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The wafer production process used in the semiconductor industry is highly dependent upon
controlled flows of process gases. Mass flow controllers (MFC's) are currently used to assist the
monitoring of the flow of gases such as hydrogen, helium, nitrogen, argon and oxygen. When either
very large or very low flow rates are desired, inaccurate rates may be experienced.

The relationship between temperature, heat capacity and flow rate is non-linear for various gases.
The accuracy and reliability of gas flow control by MFC's has been found to vary by several
percent from the desired rate. Reportedly, control reliability and repeatability are usually more
desirable than absolute accuracy.

Effective, cost efficient quality control of wafer characteristics can result when process line controls
are used rather than end-of-the-line analysis of film thickness and composition.

When non-variable gas flows are required, precision calibrated orifices placed in the gas lines can
provide the constant flow needed. Studies of properties and handling methods for gases have
resulted in the development of orifices which will provide "critical" flow control or other control
applications such as pressure reduction, injection mixing, particle separation, micro-decay and
vacuum production.

Gas Flow Through Orifices

The flow of gases through an orifice is influenced by
several factors. Flow velocity and the shapes of the Optimum
orifices are two of the important factors. Variability in :

flow measurement and conI:rol can be reduced Whenythe Oitice Shape
flow rate is in the "critical" range. Flow is in the "critical"

range when the velocity is at the speed of sound and the Orifice
pressure on the exit side of the orifices is fifty percent
(50%) or less than that on the entrance side. When air is
the gas under consideration, the weight or volume and unit
of time increases in direct proportion to its absolute
pressure or density. Gas velocity through the orifice does
not increase with increased pressure.
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With reference to Figure 1, optimum gas flow control
through an orifice is achieved when it's shape provides a
gradual entrance for the gas. That is, the entrance side
should have a "bell" shape. A sharp edge entrance is not
desirable. A sharp edge on the exit side does not affect
"critical" flow.



Table 1, " Nominal Flow Rate For Small

Orifices," lists rates among those from 1.0 Nominal Flow Rates For Small Orifices
microns to 600 microns. The calculated data . '
have been verified with numerous empirical Orifice Flow cc/min.
test results. The table is useful since orifice Dia.(u) @ 15PSIG
diameter requirements may be determinec
using the ﬂoc\lzv rates shown. Flow rate testing 1.0 0.01749
has shown that the orifice diameter may be 5.0 0.4373
determined more accurately using data from ;88 éggg
this table than by use of optical methods. 200 Vs
40.0 27.98
Gas pressure measurements accurate within a 50.0 43.73
few units may be made using the Bourdon 60.0 62.96
Tube Gauge. Gas temperature and barometric 70.0 85.7
pressure should be constant during the 80.0 111.9
measurement. If sizable changes in temperature 90.0 141.7
or barometric pressure are experienced, gas 100.0 174.9
flow measurement or control data must be 200.0 699.6
corrected. 300.0 1574.0
400.0 2798.0
500.0 4373.0
600.0 6296.0
Table 1

Standard Condition - Orifice Calibration

Orifices are calibrated with a Bourdon tube, using 68° F and atmospheric pressure at 14.7 pounds
per square inch or 29.92 inches of mercury. The pressure measurement is 14.7 pounds per square
inch absolute, (PSIA) as referenced to a vacuum or the absence of pressure. Pressure in pounds per
square inch gauge (PSIG) is any positive pressure. For example, O PSIG is equivalent to 14.7
PSIA. A measurement of 15 PSIG would be equivalent to 15 + 14.7 or 29.7 PSIA. The standard
gas volume as measured with the Bourdon Tube Gauge, is made or calculated at standard
conditions and described as standard cubic centimeters per minute, (SCCM). Flow measurement
through orifices described here is accomplished using air pressure exhausted at 15 PSIG to
atmospheric pressure, i.e. 14.7 PSIA. Since the orifice flow differential pressure is greater than 2 to
1, "critical" flow results.

Calculation of Gas Flow Rates Through Orifices

The rate of flow for air at 15 PSIG is calculated as follows: cc/minute = 0.01749 x orifice diameter
(in microns) squared.



Corrections For Flow Measurements At Pressures Other Than 15 PSIG

To achieve a gas flow through an orifice at less than or greater than standard conditions

(SCCM), reference may be made to the "Flow Adjustment Factor". As an example, with
reference to Figure 2, the desired orifice size at a gas pressure of 45 PSIG may be determined
by dividing the flow rate desired (in CCM) by the factor of 2. These data were accumulated
from actual tests and calculations.

FLOW ADJUSTMENT FACTOR
FOR PRESSURES GREATER THAN 15 P.S.L.G.
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Figure 2

Corrections Made For Gases Other Than Air

A correction must be made to determine the orifice size needed for the desired flow of gases
which have higher or lower molecular weights than air. Upon determining the SCCM of gas at
15 PSIG, a correction factor is applied from Figure 3, "Flow Adjustment Factor For Gases of
Molecular Weight Different From Air." If the molecular weight is less than air, the desired gas
flow is multiplied by the factor in Figure 3. The corrected CCM flow rate may then be referred
to Table 1 to determine the correct orifice size to be used. The result of use of the two
correction factors such as higher pressure and lower molecular wei ght is an increased gas flow.
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Summary

The flow of various gases at various pressures can be related to the size of orifices placed in gas
lines used in the production of semiconductor wafers. The accuracy and repeatability of gas flow
control with precision calibrated orifices provides cost saving quality control in transistor
production.

NOTE:

This article was published in edited text and format, on pages 125 & 126 of the June1997
issue of Semicounductor International.



