 1001 RESERVED RESERVED
D43 1010 RESERVED RESERVED
D44 1011 RESERVED RESERVED
D45 1100 RESERVED RESERVED
D46 1101 RESERVED RESERVED
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ek f;:ld B PSI5 nibble ID # Page address PSI5 nibble address Register address PSI5 description
D47
F10 2

1110 RESERVED RESERVED
D48 111 RESERVED RESERVED
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 internal self-test has completed for a
specific channel, the latest self-test, and offset values are transmitted.

Note: If self-test has completed all retries and has failed before F10, D33 is to be transmitted, F10, D33 - D48 wiill
include self-test data from the last failed attempt.

Note: In PSI5 asynchronous mode, self-test will not be complete prior to the transmission of the F10. Setting the
INIT2_EXT bit will result in invalid self-test data in D33 and D34 (0x0 values).

Note: Constant values are transmitted for all fields marked as "RESERVED"

10.4.3 Internal self-test

Once Initialization Phase 1 completes, the device begins its internal self-test as described in Section 8.6.2.5: PSI5
automatic startup self-test procedure. If self-test fails, the device repeats self-test up to ST_RPT times.

10.4.4 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 262. PSI5 data values. The number of "Sensor
Busy" messages transmitted in initialization 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.
The ENDINIT bit is automatically set when the device exits Initialization Phase 3.

10.5 Normal mode

10.5.1 Asynchronous mode

The device can be programmed to respond in asynchronous mode as specified in Section 8.2.18.1: Periodic data
collection mode response start time (PDCM_RSPSTx[12:0]).

In asynchronous mode, the device transmits data at a fixed rate (tasync) and will not respond to normal sync

pulses. However, during initialization phase 1, the device will monitor sync pulses to decode the programming
mode entry command and allow entry into programming mode.

10.5.2 Simultaneous sampling mode

The device can be programmed to respond in simultaneous sampling mode by programming the SS_EN bit to
"Simultaneous Sampling Mode".

In simultaneous sampling mode, the most recent interpolated sensor data sample is latched at ttrg (rising edge
of Sync Pulse) and transmitted starting at the time programmed in the PDCM_RSPSTx registers, relative to ttr|c.
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Figure 91. Simultaneous sampling mode
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10.5.3 Synchronous sampling mode with minimum latency

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 ttrig (rising edge of Sync pulse). The data is transmitted
starting at the time programmed in the PDCM_RSPSTx registers, relative to ttrig-

Figure 92. Synchronous sampling mode with minimum latency
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10.6 PSI5 default mode (un-programmed PSI5 device)

Un-programmed NXLS96xxx PSI5 devices include a default PSI5 transmission mode. The devices will respond to
PSI5 sync pulses and transmit data in PS15-P16C-500/2L mode with the minimum user gain and the default 400
Hz, 4-Pole low-pass filter. Table 266. Default PSI5-P16C transmission mode shows the default PSI5 response
transmission, Table 267. Default PSI5-P16C transmission mode timing parameters shows the PSI5 timing
parameters, and Table 268. Default PSI5-P16C transmission mode, High g sensor data configuration and

Table 269. Default PSI5-P16C transmission mode, Medium g sensor data configuration show the sensor data
configuration details for each channel.

The default settings apply until the UF2 user OTP memory is written and the UF2 block is locked.

DS15164 - Rev 1 page 161/228



‘_ NXLS9xxx0AES
,’ PSI5 protocol

Figure 93. PSI5 default mode transmission
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Table 266. Default PSI5-P16C transmission mode

Start bits Sensor data (See ) CRC

§2 8§ DO | D1 D2 D3 D4 D5 D6 D7 D8 | D9 D10 D11 D12 D13 D14 D15 C2 Ci1 Co

10-bit Initialization Data as specified in Section 10.4.2.1: PSI5

initialization phase 2 data transmissions cz o co

Init Data 0 0 0 0 0 0

Table 267. Default PSI5-P16C transmission mode timing parameters

Default typical value Default register bit values

ChO Time Slot 47 ps $27, $26: $PDCM_RSPSTO = 0x002F
Data Size 16-bit $1A: SOURCEID_0[6:4] = 3'b100
Error Checking 3-bit CRC $25: PSI5_CFG[2] = 1'b1

Baud Rate Low Baud Rate: 125 kB/s, Bit Time = 8.0 ps $23: CHIPTIME[3:0] = 3'b1000

Table 268. Default PSI5-P16C transmission mode, High g sensor data configuration

Sensor Data Range 70269 $40, : CHO_CFG_U1[1:0] = 2'b00
Sensor Data Sensitivity 43.79 LSB/g $41, : CHO_CFG_U2[7:0] = 0x00
Sensor data low-pass filter 400 Hz, 4-Pole LPF $40, : CHO_CFG_U1[7:4] = 4'b0000
Sensor data offset cancellation 0.04 Hz, 1-Pole HPF with Rate Limiting Enabled $43, : CHO_CFG_U4[5:4] = 2'b00

Table 269. Default PSI5-P16C transmission mode, Medium g sensor data configuration

Sensor data range 23269 $40, : CHO_CFG_U1[1:0] = 2'b00
Sensor data sensitivity 132.06 LSB/g $41, : CHO_CFG_U2[7:0] = 0x00
Sensor data low-pass filter 400 Hz, 4-Pole LPF $40, : CHO_CFG_U1[7:4] = 4'b0000
Sensor data offset cancellation 0.04 Hz, 1-Pole HPF with Rate Limiting Enabled $43, : CHO_CFG_U4[5:4] = 2'b00
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10.7 Daisy chain mode

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 interpolated sensor data sample is latched at ttr|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, relative to tyrig (rising edge of Sync pulse).

When programmed to operate in daisy chain mode, the device follows the procedure:

1. After a power on delay of trs pm, the device waits for a PSIS "Set Address” command defined in

Table 271. Daisy chain programming commands and responses and Table 272. Daisy chain programming
response code definitions.

a. The Set Address command must be preceded by at least 31 and no more than 60 consecutive sync
pulses. All other commands must be preceded by either 31 consecutive sync pulses or 5 consecutive
missing sync pulses.

b. The Daisy Chain Programming command and response formats are defined in Section 10.9.2: PSI5
programming mode - data link layer using a sync pulse period of ts.g pc. The response settings are
defined in Table 285. Programming mode via PSI5 response message settings, with the exception of the
time slot.

c. 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 273. Valid daisy chain addresses.

d. If a framing error or CRC error is detected on a received command, the device does not respond.

2. Atfter receiving a valid address and completing the response, the device will decode and respond to all
Table 271. Daisy chain programming commands and responses commands sent to the sensor address it is
set to. All responses are transmitted in the address-based time slot specified in Table 273. Valid daisy chain
addresses.

3. When the "Run Mode" command is received, the device responds to the command using the address-based
time slot(s) specified in Table 273. Valid daisy chain addresses. 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:

Table 270. Daisy chain: Run mode configuration

Parameter Reference Value

Section 8.2.18.1: Periodic data
Time Slot collection mode response start
time (PDCM_RSPSTx[12:0])

Address-based time slot(s) specified in Table 273. Valid daisy chain
addresses

Section 8.2.13.2: PDCM format

Data Size control bits (PDCMFORMAT[2:0]) Data size controlled by the PDCMFORMAT bits
Section 8.2.17.5: PSI5 response
Error Checking message error detection selection | Even Parity
bit (P_CRC)
Section 8.2.15.4: Chip time .
Baud Rate (CHIPTIME) 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 according to Table 271. Daisy chain programming commands
and responses,Table 272. Daisy chain programming response code definitions, and Table 273. Valid daisy
chain addresses.

Table 271. Daisy chain programming commands and responses

“ Response (OK)
Command

Short AO | Set Sensor Address (Daisy Chain) SAdr

Short 1 1 1 0 0 0  Broadcast Message - "Run Mode" OK 0x000
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Command
tvpe “““ﬂ -m

Short SAdr=1,2,3,4,5,6 0  Activate Low Side Bus Switch 0x000
Short SAdr=1,2,3,4,5,6 1 1 1 | Deactivate Low Side Bus Switch OK 0x111
Short SAdr=1,2,3,4,5,6 A2 A1 AO | Set Sensor Address (Daisy Chain) OK SAdr

Table 272. Daisy chain programming response code definitions

RC = OK Command Message Received Properly. 0x1E1
RC = Error Error during transmission of Command Message. 0x1E2
SAdr Programmed Sensor Address, prepended with logic zeros. Varies

Table 273. Valid daisy chain addresses

Sensor address (SAdr) Time slot
0 Un-programmed sensor N/A
0 0 1 Sensor Address 1 tTIMESLOT_DCO
0 1 0 Sensor Address 2 triIMESLOT_DC1_L
0 1 1 Sensor Address 3 triMESLOT_DC2_L
1 0 0 Sensor Address 4 trIMESLOT_DC1_H
1 0 1 Sensor Address 5 tTIMESLOT_DC2_H
1 1 0 Sensor Address 6 tTIMESLOT_DC3_H
1 1 1 N/A N/A
Note: Writes to Sensor Address 7 are ignored.
Note: If a successful programming mode entry command is received prior to a set address, daisy chain mode is
disabled.
10.8 Error handling
10.8.1 Daisy chain error handling
Table 274. Daisy chain error handling shows the effect of internal failure modes on the daisy chain initialization
procedure.

Table 274. Daisy chain error handling

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.
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Device Not Locked No effect. The device will participate in daisy chain as programmed.

10.8.2 Initialization phase 2 error handling

Table 275. Initialization phase 2 error handling 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 complete initialization phase 2 as necessary and then transition to
initialization phase 3.

Table 275. Initialization phase 2 error handling

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

10.8.3 Initialization phase 3 error handling

Table 276. Initialization phase 3 error handling shows the effect of internal failure modes on the initialization phase
3 procedures. Some errors occurring 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 are transmitted before
entering Run Mode.

Table 276. Initialization phase 3 error handling

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)
10.8.4 Normal mode error handling with internal error automatic clearing

Section 10.8.4.1: Standard error reporting and Section 10.8.4.2: PSI5 error extension option summarize the error
reporting if the PSI5_ERRLATCH bit is not set. A single error transmission clears the device status allowing for
temporary error conditions to be cleared once the error condition is removed.

10.8.4.1 Standard error reporting

Table 277. Standard error reporting summarizes the error reporting in normal mode if the PSI5 error extension
option is disabled.
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Table 277. Standard error reporting

Error condition Error code | Error response

Supply Error NA Temporary (Normal transmissions continue once condition is removed)
Communication Error Temporary (Normal transmissions continue once condition is removed)
Test Mode Enabled Temporary (Normal transmissions continue once condition is removed)
Offset Error 0x1F4 Temporary (Normal transmissions continue once condition is removed)
Temperature Error Temporary (Normal transmissions continue once condition is removed)
Memory Error Latched until reset

Self-test Error Ox1EA Latched until reset

Device Not Locked NA NA

10.8.4.2 PSI5 error extension option

If the PSI5 error extension option is enabled, additional error reporting is available as shown in Table 278. PSI5
error extension option.

Table 278. PSI5 error extension option

Error condition Error code | Error response

Supply Error NA Temporary (Normal transmissions continue once condition is removed)
Communication Error Ox1EF Temporary (Normal transmissions continue once condition is removed)
Test Mode Enabled Ox1EE Temporary (Normal transmissions continue once condition is removed)
Offset Error 0x1ED Temporary (Normal transmissions continue once condition is removed)
Temperature Error Ox1EC Temporary (Normal transmissions continue once condition is removed)
Memory Error 0x1EB Latched until reset

Self-test Error Ox1EA Latched until reset

Device Not Locked NA NA

10.8.5 Normal mode error handling with internal error latching

Section 10.8.5.1: Standard error reporting and Section 10.8.5.2: PSI5 error extension option summarize the error
reporting if the PSI5_ERRLATCH bit is set. Internal errors are latched until reset.

10.8.5.1 Standard error reporting

Table 279. Standard error reporting summarizes the error reporting in normal mode if the PSI5 Error Extension
option is disabled.

Table 279. Standard error reporting

Error condition Error code | Error response

Supply Error NA Temporary (Normal transmissions continue once condition is removed)
Communication Error Temporary (Normal transmissions continue once condition is removed)
Test Mode Enabled Latched until reset

Offset Error 0x1F4 Latched until reset.

Temperature Error Latched until reset

Memory Error Latched until reset

Self-test Error Ox1EA Latched until reset.

Device Not Locked NA NA
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10.8.5.2 PSI5 error extension option

If the PSI5 error extension option is enabled, additional error reporting is available as shown in Table 280. PSI5
error extension option.

Table 280. PSI5 error extension option

Error condition Error code | Error response

Supply Error NA Temporary (Normal transmissions continue once condition is removed)
Communication Error Ox1EF Temporary (Normal transmissions continue once condition is removed)
Test Mode Enabled Ox1EE Latched until reset

Offset Error Ox1ED Latched until reset.

Temperature Error Ox1EC Latched until reset

Memory Error Ox1EB Latched until reset

Self-test Error Ox1EA Latched until reset.

Device Not Locked NA NA

10.9 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.

10.9.1 PSI5 programming mode entry
The device enters programming mode if and only if the following sequence occurs:

1. Atleast 31 sync pulses are detected, directly preceding the Programming Mode Entry Short Command during
the Programming Mode Entry Window shown in Figure 89. PSI5 initialization timing, synchronous mode.

- The window timing is defined in Section 7.12: Dynamic electrical characteristics - PSI5 (tppmE)-
- 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:
1. Programming Mode Entry is blocked until the device is reset.
2. The device proceeds with PSI5 Initialization Phase 2, and PSI5 Initialization Phase 3.
3. The device enters normal mode, and responds as programmed to normal sync pulses.
If the Programming Mode entry requirement is met:
1. Normal transmissions to sync pulses are terminated.

2. The device will detect commands if the start condition is met as described in Section 10.9.2.2: PSI5
programming mode - command message format.

3. The device responds only to valid PSI5 Short and XLong Commands addressed to Sensor Address '001', as
defined in Section 10.9.3: PSI5 programming mode command and response summary.

10.9.2 PSI5 programming mode - data link layer

10.9.2.1 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.s_pu-

10.9.2.2 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. A minimum of 5 consecutive logic '0's (with no sync bits)
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2. A minimum of 31 consecutive logic '1's (this includes logic '1's transmitted for the previous response)

The command message format is shown in Table 282. Programming mode via PSI5 command data format -
response.

Table 281. Programming mode via PSI5 command data format

star its — [—

Data to be written to register (optional)
Register Address (optional)
Function Codes (See Section 10.9.3: PSI5 programming mode command and response summary)
Sensor Address - Fixed at 001

Start Bit Sequence = 010

Table 282. Programming mode via PSI5 command data format - response

Response

Bit stuffing is necessary to maintain a synchronized timebase between the command master and the device. A
logic '1' Sync bit is added every fourth bit in the command message to ensure that there will never be more than 3
logic '0' bits in a row.

Table 283. Programming mode via PSI5 XLONG command data format with sync bits

Start bits Sensor address Funchon code Register address Data

IIEHIIIIiIIlI%:IIIllliiil|Iii||IiillIIIIiiilIiiilIiiilIII|Ii5i||Iii|||Iii||||||Ii5i|||ii|||Iii||||||Iii|||Iii|||I::IIIilIiiil|I=EIIIHHHIIII|I=!II|I:EII|I:=IIIllliiil|Ii%IIIIHIIIIIIIHHI

Table 284. Programming mode via PSI5 XLONG command data format with sync bits - response

Response

.~ |~ | =

$1E2 $3FF S3FF

Once a command is received and verified, the device expects 2 to 3 consecutive sync pulses (depending upon
the command message lengths described in Table 285. Programming mode via PSI5 response message
settings). 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 (ts.s_pwm) or a framing error may occur.

For each of these sync pulses, The device will respond with the following settings:

Table 285. Programming mode via PSI5 response message settings

Parameter Value

Time Slot triIMESLOT_DCo
Data Size 10-bit data
Error Checking Even Parity
Baud Rate 125 kBd

Sync Pulse Pulldown Disabled
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10.9.2.3 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
Table 286. Programming mode via PSI5 short command. Short frame commands and responses are defined in
Section 10.9.3: PSI5 programming mode command and response summary.

The device only supports a short command for programming mode entry.

Table 286. Programming mode via PSI5 short command

Table 287. Response format

I - R

$1E2 $3FF

10.9.2.4 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 Table 288. Programming mode via PSI5
long command. The device does not support the long frame command.

Table 288. Programming mode via PSI5 long command

Start Bits Sensor Address Function Code Register Address

ﬂnnmmmm---mm-mmmmmm

Table 289. Response format

- .

$1E2 $3FF $3FF

10.9.2.5 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 provide register data in response to a read or write request. The extra long frame format is shown in

Table 290. Programming mode via PSI5 long command. Extra long frame commands and responses are defined
in Section 10.9.3: PSI5 programming mode command and response summary.

The device supports register read and register write extra long commands.

Table 290. Programming mode via PSI5 long command

Start Bits Sensor Address Function Code Register Address

Table 291. Response format

Response

- .

$1E2 $3FF $3FF
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10.9.2.6 Command message CRC

Programming mode command error checking is accomplished by a 3-bit CRC. The 3-bit CRC is calculated using
all message 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 '000'. Table 261. PSI5 3-bit CRC calculation
examples 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 10.9.4: Programming mode via
PSI5 error response summary.

10.9.2.7 Command sync pulse blanking time

In programming mode and programming mode entry, the device employs a fixed sync pulse blanking time of
tsync_ofFF 250 regardless of the state of the PDCM_CMD_B register value.

10.9.2.8 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 terminated and the device will respond to the next sync pulse with a Short Frame Framing Error response as
defined in Section 10.9.4: Programming mode via PSI5 error response summary.

10.9.3 PSI5 programming mode command and response summary

Table 292. Programming mode via PSI5 commands and responses

R " Response (OK) Response (Error)
CMD type SAdr Command :g's er Data field
A B I I R B R T

Short Invalid Command 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 1M1 Enter Programming Mode N/A N/A OK 0x0CA N/A No Response
Long o 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 WData RA7:RAO Error ErrN 0x000

Table 293. Programming mode via PSI5 response code definitions

RC = OK Command Message Received Properly 0x1E1
RC = Error Error during transmission of Command Message 0x1E2
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
WData Byte Contents of Register located at address RA7:RAQ Varies
10.9.4 Programming mode via PSI5 error response summary

Table 294. Error response summary

0000 General General Error

0001 Framing Framing Error (4 consecutive zeros) Yes

0010 CRC CRC Error on Received Message Yes

0011 Address Sensor Address Not Supported No (Invalid Address is ignored)
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0100 Function Code Not Supported No (N/A)
0101

0110 Reserved Reserved No
0111

1000

1001

1010

1011

1100

1101

1110

1111

Reserved Reserved No

ErrN is transmitted in the 4 LSBs of RD1. All other bits in the response data field are set to '0'.

10.10 PSI5 OTP programming procedure
1. Enter programming mode.
2. SetVcc = 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.

Delay tproG_TiME after the completion of the Write OTP program to allow for completion of the OTP writes.
Read the DEVSTAT and DEVSTAT?2 registers to confirm that 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.

Refer to the PSI5 OTP Programming Procedure Application Note for further details on OTP programming.

o o
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11 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.

Figure 94. Standard 32-bit SPI protocol timing diagram

ssB \ / \

wess J00000C 200000000C _HINHET 00000 C)DDDDDDDD(:
Li phase one\command4>J
|

+——phase one: response - previous command phase two: response ——————»

coue NI L JOL_ LN

MOSI
Liﬂ — T2 T3
N 1L lk 1
T T T
miso — 0000000000 COOOOOORERR00000 CO0000ER0000000) Q0000000000000 vsosre
11.1 SPI command format

Table 295. SPI command format

(o2 o]z falsulnlzla]ololelalelolulolalalolole]r]o]s]e]

Register Access Command

Command Fixed Bits: Must = 0x0 Register Address Register Data 8-bit CRC

o) oo oo RA[7:1] Ro‘]\[ RD[7:0] CRC[7:0]
Sensor Data Command

Command Fixed Bits: Must = 0x00000 8-bit CRC

C[3:0] 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 CRCI[7:0]
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11.2 SPI response format

Table 296. SPI response format

I I N N N A A A Y
[ » o lalaln]alalalalalolelelv]elolelolalalels]e]c]el o]zl ]}

Response to Register Request

Basic Unused Data
=0x0

Command Register Data: Contents of RA[7:1] High Byte Register Data: Contents of RA[7:1] Low Byte 8-bit CRC

Status
clo] | c@ | cl2 | c ST[:0] 0 0 RD[15:8] RD[7:0] CRC[7:0]
Response to Sensor Data Request
Basic Detail
Command Sensor Data 8-bit CRC
Status Status

co] | cEl | c@ | ol STI1:0] SD[11:0] Optional SD resolution SFI1:0] CRC[7:0]

Error Response to Register Request

Basic
Command Unused Data Register Data: Contents of RA[7:1] High Byte Register Data: Contents of RA[7:1] Low Byte 8-bit CRC

Status =00
0 0 0 0 1 1 0 0 RD[15:8] RD[7:0] CRC[7:0]
Error Response to Sensor Data Request With Sensor Data

Basic Detail
Command Sensor Data 8-bit CRC
Status Status
C[o] C[3] C[2] C[1] 1 1 SD[11:0] Optional SD resolution SF[1:0] CRC[7:0]

Error Response to Sensor Data Request Without Sensor Data

Basic Detail

Command x Unused Data = 0x0000 8-bit CRC
Status Status
0 0 0 0 1 1 X 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 SF[1:0] CRC[7:0]
1.3 Command summary

Table 297. Command summary

Data source

Command type Reference

SOURCEID[2:0] = C[3:1]

Unused Command (Reserved for Error

0 0 0 0 Response) Not Applicable Not Applicable

O 0 0 1 SensorDataRequest SOURCEID[3:0] = 0x0 Section 11.3.3: Sensor data
request commands

0 0 1 0  Reserved Command Not Applicable Not Applicable

0O 0 1 1 @ SensorDataRequest SOURCEID[3:0] = 0x1 Section 11.3.3: Sensor data
request commands

0 1 0 0  Reserved Command Not Applicable Not Applicable

O 1 0 1 SensorDataRequest SOURCEID[3:0] = 0x2 section 11.3.3: Sensor data
request commands

0 1 1 0  Reserved Command Not Applicable Not Applicable

O 1 1 1 SensorData Request SOURCEID[3:0] = 0x3 Section 11.3.3: Sensor data
request commands

1 0 0 0 | Register Write Request Not Applicable Section 11.3.2: Register write
command

1 0 0 1 SensorDataRequest SOURCEID[3:0] = Ox4 Section 11.3.3: Sensor data
request commands

1 0 1 0  Reserved Command Not Applicable Not Applicable

1 0 1 1 SensorDataRequest SOURCEID[3:0] = 0x5 Section 11.3.3: Sensor data
request commands

1 1 0 0  Register Read Request Not Applicable Section 11.3.1: Register read

command
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Data source
C[3:0] Command type Reference
SOURCEIDJ[2:0] = C[3:1]

Section 11.3.3: Sensor data

Sensor Data Request SOURCEIDI[3:0] = 0x6
request commands
1 1 1 0  Reserved Command Not Applicable Not Applicable
1 1 1 1  SensorData Request SOURCEID([3:0] = 0x7 Section 11.3.3: Sensor data
request commands
11.3.1 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 8.1: User accessible data array 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 11.3.1.2: Register read response message format.
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 (See Section 11.5.6: SPI error)
. No MISO Error is detected (See Section 11.5.7: SPI data output verification error)

If the conditions are met, the device responds to the register read request as shown in Section 11.3.1.2: Register
read response message format. Otherwise, the device responds with the Error Response as defined in

Section 11.5.4: Alternative detailed status field reporting. The Register Read response includes the register
contents at the rising edge of SS_B for the Register Read command.

11.3.1.1 Register read command message format

Table 298. Register read command message format

(ot [0 @ ]alalalslulolalalolelelvlolelelalalalolololr]o]s]¢]s]z] ]

Command C[3:0] Fixed Bits: Must = 0x0 Register Address Register Data 8-bit CRC

RA[

0o 0 RA[7:1] ol

0 0 0 0 0 0 0 0 CRC[7:0]

Table 299. Register read command message format description

o
o
o
o

C[3:0] Register Read Command = '1100'

RA[7:1] RA[7:1] contains the word address of the register to be read.
CRC[7:0] CRC. See Section 11.4: Error checking

11.3.1.2 Register read response message format

Table 300. Register read response message format

EEEEEEEEEEEE s e e s e e

Basic Unused

Command C[0], [3:1] Data = 0x0

Register Data: Contents of RA[7:1] High Byte Register Data: Contents of RA[7:1] Low Byte 8-bit CRC
Status

0 1 1 0 0o 0 RD[15:8] RD[7:0] CRC[7:0]

Table 301. Register read response message format description

clo], [3:1] Register Read Command = '0110'
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ST[1:0] Status. See Section 11.5.1: Standard basic status reporting field
RD[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. See Section 11.4: Error checking

11.3.2 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 11.3.2.2: Register write response message format.
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 (See Section 11.5.6: SPI error)
. 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 conditions are met, the register write is executed and the device responds to the register write request as
shown in Section 11.3.2.2: Register write response message format. Otherwise, no register is written and the
device responds with the Error Response as defined in Section 11.2: SPI response format. 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.

11.3.2.1 Register write command message format

Table 302. Register write command message format

nnnnnnnnnnn-nnn--n

Command C[3:0] Fixed Bits: Must = 0x0 Register Address Register Data 8-bit CRC

RA[

1 0 0 0 0 0 0 0 RA[7:1] 0

RO[7:0] CRC[7:0]

Table 303. Register write command message format description

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]
CRCJ7:0] CRC. See Section 11.4: Error checking

11.3.2.2 Register write response message format

Table 304. Register write response message format

(ot [0 @ ]alzlalslulslalalololelvlolelelolalalolololr]sls]¢]s]z] ]

Basic Unused

Command C[0], [3:1] Data = 0x0

Register Data: Contents of RA[7:1] High Byte Register Data: Contents of RA[7:1] Low Byte 8-bit CRC
Status

0 1 0 0 ST[1:0] 0 0 RD[15:8] RD[7:0] CRCJ[7:0]
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Table 305. Register write response message format description

C[0], [3:1] Register Write Command = '0100'

ST[1:0] Status. See Section 11.5.1: Standard basic status reporting field
RD[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)
CRCI[7:0] CRC. See Section 11.4: Error checking

11.3.3 Sensor data request commands

The device supports standard sensor data request commands. The sensor data request command format is
described in Section 11.3.3.1: Sensor data request command message format. The response to a sensor data
request is shown in Section 11.3.3.2: Sensor data request response message format. The response is transmitted
on the next SPI message subject to the error handling conditions specified in Section 11.5: Exception handling.
The sensor data included in the response is the sensor data at the falling edge of SS_B for the Sensor Data
Request response.

11.3.3.1 Sensor data request command message format

Table 306. Sensor data request command message format

[ n ool ]nls]ulnlala]ololelolelslulola]] ﬂ-ﬂ-llﬂﬂﬂﬂ

Command Fixed Bits: Must = 0x00000 8-bit CRC

C[3:0] 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 CRCI[7:0]

Table 307. Sensor data request command message format description

C[0] Sensor Data Request Command ="'1'

Source Identification code for the requested sensor data. See Section 8.2.13: Source identification registers
(SOURCEID_x).

CRC[7:0] CRC. See Section 11.4: Error checking

C[3:1] = SOURCEID[2:0]

11.3.3.2 Sensor data request response message format

Table 308. Sensor data request response message format

(ot [0 @ ]alzlalslulslalalololelvlolelelolalalolololr]s]s]¢]s]z] ]

Basic Detail

Command C[0], [3:1] Sensor Data 8-bit CRC
Status Status

1 C[3]  C[2] C[1] ST[1:0] SD[11:0] Optional SD resolution SF[1:0] CRC[7:0]

Table 309. Sensor data request response message format description
C[0] Sensor Data Request Command ='1'

Source Identification code for the requested sensor data. See Section 8.2.13: Source identification registers

C[3:1] = SOURCEID[2:0] (SOURCEID, x)

ST[1:0] Basic Status. See Section 11.5.1: Standard basic status reporting field
SD[11:0] Sensor Data. See Section 8.6.4.9: Output scaling
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Optional SD Resolution Optional for 16-bit Sensor Data. See Section 8.6.4.9: Output scaling
SF[1:0] Detailed Status. See Section 11.5.3: Standard detailed status field reporting
CRCJ7:0] CRC. See Section 11.4: Error checking

1.3.4 Reserved commands

The device responds to reserved commands on the next SPI message subject to the error handling conditions
specified in Section 11.5: Exception handling.

11.3.4.1 Reserved command message format

ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ-ﬂﬂﬂﬂﬂ

Command 8-bit CRC
0 0 0 0 X X X X X X X X X X X X X X X X X X X X CRCI[7:0]
0 0 1 0 X X X X X X X X X X X X X X X X X X X X CRCI7:0]
0 1 0 0 X X X X X X X X X X X X X X X X X X X X CRC[7:0]
0 1 1 0 X X X X X X X X X X X X X X X X X X X X CRCJ7:0]

1 0 1 0 X X X X X X X X X X X X X X X X X X X X CRC[7:0]

1 1 1 0 X X X X X X X X X X X X X X X X X X X X CRCI[7:0]

C[3:0] Reserved Command
CRCI7:0] CRC. See Section 11.4: Error checking
11.3.4.2 Reserved command response message format

Table 310. Reserved command response message format

() S N N O A N N X
ElEEEEEEEEEEE s e e e = E] e

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]

Table 311. Reserved command response message format description

Command Echo Reserved Command Echo - Undefined
Data Response Data - Undefined

CRC[7:0] CRC. See Section 11.4: Error checking
1.4 Error checking

1.41 Default 8-bit CRC

11.4.1.1 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 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:
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1. 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.

4. 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 in Table 312. SP| command message CRC.

Table 312. SPI command message CRC

SPICRCSEEDI[3:0] Default polynomial Default non-direct seed

0000 X8+ x5 +x3+x2+ x+ 1 111 1111

Non-Zero x8+x5+x3+x2+x+1 1111 SPICRCSEEDI[3:0]

Some example CRC calculations are shown in Table 314. SPI 8-bit CRC calculation examples.

11.4.1.2 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:
1. Aseed 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.

4. 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 in Table 313. SPI CRC polynomial and seed.

Table 313. SPI CRC polynomial and seed

SPICRCSEEDI[3:0] Default polynomial Default non-direct seed

0000 xB+x5+x3+x2+x+1 1111 1111

Non-Zero X8+ X2+ x3 + x2 + x + 1 1111 SPICRCSEEDI3:0]
Some example CRC calculations are shown in Table 314. SPI 8-bit CRC calculation examples.

Table 314. SPI 8-bit CRC calculation examples

Bits[31:28] Bits[27:24] Bits[23:16] Bits[15:8] Bits[7:0]
Polynomial
“ Register address Register data 8-bit CRC
0x8 0x0 22 C1

X8+ X2+ x3+ X2+ x + 1 1111 1111 0xBD
x8+xS+x3+x2+x+1 1111 1111 0x4 0x0 1F C1 0x57
X8+ X3+ x3+ X2+ x + 1 1111 111 0xC 0x0 22 00 0x66
X8+ X3+ x3+ X2+ x + 1 1111 1111 0x6 0x0 1F C1 0xB8
X8+ X3+ x3+ X2+ x + 1 1111 111 0x4 0x0 FF 5A OxE5
X8+ xS+ x3+ X2+ x + 1 1111 111 0xC 0x0 3E 00 0x13
X8+ X%+ x3+ X2+ x + 1 1111 111 0x6 0x0 FF 5A 0x0A
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11.4.2 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 8.2.20: SPI configuration control register.

11.4.2.1 SPI command format with 4-bit CRC

Table 315. SPI command format with 4-bit CRC

ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ-ﬂ-ﬂ---

Register Access Command
Command Fixed Bits: Must = 0x0 Register Address Register Data Fixed Bits: Must = 0x0 4-bit CRC

RA[

C[3:0] 0 0 0 0 RA[7:1] )

RD[7:0] 0 0 0 0 CRCI[3:0]

Sensor Data Command
Command Fixed Bits: Must = 0x00000 Fixed Bits: Must = 0x0 4-bit CRC

C[3:0] 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 CRC[3:0]

11.4.2.2 SPI response format with 4-bit CRC

Table 316. SPI response format with 4-bit CRC

3 1

Response to Register Request

Basic
Command D:l’;u—sf)io 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 -
clo] | c@¥ | cl21  c] ST[1:0] 0 0 RD[15:8] RD[7:0] 0 0 0 0 CRC[3:0]
Response to Sensor Data Request
Basic Detail
Command Sensor Data KAC 4-bit CRC
Status Status
C[0] @ C[3] C[2]1 C[1] ST[1:0] SD[11:0] Optional SD resolution SF[1:0] KACI3:0] CRCI[3:0]
Error Response to Register Request
Basic Unused
Command Data = 0x0 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 B
0 0 0 0 1 1 0 0 RD[15:8] RD[7:0] 0 0 0 0 CRC[3:0]
Error Response to Sensor Data Request With Sensor Data
Basic Detail
Command Sensor Data KAC 4-bit CRC
Status Status
clo] c[8  C  cil o1 1 SD[11:0] Optional SD resolution SF[1:0] KAC[3:0] CRC[3:0]
Error Response to Sensor Data Request Without Sensor Data
Basic Detail
Command X Unused Data = 0x0000 Unused Data = 0x0 4-bit CRC
Status Status
0 0 0 0 1 1 X 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 SF[1:0] 0 0 0 0 CRCI[3:0]
11.4.2.3 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 SPICRCSEED]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.
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4. 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 in Table 317. SPI command message CRC, 4 bit.

Table 317. SPI command message CRC, 4 bit

Default polynomial Non-direct seed

x4+ 1 SPICRCSEED][3:0]

11.4.2.4 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:

1. 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.

4. 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 in Table 318. SPI response message CRC, 4-bit.

Table 318. SPI response message CRC, 4-bit

Default polynomial Non-direct seed

x4+ 1 SPICRCSEED][3:0]

11.4.2.5 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".

11.4.2.6 Example 4-bit CRC calculations

Some example CRC calculations for 32-bit SPI commands are shown in Table 319. SPI 4-bit CRC calculation
examples.

Table 319. SPI 4-bit CRC calculation examples

Bits[31:28] Bits[27:24] Bits[23:16] Bits[15:8] Bits[7:4] Bits[3:0]
Polynomial
0x8 0x0 22 C1 0x0 OxF

x4+ 1 1010

x4+ 1 1010 Ox4 0x0 1F C1 0x0 0xD
x4+ 1 1010 0xC 0x0 22 00 0x0 0x6
x4+ 1 1010 0x6 0x0 1F C1 0x0 OxF
x4+ 1 1010 0x4 0x0 FF 5A 0x0 0x1
x4+ 1 1010 0xC 0x0 3E 00 0x0 0xB
x4+ 1 1010 0x6 0x0 FF 5A 0x0 0x3
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11.4.3 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 8.2.20: SPI configuration control register.

11.4.3.1 SPI command format with 3-bit CRC

Table 320. SPI command format with 3-bit CRC

ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ-ﬂ-ﬂ---

Register Access Command
Command Fixed Bits: Must = 0x0 Register Address Register Data Fixed Bits: Must = 0x00 3-bit CRC

RA[

C[3:0] 0 0 0 0 RA[7:1] )

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] 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 CRC[2:0]

11.4.3.2 SPI response format with 3-bit CRC

Table 321. SPI response format with 3-bit CRC

3 1

Response to Register Request

Basic
Command D:l’;u—sf)io 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 -
C[0]  C[3] C[2] C[1] ST[1:0] 0 0 RD[15:8] RD[7:0] 0 0 0 0 0 CRCJ2:0]
Response to Sensor Data Request
Basic Detail
Command Sensor Data KAC 1 3-bit CRC
Status Status
C[0] @ C[3] C[2]1 C[1] ST[1:0] SD[11:0] Optional SD resolution SF[1:0] KACI3:0] 1 CRC[2:0]
Error Response to Register Request
Basic Unused
Command Data = 0x0 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 B
0 0 0 0 1 1 0 0 RD[15:8] RD[7:0] 0 0 0 0 0 CRC[2:0]
Error Response to Sensor Data Request With Sensor Data
Basic Detail
Command Sensor Data KAC 1 3-bit CRC
Status Status
clo] c[8  C  cil o1 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
Basic Detail
Command X Unused Data = 0x0000 Unused Data = 0x00 3-bit CRC
Status Status
0 0 0 0 1 1 X 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 SF[1:0] 0 0 0 0 0 CRC[2:0]

11.4.3.3 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 SPICRCSEEDJ[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.
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4. 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 in Table 322. SP| command message CRC, 3 bit.

Table 322. SPI command message CRC, 3 bit

Default polynomial Non-direct seed

3 x+ 1 SPICRCSEEDI[2:0]

Some example CRC calculations are shown in Table 261. PSI5 3-bit CRC calculation examples.

11.4.3.4 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:

1. 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.

4. 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 in Table 323. SP| response message CRC, 3-bit.

Table 323. SPI response message CRC, 3-bit

Default polynomial Non-direct seed

x3+x+1 SPICRCSEED[2:0]

11.4.3.5 Message (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".

11.4.3.6 Example 3-bit CRC calculations

Some example CRC calculations for 32-bit SPI commands are shown in Table 324. SPI 3-bit CRC calculation
examples.

Table 324. SPI 3-bit CRC calculation examples

Blts[31 28] Blts[27 24] Blts[23 16] Blts[15 8] Blts[7 3]
Polynomial Command Register address Register data 0b00000 3-bit CRC
(Hex) (Hex) (3[29] (1 [29] (Binary) (Binary)

x3+x+1 M 0b00000 0b100
x3+x+1 M Ox4 0x0 1F C1 0b00000 0b010
x3+x+1 M 0xC 0x0 22 00 0b00000 0b001
x3+x+1 M 0x6 0x0 1F C1 0b00000 0b000
x3+x+1 M Ox4 0x0 FF 5A 0b00000 0b000
X3+ x+ 1 M 0xC 0x0 3E 00 0b00000 0b101
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H Bits[31:28] | Bits[27:24] Bits[23:16] Bits[15:8] Bits[7:3] m

Command Register address Register data 0b00000 3-bit CRC
(Hex) (Hex) (Hex) (Hex) (Binary) (Binary)

Polynomial

X3 +x+1 111 0b00000 0b010
11.5 Exception handling
11.5.1 Standard basic status reporting field

All responses include a basic status field (ST[1:0]) that includes the general status of the device and transmitted
data as described in Table 325. Basic status field for responses to register commands and Table 326. Basic status
field for responses to sensor data request commands. The contents of the basic status field is a representation of
the device status at the rising edge of SS_B for the previous SPI command.

11.5.1.1 Basic status field for responses to register commands

Table 325. Basic status field for responses to register commands

Device in Initialization ENDINIT Not Set
0 1 Normal Mode ENDINIT Set 4
1 0 Self-test ST_CTRL[3:0] not equal to '0000' for any channel 2
1 1 Internal Error Present See Figure 95. Internal status mapping and SPI basic status 1
content
11.5.1.2 Basic status field for responses to sensor data request commands

Table 326. Basic status field for responses to sensor data request commands

0 | Device in Initialization ENDINIT Not Set Sensor Data
0 1 Normal Mode ENDINIT Set 0 0 Sensor Data 4
1 0 | Self-test ST_CTRL[3:0] not equal to '0000' 0 0 Sensor Data 2
See See
1 1 Internal Error Present See Section 11.5.3: Standard Section 11.5.3: Stand | Section 11.5.3: Stand 1
detailed status field reporting ard detailed status | ard detailed status

field reporting field reporting

11.5.2 Alternative basic status reporting field

If the SPI_STATUS bit is set in the SPI_CFG register, the basic status reporting is as shown in
Table 327. Alternative basic status reporting field.

Table 327. Alternative basic status reporting field

0 | Device in Initialization ENDINIT Not Set Sensor Data
0 1 Normal Mode ENDINIT Set 0 0 Sensor Data 4
ST_CTRL[3:0] not equal to '0000'
1 0 | Self-test for the associated channel for 0 0 Sensor Data 2
dual axis
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See See

1 1 Internal Error Present See Section 11.5.4: Alternative Section 11.5.4: Altern | Section 11.5.4: Altern 1
detailed status field reporting ative detailed status | ative detailed status

field reporting field reporting

Figure 95. Internal status mapping and SPI basic status content shows the internal device status mapping by
register and the basic status field contents by response type.

Figure 95. Internal status mapping and SPI basic status content

| BIT 7 | BIT 6 | BIT5 | BIT4 | BIT3 | BIT2 | BIT 1 | BIT 0 |
| cHoOERR |  CHIERR | CcOMM_ERR | MEMTEMP_ERR | SUPPLY.ERR | TESTMODE | DEVRES | DEVINIT |
I R I Y A
[ choerrR [ cHtERR [ _ _ j ______ ': _____ j

Device in Test Mode

CHx_STAT
BIT7 BIT6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 Device Reset Occured

SIGCLIP OC_PHASE ST_INC ST_ACT OFF_ERR ST_ERR

[ Basic Status, Register Command 00, 01 N/A 00, 01 10 00, 01 00, 01 [ DSPin initialization Data not Valid
| Basic Status, Sensor Data Command 11 N/A 00, 01 10 11 00, 01

A P NI P T TTTTC T 1T !

t _____ L CoMM_ERR | _ [ r-———°— TTTTT T L 7

DEVSTAT3
BIT7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT1 BITO
MISO_ERR | OSC TRAIN RSVD RSVD RSVD RSVD RSVD RSVD
| Basic Status, Register Command 11 00, 01 N/A N/A N/A N/A N/A N/A
| Basic Status, Sensor Data Command " 11 N/A N/A N/A N/A N/A N/A
=== — - -~ r———-- [ em¢ | __ _ " _ TTTT 77 T AT T T T T |
r T T MEMTEMP_ERR r T T |
DEVSTAT2
BIT7 BIT6 BITS BIT4 BIT 3 BIT2 BIT1 BITO
FOTPE | UOTPE | URWE | UW_ACT | TEMP1 TEMPO RSVD RSVD
| Basic Status, Register Command 00, 01 00, 01 00, 01 00, 01 00, 01 00, 01 N/A N/A
| Basic Status, Sensor Data Command 1" 1" 1" 11 " 11 N/A N/A
[ r-———° r---—° L IR rTTT—7° T~ N
I r T T SUPPLY_ERR T T |
DEVSTAT1
BIT7 BIT 6 BIT 5 BIT 4 BIT3 BIT 2 BIT1 BITO
VBUFUV BUSINUV VBUFOV RSVD INTREGA INTREG INTREGF | CONT_ERR
| Basic Status, Register Command " " " N/A 1 1" 1 "
| Basic Status, Sensor Data Command " 1" 11 N/A " 1 " i 200-030679

11.5.3 Standard detailed status field reporting

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
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.

Table 328. SPI error response status field definition

Register
5 Sensor data request commands
ST[1:0] | SF[1:0] | Status sources DEVSTAT state SUPEtRffD'S E."°.: °°"‘";a“d “IhD" ik access " PCM ARM
=2 (L7 (Source ID) Sensor data field value comman
response
Oscillator Training Error Bit set in DEVSTAT3 N/A 1 CJ[0], C[3:1] Sensor Data Normal No Effect = No Effect
Bit set in CHx_STAT:
1 1 0 0 | Offset Error SIGNALCLIP or OFF- N/A 10 CJ[0], C[3:1] Sensor Data Normal No Effect = No Effect
SET_ERR
Temperature Error Bit set in DEVSTAT2 N/A 9 C[0], C[3:1] Sensor Data Normal No Effect = No Effect
User OTP Memory Error U_OTP_ERR setin The Sensor Data Field Error Code is transmitted for a
110 1 | (UFOor UF1) DEVSTAT2 NA 8 0x0 minimum of one transmission Normal NoEfiect | Frozen
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Sensor data request commands R s
ST[1:0] | SF[1:0] | Status sources DEVSTAT state SUP;‘:?—D'S E."°.: C°’""S‘a“d:°:‘; ek a“ezs . PCM
e priority (SoUceD) Sensor data field value comman
response
User R/W Memory Error U_RW_ERR set in The Sensor Data Field Error Code is transmitted for a
(UF2) DEVSTAT2 N/A 7 0x0 minimum of one transmission Normal No Effect Frozen
1 1 0 1
ST OTP Memory Error F_OTP_ERR setin N/A 6 0x0 TIje_ Sensor Data Field Em_:r Code is transmitted for a Normal No Effect Frozen
DEVSTAT2 minimum of one transmission
" TESTMODE bit set in
Test Mode Active DEVSTAT N/A 5 0x0 Al zero response No Effect Frozen
All zero response until the supply monitor timer expires
0 4 0x0 An Error Code is transmitted for a minimum of one transmission Frozen
1 1 1 0 Supply Error Bit set in DEVSTAT1 (See Section 8.2.2.4: Supply error flag (SUPPLY_ERR)) Disabled

All zero response until the supply monitor timer expires
1 4 0x0 Frozen
(See Section 8.2.2.4: Supply error flag (SUPPLY_ERR))

Reset Error DEVRES set N/A 3 0x0 gﬁssmeir;:gnData Field Error Code is transmitted for a minimum of one No Effect Frozen

The Sensor Data Field Error Code is transmitted for a Error

MISO Error Bit set in DEVSTAT3 N/A 2 0x0 L i No Effect Frozen
minimum of one transmission response
1 1 1 1
SPI Error N/A N/A 1 0x0 Tr.\e. Sensor Data Field Errgr Code is transmitted for a Error No Effect Frozen
minimum of one transmission response

1.5.4 Alternative detailed status field reporting

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
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.

If the SPI_STATUS bit is set in the SPI_CFG register, the basic status reporting is shown in Table 329. Alternate
SPI error response status field definition.

Table 329. Alternate SPI error response status field definition

Sensor data request commands Rogietey
ST[1:0] | SF[1:0] | Status sources DEVSTAT state SUPEtRf—D'S E."°.: C°"‘":“d eclhs’ e access n PCM
See RECEY (Source/ID) Sensor data field value Celuluiu
response
Oscillator Training Error Bit set in DEVSTAT3 N/A 11 CJ[0], C[3:1] Sensor Data Normal No Effect = No Effect
Bit set in CHx_STAT:
1 1 0 0  Offset Error N/A 10 C[0], C[3:1] Sensor Data Normal No Effect = No Effect
OFFSET_ERR
Temperature Error Bit set in DEVSTAT2 N/A 9 CJ[0], C[3:1] Sensor Data Normal No Effect = No Effect
User OTP Memory Error U_OTP_ERR setin The Sensor Data Field Error Code is transmitted for a
(UFO0 or UF1) DEVSTAT2 NiA 8 0x0 minimum of one transmission Normal No Effect Frozen
User R/W Memory Error U_RW_ERR setin The Sensor Data Field Error Code is transmitted for a
! 1 0 ! (UF2) DEVSTAT2 N/A 7 0x0 minimum of one transmission Normal No Effect Frozen
ST OTP Memory Error F_OTP_ERR setin N/A 6 0x0 The. Sensor Data Field Errgr Code is transmitted for a Normal No Effect Frozen
DEVSTAT2 minimum of one transmission
" TESTMODE bit set in
Test Mode Active DEVSTAT N/A 5 0x0 All zero response No Effect Frozen
Al zero response until the supply monitor timer expires
0 4 0x0 An Error Code is transmitted for a minimum of one transmission Frozen
1 1 1 0  Supply Error Bit set in DEVSTAT1 (See Section 8.2.2.4: Supply error flag (SUPPLY_ERR)) Disabled
Al zero response until the supply monitor timer expires
1 4 0x0 Frozen
(See Section 8.2.2.4: Supply error flag (SUPPLY_ERR))
Reset Error DEVRES set N/A 3 0x0 Tr_\e_ Sensor Data Field _Errgr Code is transmitted for a Error No Effect Frozen
minimum of one transmission response
MISO Error Bit set in DEVSTAT3 N/A 2 0x0 The Sensor Data Field Error Code is transmited for a Error No Effect | Frozen
minimum of one transmission response
1 1 1 1
SPI Error N/A NA 1 0x0 The_ Sensor Data Field Errgr Code is transmitted for a Error No Effect Frozen
minimum of one transmission response
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11.5.5 Error responses

Table 330. Error responses

nnnnnnnnnn-n-n--n

Error Response to Register Request

Basic
Command DUnufed Register Data: Contents of RA[7:1] High Byte Register Data: Contents of RA[7:1] Low Byte 8-bit CRC
Status ata = 0x0

0 0 0 0 1 1 0 0 RD[15:8] RD[7:0] CRC[7:0]

Error Response to Sensor Data Request With Sensor Data

Basic Detail
Command Sensor Data 8-bit CRC
Status Status
C[0] # C[3] C[2] C[1] 1 1 SD[11:0] Optional SD resolution SF[1:0] CRCJ[7:0]

Error Response to Sensor Data Request Without Sensor Data

Basic Detail

Command X Unused Data = 0x0000 8-bit CRC
Status Status

0 0 0 0 1 1 X 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 SF[1:0] CRCI[7:0]

Table 331. Error response description

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

See Section 11.5.3: Standard detailed status field reporting for Sensor Data Request commands.
For all other commands, all bits are '0'.

SF[3:0] Status. See Section 11.5.3: Standard detailed status field reporting

11.5.6 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 11.5.4: Alternative
detailed status field reporting with the Detailed Status Field set to "SPI Error" as defined in
Section 11.5.3: Standard detailed status field reporting.

11.5.7 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 11.5.4: Alternative
detailed status field reporting with the Detailed Status Field set to "SPI Error" as defined in

Section 11.5.3: Standard detailed status field reporting. during the subsequent SPI message.
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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 11.5.4: Alternative detailed status field reporting with the Detailed Status Field set to "SPI Error" as
defined in Section 11.5.3: Standard detailed status field reporting. 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 11.5.4: Alternative detailed status field reporting with the Detailed Status Field set to "SPI Error" as
defined in Section 11.5.3: Standard detailed status field reporting. during the subsequent SPI message.

Figure 96. SPI data output verification

SPI data out shift register data out buffer
MISO

D Q —1D Q
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11.6 SPI timing diagram

Figure 97. SPI timing diagram
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12 Inter-integrated circuit (I?C) interface

The device includes an interface compliant to the I2C bus specification UM10204("l. 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 I?C in a given system implementation depends on several factors including the pull-up
resistor values and the total bus capacitance.

12.1 I12C 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 99. I?C start condition. After the START signal has been
transmitted by the master, the bus is considered busy. Timing for the start condition is specified in

Section 7.14: Dynamic electrical characteristics - I2C.

Figure 98. I?)C bit transmissions

Sy ARy (D §

SCL

SDA stable SDA stable SDA
SDA ="' SDA="0' changes aaa-030682

12.2 I12C 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 transition on SDA while SCL is high as shown in Figure 99. I?C start condition. After the START signal has
been transmitted by the master, the bus is considered busy. Timing for the start condition is specified in

Section 7.14: Dynamic electrical characteristics - I2C.

A start condition (START) and a repeat START condition (rSTART) are identical.

Figure 99. I’C start condition

-~ T\

START

aaa-030683

12.3 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 12.4: I12°C acknowledge and not
acknowledge transmissions) from the receiver. Data is transferred with the Most Significant Bit (MSB) first
(Figure 100. I>C byte transmissions). The master generates all clock pulses, including the ninth clock for the
Acknowledge bit. Timing for the byte transmissions is specified in Section 7.14: Dynamic electrical characteristics
- I2C.

All functions for this device are completed within the Acknowledge clock pulse. Clock Stretching is not used.
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Figure 100. I*C byte transmissions
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START ACK ACK STOP
from slave from receiver
aaa-030684
12.4 I?)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 7.14: Dynamic electrical characteristics - 1°C 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 101. I?C acknowledge and not acknowledge transmission.

Figure 101. I’C acknowledge and not acknowledge transmission

soA _U \ /
“ ] |

ACK NACK

9th clock pulse 9th clock pulse
aaa-030685

12.5 I>’C 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 102. I?C stop condition. After the STOP has been
transmitted by the master, the bus is considered free. Timing for the stop condition is specified in

Section 7.14: Dynamic electrical characteristics - I°C.
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Figure 102. I*C stop condition
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12.6 I’C register transfers

12.6.1 Register write transfers
The device supports I?C 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
The master transmits a STOP condition

© O NOGO RN

=
>

S Slave address 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:

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

9. The master transmits the data byte to be written to the register address +1
10. The slave transmits an ACK

11. Repeat 9. and 10. until all registers are written

12. The master transmits a STOP condition

© N ORWN =

12.6.2 Register read transfers
The device supports I?C 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
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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 a NACK

13. The master transmits a STOP condition

®© N o o

=
>

S Slave address Register address A | rSTART Slave address R A 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:

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

14.Repeat 12. and 13. until all registers are read

15. The master transmits a NACK

16. The master transmits a STOP condition

© N ok~ N~

12.6.3 Sensor data register read wraparound options

The device includes automatic sensor data register read wraparound features to optimize the number of I1°C
transactions necessary for continuous reads of sensor data.

12.6.3.1 Single channel register read wraparound

Depending on the state of the SIDx_EN bits in the channel 0 and channel 1 SOURCEID_O registers, the register
address automatically wraps back to the DEVSTAT_COPY register as shown in Table 332. Single channel
register read wraparound.

Table 332. Single channel register read wraparound

Address increment and wraparound effect Olpiloledzie] e izt
SID1_EN SIDO0_EN sequence

Address wraps around from $FF to $00 None

DEVSTAT_COPY,
Address wraps from $63 (CHO_SNSDATAO_H) to $61

(DEVSTAT_COPY) CHO_SNSDATAO_L,
CHO_SNSDATAO_H
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Cho Cho imi i
Address increment and wraparound effect AT P ] 207 [
SID1_EN SID0_EN S e
DEVSTAT_COPY,
1 X Address wraps from $65 (CHO_SNSDATA1_H) to $61 g:g—gsggﬁ$ﬁg—h
(DEVSTAT_COPY) - -
CHO_SNSDATA1_L,
CHO_SNSDATA1_H
12.7 I?C timing diagram
Figure 103. I>)C timing diagram
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13 Package outlines
13.1 Package outline - LQFN16 (step-cut wettable flank)
Note: Trademark property of NXP, used by STMicroelectronics under license

Figure 104. Package outline for LQFN16 (step-cut wettable flank)
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Figure 105. Package outline detail for LQFN16 (step-cut wettable flank)
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Figure 106. Package outline notes for LQFN16 (step-cut wettable flank)

16 1/0 STEP—CUT WETTABLE FLANK S0T1688—1(SC)
1.45 PKG, 0.8 PITCH

H—PQFN—
4 X 4 X

NOTES:
1. ALL DIMENSIONS ARE IN MILLIMETERS.
2. DIMENSIONING AND TOLERANCING PER ASME Y14.5M—1994.
3. THIS IS A NON—JEDEC REGISTERED PACKAGE.
COPLANARITY APPLIES TO LEADS AND DIE ATTACH FLAG.
5. MINIMUM METAL GAP SHOULD BE 0.15 MM.
6. RECOMMENDED STENCIL AND SOLDER PASTED AREA ARE IN SHEET 3 TO 5.
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13.2 Package outline - LQFN16 (dimple deburr wettable flank)

Note: Trademark property of NXP, used by STMicroelectronics under license

Figure 107. Package outline for LQFN16 (dimple deburr wettable flank)
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Figure 108. Package outline detail for LQFN16 (dimple deburr wettable flank)
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Figure 109. Package outline notes for LQFN16 (dimple deburr wettable flank)

H—PQFN—16 |/0 0.13 DIMPLE WETTABLE FLANK SOT1688—3(DD)
4 X 4 X 1.45 PKG, 0.8 PITCH
NOTES:
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2. DIMENSIONING AND TOLERANCING PER ASME Y14.5M—1994.
APIN 1 FEATURE SHAPE, SIZE AND LOCATION MAY VARY.
COPLANARITY APPLIES TO LEADS, DIE ATTACH FLAG.

5. MIN. METAL GAP SHOULD BE 0.25 MM.

STEP—CUT IS APPLIED FOR BURR REMOVAL ONLY.
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14 Soldering
14.1 Soldering HLQFN16 (step-cut wettable flank)
Note: Trademark property of NXP, used by STMicroelectronics under license

Figure 110. Reflow soldering footprint part 1 for HLQFN16 (step-cut wettable flank)
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THIS SHEET SERVES ONLY AS A GUIDELINE TO HELP DEVELOP A USER SPECIFIC SOLUTION.
DEVELOPMENT EFFORT WILL STILL BE REQUIRED BY END USERS TO OPTIMIZE PCB MOUNTING
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© NXP B.V. ALL RIGHTS RESERVED DATE: 11 SEP 2019
MECHANICAL OUTLINE STANDARD: DRAWING NUMBER: REVISION:
PRINT VERSION NOT TO SCALE NON—JEDEC 98ASA00761D F

DS15164 - Rev 1 page 199/228



‘_ NXLS9xxx0AES
,l Soldering

Figure 111. Reflow soldering footprint part 2 for HLQFN16 (step-cut wettable flank)
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Figure 112. Reflow soldering footprint part 3 for HLQFN16 (step-cut wettable flank)
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Figure 113. Reflow soldering footprint part 4 for HLQFN16 (step-cut wettable flank)
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Figure 114. Reflow soldering footprint part 5 for HLQFN16 (step-cut wettable flank)

H—PQFN—16 |/0 STEP—CUT WETTABLE FLANK SOT1688—1(SC)
4 X 4 X 1.45 PKG, 0.8 PITCH

(5.15)
SOLDER MASK
OPENING
4x (1)
PASTE '<—» 2X_0.625
STENCIL
PACKAGE
OUTLINE ™
Y I O S A (5.15)
SOLDER MASK
OPENING
f 1
2X_2.05 T | | | I
, , 2X 0625
6X 0.8 | T—+t—7TIT—*t—71 |
-+ H-
; | | !
—_— p— + p— —
f i| | | |I
B | | T 4% (1)
' T J|’ U ‘i' 1 ' PASTE STENCIL
1 1
" | | ;
I I
T T
16X (3) 875) AI
. 4 — —— —:I___ — —— =
PASTE STENCIL = i i -
1
16X (0.45)
PASTE STENCIL ™
6X 0.8
2X 2.05

RECOMMENDED STENCIL THICKNESS 0.125 OR 0.150

ALTERNATE SOLDER MASK OPENING AND PASTE STENCIL
DESIGN GUIDELINES
THIS SHEET SERVES ONLY AS A GUIDELINE TO HELP DEVELOP A USER SPECIFIC SOLUTION. DEVELOPMENT

EFFORT WILL STILL BE REQUIRED BY END USERS TO OPTIMIZE PCB MOUNTING PROCESSES AND BOARD DESIGN
IN ORDER TO MEET INDIVIDUAL / SPECIFIC REQUIREMENTS.

© NXP B.V. ALL RIGHTS RESERVED DATE: 11 SEP 2019
MECHANICAL QUTLINE STANDARD: DRAWING NUMBER: REVISION:
PRINT VERSION NOT TO SCALE NON—JEDEC 98ASAQ0761D F

DS15164 - Rev 1 page 203/228



‘_ NXLS9xxx0AES
,l Soldering

14.2 Soldering HLQFN16 (dimple deburr wettable flank)

Note: Trademark property of NXP, used by STMicroelectronics under license

Figure 115. Reflow soldering footprint part 1 for HLQFN16 (dimple deburr wettable flank)
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Figure 116. Reflow soldering footprint part 2 for HLQFN16 (dimple deburr wettable flank)
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Figure 117. Reflow soldering footprint part 3 for HLQFN16 (dimple deburr wettable flank)
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Figure 118. Reflow soldering footprint part 4 for HLQFN16 (dimple deburr wettable flank)
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Figure 119. Reflow soldering footprint part 5 for HLQFN16 (dimple deburr wettable flank)
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