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Datasheet

XENSIV™ digital absolute pressure sensor

Features

+ Dedicated low power monitoring (LPM) mode for battery monitoring applications (delta pressure
threshold accuracy +-4%)

+ High accuracy pressure sensing (+-1.0 kPa), pressure range 50 to 140 kPa

+ Operating ambient temperature range -40°C to 105°C

+ Bestin class low power consumption

+ 10-, 12- or 14-bit resolution pressure and temperature values via SPI Interface
+ Integrated diagnosis features for signal path and signal processing

+ Green and small 4.5 mm x 5.1 mm 8-pin DFN package

Potential applications

+ Automotive battery monitoring system (BMS) optimized for LFP battery thermal runaway
detection

Qualified

« Automotive barometric air pressure sensor (BAP)
« Automotive mass air flow sensor (MAF)

+ Automotive seat comfort system

+ Industrial control

« Weather stations

+ Altimeters

Product validation
Product validation according to AEC-Q103-002. Qualified for automotive applications.

Description

The KP467Q is a high-performance, high-precision miniaturized digital absolute pressure sensor based on a capacitive sensing
principle. It is surface micromachined with a monolithic integrated signal conditioning circuit.

The device converts a physical pressure into a 10-, 12- or 14-bit digital value and transmits the information via the SPI interface. In
addition, a temperature sensor is integrated on chip. Based on the received SPI command, the 10-, 12- or 14-bit temperature
information will also be transmitted via the SPI interface.

The KP467Q has implemented besides a power-down mode also a particular low power monitoring (LPM) mode which allows
usage of the sensor in battery monitoring applications in order to detect pressure pulses caused by thermal runaway events. The
integrated diagnostics are a special reliability feature, which allows testing the sensor cells as well as the signal path. This
diagnosis can be triggered with a SPI command.

Product type Package Marking Ordering code
KP467Q PG-DFN-8-1 KP46Q SP006179846
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1 Block diagram

1 Block diagram
The figure below shows the functional block diagram of the device.
Pressure Cells A
Normal Mode/ NCS
S ) —» P_ADC &
Diagnosis Mode Digital Signal - SPI CLK
Processing Interface <Dl
Tj_ADC
AR ™ SDO
X A
Temperature M
Sensor $ y
Low Power EEPROM
Monitoring
I
Voltage Reset X VPROG
Vob X <
Regulator b WUouT
GND IEEI
Figure 1 Functional block diagram
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2 Pin configuration

2

The figure below defines the pin configuration of the device.

Pin configuration

\_

I‘%I
O

QGND
G WUour
G Veroo
CVoo

o O N ©o©

Figure 2

The table below shows the pin description.

Pin configuration (top view, figure not to scale)

Table1 Pin description

Pin No. Name Function Comment

1 NCS Not-Chip-Select (active-low) Communication is enabled when NCS is low

2 CLK Serial Clock External clock for serial communication

3 SDI Serial Data In Serial data input (e.g. from a controller)

4 SDO Serial Data Out Tri-state serial data output

5 Vop Supply voltage -

S e Pogngong OSSO i
7 WUqut Wake-up pin Digital output to wake up e.g. a microcontroller
8 GND Ground -

Datasheet 5 Rev. 1.00
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3 General product characteristics

3.1

Absolute maximum ratings

Table 2 Absolute maximum ratings
Parameter Symbol Values Unit Note or condition
Min. Typ. Max.
Maximum supply Vbb_max -0.3 5.5 v
voltage range
Maximumvoltage | Vin max -0.3 5.5 v
range on any pin
Maximumvoltage |Vin max_short |-0-3 6.0 v Limited time: Max. 300s
range on any pin
(short term)
Maximumvoltage  |Vout max -0.3 Vpp+0.3 |V
range at output pins
Storage Ts -40 150 °C
temperature
Maximum input Pamb_max 10 300 kPa
pressure range
Maximum input Pamb_max_sho | 10 600 kPa Limited time: Max. 300s
pressure range rt
(short term)
ESD robustness- | Vesp Hau -2000 2000 v According to ANSI/ESDA/JEDEC
HBM JS-001
ESD robustness pins | Vesp cpmc -750 750 v According to ANSI/ESDA/JEDEC
1,4,5,8-CDM JS-002
ESD robustness pins | Vesp cpmo -500 500 v According to ANSI/ESDA/JEDEC

2,3,6,7-CDM

JS-002

Attention: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to
the device. This is a stress rating only and functional operation of the device at these or any other
conditions above those indicated in the section "functional range" of this data sheet is not implied.
Furthermore, only single error cases are assumed. More than one stress/error case may also damage
the device. Exposure to absolute maximum rating conditions for extended periods may affect device
reliability. During absolute maximum rating overload conditions the voltage on VDD pins with respect
to ground (GND) must not exceed the values defined by the absolute maximum ratings. Lifetime
statements are an anticipation based on an extrapolation of Infineon’s qualification test results. The
actual lifetime of a component depends on its form of application and type of use etc. and may deviate
from such statement. Lifetime statements shall in no event extend the agreed warranty period.

Datasheet
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3.2

Functional range

The following functional range must not be exceeded in order to ensure correct operation of the device. All parameter
specified in the following sections refer to these operation conditions unless otherwise indicated.

Table 3

Functional range

Parameter

Symbol

Values

Min.

Typ.

Max.

Unit

Note or condition

Supply voltage

Vbp

3.0

5.25

Supply
undervoltage

Vbp_uv

VUVR_max

VDD_min

Undervoltage range, reduced
performance (see Characteristics in
Undervoltage Range)

Supply voltage
power up/power
down gradient

Vgrad

1E-5

1E4

V/ms

Input voltage for
high level at pins
NCS, CLK & SDI

Vhigh_in

1.8

Vpp+0.3

Not valid in Power-Down mode

Input voltage for
high level at pins
NCS, CLK & SDI
(Power-Down/LPM
mode)

Vhigh_in_pd

2.3

Vpp +0.3

Not valid during normal operation

Input voltage for
low level at pins
NCS, CLK & SDI

Vlow_i n

0.8

Output voltage for
low level at pin SDO

Vlow_out

0.4

Sink current at pin SDO less than
2.0mA

Output voltage for
high level at pin
SDO

Vhigh_out

Source current at pin SDO less
than 2.0mA

Ambient operating
temperature range

105

°C

Thermal resistance
(junction-ambient)

RthJa

250

350

K/W

Thermal resistance between die and
Tamb (Measured acc. JESD51-2)

Datasheet
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4 Product features
4.1 Characteristics
4.1.1 Electrical characteristics
Table 4 Electrical characteristics
Parameter Symbol Values Unit Note or condition
Min. Typ. Max.
Undervoltage reset/ | Vyyr 2.1 2.7 v
release level
Undervoltage reset | Vyyr_myst 100 300 mV
hysteresis
Supply currentinto | /App - 3.5 mA Without SPI communication
VDD
Supply currentinto | App pp - 10 MA
VDD during power-
down mode
(quiescent current)
Supply currentinto |/lpp p - 20 pA
VDD during low
power monitoring
mode (quiescent
current)
Pressure signal path tpath_pres - 5 ms Pressure accuracy
settling time within specification
Temperature signal tpath_temp - 5 ms Temperature accuracy
path settling time within specification
Start-up time (with | tstart-up_wd - 10 ms «  No SPIcommunication possible
self diagnosis) «  After tart.up_wd Within full
specification
+  Configuration
Parameter power_upgiag en=1
Start-up time tstartup_wod |~ 5 ms No SPI communication possible
(without self After toartun wod Within full
. X p_

diagnosis) specification

Configuration

Parameter power_upgiag en=0
Power down wake- | tpp wake- - 10 ms Configuration Parameter wupiag en =
up time (with self |, wd 1
diagnosis)

(table continues...)
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Table 4 (continued) Electrical characteristics
Parameter Symbol Values Unit Note or condition
Min. Typ. Max.
Power down wake- | tpp wake- - 5 ms Configuration Parameter wupiag en=
up time (without up_wod 0
self diagnosis)
Capacitive load at | Cipad in - 14 pF
pins NCS, CLK & SDI
Capacitive load at | Cload out - 19 pF
pin SDO
Tri-state leakage Ispo -5 5 pA NCS = high
current Vop =5V
Hysteresis of input | Vspy_ys 100 - mV
voltage at pins NCS,
CLK & SDI
Current sink for Ispi_in -100 -5 HA Viow_in=0V
NCS’CFK&SD| ‘ No back biasing
(each pin) - Viow._in Not valid in Power-Down mode
Current sink for Ispi_in - 5 pA Vhigh_in =5V
NCS, CLK & SDI No back biasing
(each pin) -
Vhigh_in
Delta pressure noise | Appoise RMS | = 50 Pa Root-mean-square of noise

RMS

distribution?

1) RMS means that from a statistical distribution of measurements, 68% of the values deviate by less than the RMS value from the mean
value of the distribution. Noise peak limit values can be calculated as multiples of the RMS value, based on the desired confidence level.
For example: For a noise peak limit at 99.99% confidence level, the RMS value is multiplied by a factor of 4.

4.1.2 Low power monitoring characteristics
Table 5 Low power monitoring characteristics
Parameter Symbol Values Unit Note or condition
Min. Typ. Max.
Timing accuracy of | acct pp_pread |-30 30 %
reading repetition
Duration of tPD_pread - 1001 ps Average pressure reading time
pressure reading
during low power
monitoring mode
Wake-up pin high Vhigh_wake Vpp - 0.4V Vop v Source current at pin WUqyt less than

state voltage level

2.0mA

(table continues...)
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Table 5 (continued) Low power monitoring characteristics
Parameter Symbol Values Unit Note or condition
Min. Typ. Max.

Wake-up pin low Viow_wake - 0.4 v Sink current at pin WUgy less

state voltage level than 2.0mA

Delta pressure accu -4 4 % i=lor2

threshold accuracy | pi_threshold Delta pressure threshold
accuracy depends on the threshold
values used
(Apthresholdl or Apthreshold2)~

Time entering LPM | tenter LpMm - 1 ms from the end of the SPI frame.

mode

4.1.3 Transfer function pressure characteristics

Table 6 Transfer function pressure characteristics

Parameter Symbol Values Unit Note or condition

Min. Typ. Max.

Ambient operating | Pamb 50 140 kPa

pressure range

Accuracy pressure | acc -1.0 1.0 kPa T,=0°C to 85°C;
additional drift from specifications for
24h after reflow soldering.

Accuracy pressure | acCp Tiow -1.5 15 kPa T,=-40°C;

low temperature additional drift from specifications for

range 24h after reflow soldering.

Accuracy pressure | acCp_thigh -1.5 15 kPa T,=105°C;

high temperature additional drift from specifications for

range 24h after reflow soldering.

Note:

Drift after reflow soldering or when device is exposed to extreme temperature conditions for a maximum

duration of 24h after reflow soldering in standard conditions (25°C, 100kPa).

Attention:

illuminance of less than 1 Ix.

Datasheet
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4.1.4 Transfer function temperature characteristics
Table 7 Transfer function temperature characteristics
Parameter Symbol Values Unit Note or condition

Min. Typ. Max.
Accuracy accr jow -5.0 5.0 °C T, =-40°C to 25°C; After device self-
temperature low heating within accy oy
Accuracy accT cen -3.0 3.0 °C T,=25°C to 85°C; After device self-
temperature center heating within accr cen
Accuracy aCCT_high -3.25 3.25 °C T,=85°Cto T, max; After device self-
temperature high heating within accr_pign
4.1.5 Undervoltage range characteristics
Table 8 Undervoltage range characteristics
Parameter Symbol Values Unit Note or condition

Min. Typ. Max.
Clock frequency of | fsp pp 0.1 2.5 MHz Valid for push-pull configuration of
SPlinterface (push- SDO; Undervoltage range Vpp_yv
pull, undervoltage
range)
Accuracy pressure | accy yy -2.0 2.0 kPa T,=0°Cto 85°C
temperature -
(undervoltage
range)
Accuracy pressure | accy yy_Tiow |-3:-0 3.0 kPa T,=-40°Cto 0°C
low temperature Undervoltage range Vpp yv
temperature N
(undervoltage
range)
Accuracy pressure | accp yyv_thigh |-3-0 3.0 kPa T,=85°Cto 105°C
high temperature Undervoltage range Vpp uy
temperature
(undervoltage
range)
Output voltage for | Viow out - 0.4 v Sink current at pin SDO less than
low level at pin SDO 1.5mA; Undervoltage range Vpp yy
(undervoltage
range)
Output voltage for | Vyigh_out Vopb_uv - Vob_uv v Source current at pin SDO less
high level at pin 0.4 than 1.5mA; Undervoltage

SDO (undervoltage
range)

range Vpp_uv

Datasheet
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4.1.6 SPI timing
Table 9 SPI timing
Parameter Symbol Values Unit Note or condition
Min. Typ. Max.
Clock frequency of | fsp pp 0.1 5 MHz valid for SDO push-pull configuration
SPlinterface (push-
pull)
Clock frequency of | fsp) op 0.1 0.5 MHz valid for SDO open-drain
SPl interface (open- configuration. Depends on output
drain) load. Max value is valid for load
capacitance of 50 pF or less and pull-
up resistor of nominal 5 kQ or less.
Transition speed at | tspo trans 5 30 ns Vpp =5V
SDO (low capacitive Cload = 50pF
load) Rising edge =20% - 80%
Falling edge =80% - 20%
Only valid for falling edge if SDOonfig
set to open-drain
Transition speed at | tspo trans 5 50 ns Vpp =5V
SDO (hlgh Cload = 150pF
capacitive load) Rising edge =20% - 80%
Falling edge = 80% - 20%
Only valid for falling edge
if SDOconfig S€t to Open-drain
Clock high time telh fd 75 - ns valid for full-duplex SPI configuration
(full-duplex)
Clock low time (full- |ty s 75 - ns valid for full-duplex SPI configuration
duplex)
Clock high time telhhd 400 - ns valid for half-duplex SPI configuration
(half-duplex)
Clock low time 400 - ns valid for half-duplex SPI configuration
(half-duplex) telisd
NCS filter time tincs 10 60 ns Pulses below the NCS filter time will
be ignored
Delay between NCS | t.qy - 75 ns Only valid for full duplex SPI
falling edge and
SDO active
Delay between CLK | tpq - 50 ns CLK to data at 10% of SDO rising edge

rising edge and
start SDO data

Cload = l20pF

(table continues...)

Datasheet
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Table 9 (continued) SPI timing

Parameter Symbol Values Unit Note or condition
Min. Typ. Max.

Delay between CLK | tsc(ch 75 - - ns

low and start NCS

low

Delay between NCS | tjccl 75 - - ns

low and rising edge
1st CLK pulse

Time between start | tq 15 - - ns
SDI data and falling

edge CLK

Time between theld 15 - - ns

falling edge CLK
and end SDI data

Delay between tselel 100 - - ns
falling edge last CLK
pulse and rising
edge NCS

Delay between thelch 100 - - ns
rising edge NCS and
rising edge CLK
pulse

Delay between tpchdz - - 75 ns
rising edge NCS and
end SDO data

~

Time between rising
edge NCS and
falling edge next
NCS

Minimum input rise/ | tsp; switch - - 2 ns 20% - 80% at SDI, CLK, NCS
fall time

onncs 300 - - ns

Maximum output Vspo_ovun -200 - 200 mV Vpp =5V
over-/undershoot Cload = 150pF

Trace inductance <400nH

Valid pressure/ tdiag_wait - - 10 ms
temperature value
after trigger
diagnostic
command

Datasheet 13 Rev. 1.00
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4.2 Functional description

4.2.1 Transfer function pressure

The KP46x pressure calibration is adjusted with the parameters S, and offs,,. The formula in order to calculate the
ambient pressure based on these parameters and the sensor output is shown below:

_ (outp - offsp)

Pamb
am Sp

The KP46x device is fully calibrated on delivery. The sensor has a linear transfer function between the applied
pressure and the digital output signal. The device provides an absolute pressure value by triggering the Acquire
Pressure Command 8 bits or Acquire Pressure Command 16 bits.

g LSBourtz2 —
=L
©
[
2
n
2
LSBour; ? ¢ T T
0 Pamb_max  PIN1 PIN,2 Pamb_max
(min) (max)
—>» Pressure [kPa]
|&«——— Operating Pressure Range —————p|
|¢&————— Maximum Input Pressure Range »|
Figure 3 Pressure transfer function
Table 10 Pressure transfer function characteristics (10-bit)
Pressure Output Code
Symbol Values (Typ.) Unit Symbol Values (Typ.) | Unit
plN,l 50 kPa LSBOUT,l 0 LSB
p|N,2 140 kPa LSBOUT,Z 1023 LSB
Table 11 Gain and offset pressure transfer function (10-bit)
Gain and Offset
Symbol Values (Typ.) Unit
Sp 11.37 LSB/kPa
offs, -568 LSB
Datasheet 14 Rev. 1.00
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Table 12 Pressure transfer function characteristics (12-bit)
Pressure Output Code
Symbol Values (Typ.) Unit Symbol Values (Typ.) | Unit
plN,l 50 kPa LSBOUT,l 0 LSB
plN,2 140 kPa LSBOUT,Z 4095 LSB
Table 13 Gain and offset pressure transfer function (12-bit)
Gain and Offset
Symbol Values (Typ.) Unit
Sp 45,50 LSB/kPa
offs,, -2275 LSB
Table 14 Pressure transfer function characteristics (14-bit)
Pressure Output Code
Symbol Values (Typ.) Unit Symbol Values (Typ.) | Unit
pIN,l 50 kPa LSBOUT,l 0 LSB
pIN,Z 140 kPa LSBOUT,Z 16383 LSB
Table 15 Gain and offset pressure transfer function (14-bit)
Gain and Offset
Symbol Values (Typ.) Unit
Sp 182.03 LSB/kPa
offs, -9102 LSB
©
o
= X,
220 20 o
2 o
é 1.5 1.5 0
]
§ 1.0 1.0 %
;
T 0.0
-40 0 85 105 T
—» Temperature [°C]
Figure 4 Accuracy for pressure acquisition
4.2.2 Transfer function temperature

The KP46x temperature calibration is adjusted with the parameters St and offst. The formula in order to calculate the
ambient temperature based on these parameters and the sensor output is shown below:

. WT;—OffST) 2
T

Rev. 1.00
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The KP46x device is fully calibrated on delivery. The sensor has a linear transfer function between the applied
temperature and the digital output signal. The device provides an ambient temperature value by triggering the
Acquire Temperature Command.

— Output Signal [LSB]

LSBourt2 — L#°
¢"'
e
LSBout 7 T T
TIN,1 Ta (max) TIN,2
Ta (min)

|«——— Ambient Operating Temperature Range ————— |

—» Temperature [°C]

»|

|[«———— Temperature Transfer Function

e

Figure 5 Temperature transfer function
Table 16 Temperature transfer function characteristics (10-bit)
kp25x;_compat | Vddrange | Vpp Temperature Output Code
Bit Bit Y:;:?)s Unit Symbol \(I:;:.e)s Unit Symbol \(I:;:.e)s Unit
0 0 3.3 v Tinot -40 °C LSBoyry |0 LSB
Tinva 125 °C LSBoyr, | 1023 LSB
1 5.0 Vv TinoL -40 °C LSBour1 |0 LSB
Tinea 125 °C LSBoyr, |1023 LSB
1 - 3.3 Vv Tinot -38.5 °C LSBoyr1 |0 LSB
Tins2 126.5 °C LSBoyt, |1023 LSB
- 5.0 v Tinot -40 °C LSBoyry |0 LSB
Tinva 125 °C LSBoyr, | 1023 LSB
Table 17 Gain and offset of temperature transfer function (10-bit)
kp25x; compat | Vop Gain and Offset
Bit Values (Typ.) Unit Symbol Values (Typ.) Unit
3.3/5.0 St 6.2 LSB/°C
1 5.0 Vv offst 50 248 LSB
3.3 offst 33 238.7 LSB
(table continues...)
Datasheet 16 Rev. 1.00
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Table 17 (continued) Gain and offset of temperature transfer function (10-bit)
kp25x; compat | Vop Gain and Offset
0 3.3/5.0 v Sl o2 LSB/C
offst 248 LSB
Table 18 Temperature transfer function characteristics (12-bit)
kp25X;_compat |Vddyange | Vbp Temperature Output Code
Bit Bit 2112-\;:35 Unit Symbol :’1?;:35 Unit Symbol Y:;:?)s Unit
0 0 3.3 Vv Tinol -40 °C LSBout1 |0 LSB
Tinea 125 °C LSBoyr, | 4095 LSB
1 5.0 v Tinot -40 °C LSBoyry |0 LSB
Tinsa 125 °C LSBoyra | 4095 LSB
1 - 3.3 Vv TinoL -38.5 °C LSBoyt1 |0 LSB
Tinna 126.5 °C LSBoyr, | 4095 LSB
- 5.0 Vv Tinol -40 °C LSBout1 |0 LSB
Tinea 125 °C LSBoyr, | 4095 LSB
Table 19 Gain and offset of temperature transfer function (12-bit)
kp25x;_compat | Vb Gain and Offset
Bit Values (Typ.) Unit Symbol Values (Typ.) Unit
3.3/5.0 St 24.82 LSB/°C
1 5.0 v offst 5. 992.73 LSB
33 offst 33 955.5 LSB
. 33750 ' St 24.82 LSB/°C
offst 992.73 LSB
Table 20 Temperature transfer function characteristics (14-bit)
kp25x:_compat | Vddrange | Vpp Temperature Output Code
Bit Bit }’1?;:35 Unit Symbol 2’:;:35 Unit Symbol 2’:;:35 Unit
0 0 3.3 Vv Tinol -40 °C LSBour1 |0 LSB
Tinn2 125 °C LSBouta | 16383 LSB
1 5.0 Vv Tinol -40 °C LSBout1 |0 LSB
Tinea 125 °C LSBout, |16383 LSB

(table continues...)
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Table 20 (continued) Temperature transfer function characteristics (14-bit)
kp25X;_compat | Vddyange | Vbp Temperature Output Code
1 - 3.3 Vv Tino1 -38.5 °C LSBour1 |0 LSB
Tinez 126.5 °C LSBouta | 16383 LSB
- 5.0 Vv Tine1 -40 °C LSBoyry |0 LSB
Tinoa 125 °C LSBoyr, | 16383 LSB
Table 21 Gain and offset of temperature transfer function (14-bit)
kp25x;_compat | Vo Gain and Offset
Bit Values (Typ.) Unit Symbol Values (Typ.) Unit
3.3/5.0 St 99.29 LSB/°C
1 5.0 Vv offst 5.0 3971.64 LSB
3.3 offst 33 3822.7 LSB
0 33/5.0 y St 99.29 LSB/°C
offst 3971.64 LSB
Note: The points Ty 1/LSBoyr,1 and Ty o/LSBoyr ; define the calibrated transfer function and not the operating
range. The operating temperature range is defined by the parameter operating temperature T,.
4,2.3 Power-down mode

The KP46x has implemented a special power saving feature called the power-down mode. The sensor will enter a
power-down state where the power consumption is drastically reduced. For current consumption during power-down
mode, see parameter /ypp pp.

4.2.3.1

Entering power-down mode

The device enters the power-down mode when the Trigger Power-Down Mode Command is received via the SPI

interface.

4.2.3.2

Exiting power-down mode

To wake-up the sensor from the power-down mode the NCS pin needs to be low during the rising edge of the CLK pin.

Note:

low in combination with a rising CLK edge).

If the sensor is in the power-down state then the next command triggers the wake-up process (NCS must be

Depending on the configuration of wupgiag_en the user needs to wait the time tpp_start-up_wd_max O tpp_start-
up_wod_max before sending the first SPI command (e.g. Acquire Pressure Command) to allow repowering of the sensor
after the wake-up from power-down mode.

Note:

The response of the sensor during this first command must be ignored in case a command was part of the

NCS and CLK wake-up sequence. With the next SPI command the response from the first command will be
returned.
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4.2.4 Low power monitoring mode

The KP46x has implemented a flexible and special low power pressure measurement which is called Low Power
Monitoring (LPM) mode. It can be used for battery thermal runaway detection during parking with low power
consumption. The LPM mode allows the sensor to continue pressure measurements with reduced power
consumption while the microcontroller is also in a power-down state (sleep mode). If a delta pressure

threshold is reached a wake-up signal will be sent via the WUqt pin to wake-up the microcontroller and react
accordingly. In order to even increase the reliability of the thermal runaway detection a LPM variant with two delta
pressure thresholds can be configured. The wake-up pulse on the WUqyt pin is also triggered at each power-up, after
power-down/wake-up and in case of a detected diagnosis error during LPM in order to avoid an ignorance about the
current operation mode and reduce the probability of a wrong or no wake-up signal.

4.2.4.1 Low power monitoring (one threshold)

The function and the associated parameters of the Low Power Monitoring with one delta pressure threshold
are described in detail below:

LPM sequence (one threshold):

«  The pressure is read with one adjustable repetition t1read_rep-

«  Apvalueis the difference between the current measured ambient pressure p,m, value and the previously stored
pressure value pregister (€-8- P4 - P3 OF P7 - P, S€€ Low Power Monitoring one thresholds timing diagram, denoted
as gradient value).

+ Incase 4p exceeds a defined and configured threshold 4pIinreshold:

- the wake-up pin of the sensor is set to the high state (see Vyigh_wake) for an adjustable duration of ¢, puise
and the sensor is exiting the LPM mode.

- the LPM status register (see Response structure for LPM status register) is transmitted via the SPI interface as
response during next received command.
Additional info:

During tpp pread after the first wake-up signal the device is measuring and storing the first ambient pressure value
(e.g. po) for the internal 4p calculation.

A
| Thermal Runaway |
Aplihreshold I Ap=pi-pi1,i=1,2,3,... p7

5 : !

Pamb —ps P* P : ;

po p1 P2 3 i

Ivoo | 1

Nop_tp i

Vhigh_wake i 1

Viow_wake i
Operation Mode Normal Mode LPM Mode ! Normal Mode

A pthresholdva | ‘

Diagnostic Code 3 ;
Power-on 7, . . - e Time

Device tstart-up  Ewp_pulse ﬁ':;j to t1pread_rep itrellef_valve
_p :
T " twp_pulse
tPD_pread tbthres
Figure 6 Low Power Monitoring one threshold timing diagram
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4.2.4.2 Low power monitoring (two thresholds)

The function and the associated parameters of the Low Power Monitoring with two delta pressure threshold
are described in detail below:

LPM sequence (two phases and two thresholds):

«  The pressure is read with two adjustable repetitions. One for the first phase (see t1caq rep) and one for the
second phase (see t2pcad rep)-

«  Aplvaluein phase 1isthe difference between the current measured ambient pressure value p,m, and the
previously stored pressure value pregister (€.8. P3 - P2, See Low Power Monitoring two thresholds timing diagrams,
denoted as gradient value).

« Incase 4pl exceeds a defined and configured first threshold 4pIpreshold the sensor enters directly the second
phase.

«  Ap2valuein phase 2 is the difference between the current measured ambient pressure value p,m, and the first
stored ambient pressure pegister Value in phase 2 (e.g. py¢ - p3, see Low Power Monitoring two thresholds timing
diagrams, denoted as relative threshold value).

+ Inthe case 4p2 exceeds the second configurable threshold Ap2inreshold iN phase 2:

- the wake-up pin of the sensor is set to the high state (see Vygh_wake) for an adjustable duration (see t,;5 puise)
and the sensor is exiting the LPM mode, and

- the LPM status register (see response structure for LPM status register) is transmitted via the SPI interface as
response during the next received command.

+ Inthe case 4p2 does not exceed the second configurable threshold 4p2; eshold in phase 2 the sensor switches
automatically back to phase 1 after an adjustable number of readings (see t2,¢aq).

Additional info:

« Incase the device measures in the first phase a 4p1 > (4pIihreshold + AP2threshold), the wake-up pin of the sensor

is set to the high state (see Vyigh wake) for an adjustable duration (see t,,, puise) @and the sensor is exiting the LPM
mode without entering the second phase.

«  During tpp preaq after the first wake-up signal the device is measuring and storing the first ambient pressure value
(e.g. po) for the internal 4p calculation.
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A
Thermal Ap2 =pi - p3,
Runaway i=4,5,6,...16
Ap2threshold I 77777777777777777777777777777777777777777777777777777777777777777777777777777777777777 b: 16
Aplthreshold { 77777 a %
¥ pamb |
Ivop ‘
Ivop_tp _J i
Vhigh_wake }
Viow_wake !
Operation Mode Normal Mode LPM Mode 3 Normal Mode
Apthresholde i
Diagnostic Code :
Power-on /;_:t - =At | > ? - to <t14> ! trelief_valve Time
Device startup twp_pulse PD_pread pread_rep 3
e —> I twp_pulse
tPD_pread t2pread7rep t2b1thres
Figure 7 Low Power Monitoring two thresholds with runaway timing diagram
A
Short pressure change
No runaway
Ap2wreshodt | 0 [ Ap2=pi-p3, ||Apl=pi-pi1,
-_ . o ;- 4 i o4
Aplthreshold§ I ,,,,,,,,,,,,,,,,,,,,,,,,, [4p1=pi-pis,i=1,2,3] j\}h 4,5,6,...16 || i=17,18, ...
,,,,,, ‘ ‘ * P3N
4 pamb Ppo p1 P2 ps " ps P16 pi7
Ivop 1
Ivoo_Lp -
Vhighfwake
Vlow_wake
Operation Mode Normal Mode LPM Mode
Powe.r-on /;4 > > o — — 1 > Time
Device start-up twpfpulse tPD_pread tlpreadfrep t2pread_rep pread_rep
— > B |
tPD_pread t2pread >
Figure 8 Low Power Monitoring two thresholds without runaway timing diagram
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4.2.4.3 Interval timer

During the LPM mode the device wakes-up periodically with a repetition accuracy of acc pp_pread- The repetition of
the phase 1 and phase 2 timer is adjustable by changing the parameters t1 cad _rep OF t2pread_rep-

4,2.4.4 Wake-up event

The purpose of the wake-up event (wake-up pin is set to the high state) is to wake-up an external device e.g.
microcontroller in case a configured delta pressure threshold (4pIhreshold ©F 4P2threshold) IS reached, when a self
diagnostic detects an error, at power-up of the device or after power-down wake-up. The high state duration of the
wake-up pin is adjustable by changing the parameter t,,; pyise-

4.2.4.5 Entering low power monitoring mode

In order to enter the LPM mode the Trigger Low Power Monitoring Command has to be received by the sensor via the
SPlinterface.

4,2.4.6 Exiting low power monitoring mode

The device transitions from LPM mode into normal mode if the SPI master holds the NCS low during the rising edge of
the CLK signal.

Note: The device sets the wake-up pin to high also when a master-triggered transition from LPM to normal mode
occurs.

Note: If the sensor is in the Low Power Monitoring (LPM) mode then the next command triggers the wake-up
process (NCS must be low in combination with a rising CLK edge).

Depending on the configuration of power_upgiag en the user needs to wait the time tgtart.up_wd_max OF tstart-
up_wod_max before sending the first SPI command (e.g. Acquire Pressure Command) to allow repowering of the sensor
after the wake-up from LPM mode.

Note: The response of the sensor during this first command must be ignored in case a command was part of the
NCS and CLK wake-up sequence. With the next SPI command the response of the device will be the LPM
status register.
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4.2.4.7 Delta pressure accuracy

1.4
1.2 ¥
¥
__ 10 ¥
& Quadratic sum of
ﬁ aCCAp_threshold's and Appkinowsc >0<
= 08
E S
4
£ 06 3
g S
S 04 A
X
w«
Appicnoise= 0.2 [t |
0.0
0 2 4 5 6 8 10 12 14 15 16 18 20 22 24 25 26 28 30
Aplthreshold[kpa] (I=1 or 2)
Figure 9 Accuracy for delta pressure threshold acquisition
Note: Here, Apyi_ noise IS calculated as peak noise at 99.99% confidence level: Appy_noise =4 * APnoise_RMs:

The limits of acCapi_threshold aNd Appi_noise are uncorrelated and the values add up quadratically.

Note: The graph illustrates the accuracy of the delta pressure threshold in LPM mode, where each plot
corresponds to a threshold value (ApLinreshold OF AP2threshold) aS listed in Low power monitoring
configuration parameters, and the values are stored in the EEPROM. This graph is also applicable to normal
mode operation, under the condition that the (consecutive) pressure measurements forming the delta

pressure value of interest are taken at intervals of < 5 seconds and the delta pressure difference between the
measurements does not exceed 50 kPa.

4,2.4.8 Calculation of overall current consumption in LPM mode

The formula below can be used in order to calculate the overall average current consumption of the device in LPM
mode based on the configured LPM parameters:

tPD_pread tiPD_pread_rep
X IVDD +
iPD_pread_rep + tPD_pread

Liotal, = X I i=1,2 (3)
total; L tiPD_pread_rep + tPD_pread VDD_LP ( )

Table 22 Variables of overall average current consumption during LPM mode

Variable Description Unit
tpread_rep Phase 1 repetition of pressure reading ms
t2pread_rep Phase 2 repetition of pressure reading ms
tpp_pread Duration of pressure reading during low power monitoring mode ms
(table continues...)
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Table 22 (continued) Variables of overall average current consumption during LPM mode
Variable Description Unit
) Supply current into VDD mA
Npp_Lp Supply current into VDD during low power monitoring mode (quiescent current) | mA
lotal Average current consumption mA
4.2.4.9 Low power monitoring configuration parameters

The following parameters of the Low Power Monitoring are user-configurable:

Table 23 Low power monitoring configuration parameters
Configuration | Symbol Nominal |Unit Steps Default |Note
Parameter Range
Low Power LPM,ariant Oorl bit - 1 Can be adjusted by changing the
Monitoring corresponding EEPROM bit:
Variant «  0:LPM with one threshold
+  1:LPM with two thresholds
Phase 1 ambient | ApIipreshold | 0.6 t0 6.0 | kPa 0.6,1.2,18, |2.4 « Can be chosen from predefined
pressure change 2.4,3.6,4.8, values
threshold 6.0 . Programming in EEPROM
customer page
Phase 2 ambient | Ap2ipreshold | 0.6 to 30.0 | kPa 0.6,1.2,1.8, |12.0 «  Canbe chosen from predefined
pressure change 2.4,3.6,4.8, values
threshold 7.2,9.6, . Programming in EEPROM
12.0,15.0, customer page
18.0, 21.0,
24.0, 27.0,
30.0
Phase 1 t1pread_rep 10 to 5000 | ms 10,20,30, |10 «  Canbe chosen from predefined
repetition of 40, 60, 80, values.
pressure reading 100, 150, «  Programming in EEPROM
300, 500, customer page
1000, 2000, « Timing accuracy acc
3000, 4000, . “egs y t_PD_pread
5000 PP
Phase 2 t2pread_rep 10to 500 |ms 10,20,30, |50 « Can be chosen from predefined
repetition of 40, 50, 60, values
pressure reading 80, 100, 150, «  Programming in EEPROM
200, 250, customer page
300, 400, . Timin
500 &

accuracy acct pp pread applies

(table continues...)
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Table 23 (continued) Low power monitoring configuration parameters
Configuration |Symbol Nominal |Unit Steps Default |Note
Parameter Range
Phase 2 t2pread 2101000 |Reading |2,4,8, 10, 100 « Can be chosen from predefined
maximum pulses 15, 30, 50, values
duration 100, 200, «  Programmingin EEPROM
300, 400, customer page
500, 600,
800, 1000
Wake-up high twp_pulse 10to ms 10,20,40, |300 + Canbe chosen from predefined
state duration always 60, 80, 100, values
high 200, 300, «  Programming in EEPROM
400, 500, customer page
600, 700, Timi
800, 900, . a|m|“negsaccu racy acct pp pread
1000, PP
latched

+  Thesetting "latched"
means: high until next valid SPI
command

4.2.5

Serial interface

The device's interface can be configured for either full-duplex 4-pin SPI or half-duplex 3-pin SPI by programming the
SPliype configuration parameter.

The SPI timing and the associated timing parameters for full-duplex communication and data transmission are shown

below:
NCS L {:”
tscich | thelcl tein ten tsclct | theich
CLK —L o ]
%tcsdv ! tpeid
- - tpchdz
sbpo — 777N MSB N T [SB>——
tscid } theld
- —>
SDI [ iiiX _ MSB_ X _ _ SB X
Figure 10 SPI timing (4-pin full-duplex), with CPOL = 0 setting

The SPI timing and the associated timing parameters for half-duplex communication and data transmission are

shown below:
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tonncs

4
\

NCS

tscich | thelel teih tai tsclcl | theich
ﬂ—><—> 4—»@—»

ok B4 ] Iy M pieieie N e BN

‘ l
tscid theld | tpcld tpchdz
‘ ‘

—p ‘ - -
DATA wse X B —<_wsB X _ _ B

Master Command (SPI-Master is driving data)
Slave Response (SPI-Slave is driving data)

Figure 11 SPI timing (3-pin half-duplex), with CPOL = 1 setting

When NCS is high, SDO is let in a high impedance state (no SPI communication is possible).

If the number of CLK periods does not fit the configured SPI physical layer, the next SPI answer signalizes a
communication error.

In case of no CLK edge when NCS is low, the transfer is considered as valid. For full-duplex the answer of last correctly
received command is sent during next transfer.

The device is able to send a unique ID number, upon request. This Traceability-ID makes sure that all numbers for
KP46x family are unique.

4.2.5.1 EEPROM programmability

The following parts of the EEPROM are user programmable via the SPI interface:
« Identifier response (spi_id: bit 0-7)
+  SPlinterface configuration:
- kp25Xres_compat
- Vddpange
- kp25Xt_compat
- SDoconfig
- SPlype
B CLKpolarity
- S'Dllayer
+  Start-up self diagnostics:
- WUPdiag_en
- POWer_upPdiag_en
«  Parameters of the Low Power Monitoring (LPM) feature:
- Apltpreshold
- Ap2threshold

tlpread_rep

tzpread_rep

twp_pulse

- tzpread
- LPMvariant

4.2.5.2 Commands

The following commands are defined:
+ Acquire identifier
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«  Acquire pressure (incl. the diagnosis pressure out of range, EEPROM check and last updated Diagl & Diag2)?

«  Acquire temperature (incl. the diagnosis pressure out of range, EEPROM check and last updated Diagl & Diag2)?)
«  Trigger Power-Down mode (activates the power-down state)

«  Trigger diagnosis (triggers Diagl, Diag2)

«  Trigger programming mode (entry into programming mode only occurs with a high voltage level (>10V) on pin

Vproo)?
LPM specific commands:

« Acquire LPM status register

« Acquire absolute pressure value (iteration N)

« Acquire absolute pressure value (iteration N-1)

« Acquire absolute pressure value (iteration N-2)

+ Acquire number of pressure reading iterations in phase 2

+ Acquire LPM storage EDC check

«  Trigger Low Power Monitoring mode (activates the low power monitoring state)

1) Last updated diagnosis information is only available if the Trigger Diagnosis Command was sent at any time before,
and the diagnostic reset is not active (Reset-bit C12="1").

2 High voltage programming requirements are specified in the User Manual in the chapter "Electrical characteristics".

Note: The full 5-bit diagnosis information is only available in a 10-bit SPI response frame. The LPM specific
diagnosis information needs to be acquired by the dedicated SP1 commands separately.

4.2.5.3 Command behavior

When a command (N) is received and the processing of the previous command (N-1) has not finalized, the last
command (N) will not interrupt the processing.

The diagnosis command triggers the Diagl and Diag2 measurement; during the execution of the self diagnosis
the pressure and temperature values (including out of range information) will not be updated.

The first answer of the sensor after power-on or reset is the identifier response (see Response Structure for Identifier)
independent from the command.

In full-duplex configuration, the answer of the command sent in SPI frame N will be send in next SPI frame (N+1).

In half-duplex configuration, the slave answer follows directly (tpcq_max) after the command sent by the master within
the same NCS cycle.

4.2.5.4 Response structure
The following structure is defined for a 10-bit SPI response:

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

T 0
DIAGNOSIS DATA P
I I I I N N N O N B
MSB LSB
Figure 12 SPI response structure (10-bit)

This response structure is valid for the Acquire Pressure Command (10-bit), Acquire Temperature Command (10-
bit) and Trigger Diagnosis Command (10-bit).

The following structure is defined for a 12-bit SPI response:
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15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0

| T
DIAGNOSIS DATA AT

| S S S I I N O N
MSB LSB

Figure 13 SPI response structure (12-bit)

This response structure is valid for the Acquire Pressure Command (12-bit), Acquire Temperature Command (12-
bit) and Trigger Diagnosis Command (12-bit).

The following structure is defined for a 14-bit SPI response:

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 B
2 DATA PARIT
X T
Figure 14 SPI response structure (14-bit)

This response structure is valid for the Acquire Pressure Command (14-bit), Acquire Temperature Command (14-
bit) and Trigger Diagnosis Command (14-bit).
The following structure is defined for a SPI response for identifier:

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SUPPLIER | SILICON VERSION [ METAL VERSION spi_id

MSB LSB

Figure 15 SPI response structure for identifier

The following structure is defined for a SPI response for LPM status register:

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ﬁl ‘<_r| Ql g| - 9‘ g| $| ;| $| :;| ;| 8| g| (;\
2|1 2| 2| 2| 2| g | ===z 2| z| x| g |pnRrrT
El El EI El EI 5‘ - - e e e - - - S Y
| E|E || |E |8 |8 |8 |8 |8 |8 |8 |8 %
MSB LSB
Figure 16 SPI response structure for LPM status register
Table 24 LPM status register description
Bit Name Description
15 LPM_DIAG_15 Ap exceeded configurated threshold 4pIihreshold in phase 1
(table continues...)
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Table 24 (continued) LPM status register description

Bit Name Description

14 LPM_DIAG_14 Ap exceeded configurated threshold 4p2ipreshold iN phase 2
OR Ap exceeded configurated threshold ApIipresholdt 4P2threshold iN phase 1

13 LPM_DIAG_13 Uncorrectable error in LPM storage

12 LPM_DIAG_12 EEPROM unprogrammed

11 LPM_DIAG_11 Uncorrectable errorin EEPROM

10 LPM_DIAG_10 Error detected in EEPROM controller data page

9 LPM_DIAG_9 Overvoltage detected

8 LPM_DIAG_8 Pressure too high error

7 LPM_DIAG_7 Pressure too low error

6 LPM_DIAG_6 Diagl error

5 LPM_DIAG_5 Diag2 error

4 LPM_DIAG_4 TJDiag error

3 LPM_DIAG_3 Full power-on reset

2 LPM_DIAG_2 Wake-up via NCS + SCLK

1 LPM_DIAG_1 Error of the LPM counter built-in self-test

0 Parity Parity bit

The following structure is defined for a SPI response for LPM diagnosis:

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| B
DATA PARIT
T O Y
Figure 17 SPI response structure for LPM diagnosis
4,2.5.5 Parity

The following SPI responses include an odd parity (LSB, [0]):

« Acquire Pressure

« Acquire LPM Status Register

« Acquire Absolute Pressure Value (Iteration N)

« Acquire Absolute Pressure Value (Iteration N-1)

« Acquire Absolute Pressure Value (Iteration N-2)

+  Acquire Number of Pressure Reading Iterations in Phase 2
+ Acquire LPM Storage EDC Check

« Acquire Temperature

«  Trigger Diagnosis

«  Communication Error

The number of bits with the value one in the 16 bit response is odd (including the parity bit).
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4.2.5.6 Command definition (16-bit)

The following structure is defined for an SPI command:

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

RESET| ADDITIONAL
REQUEST BIT REQUEST

MSB LSB

Figure 18 SPI command structure

The following structure is defined for an SPI command for LPM diagnosis:

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

o ] o
REQUEST gy 0
T O Y
Figure 19 SPI command structure for LPM diagnosis

The following 16-bit commands will be accepted by the device in case the configuration parameter SP/j,ye, is
configured to 32 clock cycles:

Table 25 16-bit SPI commands

Command Bit 15... Bit 0
Acquire pressure command (10-bit) for kp25X,es_compat=0 | 001X000000000000
Acquire pressure command (10-bit) for kp25Xres_compat= | 001X010000000000
1*

Acquire pressure command (12-bit) for kp25Xres_compat=0 | 001X010000000000
Acquire pressure command (12-bit) for kp25Xres compat= | 001X000000000000
1*

Acquire pressure command (14-bit) 001X100000000000
Acquire temperature command (10-bit) for 010X000000000000
kp25xres_compat =0

Acquire temperature command (10-bit) for 010X010000000000
Kp25Xes_compat= 1"

Acquire temperature command (12-bit) for 010X010000000000
Kp25Xres_compat =0

Acquire temperature command (12-bit) for 010X000000000000
Kp25Xres_compat=1"

Acquire temperature command (14-bit) 010X100000000000
Acquire LPM status register 1010100100000000
Acquire absolute pressure value (iteration N) 1010101000000000

(table continues...)
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Table 25 (continued) 16-bit SPI commands

Command Bit 15... Bit 0
Acquire absolute pressure value (iteration N-1) 1010101100000000
Acquire absolute pressure value (iteration N-2) 1010110000000000
Acquire number of pressure reading iterations in phase2 |1010110100000000
Acquire LPM storage EDC check 1010111000000000
Trigger diagnosis command (10-bit) for kp25Xes_compat =0 | 100X000000000000
Trigger diagnosis command (10-bit) for kp25Xes compat = | 100X010000000000
1*

Trigger diagnosis command (12-bit) for kp25Xes compat =0 | 100X010000000000
Trigger diagnosis command (12-bit) for kp25x,es compat = | 100X000000000000
1*

Trigger diagnosis command (14-bit) 100X100000000000
Trigger power-down mode command 1010000000000000
Trigger low power monitoring command 1010100000000000
Acquire identifier command 111X000000000000
Trigger programming mode command 0000110000000000

*: The commands marked with "*" are only valid for full-duplex communication. In half-duplex, the
kp25Xes_compat Setting is ignored and the commands for the “0” setting are always valid

Note:
or temperature value.
Note:
4.2.5.7 Command definition (8-bit)

After a Trigger Diagnostic Command the user has to wait the time tyiag wait_max to acquire a valid pressure

The Reset-bit (C12) determines how the diagnostic reset is handled (see also: Chapter 4.2.6.2).

The following 8-bit commands will be accepted by the device in case the configuration parameter SPly e is
programmed to half-duplex 3-pin SPI and the configuration parameter SPlj,y¢, to 24 clock cycles:

Table 26 8-bit SPI commands

Command Bit7...Bit0
Acquire Pressure Command (10-bit) 001X0000
Acquire Pressure Command (12-bit) 001X0100
Acquire Pressure Command (14-bit) 001X1000
Acquire Temperature Command (10-bit) 010X0000
Acquire Temperature Command (12-bit) 010X0100
Acquire Temperature Command (14-bit) 010X1000
Trigger Diagnosis Command (10-bit) 100X0000

(table continues...)
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Table 26 (continued) 8-bit SPI commands

Command Bit7...Bit0
Trigger Diagnosis Command (12-bit) 100X0100
Trigger Diagnosis Command (14-bit) 100X1000
Trigger Power-Down Mode Command 10100000
Trigger Low Power Monitoring Command 10101000
Acquire Identifier Command 111X0000
Trigger Programming Mode Command 00001100
Aquire LPM status register 10101001
Acquire absolute pressure value (iteration N) 10101010
Acquire absolute pressure value (iteration N-1) 10101011
Acquire absolute pressure value (iteration N-2) 10101100
Acquire number of pressure reading iterations in phase2 |10101101
Acquire LPM storage EDC check 10101110
Note: The Reset-bit (C4) determines how the diagnostic reset is handled (see also: Chapter 4.2.6.2).

Where the interface is configured for 3-wire SPI (half-duplex), if the device receives a valid "Trigger Programming
Mode" command, it enters programming mode and switches to half-duplex SPI with 16bit commands in the
subsequent SPI frame.

Note: The programming interface always uses 16bit commands regardless of the SPI physical layer (SP/jayer)
configuration.

4.2.5.8 Communication error

In normal operation, only the specified commands are valid. Every abnormality of these commands (e.g. unused
command, other value of unused bits, number of clock periods not according to configured physical layer) will result
in a communication error. The response to a detected communication error is given below.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

o o0 o0 o000 O o0 o000 O O o0 o0 o0 1

Figure 20 Response after a communication error

Additionally the device will set the wake-up pin to the high state (see Vhigh_wake) in case of a detected communication
error.

If a communication error occurs, then the device sends an error response and clears the error state after sending the
response.

Where the interface is configured for 3-pin half-duplex, the device sends an error response in case one (or both) of the
following two errors occurs:

e incorrect command in the current frame
+ incorrect timing in the previous frame

Rev. 1.00
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4.2.5.9 Identifier response definition

The response to an "Acquire Identifier Command" is a defined value for each derivate as stated below. With this
response, the KP467Q sensor can be identified when operated in a bus system with several different parts.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

| I o I
o 1/0 1 1/0 0 1/0 1 1 0 1 1 0 0

Figure 21 Identifier response definition

4.2.5.10 Single device operation

The figure below shows an example on how to connect a singe device to a microcontroller. After NCS is pulled to low,
the request command is sent to the sensor with the next 16 cycles of the CLK. The response of the sensor for the
previous request command is returned at the same time.

Microcontroller

CLK
NCS
MDO
MDI

NCS low for 16 CLK pulses
38 83
KP46Xx
Figure 22 Example for single device operation

The SPI signal timing for single device operation is shown in the figure below.

NCS | | | |
16 CLK cycles 16 CLK cycles
ck — [IUL ™7™ Juul_—_ e =™ Juul__
MDO | COMMAND_n | | COMMAND_n+1 |
MDI | ANSWER _n-1 | | ANSWER_n |
-
Time
Figure 23 Example for single device signal diagram

4.2.5.11 Daisy chain operation (4-pin, full-duplex)

The daisy chain operation can be used to connect several devices to one SPI connection in order to save
microcontroller pins. Please see Daisy Chain Operation Example for an example how to connect several devices to
one microcontroller.
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The number of devices connected in daisy chain operation is unlimited.
The figure below shows an example of a combination of daisy chain mode and parallel operation.

Microcontroller
— o ™M
Qx4 44z
=0 = 28 =
| |
—1 |
x o NCS_S1 low for 16 CLK pulses
o )
SDI = spo
KP46x_1.1
NCS_S2 low for 32 CLK pulses
< 0 5 5
O :| o )
O O
SDI = SDO SDI =z SDO
KP46x_2.1 KP46x_2.2
NCS_S3 low for 48 CLK pulses
x o 5 3 < 3
(@) m' o ml o m'
(©] (S} (©]
LISDI =  sSDO SDI Z SDO SDI Z SDO|—
KP46x_3.1 KP46x_3.2 KP46x_3.3
Figure 24 Example for daisy chain operation
Note: Not all five sensors in this example could be addressed at once. Only one branch can be addressed at once

(e.g. the KP46x_2.x branch). Finally only one NCS line can be low at the same time
(NCS_S1, NCS_S2 or NCS_S3).

The Example for daisy chain operation figure shows an example of a combination of daisy chain mode and parallel
operation. The responding NCS line for the addressed sensor group must be low during the complete communication.
During this time the provided number of clock pulses must be the multiplication result of 16 times the number of
sensors in a daisy chain (e.g. 32 clock pulses for the KP46x_2.x branch in figure Example for daisy chain operation). It
isimportant that NCS_S2.1 and NCS_S2.2 stay at the low level during the complete transmission. Therewith the
sensor is able after receiving more than 16 clock pulses without a change in the NCS signal to switch automatically in
daisy chain mode (in this example the first received 16 bit input data by the sensor S2.1 will be clocked to the output
of sensor S2.1 with the last 16 clock pulses). The Example for daisy chain operation shows the whole signal diagram.
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NCS_S2.1

CLK_S2.1

SDI_S2.1

SDO_S2.1

NCS_S2.2

=

| COMMAND_S2.2_n

COMMAND_S2.1 n |

| ANSWER_S2.1_n-1

COMMAND_S2.2_n |

—

ck s22 —(JUUUTUITUUITUUUUUUruvriuuryuuudte

| ANSWER_S2.1_n-1

COMMAND_S2.2_n |

SDI_S2.2
SDO_S2.2 [ ANSWER_S2.2_n-1 | [ ANSWER_S2.1_n-1 |
L
Time
Figure 25 Example for daisy chain signal diagram

It is important that the number of clock pulses is a multiple of 16. Otherwise all commands for a daisy chain branch
will be identified as invalid commands and the response of all sensors on this branch will be the Communication Error

Response.

4.2.5.12

SPI configuration parameters

The following parameters of the digital interface are user-configurable:

Table 27 Interface configuration parameters
Configuration | Symbol Nominal |Unit Step Default |Note
Parameter Range width
Start-up pOWer_UpPdiag en |0 Or1 bit - 1 Can be adjusted by changing the
diagnostics - corresponding EEPROM bit:
VDD Power-On «  0:Deactivated self diagnostics
during Vpp start-up
« 1:Activated self diagnostics
during Vpp start-up
This influences the average power
consumption of the device.
Start-up Oorl bit - 1 Can be adjusted by changing the

diagnostic- PD
Power-
Up

WUPdiag_en

corresponding EEPROM bit:

«  0: Deactivated self diagnostics
during PD start-up

+ 1:Activated self diagnostics
during PD start-up

This influences the average power
consumption of the device.

(table continues...)
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Table 27 (continued) Interface configuration parameters

Configuration |Symbol Nominal | Unit Step Default |Note

Parameter Range width

VDD range vddange Oorl bit - 1 Can be adjusted by changing the
corresponding EEPROM bit:

« 0:3.3Vsupply voltage for the
device

+ 1:5.0Vsupply voltage for the
device

Temperature kp25X:_compat Oorl bit - 1 Can be adjusted by changing the
compatibility corresponding EEPROM bit:

*  0:vddyange bitis active. Same
temperature offset parameter
and transfer function for
3.3Vand 5.0 Vsupply
voltage (please see Transfer
Function Temperature).

*  1:vddpange bitis inactive.
Different temperature offset
parameter and transfer function
for3.3Vand 5.0 Vsupply voltage
(please see Transfer Function
Temperature).

Acquire pressure | Kp25Xres_compat |0 Or 1 bit - 0 Can be adjusted by changing the

and corresponding EEPROM bit:

temperature «  0:10-bit acquire pressure/

command temperature command like
KP254

« 1:12-bit acquire pressure/
temperature command
like KP253

SDO SDOconfig Oorl bit - 1 Can be adjusted by changing the
configuration corresponding EEPROM bit:

« 0:SDOis configured as Open
Drain

« 1:SDO s configured as Push/
Pull

SPI type SPliype Oorl bit - 1 Can be adjusted by changing the

corresponding EEPROM bit:

+  0: SPI half-duplex configuration
(3-pin SPI)

+  1: SPI full-duplex configuration
(4-pin SPI)

(table continues...)
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Table 27 (continued) Interface configuration parameters

Configuration |Symbol Nominal | Unit Step Default |Note

Parameter Range width

SPI physical SPliayer Oorl bit - 1 Can be adjusted by changing the
layer corresponding EEPROM bit:

+ 0:24 clock cycles (CLK) for 8-
bit master command and 16-bit
slave (Sensor) response

« 1:32clock cycles (CLK) for 16-
bit master command and 16-bit
slave (Sensor) response

Info: This configuration is only valid

in case the device is configured

to half-duplex 3-pin SPI (SPliype =

0).

CLK CLKpolarity Oorl bit - 0 Can be adjusted by changing the
polarity (CPOL) corresponding EEPROM bit:

+  0:CLK low when NCS goes
low (data read on falling CLK
edge)

+  1: CLK high when NCS goes
low(data read on rising CLK
edge)

4.2.6 Diagnosis

The sensor is able to detect automatically the following malfunctions:
+  Pressure out of range (low and high)

«  Signal path check (Diagl)

+  Sensor cell check (Diag2)

« EEPROM check (ECC error)

If a malfunction is detected, the responding diagnosis code is sent with the next response.

Note: The Diagl and Diag?2 test can only be triggered by the separate Trigger Diagnosis Command. After this
command the user has to wait the time tyiag_wait_max to get a valid pressure or temperature value after a

new request.

In case a 10-bit Acquire Temperature or Pressure Command is received by the device a 5-bit diagnosis will be
transmitted during the next received command as part of the 10-bit Response Structure.

If more than one test fails, only that diagnosis code with the highest priority will be sent.

Table 28 5-bit diagnosis codes
Failure Priority Diagnosis code
Bit 15 Bit 14 Bit 13 Bit 12 Bit11
EEPROM: ECC error 1 1 0 0 0 0
Internal Error Detected 2 1 1 1 1 1
(table continues...)
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Table 28 (continued) 5-bit diagnosis codes

Failure Priority Diagnosis code

Acquisition chain failure: Diagl 3 0 1 0 0 0
Sensor cell failure: Diag2 4 0 0 1 0 0
Pressure out of range: High 5 0 0 0 1 0
Pressure out of range: Low 6 0 0 0 1
No error - 0 1 0 1 0

In case a 12-bit Acquire Temperature or Pressure Command is received by the device a 3-bit diagnosis will be
transmitted during the next received command as part of the 12-bit Response Structure.

If more than one test fails, only that diagnosis code with the highest priority will be sent.

Table 29 3-bit diagnosis codes
Failure Priority Diagnosis Code
Bit 15 Bit 14 Bit 13

EEPROM: ECC error 1 1 0 0
Internal Error Detected 2 1 1 1
Acquisition chain failure: Diagl 3 0 1 0
Sensor cell failure: Diag2 4 0 0 1

No error - 0 1 1

In case a 14-bit Acquire Temperature or Pressure Command is received by the device a 1-bit diagnosis will be
transmitted during the next received command as part of the 14-bit Response Structure.

Table 30 1-bit diagnosis codes
Failure Diagnosis Code
Bit 15
Internal error detected 1
No error 0
Note: The diagnosis codes Diag1 and Diag2 are not updated until a self diagnosis is triggered by sending the

Trigger Diagnosis Command.

4,2.6.1 LPM Diagnosis
In case an internal error (e.g. ECC) is detected during LPM mode the device sets the WUqt pin to the high state
(Vhigh_wake) @and transmits the LPM diagnosis response as response of next received SPI command.
The sensor is able to provide on SPI request LPM diagnosis information.
+  LPM status register

- Ap exceeded configurated threshold 4pIinreshold in phase 1

- Ap exceeded configurated threshold 4p2ipreshold iN phase 2

- Uncorrectable error in LPM storage

- EEPROM unprogrammed

- Uncorrectable errorin EEPROM

- Error detected in EEPROM controller data page
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- Overvoltage detected

- Pressure too high error

- Pressure too low error

- Diaglerror

- Diag2 error

- TJDiag error

- Full power-on reset

- Wake-up via NCS + SCLK

- Error of the LPM counter built-in self-test
+  Ambient pressure value iteration N (first pressure reading after wake-up)
«  Ambient pressure value iteration N-1
«  Ambient pressure value iteration N-2
+  Number of pressure reading iterations in phase 2
+ LPMstorage EDC check

4.2.6.2 Diagnosis Reset

The Reset-bit (C12 for 16-bit commands, C4 for 8-bit commands) of a SPI command allows using different reset
strategies:

+  Reset-bit="0": All transmitted failures will be reset (with the exception of ECC error)

+  Reset-bit="1": A transmitted failure will not be reset

Attention: Reset of the ECC error is not possible. Once they are detected and transmitted it remains until supply
reset or power-down mode is entered.

4.2.6.2.1 Reset-bit="1'

Once a failure is detected, the corresponding diagnosis code is still transmitted continuously, even if the failure
disappears/is no longer present, as long as:

+  Afailure with a higher priority is not detected

« Thesensor is not reset (power-down)

Pressuresampling | 4 4 ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥
Failure presence | | [ e.g. Pressure out of range: low
Command % % % IYI
Diagnosis code response [01010] | 00001 | | 00001 | ['00001 |
Time >
Figure 26 Example for reset strategy Reset-bit C12 ="'1'

4.2.6.2.2 Reset-bit="0'

A detected failure is only transmitted by the responding diagnosis code as long as the failure is present with the
exception of ECC error. The diagnosis code will be reset after once transmitted. Only if the failure is detected again,
the diagnosis code will be transmitted again with the next response.
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Pressuresampling | 4 4 4 ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ 4
Failure presence I | [] e.g. Pressure out of range: low
Command | [=><T] =<1 =<1 =1
Diagnosis code response [01010] | 00001 | | 00001 | [01010]
Time >
Figure 27 Example for reset strategy Reset-bit C12="0'
4.2.6.3 Pressure out of Range

The measured pressure is internally checked. If the pressure value falls below the lower limit pjy ; or exceeds the
higher limit p)y , the corresponding diagnosis code will be set. The lower and higher limits are defined in the Transfer
Function Pressure chapter.

4,2.6.4 Diagl

The Diagl test checks the functionality of the signal path. Therefore the inputs of the sigma delta ADC are shorted.
Afterwards, the system response is compared with the expected range (~ 50% of full scale range). If the system
response is out of range, the diagnosis code is set.

%/f;@ ﬁ b

Figure 28 Diagl functionality

4,2.6.5 Diag2

The Diag2 test checks the functionality of the pressure sensor cells. Therefore a malfunction (e.g. broken membrane)
can be detected. The KP46x pressure sensing element is made of 2 measuring cells and 2 reference cells. In the
normal mode these four cells are connected in a Wheatstone bridge configuration. In the Diag2 mode, the connection
of the cells is modified as shown in the figure below:
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Normal Operation Diag2 Mode

I I

‘ U=f(p) & U¢f(p)>

%7

5 $

Figure 29

4.2.6.6

Diag2 functionality

EEPROM Check

Every start-up and wake-up a full EEPROM ECC test will be executed. Each EEPROM word consist of 16 data bits and 6
ECC bits. The 6 ECC bits allow the detection and correction of one flipped data bit and the detection of two flipped
data bits within one EEPROM word (16 data bits).

A one bit error per EEPROM word will be corrected. The sensor will continue with normal operation. Any additional bit
error in this EEPROM word results in an ECC error. In case of an ECC error the corresponding diagnosis code will be
transmitted with the next response.

4.2.7

Calculation of overall current consumption

The formulas below can be used in order to calculate the overall average current consumption of the device in normal
operation mode based on the system and SPI configuration (e.g. C,ag 0n SDO):

IVDDaVerage = IVDD + ISPIaVerage (4)
16 X fcs Jsp1 X Cload X Vpp
IyDD,yerage = IvoD + e X250 u A+ > (5)

Table 31 Variables of overall average current consumption formula

Variable Description Unit

hpp Supply current into VDD pA

fncs Sampling rate (e.g. pressure requests) MHz

fspi Clock frequency of SPI interface MHz

Cload Load capacitance on SDO pF

Vop Supply Voltage \Y

Npb_average Average current consumption pA
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4.2.8 Start-up behavior

There is no SPI response of the device on any SPI command during the start-up phase (tstart-up)-
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5 Application information
Battery
Monitoring
Microcontroller
DI
KP467Q
cs NCS GND ﬁ
CLK CLK WUout
MOSI SDI VPROG VPROG
R3
MISO SDO VoD J_g> \Vob
R1 I C1
Vop R1 only for SDO open-
drain configuration
Figure 30 Application circuit example for battery monitoring (full-duplex)
Battery
Monitoring
Microcontroller
DI
KP467Q
cs NCS GND 1
CLK CLK WUout
DATA SDI VPROG VPRrOG
R2 R3
SDO Vbp Vop
R1 I C1
Voo R1only for SDO open-
drain configuration
Figure 31 Application circuit example for battery monitoring (half-duplex)

Where the device is used in a 3-pin half-duplex SPI configuration, it is highly recommended to use an open-drain
output configuration on both master and slave device. In case the device is used in a 3-pin half-duplex SPI
configuration with the output configured to push-pull, the system integrator is responsible to implement a suitable
SDO/SDI decoupling resistor to prevent damage by cross currents.

Table 32 Component values
Parameter Symbol Values Unit Note or condition
Min. Typ. Max.
Supply decoupling |C1 30 100 - nF 1)
capacitor
SDO pull-up resistor | R1 3 5 - kQ Valid for SDO open-drain
(open-drain) configuration
SDO/SDI resistor R2 0 500 - Q Resistor to connect SDO and SDI pin
(half-duplex) for half-duplex
(table continues...)
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Table 32 (continued) Component values
Parameter Symbol Values Unit Note or condition
Min. Typ. Max.
VPROG resistor R3 - 10 - kQ Pull-down resistor used for EEPROM
(pull-down) programming

1) The nominal capacitance and associated tolerance of the supply decoupling capacitor capacitor has to be chosen such that the minimum
value specified here is not violated under operating conditions and over lifetime.
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6 Package
The package is a PG-DFN-8-1 as shown below:

Sealing area

[13.95+005 & E .......

1.7510.1
2)
1.9 Max
O
O

L 11 O
1) o
G g5 a1
Seating plane > -
g [13.75 Minz) Bottom view Pin1
20.410.05 Plastic protrusion
(&)/-10.25]AlB } of 0.03 max 0.3 (22
(@x)eo1 |c = (0.3) /. 103
© \ - i |
o | ¢ 1
5| 3 _ S | o=
9 g e [ oz
Al )
_ || o o
. |
o x
®|M~ (8X)
o

Outer dimensions does not include protrusion or intrusion of 0,2 max. per side
E&X Sealing area on lid

1) Valid for the whole seating plane included tiebar area

2) Position of sealing surface defined by position of lid holes & edge

All dimensions are in units mm
The drawing is in compliance with ISO 128-30, Projection Method 1 [E}-@]

Drawing according to ISO 8015, general tolerances

Figure 32 PG-DFN-8-1 outlines
Green Product (RoHS compliant)
To meet the world-wide customer requirements for environmentally friendly products and to be compliant with

government regulations the device is available as a green product. Green products are RoHS-Compliant (i.e Pb-free
finish on leads and suitable for Pb-free soldering according to IPC/JEDEC J-STD-020).
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© Keep-out area v 2
) 2 ‘_;
imzzR /7
2007 1
—
0.5
1.2
1.2
. copper @ solder mask stencil apertures
Based on stencil thickness 0.13 mm
All dimensions are in units mm
Figure 33 Package footprint drawing

Although the self-alignment effect due to the surface tension of the liquid solder will support the formation of reliable
solder joints, the components have to be placed accurately according to their geometry. Manual positioning of the
package is not recommended, but it is possible. For the PG-DFN package with a pad width of 0.3 mm and a pitch of 0.8
mm, an automatic pick-and-place machine is recommended to achieve reliable solder joints. The device is delivered
in tape and reel packing which is suitable for being used in pick-and-place equipment.

6.1 Identification code

The identification code for the device is on the same side of the package as pin 1.

DATE CODE
(YYWW)

|
@ GO ASSEMBLY SITE CODE
KP46Q 1 B = RBG

o I E=MAL
\ PIN 1 TYPE
Figure 34 Identification code
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Table 33 Revision history

Revision |Date of Description of changes

number |release

1.0 2025-08-30 Initial release
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