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I ntroduction
Analog MFCs

Analog MFCs are calibrated for one Full Scale and one gas by the manufacturer. If the user wishes
to modify the process or change the Full Scale setting, the MFC has to be removed and replaced
by another one. A purge of the system is also necessary. This modification is time consuming,
expensive and inconvenient.

To obtain the optimal accuracy and results, the MFC needs to be operated close to its Full Scale.
For an analog MFC, the accuracy is a direct function of the Full Scale, it is common for typical
specs to state: accuracy = +1% Full Scale. This value is acceptable when the setpoint is close to
the Full Scale. But when the setpoint is set at the low end of a specific calibration, the accuracy
and linearity are degraded considerable. Therefore, 2 MFCs with different Full Scale will be
required to maintain the accuracy, one for the low flow and another for the high flow.
Thisrequires larger stocking levels and expense in order to cover full spares support.

Digital MFCs

With the digital MFCs, a new areais opened. The introduction of digital electronics provides new
enhances features which were not available before.

Typically, up to 5 different curves are stored in one MFC (actually, a maximum of 10 curves can
be stored, but this depends on the gases) , data acquisition and diagnostic functions are part of
these advantages.

The Qualiflow MFC data acquisition function downloads every x seconds (x being adjustable),
setpoint, valve voltage and readout to an Excel File. The data are accessible and can be read
during the normal operation of the MFC without stopping the process. Maximum is 500 samples.
So, total time depends on the acquisition period.

Example:
period = 1 second & total time =8 min 20 sec

period = 1 min =1 min & total time = 8 hours 20 min
and so on[]

Note: Never erase the history during a process

Our digital electronic processor enhances the accuracy by including setpoint setting as part of total
accuracy.

- If the setpoint is less than 20% of Full Scale:

the accuracy depends directly on the Full Scale: Accuracy = +0.2% Full Scale ; which is 5 times
better than the analog MFCL$ accuracy for the same range of setpoint.

- If the setpoint is greater than 20% of Full Scale:
the accuracy is primary a function of the setpoint: Accuracy = +1% of setpoint which is
definitely better compared with the analog MFC accuracy = £1% of Full Scale. (cf figure 1)
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C 20% of F.S Full Scale

Figure1: Analog and Digital Accuracy according to the Full Scale

The digital MFC maintains accuracy, linearity and repeatability whatever the setpoint is. The
repeatability isimproving from 0.2% of F.Sfor an analog MFC to 0.15% of F.Sfor adigital MFC.

Qualiflowls digital MFC multicalibration allows:

Typicaly up to 5 curves stored inside the MFC, the user can shift from one calibration curve to
another, by using Qualiflow($ interface Digisoft(] andselect the adequate flow and gas, without
affecting the process.

Due to the benefits of the digital electronics, communication options (RS232, RS485, profibus,
DeviceNet) have greatly increased using our digital MFCs over the analog MFCs.

2 Advantages of the multicalibration

OReduces MFCL$ inventory ahits cost (This is very important for semiconductor industries which
want to stock a minimum of MFCs).

[JCan storetypically up to 5 curves in one MFC. Of course, this quantity can change (maximum of
10 curves) depending on the calibrated gases.

[JEasy taoshift from one curve to another with Digisoft. This capacity enables the users to change the
gas or the curves without opening the process line and without losing alot of time.

OThe multicalibration MFC is areliable device, with considerable flexibilites.

Note: The customer is responsible for handling non compatible gasesin one MFC.
Using the [Wizard[] user can also create new calibration curves from one existing calibration.
The primary cdibrations are done at Qualiflow.
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& DEMO MODE - Qualiflow's Digital Control 313 RBev 1.2
SERI&L | IMFORMATIOM CALIERATION SLOT |F|EI3L|L.-'-‘«TIEIN | ALARMS | OTHERS

CALIERATION SLOT CURREMTLY IM LISE : |-| vI

Full zzale | [t |Gas |Gas gumbol |Semi code |Ealibratinn gas
Slat #1 1 gim  Mitrogen M2 13 M2
Glot#2  [600  scem He 1 N2
Slat H3 Fon TOOM | A [air] 2 M2
Slat Hd 00 zoom | Oeygen oz 15 M2
W Met calibrated
Slot #E Mot calibrated
W Mot calibrated
Slat #5 Met calibrated
W Met calibrated
W Mat calibrated

Read |
todbuz  Calib. Slot: Full Szale: Unit:  Process Gas
|1 |1 [ M EE | il E}{ITl

|L|nknu:uw adr : Y64 Reading Ok

So as we said, multicalibration is very convenient. However, there are some limitations to take into
considerations. They are described in this document such as:

the full scale flow

the pressure

the gas properties

3 Full Scale Flow

Typicaly, up to 5 calibration curves can fit in one MFC. However, there are some mechanical
limitations due to the bypass and valve design.
Two calibration curves within one MFC can not have Full Scale flows (Equivalent N2) too wide apart.

3.1 Conversion Factor: CF

If you need to run x calibrations curves, the highest calibration curve (in Full Scale flow N2
equivalent) must be a maximum of 3 times larger than the smallest calibration curve (in Full Scale

) D
flow N2 equivalent): e g 3 avec: Deq,, = —>—
min CFgaz/ N2
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Maximum factor between full scales (N2 equivalent) of two calibrationsis 3.

The closer the Full Scales flows (N2 equivalent)
are, the better it isfor multicalibration.

It isbetter for multicalibration to have different gases with a same Full Scale Flow (N2
equivalent) rather than one gaswith different Full Scale Flow.

Example:
curve #1 is 10sdm CO2 (14m N2 equivalent)

curve #2 is 7dm CO (7dm N2 equiva ent)
curve #3 is4dm O3 (6dm N2 equivalent)
curve #4 is4dm O2 (4dm N2 equivalent)

Curves within 149 m and 14/3=4.669dm can fit in one MFC.
Therefore, curves #1, #2 and #3 will fit in one MFC.

However, curve #4 won(i fit in the same MFC as 4.669m is greater than 4sim.

Warning! Gases containing fluorine:

SF6 Sulphur Hexafluoride

WF6 Tungsten Hexafluoride

C2F6 Perfluorethane (Freon-116)

C4F8 Octofluorocyclobutane (Freon-C318)

And so onJ
need to be worked out differently because of a diffusivity much higher which modifies the response
curves in the sensor.

Indeed, in order to measure the flow of these gases, the sensor tube must see more gas compared with
other [Chormal Jgases (i.e. fewer gases will flow in the bypass). Twice as much gas will need to flow
through the sensor tube in order to properly read the flow.

Therefore, when calculating the N2 equivalent for those gases, you need to multiply the result by 2.

Example: 10 Sm SF6 will be 2X10sim/0.27=74sim

When trying to calculate multicalibration with SF6, C2F6 or C4FS8,
do not forget to multiply N2 equivalent flow by 2.

3.2 Smadl flow

Calibration of small flows is very difficult. Therefore, when calculating multicalibration, small flow
calibrations less than 20sccm should be stored in the same MFC.

Example:
curve #1 is 10sccm CO2 (14scem N2 equivalent)

curve #2 is 30sccm CO (30sccm N2 equivalent)
curve #3 is 10sccm O3 (14scem N2 equivalent)
curve #4 is 40sccm O2 (40sccm N2 equivalent)
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curve #5 is 10sccm O2 (10sccm N2 equivalent)

One would be tempted to fit all the curvesin one MFC.
However, we prefer running curves#1, #3 and #5 in one MFC and curves #2 and #4 in a second
MFC.

Small flow calibrations less than 20sccm should be stored in the sasme MFC.

4 Operating pressures

The major flow limiting component in a mass flow controller is the control valve. The inlet pressure
applied to the controller acts to push gas molecules through the controller.

All calibration curves on one MFC should have very similar operating pressures.

If operating pressures are too different from one curve to one other, the valve wonli open or close
enough.

Dichlorosilane (DCS) SiH2CI2 and Trichrolosilane (TCS) SIHCI3 can liquefy if the operating pressure
is too high. Both gases are used with a low inlet pressure and the vacuum as outlet pressure (and
usually a heated gas line).

Dichlorosilane (DCS) and Trichrolosilane (TCS) should definitely be run in one separated MFC
with Kalrez or Metal Seals.

5 Gasproperties
Some chemical properties of gases are limitation to multicalibration.
51 Inert gases

Inert gases such asN2, H2, 02, CO2, CO, He, Ar can be stored in the same MFC.

Air, AR, HCI, N2, CO, 02, CL2, NO2, CH4, NH3, N20, 03, PH3, SO2, SiH4, GeH4, CHF3, NF3
calibration curves can be easily run in one MFC

5.2 Density

Gas Dengity is one of the factors that determine how the MFC control valve should be adjusted during
the MFC assembly. So as a generd rule, try to have gases with similar density in the same MFC.

Gases with low density such as He or H2 can be difficult to calibrate. Therefore if possible, try to have
He and H2 in a second MFC. Nitrogen is approximately 14 times denser than Hydrogen and 7 times
denser than Helium. If the control valves are properly adjusted for controlling these two relatively low
density gases, often the MFCs will not allow full flow of the higher density Nitrogen. It will appear
that the MFCs are defective because they will not flow the expected amount of gas, when actually the
MFCs are adjusted correctly for Hydrogen or Helium.

Situation is analogous to attempting to flow a high density fluid.
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5.3 Reactive gases

Viton® is typically the recommended elastomer for non-reactive gas service. Reactive gases require a
more durable elastomer, such as Kalrez®, for safe and proper operation. If a mass flow controller
equipped with seals made of Viton® is used to flow areactive gas, very serious problems can occur:

Safety problems
Manufacturing delays

Destruction of valuable equipment

Production of scrap product
Increased repair costs

Some gases require Neoprene or Kalrez seals.

Unless M etal seals are used, corrosive gases should not be run with non corrosive gasesin the

same MFC.

6 Useof calibration Wizard

Specifying all calibrations first and having Quaiflow calibrating the MFC will assure high
performances for every curve.

However, for more convenience, user can create extra calibration curves starting from one curve

calibrated at Qualiflow (using the calibration assistant).

6.1 Cadlibration assistant
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E DEMO MODE - Qualiflow's Digital Control 3.13 Revr 1.2
SEHI.-“—‘-.LI IMFORMATION CALIBRATION SLOT IFHEELIL.*E-.TIEINI ALARKS | OTHERS

CALIERATION SLOT CURRENTLY IM LISE : |1 vI

| 5 Make Bnew Gas Slot Wizard :

Full zzale | Uit |Gas ||3as aymbial |Semi code |I:a|i|:u hion gas
Slot #1 glm  Mitrogen M 13 M

Slot #2 Mot calibrated
W Mot calibrated
W Mt calibrated
W Mt calibrated Click here to
Slat #E Mot calibrated create a
W Mot calibrated new gas slot
W Mt calibrated
W Mot calibrated
W Mot calibrated

Fead |

Modbus  Calib. Shot: Full Scale: Unit:  Process Gas:
|1 |1 [ T | oL EXITl

|L|nkn-:|w adr: Y64 Feading OF

Starting from 1 m N2, user can create extra curves just by using the wizard and selecting one gas and
one Full Scale flow (in the example 900sccm O2).

Notes: Only limited Full Scale flow can be selected because of the 3 factor.

A curve cannot be created upper the reference curve.

Mew gas slot assistant |

Fleaze zelect a gas for your new gas lat

He Helium -
Me Meon

Ar Argon

ko Krypton

e Fenon

HZ Hydrogen

[air] Air

C0 Carbon Monoside
HEBr Hydrogen Bromide
HCl Hydrogen Chiaride
HF Hydrogen Fluoride

M2 Mitrogen
D2 Deuterium ll
x Cancel | ] Fest |
Author Document reference Edition Page
Emmanuel Bernard QUALIFLOW 07/22/02 8/10
Olivier Leonel Multicalibration MFCs




qualiflow

Mew gas slot assistant |

Fleaze zelect a full zzale far your new gas zlat

400 zocm
B00 zoem
GO0 zoem
00 zoem
300 soom

1 zlm

[] Retumn | x Cancel | [#] Mest |

Calibration will be worked out automatically from the first one.

E DEMO MODE - Qualiflow's Digital Control 3.13 Revr 1.2 !EI

SEFH.&-.Ll INFORMATION CALIBRATION SLOT IFEEELIL.-“-‘-.TIIIINl &LARMS | OTHERS

CALIBRATION SLOT CURREMTLY IM LISE : |‘| vI
5 Make a new Gaz Slot Wizard |

Full zzale | It |Gas ||3as aymbial |Semi code ||:a|i|:urati|:un Qas |
Slot #1 1 glm  Mitrogen M 13 M
Slot#2  [900  scom Owpgen 02 15 N2
W Mot calibrated
W Mt calibrated
W Mt calibrated
W Mot calibrated
W Mot calibrated
W Mt calibrated
W Mot calibrated
W Mot calibrated

Fead |
Modbus  Calib. Shot: Full Scale: Unit:  Process Gas:
|1 |1 [ T | 1l EXIT |

|L|nkn-:|w adr: Y64 Feading OF
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Warning: the Wizard isonly taking the “3 factor” into account.

Using “gas slot Wizard”, extra curveswill give good accuracy for the following gases:
Air, Ar, HCI, N2, CO, 02, CL2, NO2, CH4, NH3, N20, 03, PH3, SO2, SH4, GeH4, CHF3, NF3.

Of coursethelimitations described in this document apply to the “gas slot Wizard”

6.2 Universa MFCs

With the calibration assistant or [Wizard[] 7 Generic MFCLs$ (with N2) can easily be used tover
from 10sccm to 30sm for 20 gases

30sccm F.S. 100 sccmF.S. 300 sccm F.S. 1slmF.S. 3simF.S. 10 sim .S. 30simF.S.
GAS 30 sccm N2 100 sccm N2 300 sccm N2 1slm N2 3 slm N2 10 slm N2 |30 sim N2
Argon 15 to 40 sccm |50 to 100 sccm (200 to 400 sccm [500 sccm to 1 slm |2 to 4 sim 510 10 sim |20 to 40 sim
He 15 to 40 sccm |50 to 100 sccm |200 to 400 sccm |500 sccm to 1 slm |2 to 4 sim 51010 sim |20 to 40 sim
H2 10 to 30 sccm |40 to 100 sccm |200 to 300 sccm |400 sccm to 1 slm |2 to 3 sim 41010 sim |20 to 30 sim
Air 10 to 30 sccm |40 to 100 sccm |200 to 300 sccm |400 sccm to 1 slm |2 to 3 sim 41010 sim |20 to 30 sim
HCI 10 to 30 sccm |40 to 100 sccm |200 to 300 sccm |400 sccm to 1 slm |2 to 3 sim 41010 sim |20 to 30 sim
N2 10 to 30 sccm |40 to 100 sccm |200 to 300 sccm |400 sccm to 1 slm |2 to 3 sim 41010 sim |20 to 30 sim
CO 10 to 30 sccm |40 to 100 sccm |200 to 300 sccm |400 sccm to 1 slm |2 to 3 sim 41010 sim |20 to 30 sim
02 10 to 30 sccm |40 to 100 sccm |200 to 300 sccm |400 sccm to 1 slm |2 to 3 sim 41010 sim |20 to 30 sim
CL2 10 to 25 sccm |30 to 80 sccm  |100 to 200 sccm {300 to 800 sccm 1to2slm 3to8slm |10 to 20 sim
NO2 10to 20 sccm |30 to 70 sccm |80 to 200 sccm {300 to 700 sccm  |800 sccmto 2 sim[3to 7 slm |8 to 20 slm
CH4 10 toio sccm |30 to 70 sccm |80 to 200 sccm {300 to 700 sccm  |800 sccm to 2 slm [3to 7 slm |8 to 20 sim
NH3 10 to 40 sccm |30 to 70 scom |80 to 200 sccm  [300 to 700 sccm 800 sccm to 2 sim [3to 7 slm |8 to 20 sim
N20 10 to 20 sccm [30to 70 scom |80 to 200 sccm  [300 to 700 sccm 800 sccm to 2 sim [3to 7 slm |8 to 20 sm
03 10 to 2p sccm [30to 70 sccm  [80 to 200 sccm  [300 to 700 sccm  [800 sccm to 2 sim [3to 7 sim |8 to 20 sIm
PH3 10 to 2P sccm [30to 70 sccm  [80 to 200 sccm  [300 to 700 sccm  [800 sccm to 2 sim [3to 7 sim |8 to 20 sIm
S02 10 to 20 sccm [30to 70 sccm  [80 to 200 sccm  [300 to 700 sccm  [800 sccm to 2 sim [3to 7 sim |8 to 20 sIm
SiH4 6to 10ccm  [20to 60 sccm |70 to 100 sccm  [200 to 600 sccm  [700 sccm to 1sim [2to 6 sim |7 to 10 sIm
GeH4 6to 10 skccm  [20 to 50 sccm |60 to 100 sccm 200 to 500 sccm  [600 sccm to 1sim [2to 5sim |6 to 10 sIm
CHF3 5to0 10 $ccm  [20 to 50 sccm |60 to 100 sccm  [200 to 500 sccm  [600 sccm to 1 sim[2to 5slm |6 to 10 sim
NF3 5to10§ccm  [20 to 50 sccm |60 to 100 sccm  [200 to 500 sccm  [600 sccm to 1 sim[2to 5slm |6 to 10 sim

\

Example: user can safely create a 20sccm NO2 curve from a 30sccm F.S. N2 [precalibrated IMFC.
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