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Analysis of trace impurities in UHP F2-CI2 and WF6
used for semiconductor industry with the
PlasmaDetek2 and MultiDetek2 GC

A PlasmaDetek2 A MultiDetek2
patent US 9,310,308 B2

Measuring trace impurities down to sub ppb is required by the semiconductor industry to qualify the purity of its
critical UHP bulk gases Chlorine (Cl2), Tungsten hexafluoride (WF6) and Fluorine (F2). These high purity gases
are also employed in numerous industrial applications also requiring qualification of it prior to use.

LDETEK SOLUTION

The MultiDetek2 gas chromatograph is configured here with 2 trains. Both channels are each coupled with a PlasmaDetek2 (PED)
sensor configured with the proper optical configuration to selectively measure the selected impurities. One train is used for the analysis
of H2-02-N2-CH4-CO while the second train is used for the analysis of CO2 and SF6.

Working here with some aggressive and reactive sample gases (CI2-WF6-F2), the separation columns and the detectors mounted in
each train are individually protected with a pre-column mounted in a backflush to vent configuration. The protection columns and the
backflush/injection diaphragm valves are constructed with Hastelloy to be compatible with the aggressivity of the sample gas.

On top of that, the MultiDetek?2 is equipped with an integrated stream selector system also constructed with Hastelloy material. The
stream selector system allows to switch from stream CI2 to WF6 to F2 along to Span gas for calibration/validation purpose. An extra
inlet has been added to the stream selector system to switch the sample gas going to the sample loops of the trains to the carrier gas
(Helium) as source of clean sample gas. This feature is used to protect the injection valves and loops to be attack by the aggressivity
of the samples to extend its lifetime and surpass the robustness of the system. By this type of configuration, we keep the corrosion
and degradation of the flow path away.

Results and chromatograms are well demonstrated in the rest of this document to particularly demonstrate the sensitivity of the GC
down to sub ppb by keeping the interference from the matrix gases away.
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RESULTS

Chromatogram:
- Trace H2-02-N2-CH4-C0-C02-SF6
impurities in Chlorine (CI2)
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Same results apply to sample gases Tungsten hexafluoride (WF6) and Fluorine (F2) using thesame method and same configuration.

Limit of detection (based on 3 times the noise level from a blank)

COMPONENT CONCENTRATION (ppb) PEAK HEIGHT NOISE LDL (3x NOISE)
H2 5000 2508 mV 0.2mvV 1.2 ppb

02 6000 3180 mV 0.2mvV 1.1 ppb

N2 6000 3007 mV 0.05 mV 0.3 ppb

CH4 5000 2509 mV 0.4 mV 0.6 ppb

co 6000 3000 mV 0.2mvV 1.2 ppb

02 3650 1804 mV 0.2mvV 1.21 ppb
SF6 5000 2523 mV 0.4 mV 2.38 ppb

Note: other LDL could be obtained with different injection volume and chromatographic condition

EVALUATION OF THE NOISE LEVEL FOR EACH IMPURITY BASED ON A BLANK GAS ANALYSIS

H2 blank (0.2mV noise) 02 blank (0.2mV noise)
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N2 blank (0.05mV noise) CH4 blank (0.1mV noise)
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SF6 blank (0.4mV noise)
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LINEARITY

By selecting 5 points within the measuring scale, being approximatively 100%,75%, 50%, 10%, 0% of the scale of the instrument to
be measured. The points must be generated from a certified gas bottle diluted with the same gas as the carrier gas of the instrument.
Each of the 5 points is the 3th analysis result from a series of automatic analysis. The 5 points have to achieve a linear curve having
its R2 at a value between 0.998 and 1.00.
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REPEATABILITY

The value of three times of the percentage of coefficient of variation (3*CV %) of each component has to be smaller than 5%.

Peak Average Standard Deviation Coefficient of Variation (%) 3*CV (%) Status
CH4 13.35472786 ppm 0.03073567 0.23 0.69
co 12.38454065 ppm 0.01509257 0.12 0.37
co2 11.66463355 ppm 0.01127353 0.10 0.29
H2 13.86843651 ppm 0.06595081 0.48 1.43
N2 23.84325036 ppm 0.05462864 0.23 0.69
02 17.12551940 ppm 0.04198613 0.25 0.74
SF6 12.06071552 ppm 0.03250635 0.27 0.81
PEAK GRAPH
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CONCLUSION

Using one PlasmaDetek2 detector inside one-unit MultiDetek2 GC, the analysis of trace ppb/ppm impurities H2-02-N2-CH4-
CO-CO2-SF6 in UHP grade CI2 and F2 and WF6 can be performed. The analysis time is less than 12 minutes. The unit was
configured with a combination of Hastelloy and coated stainless steel valves/fittings/columns and tubing to be compatible with
the aggressive nature of the sample gases. Using the proper material, the system is robust and safe to operate over years. The
unit is using 4-20mA outputs for each impurity and also the Modbus protocol for transmitting the data’s. Our LDGSS stream
selector system has been used as well to allow switching across the different streams. The LDGSS also has been configured with
Hastelloy material to be compatible with the aggressivity of the sample gases.
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