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Product Summary

The SFM410®@as flow meter series is desigaed The outstanding performance of these sensors is baset

versatile OEM gas flow meter for demsoldingg on Se npaténted @MOB8ensensor technology

applications. which combines the sensor element, signal processing
_ _ _ and digital dlatation on ainglemicrochip. Thaass

The SFMWO is designed to meas@ie and non flowis measured by a thermathod on the MEMS

aggressive gasewith excellent accuracy over a large gensor element. Compdcedther thermal mass flow

dynamic rang#lass flowsranges up to 20 slm are sensors (MEMBqtwire or capillary tythe) $MI100

available. The SFMWO series operates with supply features aaxtended dynamic ranggghefongterm
voltage B VDC and through its digital I2C interface it Cagabilty, and improved repeatability.

be easily embedded mtonicroprocessor environment.
The sturdy design of the 3604ensor allows for  The wejproven CMOS technologeitectly suitddr
operation pressureap to 10 bag. The flow signal is  highquality mass production and is the idealfahoice

internalliimeralized and temperature compensated. demanding and costsensitive OEM applications
Applications Sensor chip
A Medical (e.g. respiratamg anesthesja TheSFM4108eries features a fogeheration silicon
A Analyical Instruments sensor chip called SF04. In addition to a thermal mas:
A Leak testing flow sensor element, the chip contains an amplifier, A/L
A Process automation converter, EEPROM memory, digital signal processing
circuitry, and interface. The highly sensitivis chip
Connection diagram particularly sensitive at lowest flows, giikgvidhe00
VDD I—I sensorstlarge dynamic range.
VDD=3.5-9V .
VLS:2.9E SFM4100EM options
nC A variety of custom opteueh a®ther analog output,
(master]___ SPA N different gases, flow ranges, multigas calilaratizn
< > implemented for higlume OEM applications
SCK GND | (>1000pc/yhsk us for more information.

[ ]

SFM4108eries with bidirectional digital communic
(PC bus)
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1. Sensor Performance 1.3 Materials

Parameter SFM400Series
1.1 Physical specifications Wetted materials; sp, siox, Gold, VitpEpoxyPA
Parametéer SFM400 12 Stainless Stehlickel Plateddss,
Measurement rang 0-20sI? Nylon, Nitrileoated Aluminium,
- - - X Oxygenoex
Calibration availabl Air,Ng, @, NO, Ar 0€Q .
RoHS fully RoHS compliant

12 bits preset
(for 916 bits see documentation

Zero point accurit| 0.8BsIm
0.15%0f full scaler 3oof reading

Resolution

2. Electrical Specifications

Accuracy whichever is bigger
Span repeatability 029% of rea?;rggSgsecrcmNhlcheve 2.1 Power supply

The SFM400 series sensorgquire a supply voltage

g:;seérsarzgtr::‘;rtigti 2sccm °C (VDD betwee5V and V. For the power supply of the
pera level shifter (VLS) a voltagjevéer2.9/ and 5.5V is
Span shift due to < 01% of reading per °C requiredPlease be aware that the VLS must be the same

temperature variati as the voltage of SCK.

Offset stability <0.01slnmiyear
ﬁcr)svssure drop at fU <25mbar 2.2 Electrical characteristics
: - Parameter SFM400
4.6ms@ 12bit esolution —
Response time  |(See documentation for response tin Supplyoltage 3.51 9.0VDbD
other resolutions, e.g.ns3with 10 bit: Level Shifter Suppl 2.955VLS
Warrrup time for fir ~ Max. 500ms Current drain <12.5mA typical in opérat
reliable measqrem n ge”erfﬂp_ ms_ Interface Digital vireinterfacel)
1 Unless otherwise noted, all sensor specifications are at 23°C apd -
absolute pressur4,8bar. Bus clock frequeng SCL2100kHz typical
2 Reference conditions $tandard literger minutesim 20°C, Air: 1(0000001)
1013mbasccm denotes standard cubic centimeters per minute O 2(0000010)
3 includes repeatability and hysteresis. DefauleC address CQ:  3(0000011)
4 The zerpoint accuracy and span accuracy are independent per gas type NzO.' 4(0000100)
uncertaintiesd add according to the principles of error propagation. Ar- 5(0000101)
. Flow in sccm = value recéided
1.2 Ambient conditions Flow output signal Flow in slm = value received /

7 Same voltage teecommunication level ohfPis required.

Parameter SFM400Series
Media compatibdlity Noncorrosive gases gas
mixtures
Limited media compatibili corrosive Gages
Calibrated temperature rg 0°Cto +50°C
Operating temperature -20 °C to +80 °C
Storage temperature -40 °C to +80 °C
Operating Pressirange 0-6 bamgauge
Position sensitivity Useflowhorizontally, electrs
connector up

5 Contact Sensirion for information about other gases, watér calibrat
temperature ranges and higher storage temperatures.
6 For a limited time pera®pending on chemidat recommended.
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3. Interface Specifications Transmission STOP Condition {PeSTOP condition

is a unique situation on the bus created by the master
The serial interface ofSR&4108eries is optimized in  indicating to the slaves the end of a transmission
terms of sensor readout and power consumption. It §8duence (the bus is considered free after a STOP).
compatiblwith2C interfaces. For detailed specifications |i2c Transmission Stop Condition
of the AT protocol, se€&he 12C Bus Specification
Versior2.1, January 2000 (source: NXP). SDA j'_
(www.nxp.com/products/interface coptrol/i2c —

3.1 Interface connectiodexternal ScL J
components STOP condition

Ay

Bidirectional bus lines are implemented by the devices — . : :
pultup resistor connected to the positive supply voltage.

: Acknowledge (ACK) / Not Acknowledge (NAGED:

The recommended —p_pIIreS|stor valu.e dm on the byte (8 bits) transmitted ove?Qhauk is followed by an
system setup (capacitance of the circuit or cable and nowledge condition from the receiver. This means the
cloqk frequency). In most cases,ql0 i s a re 8rtar0 he q?n!is?er pulls SCL low to complete the
choice. transmission of the 8th bit, SDA will be pulled low by the
The capacitive Isamh SDA and SCL line have to be the receiver during the 9th bit time. If after transmission of th
same. It is important to avoid asymmetric capacitive loa8@th bit the receiver does not pull the SDA line low, this i

2C Trasmission Start Condition considered to be a NACK condition.
If an ACK is missing during a slawaster transmission,
VDD . . . .
the slave aborts the transmission and goes into idle mode
master Rp|| Rp SFM4100
— |spa T I2C Acknowledge / Not Acknowledge
— b
scL | [ ----- not acknowledge\<
— — o\ S I
Both bus lines, SDA and SCL -diredtional and therefq . —
require an external-pplresistor. sct fmw  [ac - _M

3.2 |2C Address Each byte is followed by an acknowledge or a not
acknowledge, generated by the receiver

The 4C address consists of-digit binary value. By

default, theéQ address of 18-M4100s gas specific  Handshake procedufklold Master)n a masteslave
(see chapter 2.Z)he address is always followed by & gystem, the master dictates when the slaves will receive c

write bit (0) or read bit (1). transmit data. However, in some situations a slave devic
may need time to store received data or prepare data t
3.3 Transfer sequences be transmitted. Therefore, a handshake prisedure

o . ) required to allow the slave to indicate termination of
Transmission START Condition TBe START condi internal processing.

tion is a unique situation on the bus created by the mas

indicating té slaves the beginning of a transmission|"C Hold Master

sequence (the bus is considered busy after a START). | \ . k j—
AC

[ X
/
I2C Transmission Start Condition B ‘ ‘
S [ e
SDA \k * Hold master

SCK line pulled LOWL data read5CK line released

scL After the SCL pulse for the acknowledge si@tlj4hé

_ s series sensor (slave) can pull down the SCL line t¢

START condition masteinto a wait state. By releasing the SCL line, tH

indicates that its internal processing is compl¢

A HIGH to LOW transition on the SDA line while SCI transmission can resume. (The bold lines indicatg

sensor controls the SDA/SCL lines.)
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3.4 Data transfer format the second result byte. The sensor checks whether the
master sends an acknowledge after each byte and abort

Data is transferred inebgackets in th&C Iprotocol, the transmission if it does not.

which means irfoB frames. Each byte is followed by an
acknowledge bit. Data is transferred with the mql’C Measurement
significant bit (MSB) first. 8bit command cotiEl
A data transfer sequence is initiated by the mastéfommandiriggerflowmeasurement
generating the Start conditioan@)sending a header e nn s
B 2]+ [1][oo]o[ 4]
Commend

333333333

byte. The2C header consists of tHeit #C device ;\;\;\;\Z\;
address and the data direction bit (R/_W). o

The value of the R/_W bit in the header determines the ( mmmmmmmmmmmmmmmmmmmmmmmmm P E‘H;M‘Mﬁp
> If Vsasi K s 87 s K

data direction for the rest of the data transfer sequence

o -

2]
[
[o
Sl Lo
go
o
(=]
o
%

R/_W = 0 (WRITE) tlirection remains maststave Hatched areas indicate that the sensor controls the SDA lin
while if R/_W = 1 (READ) the direction changes to slave
tomaster after the header byte. 4.2 Soft reset

This forces a sensor reset without switching the power o
and on again. On receipt of this command, the senso

4. Command Set and Data Transfer reinitializes the control/status register coatentsefr
Seguences EEPROM and starts operating according to these settings
[2C Soft Reset

A command is represented bybitncBmmand code.
The data direction may not changehafteommand 8-bit command coté&E
byte, since the R/_W bit of the preé&dimeatier has CommandBoft reset
already determined the direction to betorslatar. In
order to execute commands in Read modiCysirey | NN e e e = ity
following principle is used. On successful (acknowledged * 0‘0‘0‘0‘0‘0 é 1‘1‘1‘1‘1‘1‘1B% System reboot
receipt of a oonand byte, the sensor stores the| ! 12CAdr W Convrand

command nibble internally. The Read mode of this

command is then invoked by initiatiydatd transfer o
sequence with R/_ W = 1. 4.3 CRG8 Redundant Data Transmission

o

If a correctly addressed sensor recognizes a valfdyclic redundancy checking (CRC) is a popular techniqu
command and access to this commanahtedg it used for reor detection in data transmission. The
responds by pu”ing down the SDA line during tH&ansmitter appends ebitrchecksum to the actual data
subsequent SCL pulse for the acknowledge signal (ACsgduence. The checksum holds redundant informatior
Otherwise it leaves the SDA line unasserted (NACK). about the data sequence and allows the receiver to detec
ransmission errors. The computed checksum can be

arded as the remainder of a polynomial division, wher
the dividend is the binary polynomial defined by the dat:
sequence and the divisor i

The two most important commands are described in t
data sheet, and the data trasefigrences are specified.
Contact Sensirifm advanced sensor options.

4.1 Measurement triggering The SF04 sensor implements thed GR@dard based

o o on the generator polynomial
Each individual measurement is triggered by a separate

read operation. XE+xE+ ¥ +1.

Note that two transfer sequences are needed to perforfi@te that CRC protection is only used for date transmitte
measurement. First write comrbgted hF1 (trigger ~ from the slave to the master.

measurement) to the sensor, and then execute a reggr details regarding cyclic redundancy checking, pleas
operation to trigger the measurement and retrieve the flg#sr to the relevant literature.

or differential pressure information.

On receipt of a header with R/_W=1, the sensor generates
the Hold Master condition hen us until the first
measurement is completed (see Se8tfon timing).

After the Hold Master condition is released, the master
can read the result as two consecutive bytes. A CRC byte
follows if the master continudsrgjothe SCL line after
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5. Conversion to Physical Values 6.7 Gas Mixture Detection

In combination with a extencabprocessor the Sensor
5.1 Signalscaling and physical unit can be used to also asses the concentration of many tw
gas mitures. This featwan benade available for high

The calibrated signal reachfthe sensor is a signed yolume applications. Please contact Sensirion for details.
INTEGR number (two's complement number). The

II\_l'I_'E_GE_R value can be converted to the physical valuegy Customespecific interface
dividing it by the scale faotasg flow sensor output o
scale factoiJhe scale factor is sfied in Secti@2 For analog voltage output, please contact Sensirion.

5.2 Temperature compensation

TheSFM4108ensor series features digital temperature
compensation. The temperature is measured on the
CMOSeifschip by an arhip temperature sensor. This
data is fed to a comgation circuit that is also integrated
on the CMOSénsensor chip. No external temperature
compensation is necessary.

6. OEM Options

A variety of custom options can potentially be
implemented for Rigume OEM applicatibitne of

these options is avaldawith the standard sensors.
Contact Sensirion for more information.

6.1 Switch function

A switch version with a programmable trigger level and
programmable hysteresis can be realized.

6.2 Temperature measurement

The sensor temperature can be read out vistahe di
interface.

6.3 Minimized power consumption

For lowower applications, the current consumption can
be reduced to approximately 3.5mA.

6.4 Broken sensor element detection

Breakage of the sensor element can be detected by a
sensor chip sédfst.

6.5 Plausibilitychecks

An OEM version of the sensor can be configured to provide
certain plausibility checks triggered by a microprocessor. This
can be used to create a combined sensor/microprocessor
system that can be certified-aaftail

6.6 Multigas / Multirange Option

The Sensor can be calibrated for the use with multiple
Gases and/or for multiple flow ranges.
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7. Mechanical Specifications
Figure 2: Downmovetsion with 90° an@lk dimensions are

) in mm)
7.1 Mechanical concept

The SFM4100 Series is designdmtiathroughhole
technologyhandsoldered to a PC& downmount
configuration for mounting on the manifold

For mounting on a basis plate 4 screwZwde2(mm)
are available (see Figure 1: position 0/0).

The flow connection is realized with Ledgcis @amst
quick connectors, and thus stasidarglastic tubes
(OD 6 mm) are best used.

7.2 Mechanical characteristics

Parameter
Flow connector Legris Carstick 6rhBownmount
Electrical connectol E-Tec: SL-DO8SH108/055B or
SamtecHTSWL0407-6.D

Allavable
overpressure
Rated burst pressu > 20 bar
Weight <60g

10 bar

7.3 SFM4100 Physical Dimensions 7.4 Pin Layout

Figurel: Straighthrough flow channel geometry (all Pin 1
dimensions are in mm) \

<« Gas Flow

Figure 3: Pin Layout SFM4100
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