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DatasheebDP3-Digital
Digital Differential Pressure Sensor

A Smallest size eredportablapplications

A Reflow solderabl®ick& Place

A Excellent repeatability drift, noffset

A Extended feature ssmart averaging

A Calibrated and temperature compensated

ProductSummary

The SDP3x sensor family is Sensiri ond s-vokmerapplcations f
where size is a key requireriidntldso n t he next generation CMOSensE se
new diffential pressure and flow sensing platform.

ThedigitaSDP3x sensor featuiaest measurement spexdgellent accuracy and-teng stability and has no-aeirat

drift. Furthermore, it is reflow solderable and provides extended functiosaldyt aueraggmgultipléeemperature
compensation mogdesnfigurablkCl addresandinterruyst

Benefits of Se@Techriongyonds CMOSens

A High reliability and kevgn stability

A Best signab-noise ratio

A Industmproven technology with a trackrd omore
than 15 years

A Designed for mass production

A High process capability
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1. Sersor Rerformane

1.1 Differential RessureSpecificatiofh

Parameter SDP31 SDP32
Measremen rarige C2wan0) (0510 0.5HO)
Zero poirgccuracyt 0.1 Pa 0.08 Pa
Span accuragy 3% of reading 3% of reading
Zero point repeatabilit) 0.03 Pa 0.025 Pa
Span repeatability 0.5% of reading 0.5% of reading
Span shittue o < 0.5% of reading per 10°C < 0.5% of reading per 10°C
temperature variation
Offset stability < 0.01 Palyear < 0.01 Palyear
FI ow step o <3ms
Resolution 16 bit
Calibrated for Air, N
Media compatibility Air, N O, norrcondensing
Calibrated temperatur o o
ange P -40 °C to +85 °C

1.2 Temperatur&pecificatioh

Parameter Value
Measurement range 40°Cto +85C
Resolution 16 bit
Accuracy 2°C(-10 °C ta60 °C)
3°C{40°Cto85°C)
Repeatability 0.7°C

1 Unless otherwise noted, all sensor specifications are valid at 25°C with VDD = 3.3 V and absolute pressure = 966 mbar.
2 For ¢her pressure ranges contact Sensirion

3Irncludes repeatability

4 Total accuracy/repeatalsliysum of zepoint and span accuracy/repeatability.

5The measured temperature is the temperature of the bulk silicon in the sensor. This temperature value is tio¢ galy Bepeedinge but
al so on the s ens oignaldo neasure solelynite gas teraperatltes willmeed $pécial precautions, such as isolating the sen:
external temparet influences.
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2. Specifications

2.1 Electrical Becifications

Parameter Symbol Condition Min. Typ. Max. | Units Comments
Supply Voltage Vop 2.7 3.3 5.5 V
Poweup/down level | Veor 2.3 2.5 2.7 V
Measuring 3.8 5.5 mA
Supply current Iop Idle state 1.1 mA
Sleepmode 1 UA
IRQn driving strengtt 4 mA

2.2 TimingSpecifications

Parameter Symbol Condition Min. Typ. Max. | Units| Comments

Powewp time tpu 25 ms | Time tsensor ready
Time between soft

Soft reset time tsr 20 ms | reset command and
sensoready

l2C SCL frequency fizc 400 1000 | kHz

Update ratdifferential
pressure value
Temperature value i

Update rate Continuous mod 112.5 Hz | updatedt leasevery
temperature value 16pressure values

Measurement time Triggered modg 40 45 50 ms

Continuous mod 1800 2000 2200 Hz

2.3 Mechanical gcifications

Parameter Symbol Condition Min. Typ. Max. | Units Comments
Allowable overpres$y Pmax 1 bar
Rated burst pressurg  Pourst 3 bar
Weight W 02 g
2.4 Materials
Parameter
Wetted materials Glass(silicon nitride, silicon oxide), LCP, greebasmakynold compound, epazgd resins
REACH, RoHS REACH and RoHS compliant

2.5 AbsoluteMaximumRatings

Parameter Rating Units
Supply VoltagedV 0.3tb.5 V
Max Voltage on p8BA, SCL, IRQn -0.3 tdvpst0.3 \Y%
Input current on any pin +70 mA
Operating temperature range -40 to +85 °C
Storage temperature radnge -40 to +85 °C
Max. humidity for long term exposure 40°C dew point

ESD HBM (human body model) 2 kV

1 Allowable overpressure during operafientdte SDP selection guide for pressure dependencyeaistited signal. Fast absolute pressure
changes on both ports can result in dynamic effects on the sensor signal. For higher overpressures or castines asiitiatt Sesrpireon.
2ForAir and N Long term exposure to high temperatufteghacohcentrations@ffan reduce the product lifetime

3Forlong terrstorage in Tapad Reekfer to the SDP3x handling instructions
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3. Pin Asignment

The SDB8consists of a QFN package with a plastic cap coveringdh®deigding the pneumatic connections to the
sensarTablel showstte pirassignments of the SDPi@itatensar

Pin no.| Name | Description

GND | Connect to ground

GND | Connect to ground

GND | Connect to ground

IRON Inter'rupt output. Active Keep
floating when not used. 3)

SCL | Serial Clock@Interface)

GND | Connect to ground [7) o (i]

(1)

VDD | VDDSupply

SDA | Bidirectional Serial D@ Ifiterface) 1

(]
ADDR | I2C Address selection input i
10 GND | Connect to ground I ‘! [@ [@ ﬂ [ﬂ [72}
11 GND | Connect to ground ) == ;
1216 - Reserved. Do not connect

Tablel: SDPR-Digitabin assignmetuioftonview).

O[NNI |01 B (WIN]|F

3.1 PowerPins (VDDGND
The power supply pins must be decoupled with a 100 nF capacitor that shalbbe joldbedsassur as possible.

3.2 Serial ®ck andSerialData (SCL, SDA)
The SCL and SDA are bidirectional pind@fsthed interface. The SCL is the Serial Clock pin and the SDA is the S
Data pin. For more de#ditsut théQ interfacesfer to sectién

3.3 ADDRPINn

The SDB&Digitalsupports differe#@ laddresses. With the ADDR pin an address can be selected. Connecting the |
pin taGNDselects the default address. @Gthaddiresses can be selected watistor connected to GMB.maximum
tolerance for the resistor is B&f.ot connect the ADDR pin to VDD.

I’C Address (Hej Condition

0x21 ADDR connected to GND

0x22 ADDR connected wWittlOhmto GND

0x23 ADDR connected &ifAOhm to GND
3.4 IRQn

The IRQn pin indicates whether new measurement results are available. The signal is active low, meaning th
signal is high thdéseno new measurement data availdt@elRQn will automatically webhighwhen a differential
pressurgalue is read otihe IRQn pin wilkobeset tdow after every soft reset or Power on Reset, until a measureme
command is sent.

When the IRQn signal is not used, sheylittay unconnected amalst ndbe connected to GND or VDD.

3.5 DiePad CenterPad)

The die pad or center pad is visible from below and located in the center of thet@ackpgpantdted to GND and
therefore there are no electrical constraints on connecting or not connecttogsthb Barpadhanicatablityit is
recommended to solder the center pad to the PCB.

The hole ithhe middle of the die pad stagtopen duriagd aftesoldering.
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4. Measurementlodes

The SDB&Digitals a highlyevsatile differential pressensoand is very flexible regarding the measurement speed. Thi
flexibility not only al | oawspecificapplicatipnt dlséoiadaptingghe semser tas e n
different use cases. For exaipt;e use case the sensorteciiteg the smallest and quickest changes, whereas
anothemodehe sensaran measure in larger intewtdle consuming only little energy.

4.1 Continuous Fde vsTriggeredviode

In continuous mode the sensor is measuring at the highest spedideame agitesment valisetheC results buffer,
where théC master can read out the value when it requires.

For ariggeretheasuremetite sensas default in an idtate and wakes up witiessommand &ent. It then powers up

the heater and does a measurement. During thiseimseritber stretches the clodkdbo e s n 6t ac%&n o wl
read headeiWhen the measurement is finisteedensareturns to thiele stateand makes the measurémesult
available to be read Bot.more details see chd&pi8

Continuous mode Triggered mode
Description Measures continuously Measuresnceaftecommand is sent
Measurement speed { Measurement result can be read Measurement result is available46mg
rate continuously andaaty time, but not fag after command.
than0.5ms Clock stretching is available.
Measurement method| Sensoiconfiguratiois optimized for spe| Sensor configuratitn optimizedor low
and accuracy poweconsumption.
Recommended use | Best used where speed and accura| Best used where energy consumnipt
most important more important than speed

4.2 Continuous Fde andAveragetill Read

In continuouseasuremeniods a new measurement result is availabl®.6weni newalue can be read out every
0.5ms and the IRQn gdlllovwwwvhera new measurement result is available.

Ift he O ae adapfiogsechosen,thdensor averagal valueés) prior to theead out. This has the benefit that the
user can read out the sensoraatritesired speed, without losing informéticithuspreventsliasingDuring the first

25 ms ddiveraging the averaged value is obtained as the arithmetic mean

of AEio0¢d O

:l

When the reading speesvenslower thaB5ms, the sensor will continue to average, but with another algorithm. In
algorithraxponential smoothing is used, with a smoothing fa0br

Y | D0 p | OY h Y ah A&EloO¢gd O
Where 8s the arithmetic value after the first 25 ms.

Please refer to relevant literature for more information about exponential smoothing.

4.3 Temperatur€ompensatioModesand Absolute Pressure Dependency

The SDP3x is temperature compensated both for differential pressure and for mass flow cotiapprssdedsdiffere
use cases where the SDP3x is used to messslosv it is advised to use mass flow temperature comipethssition

case no absolute pressure compensation is required

For more information about tempevnatiiabsolute presscoenpensation for differential pressure sensors, for example
volume flow measurements in bypass, refer to the selection guide in the differential pressure download center on
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5. DigitalinterfaceDescription

TheSDP&-digitainterface is compkilvitithe I’C protocol. This chapter describes the command sek{digi&DP3
For detailed information aboudtCtipedtocol, please check the documerACHXd specification and user manual'.

5.1 [2C Address
The 4C address for SDRigitatan be selected with the ADDR pin. For more information ref@/3to section

5.2 [I2C Squences

The commands arehit6 Data is read from the sensor in multiptbi wfotés, each followed bytandhecksum to
ensureommunication reliability.

I2C master writes 16 bit command

s |2CAdr[6:(\AE cmd[15:8)] Cmd([7:0] £

I2C master sends read headeremed/es multidlébit words with CRC byte.

S| 1I2CAdr[6:(

|_ACK |

20 Datd[15:8] Datd[7:0] @ CRCI7:0]

ACK
\
)

> Date[15:8] Dat2[7:0] & CRC:0]

Data<[15:8] Dataq7:0] @ p

Dark areasith white text indicate that the sensor controls the SDA (Data) line.

[2C sequences can be aborted WAC& an8TOP condition.

5.3 2CCommands

The command set of the IdR@atonsists of a set of different commands:
- Continuous measurement
o StartContinuousieasurement commands
0 StopContinuoumeasurement command
- Triggered measurement commands
- Soft reset
- Entering and exiting sleep mode
- Read product identifier and serial number
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5.3.1 Start @ntinuousMVeasurerant
The sensor measures both the diffenesssalre and temperatBoth measurement results can be read out through one
singleZC read header.
Continuous measurements can be started up in different configurations by a set of commands.

Command code (H{ Temperatummpensation| Averaging

0x3603 Masslbw Average till read
0x3608 Masslbw Nme- Update ra.5ms
0x385 Differential pressure Average till read
0x38.E Differential pressure Nme- Update ra@.5ms

After one of the commands has been sent, the chip continuoushneasiates the measurement results. New
results can be read continuously with d@lyread| headdiMeasurement) commands must not be sent until the sto
measurement command has been sent.
After the start measurement command is sent:

- the first meagment result is availafler8ms.

- small accuracy deviatitews ¢ of read)ngan occur during the next 12ms.

When nmeasuremedata is yet available the sensor will respond with a NACKedadteddetGladdress + read
bit).

Preceding Consecutive read Description

command

continuous Bytel: [ferentidressur@msb After a start continuous measuret

measurement Byte2: BferentidPressurdlsb command, the measurement results can
Byte3: CRC out.
Byte4: Tergpaturé@msb The temperature ato
Byte5: Tenepaturekb be read out (every time). The read se
Byte6: CRC can be abortedy a NACK an& STOHR
Byte7: Scale Fadiifferential press@rasb | condition.
Byte8: Scale Fadiifferential press8kb | The scale factor is for differential pres
Byte9: CRC Pascal.

5.3.2 Stop @ntinuousMeasurement

Command Command code (Hex) Description

Stop continuous | Ox3FF9 This command stops the contir

measurement measurement and putsstesor in idle mo(

It powers off the heater and makes the
receptive for another command after 500
The Stop command is also required
switching  between different  conti
measurement commands.

When the sensor is in continuous measumedienthe sensor must be stopped before it can accept another comm:
The only exception isstifereset command as described in Se&idn

In idle mode teensor will consume less pbweconsider the sleep mode for most effective energy saving
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5.3.3 TriggeredMeasurement
During a triggered measurement the sensor measures both differential pressure and temperature. The measur
directly aftéhe command has been. 3¢® command neeadl be repeated with every measurement.

Command code (H{ Temperature compensati Clock stretchin
0x3@4 Masslbw

0x326 Masslbw Yes

0x3&F Differential pressure

0x32D Differential pressure Yes

During thé5ms that the sensor is measmingommand can be serhe sensoAfter thd5ms the result can be read
out and any commandimasento the sensor.
Monitoring whether or not the sensor is ready with its measurement can bolitonmgithetheds.

Method Available Description

Clock stretching | Only for clock The sensor starts the measurerftentlee triggered measuret
stretching command{ command with clock stretching. WhHénraadheader is sent wit
45ms the sensqrerforms clock stretching after acknowledg
read header.

When the sensbasfinished the measurement, it makes the
available by releasing the SCL.

Polling Only for nerlock In this mode the sendoes not acknowled®ACKxan I2C read
stretching command{ header as long as no measurement result is available.
IRQN Aways The IRQn is always available to monitor whether the sensg

with the measurement. When the IRQn is low, the sensor in
a new measurement restberead out. The IRQnN is-ceHring
when the result is read

When new measurement data is available it can be read out byGerdthfpeader and reading out the data from the
sensor. In the table belowldtaayout ahe resultsan be found.

Preceding Consecutive read Description
command
Triggered BytelDifferentidPressur&msb Aftera triggeredneasurement commatiee
measurement Byte2: MferentidPressurdlsb results can be read out when the ser
Byte3: CRC finished with the measurement.
Byte4: Terepaturé8msb The temperature an
Byte5: Tenepaturelisb be read out (every time). The read se
Byte6: CRC can be aborted by a NACK and a
Byte7: Scale Factor differgméature 8ms| condition.
Byte8: Scaleactor differential pressiste 8 The scale factor is for differential pres
Byte9: CRC Pascal.
5.3.4 Soft Reset
Command I’C address + W bit Consecutivg Description
command coddex) | read
General call | 0x0006 NA This sequence resets the sensor with a separate re
reset which is as much as possible detached from the r

system on chip.
Note that théd address is 0x00, which igi¢heral ca
address, and that the command is Bhéitreset i
implemented according td@hsplecification.

After the reset command the sensor will take rB@xisntnreset. During this time the sensor will not acknowledge
address nor accept commands.
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5.3.5 Entering and Exiting Sleep Mode

In sleep mode the sensor uses the minimum amount of current. The mode can only be entered from idle mode,
Sensois not measuring.

This mode is particularly useful for battery operated devices. To minimize the current in this mode, treepomplexit
mode circuit has been reduced as much as possible, which is mainly reflected by the way thlesensodexits the

In sleep mode the sensor cannot be soft reset.

Command Command code| Consecutive Description
(Hex) read
Enter Sleep modg 0x3677 NA Triggered modehe sleep command can be sent af

result have been read out and the sensor is in idle 1
Continuous modehe sleep command can be sent g
stop continuous measurement command has beg¢
andthe sensos in idle mode.

Exit Sleep mode | NA NA The sensor exits the sleep mode and enters the i
when it receivestradidC addr ess and
Note that thed address isiot acknowledged. It
necessary to poll the sensor to see whether the s¢
received the address and has woken up. This sh
maximum 2ms.

5.3.6 ReadProductldentifier
During assembly and sardf the machine it might be required to chdzkssopsrameters in the serisoexample
to check if the correct sensor is integrated.
Theproductdentifieandserialnumbecan be read out aftendhga sequence of two commands.

Command Command cod| Consecutive read Description

Read mduct 0x367C Bytel: Product number [31:] Note that both commands need to be pr

identifier OxE1Q Byte2: Product number [23:] with ar?C writdheader {C address + W).
Byte3: CRC The secondommand returns:
Byte4: Product number [15:§ - 32 biunique product arevison
Byte5: Product number [7:0] numbefThe number is listed in the
Byte6: CRC table below.
Byte7: Serial number [63:56 Note that the last 8 bits are the re
Byte8: Serial number [55:48 numbeand can be subject to chan
Byte9: CRC - 64 biuniqueserial number

Bytel0: Serial numid&r40]
Bytell: Serial number [39:3
Bytel2: CRC

Bytel3: Serial number [31:2
Bytel14: Serial number [23:1
Bytel5: CRC

Bytel6: Serial number [15:8
Bytel7: Serial number [7:0]

Bytel8: CRC
Product Product number
SDP31 0x0301001
SDP32 0x030102L
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5.4 ChecksuntCalculation

The checksum byte is generated by a CRC algorithm with the following properties:

Property Value

Name CRG8

Protectedata read data

Width 8 bit

Polynomial 0x31 (x8 + xbx4 +1)
Initialization OxFF

Reflect input False

Reflect output False

Final XOR 0x00

Example CRC(OXBEEF) = 0x92

5.5 Conversion tehysicalvalues

Conversion of the differential pressure and temperature sensor signals to a physical vase#eadfantownith th

5.5.1 Scale Bctors

Parameter SDP31 SDP32
Differential Press(iPascal) 60 P& 240 Pa
Differential Press(nrehes D) | 1 4 6 &M | 5 9 6 INnBAY!
Temperature 200 °c 200 °c

5.5.2 Differential fessure

Thedigitatalibratedifferential presssignal readoim the sensor is a signéeenumber (two's complement number).
Theintegewralue can be converted to the physical value by dividing it by the scale factor

differentigdressure sensor outpuscale factor

5.5.3 Tenperature

Thedigitakalibrated temperature signal read from the sensor is a signed integer number (two's complement nul
integer value can be converted to the physical value by dividing it by the scale factor

temperatuie °C= sensor outpuscale factor
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6. Packageéutline

Figurel: SDP3. All dimensioirsmm.
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