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− CMOSens ® technology 
− Unbeatable price/performance ratio 
− High output data speed (up to 200 Hz) 
− Wide dynamic range (1:100 with 3% m.v. accuracy) 
− Various maximum flow ranges: up to 200 ln/min (FS) 
− Digitally calibrated & temperature compensated  
− RS232 interface 
− RoHS compliant 
 
 
 
 

CMOSens® EM1 Product Summary 

The CMOSens® EM1 Mass Flow Meter (MFM) enables 
fast an d ec onomical m easurement of g as flows over a 
very w ide dynamic range. Its le ading pr ice/performance 
ratio is based on S ensirion’s un surpassed CMOS ens® 
sensor tec hnology w hich combines a s ensor element 
with th e am plification an d A/ D co nverter ci rcuit o n o ne 
single CMOS chip. This resu lts in  good pe rformance, 
fast resp onse time an d lar ge d ynamic ran ge at ver y 
attractive cost. 
All measurement data is fully calibrated and temperature 
compensated by me ans of a n int ernal m icro co ntroller. 

Mounted in  rugged, ch emically inert ho using the 
CMOSens® EM1 Mass Flow Meter is suitable for a wide 
range of applications. Such i nclude mass flow met ering 
for process control, medical applications and fuel cells. 
The s ensor housing provides two inlets f or me asuring 
the ga s flo w and with stands o verpressures o f 8  ba r 
(116 psi). 
The CMOS ens® EM 1 M ass Flo w Meter re quires a  
supply volt age of 7-1 8 Vdc  and provides an RS 232 
electrical interface. 
EM1 is RoHS compliant.  
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Figure 1: Block Diagram CMOSens® EM1 Mass Flow Meter. 
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Introductory Description

The h eart of  th e C MOSens® Mass Flow Met er is 
powered by S ensirion’s unsurpassed CMOSens® sensor 
technology. T he CMOSens® E M1 Ma ss Fl ow Me ter 
therefore pro vides u nbeatable performance at ver y 
attractive system cost. One single dev ice covers a range 
of 0.05 ln/min up to 200 ln/min . 
The CMO Sens® EM1  runs with  an  in ternal flow 
integration time of 5ms. This allows correct measurement 
and dis play of  fast changing signals. But very ofte n a  
precise total flow over a longer period is of higher interest 
than a fa st si ngle m easurement. For t his pur pose th e 
CMOSens® EM1 Mass Flow Meter can be set to s lower 
read out times (see  

Table 4). Th e se nsor i nternally sti ll integrates i n 5  ms  
slices and recognizes fast signal changes but for the read 
out the total flow over the whole period is calculated. The 
CMOSens® M ass Fl ow M eter ther efore is exceptionally 
well suited for difficult measurement conditions when fast 
changing gas flows must be  monitored and summed up 
precisely. 

The CMOS ens® EM 1 M ass Flo w M eter measures tr ue 
mass fl ow independent of th e am bient tem perature a nd 
pressure c hanges. Y ou sim ply c onnect th e g as to be 
measured t o the CMO Sens® EM1  de vice to  ge t a n 
instantaneous gas m ass fl ow int egral wit h a s electable 
integration time  be tween 5 ms an d 64 0 ms. De pending 
on th e typ e a flow r ange between 0.1 ln/ min an d u p to  
200 l n/min c an d irectly be measured b y connecting t he 
CMOSens® EM1 Mass Flow Meter. 
In addit ion to mass flow, the CMOSens ® E M1 de vice 
provides i nformation about the tem perature on th e 
CMOSens® s ensor element. Both  m ass flo w and 
temperature d ata ar e acc essed through an RS2 32 
interface. The  RS2 32 interface allows yo u to d irectly 
connect the CMOSens® EM1 Mass F low Meter to a PC. 
If a s pecial i nterface such as 4-20 mA current output or 
other or another flow range is required, contact Sensirion 
for a customer specific solution. 

Please contact Sens irion before using any corrosive, 
toxic or explosive gas types (see also section 1.6 and 
1.7). However, the  sta ndard ca libration gas i s 
nitrogen. Please contact Sensirion, if you would like to 
use the sensor for applications with other gases.  
A free PC s oftware to re ad out the CMO Sens® EM1 
Mass Flow Meter ca n be d ownloaded from 
www.sensirion.com. 

CMOSens® sensor technology 

CMOSens® is the bas e technology for all Sensirion 
multi sensor modules and sensor syst ems. The 
unification of  semic onductor ch ip and sens or 
technology serves as a platform for hig hly integrated 
system solut ions with excellent s ensor precision and 
reliability. Wit h C MOSens®, the on-chip s ensor 
element fo rms an  in tegrated who le with a h igh-end 
amplification a nd A/ D co nverter circ uit. D ue to th e 
compact si ngle-chip design, CMO Sens® ba sed 
sensors are very r esistant to electromagnetic 
disturbances (EMC), ano ther impo rtant te chnical 
advantage of t his state of th e art se nsor technology. 
As a result, CMOSens ® based multi sensor modules 
offer excellent sen sor precision, fast r esponse t ime 
and a v ery l arge dy namic measurement range. In 
addition, the digital i ntelligence of th e C MOSens® 
sensor te chnology enables d igital in terfaces tha t 
permit an easy link with the system of the customer, a 
real advantage and benefit that results in ready-to-use 
problem solutions. 
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1  CMOSens® EM1 Mass Flow Meter Performance  
Table 1: Specifications of EM1 Mass Flow Meter – low flow ranges. 

All data unless otherwise noted apply for calib. cond: 20°C, N2, 1013 mbar absolute pressure, horizontal mounting position, straight inlet fitting (length min. 5 x ∅) 
Specification Condition Value Unit 
Model Number  EM1_H… EM1_L…  
Flow Range1  0-0.05 0 – 0.5 ln/min 
Performance 

2.5 - 100% FS4  3.0 % m.v. 5
<2.5 % FS  0.075 % FS. 

10 - 100% FS 5.0  % m.v. Accuracy2,3

<10 % FS 0.5  % FS 
2.5 - 100% FS  0.3 % m.v. 

<2.5 % FS  0.02 % FS 
10 - 100% FS 0.5  % m.v. Repeatability 

<10 % FS 0.05  % FS 
Offset  <0.5 < 0.1 % FS 
Standard Calibration Gas6  N2  
Dynamic Range  >= 1:100  
Operating Temperature Ambient/Gas  0 – 50 / 32 – 122 °C / °F 
Temp. Coeff. Zero  0.01 %FS / °C 
Temp. Coeff. Span  0.1 % m.v. / °C 
Position Sensitivity correction <5% FS 0.1 % FS 
Pressure Coefficient  0.15% / bar – 0.01 % / psi  
Pressure Drop at Full Flow7 straight inlet <2 / 0.029 2 / 0.029 mbar / psi 

Table 2: Specifications of EM1 Mass Flow Meter – medium and high flow ranges. 

All data unless otherwise noted apply for calib. cond.: 20°C, N2, 1013 mbar absolute pressure, horizontal mounting position, straight inlet fitting (length min. 5 x ∅) 
Specification Condition Value Unit 
Model Number  EM1_R… EM1_V…  
Flow Range8  0 – 20 0 – 200 ln/min 
Performance 

1 - 100% FS11 3 5 % m.v.12
Accuracy9,10

<1 % FS 0.03 0.05 % FS 
10-100% FS 0.3 0.5 % m.v. Repeatability <10% FS 0.02 0.02 % FS 

Offset  < 0.03 < 0.03 % FS 
Standard Calibration Gas13  Air  
Dynamic Range  >= 1:100  
Operating Temperature Ambient/Gas  0 – 50 / 32 – 122 °C / °F 
Temp. Coeff. Zero  0.01 %FS / °C 
Temp. Coeff. Span  0.1 % m.v. / °C 
Position Sensitivity correction <5% FS 0.1 % FS 
Pressure Coefficient  0.15% / bar – 0.01 % / psi  
Pressure Drop at Full Flow14 straight inlet 20 / 0.29 100 / 1.45 mbar / psi 

 

 
1 Other ranges for volume applications on request 
2 Including Offset, Non-Linearity, Hysteresis 
3 Better accuracy available on request 
4 In % of full scale (FS) 
5 In % of measured value (m.v.) = of rate = of reading 
6 Other gases for volume applications on request 
7 All data for 1’013 mbar, 1 bar = 100 000 Pa = 401.9 inch H2O = 14.5 psi. Lower pressure drop available for volume applications on request. 
8 Other ranges for volume applications on request 
9 Including Offset, Non-Linearity, Hysteresis 
10 Better accuracy available on request 
11 In % of full scale (FS) 
12 In % of measured value (m.v.) = of rate = of reading 
13 Other gases for volume applications on request 
14 All data for 1’013 mbar, 1 bar = 100 000 Pa = 401.9 inch H2O = 14.5 psi. Lower pressure drop available for volume applications on request. 
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Table 3: Additional Specifications of EM1 Mass Flow Meter – all flow ranges. 

Specification Condition Value Unit 
Temperature Sensor (measured media) 
Dynamic Range  0 – 60 / 32 – 140 °C / °F 
Resolution  0.1 K 
Accuracy  2 K 
Electrical 
Output  RS 232  
Supply Voltage  + 7 – + 18 VDC 
Electrical Connector  Molex  
Mechanical 
Length  13.6 / 5.35 cm / inch 
Width  4.4 / 1.73 cm / inch 
Height  8.18 / 3.2 cm / inch 
Weight (straight / angle connector)  165 / 105 g 
Mechanical Connector  G 3/8 inch 
Maximum Operating Pressure1  8 / 116 bar / psi 
Burst Pressure  40 / 580 bar / psi 
Leak-Integrity  1 x 10 e-4 mbar l/s He 
Material 

Wetted Materials  Si, Si3N4, SiOx, Gold, Viton®, Epoxy, Glob Top, 
Polycarbonate  

RoHS / WEEE compliance  Yes.  
 

Table 4: CMOSens® EM1 Mass Flow Meter Resolution (EM1_V) at different Flow Levels and integration time. 

Flow Level 
Readout 

Frequency 
200 Hz 

Readout 
Frequency 

50 Hz 

Readout 
Frequency 
12.5 Hz 

Readout 
Frequency 
1.56 Hz 

Flow Level 
200 ln/min  13 ln/min  3.5 ln/min  0.9 ln/min  0.11 ln/min  
50 ln/min  4.0 ln/min  1.0 ln/min  0.3 ln/min  0.03 ln/min  
< 5 ln/min  1.0 ln/min  0.25 ln/min  0.06 ln/min  0.0143 ln/min  

Mass Flow Integration Time 
 5 ms 20 ms 80 ms 640 ms 

 
1 12.0 bar / 174 psi for short time operation, higher values for volume applications on request 
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1.1 Gas Flow Characteristics 
Figure 2  shows the ap plied g as flow vs. the digital 
output of the CMOSens® EM1 Mass Flow Meter for the 
200 ln/min version. 

 
Figure 2: Typical CMOSens® EM1 Mass Flow Meter 
transfer characteristics. 
 
The C MOSens® EM1 M ass Flow M eter is cal ibrated 
from 0 ln/min up to a flow of 200 ln/min (depending on 
the actual type ). Be tween 200 ln/min and 2 20 ln/min 
flow is displayed, but with reduced accuracy. Two types 
of ov erflows are r eported outside of th is exp anded 
range: 

1. ‘Peak Overflow’ if the me asured flow was only 
partly a bove i. e. 2 20 ln/min. In thi s co ntext it  
has to be re membered th at the CMOSens® 
EM1 Mass Flow Meter averages the flow over 
a eligible integration tim e. It  ca n be th at t he 
average flow is sma ll bu t tha t it periodically 
exceeds the maxi mum of 2 20 ln/m in an d no 
precise m easurement of t he average c an b e 
guaranteed a nymore. Th is can be c hecked 
with a sensor readout at 200 Hz. 

 
2. ‘Overflow’ if t he m easured flow is a lways 

above the limit of 220 ln/min  

1.2 Sensor Principle and Gas Types 
The C MOSens® EM1 M ass Flow M eter d etects ma ss 
gas flow by measuring heat transfer. A heating resistor 
on a t hermally in sulated membrane is k ept above 
ambient tem perature. In the presence of g as flo w, th e 
temperature distri bution u p- an d do wnstream is  
disturbed. Th is asy mmetry is  the n measured. Due to  
the m inimal therm al m ass of the  mem brane, 
symmetrical a rrangement, a nd accurate temperature 
measurement, the ver y go od s pecifications of th e 
CMOSens® EM1 Mass Flow Meter are achieved. 
The above mentioned th ermal p rinciple re quires 
information about t he g as ty pe to be m easured. T he 

CMOSens® EM1 is available for air and nitrogen. Other 
gas types are available on request. 
In Figure 3  th e rep eatability of the CMO Sens® EM1 
devices is c ompared wit h t he r epeatability of a typ ical 
Mass F low Controller (M FC). It em phasizes th e 
superior pe rformance of th e CMOSen s® EM1 Mass 
Flow Meter. 
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Figure 3: Comparison of the repeatability of the 
CMOSens® EM 1 compared to a typical Mass Flow 
Controller (MFC). 

1.3 Temperature Compensation 
The CMOS ens® EM1 Mass Flow Meter has an 
automatic te mperature c ompensation i mplemented. 
The flow measurement mu st b e su spended fo r the 
duration of eac h u pdate of th e temp erature 
measurement. Sin ce t hese int errupts of the fl ow 
measurement sh all be sh ort the  temp erature 
measurements are only done with a reduced accuracy. 
They c an v ary betw een different me asurements and 
reduce th e ac curacy of t he t emperature c ompensated 
flow output. The duration of the tem perature update is  
45 ms which giv es a v ariation of the output of th e 
compensated flow by 0.1% of measured value (for N2).  
Advanced users can choose dur ation a nd a ccuracy of  
the temperature updates and reduce the inaccuracy of 
the temperature compensation even more.  
The moment of a temperature update can be controlled 
in two modes: 

a)  Automatically 
The t emperature m easurements ar e updated 
automatically in fixed periods which can be set 
by the command INT (see 0).  

b)  By Hand 
For highest accuracy it is recommended to set 
INT=0 a nd initia te the  u pdates th rough th e 
RS232 i nterface w ith UPDATETEMP (s ee 0). 
For such measu rements it also  ma kes sense 
to use the option for advanced users to set the 
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CMOSens® EM1 Mass Flow Meter for Gases  

duration and accur acy of the tem perature 
update to the maximum.  

By default temperature updates are done automatically 
every 60 seconds (INT=12000). 

1.4 Gas Flow and Pressure Difference 
The C MOSens® EM1 i s c alibrated for mass fl ow 
measurement. However, there is a we ll defined relation 
between mass flow a nd pressure drop. This relat ion is 
shown in Figure 4.  
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Figure 4: Differential Pressure vs. Mass Flow of 
CMOSens® EM1 Device. 
 
Table 5: Overview of Wetted Materials 
 Part Wetted Material 

 
Body Polycarbonate 

 

Sensor element 

Silicon (Si) 
Silicon oxide (SiOx) 
Silicon nitride (Si3N4) 

Glob Top 
Epoxy 
Gold 

 

Sealing Viton®

 

1.5 Wetted Materials & Compatibility 
The co nstruction e nsures th at a min imum num ber of  
materials is wetted by the gas which is measured by the 
CMOSens® EM1 Mass Flow Meter. 
The fo llowing Table 5  g ives an ov erview of t he 
materials wetted by the gas. 
 
 

1.6 Operation with different gas types 
The CMOSens® EM1 ma ss flow sensor is available in  
different versions. For all versions the safety restrictions 
in chapter 1.7 must be observed. 
For standard applications a cost effective Nitrogen (N2) 
calibrated off the s helf version is the best choice. Th is 
also ensures short lead times at comparably low costs. 
For the use of thes e devices with oth er gases, detailed 
conversion fu nctions are availab le. Plea se check also 
www.sensirion.com for further details. 
For vo lume c ustomers ot her gas ty pe ca librations are 
available on r equest an d availability. Pl ease c ontact 
Sensirion for further details if this option is applicable to 
you. 

1.7 Safety Restrictions 
The packaging method of the CMOSens® chip together 
with the inert housing and the sealing materials ensure 
a tight and highly resistant sealing of the device. Please 
be a ware t hat a ggressive and cor rosive gases ca n 
influence the sensor element and may even destroy the 
Viton® sealing or the polycarbonate body. 
Please also be careful with the use of explosive or toxic 
gases. Any leakage even outside the controller can be 
dangerous. T he CMOS ens® se nsor e lement is tested 
according to EN 50020 chapter 6.2.4 b) for the safe use 
of gases of class T4 or group 1 (as mixtures of air with 
hydrogen or hydrocarbons). 
For the above reasons, Sensirion guarantees the safe 
use of th e CMOSens® EM1 Mass Flow Meter for inert, 
in-explosive and non-toxic gases only. 
 
2 Pins and Electrical Interfaces 

 
Figure 5: CMOSens® EM1 pin out. 
 

2.1 Electrical Connector 
The electrical connector on the cover of the CMOSens® 
EM1 is a Molex PN 53014-0810 (straight header, male, 
8Pin). You need a Molex PN 51004-0800 connector 
housing (female, 8 Pin) with crimp contacts Molex PN 
50011-8100 to connect the sensor. Please check the 
Molex homepage for details (http://www.molex.com). 
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2.2 Power supply 
The C MOSens® EM1 Mass Flow Meter req uires a 
voltage supply between 7V and 18 V. Since this voltage 
is int ernally reg ulated, ther e ar e n o strin gent 
requirements as far as ri pple and stability are 
concerned. 

2.3 Digital Interface 
The C MOSens® EM1 Mass Flow Met er has a: 
bidirectional RS232 to set configuration and to get flow 
or temperature values. The in earlier versions available 
SPI in terface is no  longer specified, due to  ch anged 
specifications o f e lectronic co mponents. If you re quire 
the SPI functionality contact Sensirion. 

2.4 Dataformat and Interpretation 
The received  value is a  16 b it sign ed in teger in  th e 
two's c omplement r epresentation. Th e c alibrated data 
is mu ltiplied by a  constant factor and then rounded to 
the next s maller integer i n ord er to tr ansfer also 
fractions of a unit through the integer protocol.  
Product Flow scale factor Temp. scale factor 
EM1NH 1/100  mln/min 0.01  °C 
EM1NL 1/50 mln/min 0.01  °C 
EM1NR 1  mln/min 0.01  °C  
EM1NV 1/128 ln/min 0.01 °C 
Example f or E M1NV: a  rec eived v alue of + 1234 (d ec) 
corresponds either t o 9. 641 ln/mi n i n fl ow mo de or  
12.34 °C in temperature mo de. An ex planation of the 
overflow modes can be found in section 1.1. 

received 
value (hex) 

received 
value (dec) 

flow 
[ln/min ] 

temperature 
[°C] 

0x7852 30802 overflow -- 
0x7851 30801 peak overflow -- 
0x7850 30800 +240.600 +308.00* 

    

0x0001 1 +0.007813 0.01 
0x0000 0 0.000000 0.00  
0xFFFF -1 -0.007813 -0.01 

    

0x87B0 -30800 -240.600 -308.00* 
*not possible value, just to show the principle 
Figure 6: Interpretation of Integer values  
 

2.5 RS232 Interface 
All c onfigurations ( see a lso Se ction 3) for the 
CMOSens® EM1 can be set using its RS232 interface. 

The following pins are required to communicate with the 
CMOSens® MFM via RS232: 
 
RxD (Receiving Data Line) 
TxD (Trans mitting Data Line) 
GND (Ground)  
 
The R S232 prot ocol of t he CMOSens® MFM is  
configured as follows: 
 
Baudrate 19 200 
Data Bits 8 
Stop Bits 1 
Parity  none 
Protocol  none 
Echo  the sensor generates an echo 
 
With these settings, the CMOSens® EM1 device can be 
connected to an y PC or de vice with an  RS232  
interface. The  comm ands have t o b e se nt in A SCII 
format, the measurement values are provided as a 1 6 
bit signe d in teger in bina ry fo rmat with 2  bytes 
synchronization preceding. 

 
sync 
0x7F 

sync 
0x7F 

MSB LSB  
 
 
 1. byte 2. byte 3. byte 4. byte 
 

Figure 7: Byte sequence of one value 
 
Because of t he m aximum ra nge of 0x7852, the high 
byte never wi ll conta in 0x7F. Therefore the worst cas e 
is, if the lower byte contains 0x7F. In t his special case, 
0x7F appears three times in a row. 
Example (val=7C 7F): 

received string: 7F 7F 7C 7F 7F 7F 7C 7F 
right sync: 7F 7F 7C 7F 7F 7F 7C 7F 

 wrong sync:         7F 7F 7F 7C 
 
The best approach to find the sync in pseudo code: 
 
if (buff er[ i ]=7 F an d b uffer[i+1]=7F a nd buffer[i+2] <>  
7F) 
then buffer[i] and buffer[i+1] are sync bytes. 
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3 Configuration and Commands 

3.1 Device Configuration 
The CMOS ens® EM 1 device ac cepts a s et of 
commands. Th ey ca n only b e se nt thr ough its RS 232 
interface (se e Table 6  f or va lid c ommands; for corr ect 
settings of the RS232 refer to Section 2.1). This allows 
the user to  c onfigure t he CMOSens® E M1 device. 
Since th e co nfiguration is  stored in t he i nternal 
EEPROM, it is maintained after power interruptions.  

 
 
With the e xception of the  stop s command, all 
commands have  to  b e se nt in  th e ASCII-fo rmat and 
terminated by the r eturn key ( ↵, ASCII #10  or 
#13). After co mpletion of a command, the  CMOSe ns® 
MFM returns ok and is ready to take a new instruction. 
Before e ntering a command, it may b e ne cessary to 
clear the buffer by means of using ↵. 
 
 

Table 6: RS232 Interface commands 

Command Output Description 

EEPROM 
Write 
Access 

help↵ commands Lists all available commands  
ver↵ version Provides type of sensor, software, hardware and customer version  
info↵ calibration Unit / Factor Flow / Overflow / Sensitivity / Factor Temperature  
data↵ serial ID Sensor Serial Number  
go↵  Starts series of measurements YES 
s stop Stops series of measurements YES 
get↵  Start single measurement YES 
mod=F | T↵ mode Selects Flow- (F) or Temperature mode (T), (mod? = Status) YES 
res=0..7↵ resolution Sets resolution: 0 -> 8 bits; 7 -> 15 bits, see Table 7, (res? = Status) YES 
int=x↵  Interval between automatic i nternal t emperature measurements for  an 

internal update of t he temperature compensation. 0=never, {1..2 *109}. 
INT is measured in units of 5 ms.  
INT = 12000 therefore is a n update every 60  sec. The duration of a n 
update is 45 ms.  
Attention : Fl ow is not me asured d uring this internal temp erature 
update! 
(INT? = Status). 

YES 

updatetemp↵ 

 

Manual command for an internal temperature measurement for internal 
update of the 
temperature compensation. Used with int=0 

YES 

rdatax↵  reads 4 user defined bytes at the address x={0,…,9}  
wdatax=yyyy↵  writes a maximum of 4 user defined bytes at the address x={0,…,9} YES 
test↵  Sensor Selftest YES 
reset↵  Resets CMOSens® EM1 device  

Important Notes: 
• The commands are not case sensitive. 
• In order to send a new command to the EM1 Mass Flow Meter make sure the EM1 is not in measurement mode. Issue therefore 

a stop command s first. After this, any instructio n can be given to the EM1 Mass Flow Meter and a new series of measuremen t 
can be started by go↵. 

• The EEPROM on the EM1 has li mited write cycles allowed on a memory cell (as true for every EEPROM). The EEPROM on the 
EM1 is specified  for a min imum of 1 mio.  write cycles on a  single memory cell. Some commands rewrite EM1 registers in  the 
EEPROM. Thes e commands are marked in the column ‘EEPR OM Write Access’. Therefore exce ssive u se of  one of these  
commands e.g. for reconfigura tion should be avoided. E.g.  u sing the GET command every 5 seconds would reduce th e 
guaranteed life time of the EEPROM to 10e7 / (60/5*60*24) = 60 days. 
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3.2 Measurement frequency vs. resolution 
There is  a  trad e-off between r esolution and 
measurement time. Possible settings are listed in Table 
7. Choosing 12 bit results in a measurement interval of 
80 ms. Wit h the max re solution of 15 b it, a new 
measurement is provided every 640 ms. 
 
Table 7: Re solution s ettings usi ng t he res=value 
command and corresponding response times  

res= Resolution 
[bit] 

Internal 
signal 

integration 
time [ms] 

Data rate 
[Hz] 

0 8 5 200 
1 9 10 100 
2 10 20 50 
3 11 40 25 
4 12 80 12.5 
5 13 160 6.25 
6 14 320 3.125 
7 15 640 1.56 

3.3 Measurement Strategy 
As m entioned in  p aragraph 3.1 (Im portant Notes) 
excessive EE PROM writ e c ycles sh ould be a voided. 
Sensirion ther efore rec ommends to us e t he EM 1 i n 
PUSH-mode s trategy: Th e EM1 is s et t o c onstant 
measurement mod e a nd is pus hing a n ew 
measurement once it b ecomes available. Check Table 
7 for the update rate (data rate). 
When u sing th e EM1  in  GET-mo de stra tegy a 
measurement i s start ed after  the G ET c ommand only. 
At ea ch G ET command t he same EE PROM mem ory 
cells are rewritten.  

Table 8: Error Codes 

Error Code Description Notes 
ERROR 01 Invalid command  
ERROR 02 Wrong syntax  
ERROR 03 Value out of range  
ERROR 04 Not allowed mode  
ERROR 05 No permission  
ERROR 06 No permission  
ERROR 50 Invalid EEPROM  
ERROR 99 Internal error  
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4 Specifications CMOSens® EM1 Mass Flow Meter 

4.1 Absolute Maximum Ratings 
Ambient storage temperature: -40°C to 100°C / -40°F to 212°F 
Ambient operating temperature: 0°C to 60°C / 32 °F to 140°F 
Maximum operating pressure: 8.0 bar / 116 psi for steady operation, 12.0 bar / 174 psi for short time operation 
Burst pressure: 40.0 bar / 580 psi 

4.2 Electrical Specifications 
Table 9: CMOSens® EM1 Characteristics. 

Parameter Conditions Min. Typ. Max. Units 
Power Supply DC DC 7 9 18 V 

VDD = 9 V, no load  19  mA Operating Current 
VDD = 9 V, 3kΩ at RS232 output  24  mA 

Power Dissipation VDD = 9 V, no load  171  mW 
Table 10: CMOSens® EM1 RS232 Characteristics. 

Parameter Conditions Min. Typ. Max. Units 
RS232 Output      

Output Voltage Swing Transmitter output loaded  
  with 3kΩ  

±5 ±9  V 

Power-Off Output Resistance  300   Ω 
Output Short Circuit Current   ±18  mA 
RS232 Input  
Voltage Range  -15  15 V 
Voltage Threshold  

Low  0.8 1.2  V 
High   1.7 2.4 V 

Hysteresis  0.2 0.5 1.0 V 
Resistance  3 5 7 kΩ 

 
Note: Free P C Softwar e s upporting ser ial RS2 32 com munication c an be d ownloaded from http://www.sensirion.com
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5 Physical Dimensions and Mounting Information 

5.1 Housing 
The C MOSens® EM1 M ass Flow M eter i s mou nted i n 
chemically i nert pol ycarbonate housing. The r ugged 
package has b een d esigned to with stand overpressures 
of up to 8 bars (116 psi). 
Physical dimensions and mou nting inf ormation are  
provided in Figure 8 and Table 3. 

5.2 Flow Connection 
For flow connection a G3/8 thread (BSPP=British 
Standard Pipe Parallel, metric!) in an aluminum flange is 
provided on both sides of the EM1 device. 
 
Only use connectors with a parallel external thread of 
correct size. 
 
Do not use connectors with tapered external thread. 
 
For best measurement results Sensirion advises strongly 
the use of straight inlet and outlet connectors.  
 

5.3 Recommended connector types 
Sensirion recommends the following connector types: 
 
Metallic: Legris (www.legris.com) 
No. 3101 0617 ; G3/8; Tube OD=6mm 
No. 3101 0817 ; G3/8; Tube OD=8mm 
No. 3101 1017 ; G3/8; Tube OD=10mm 
No. 3101 1217 ; G3/8; Tube OD=12mm 
No. 3101 1417 ; G3/8; Tube OD=14mm 
 
Plastics: Hausamann (www.hausammann.com) 
No. 38.129; G3/8; Tube ID=6mm 
No. 38.130; G3/8; Tube ID=8mm 
No. 38.131; G3/8; Tube ID=10mm 
No. 38.132; G3/8; Tube ID=13mm 
 
 
 

Standard version straight Manifold version with 90° angle (for volume applications) 

  
 

Figure 8: Physical dimensions and mounting information of the CMOSens® EM1. All units are in [mm] 
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6 Ordering Information 

When o rdering CMOSen s® EM1 s eries d evices please refer to th e fo llowing part n umbers. For t he l atest pro duct 
information access Sensirion’s website on http://www.sensirion.com
Table 11: Overview ordering information 

Calibrated for Gas Type Range Connection Code 
Air 0 – 200 ln/min Straight/no connector EM1NV4R0V_1A 
Air 0 – 20 ln/min straight/no connector EM1NR4R0V_1A 
N2 0 – 0.5 ln/min straight/no connector EM1NL4R0V_1N 
N2 0 – 0.05 ln/min straight/no connector EM1NH4R0V_1N 
Other gas types on request   - 

 

6.1 Supported Flow Units 
Table 12: Units for gas flow rates 

Reference condition Typical flow unit Gas Temperature Gas Pressure 
mln/min  (norm milliliter per minute) 
ln/min  (norm liter per minute) 

0 °C / 32° F 

sccm (standard cubic centimeter per minute) 
slm (sta ndard liter per minute) 

20 °C / 68° F 
1013 mbar / 14.69 psi 

 
Example: Relationship for N2 between: 

ln/min (0°C, 1013 mbar) and slm (20°C / 68°F, 1013 mbar / 14.69) 
1 ln/min = 1.073 slm 
10 ln/min = 10.73 slm 

 

7 Revision history 

Table 13: Revision history 

Date Version Page(s) Changes 
August 2002 Preliminary all First public release 
March 2004 V2.2 all Specifications, typos, various small modifications 
March 2005 V2.3 all Specifications, typos, various small modifications 
June-August 2006 V2.5 1-5,9,10, 

13-16 
General update. I.e. EEPROM write access recommendation, new 
disclaimer, new model (Typ. EM1NH), chang e to aluminum flanges,  
introduction of revision history 

October 2006 V2.6 1,16 RoHS compliance 
August 2007 V2.8 all Microprocessor EOL. Change of microprocessor. SPI Interface removed 
November 2008 V2.9 12,14 order information 
March 2009 V3.0 3,13,14 Flowunit corrected, Address Sensirion China 

Notes: 
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Important Notices 

Warning, personal injury 
Do not use this product as safety or emergency 
stop devices or in any other application where 
failure of the product could result in personal 
injury. Do not use this product for applications 
other than its intended and authorized use. 
Before installing, handling, using or servicing 
this product, please consult the data sheet and 
application notes. Failure to comply with these 
instructions could result in death or serious 
injury. 
 
If the B uyer sh all p urchase or  us e SENSIRION 
products for  any unintended o r un authorized 
application, B uyer s hall defend, i ndemnify a nd h old 
harmless SENSIRION and its officers, employees, 
subsidiaries, affili ates an d distributors ag ainst al l 
claims, costs, damages and expenses, and reasonable 
attorney fe es arising out of,  dir ectly or i ndirectly, any 
claim of personal in jury or death ass ociated wit h su ch 
unintended or  unauthorized use, ev en if SENSIRION 
shall be al legedly ne gligent with respect to the design 
or the manufacture of the product. 

ESD Precautions 
The inherent design of th is component causes it to  be 
sensitive t o electrostatic d ischarge (E SD). To prevent 
ESD-induced damage an d/or d egradation, take 
customary a nd statutory ESD precautions wh en 
handling this product. 
See application note “ESD, Latchup and EMC” for more 
information. 

Warranty 
SENSIRION warrants solely to the original purchaser of 
this product for a p eriod of 12 months (one year) fr om 
the d ate of d elivery t hat th is pro duct sh all be of th e 
quality, mate rial and w orkmanship defined i n 
SENSIRION’s pu blished specifications of the pr oduct. 
Within suc h peri od, if prov en to b e def ective, 
SENSIRION shall repair and/or replace this product, in 
SENSIRION’s discretion, fre e of char ge to the Bu yer, 
provided that: 

• notice in writing describing the defects shall be 
given to SENSIRION within fourteen (14) days 
after their appearance;  

• such defects shall be found, to SENSIRION’s 
reasonable s atisfaction, t o have ar isen fr om 
SENSIRION’s faulty d esign, m aterial, or  
workmanship;  

• the d efective pro duct s hall be r eturned to 
SENSIRION’s factory at the Buyer’s expense; 
and 

• the w arranty peri od for any r epaired or 
replaced pr oduct sh all b e limit ed t o th e 
unexpired portion of the original period. 

This w arranty does not apply to a ny e quipment which 
has n ot been i nstalled a nd used wit hin th e 
specifications recommended b y SENSIRION fo r the 
intended a nd proper us e of  the e quipment. EXCEPT 
FOR THE  WA RRANTIES EXPRESSLY S ET FORTH 
HEREIN, SE NSIRION MA KES NO  WA RRANTIES, 
EITHER EXPRESS OR IMPLIED, WITH RESPECT TO 
THE PRODUCT. ANY AND ALL WA RRANTIES, 
INCLUDING WITHOUT LIMITATION, WARRA NTIES 
OF MERCHANTABI LITY OR FITNESS FOR A  
PARTICULAR PURPO SE, ARE E XPRESSLY 
EXCLUDED AND DECLINED. 
SENSIRION is  only liable fo r defe cts of this p roduct 
arising under the conditions of operation provided for in 
the dat a sheet an d pr oper us e of the go ods. 
SENSIRION explicitly d isclaims a ll warranties, express 
or im plied, for  an y p eriod d uring which th e g oods ar e 
operated or stored not in accordance with the technical 
specifications. 
SENSIRION does not assume any liability arising out of 
any application or use of a ny pr oduct or circu it a nd 
specifically di sclaims any and al l li ability, incl uding 
without limita tion consequential or incidental damages. 
All o perating par ameters, in cluding without limitation 
recommended parameters, must be validated for each 
customer’s applications b y cust omer’s tech nical 
experts. Recommended parameters can and do vary in 
different applications. 
SENSIRION r eserves t he ri ght, w ithout f urther notice, 
(i) to ch ange the pr oduct specifications an d/or t he 
information i n this d ocument an d (i i) to im prove 
reliability, functions and design of this product. 
 
Copyright© 2001-2008, SENSIRION. 
CMOSens® is a trademark of Sensirion 
All rights reserved 

FCC and CE Statement 
The EM1 product has been tested and found to comply 
with the limits for a Class B digital device, pursuant to 
part 15 of the FCC Rules (FCC CFR 47). These limits 
are designed to provide reasonable protection against 
harmful interference in a residential installation. This 
equipment generates, uses and can radiate radio 
frequency energy and, if not installed and used in 
accordance with the instructions, may cause harmful 
interference to radio communications. However, there is 
no guarantee that interference will not occur in a 
particular installation. If this equipment does cause 
harmful interference to radio or television reception, 
which can be determined by turning the equipment off 
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and on, the user is encouraged to try to correct the 
interference by one or more of the following measures: 

• Reorient or relocate the receiving antenna. 
• Increase the se paration b etween th e 

equipment and the receiver 
• Connect th e equipment i nto an outlet on a  

circuit different from that to w hich the receiver 
is connected. 

• Consult a d ealer or a n ex perienced ra dio/TV 
technician for help. 
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The CMOS ens® EM1 device fully complies with norm 
EN 61000-6-1 to  E N 61000-6-4 (Im munity and 
Emission Test Series). 
 

RoHS and WEEE Statement 
The EM1 fam ily c omplies with re quirements of th e 
following directives: 

• EU Directive 20 02/96/EC o n waste el ectrical 
and el ectronic e quipment (WEEE), 
OJ13.02.2003; esp. its Article 6 (1) with Annex 
II. 

• EU Dir ective 2 002/95/EC on the restriction of  
the use of ce rtain haz ardous substances in  
electricaland electronic equipment (RoHS), OJ 
13.02.2003; esp. its Article 4. 

• The CMOS ens® EM 1 device fu lly c omplies 
with norm EN  61 000-6-1 t o EN 6 1000-6-4 
(Immunity and Emission Test Series). 
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