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Objectives

• Contamination of gas distribution systems during operation or at 
start-up results in major wasting of materials, energy, and valuable 
tool operation time.

Motivation and ESH Impact

• Develop new robust techniques and procedures for purging/removal of 
impurities and drying down of the ultra-pure gas distribution systems: 
application for start-up and/or recovery from system upsets.

• Develop and validate a user-friendly process simulator applicable to  
the purge process in complex fab gas distribution networks.

• Resolve the differences in the previous reports on the advantages of 
cyclic purging.



SRC/SEMATECH Engineering Research Center for Environmentally Benign Semiconductor Manufacturing 3

Multistage Gas 
Purifier System

MFC 2

MFC 3

APIMS CRDS

Houseline N2

Moisture Permeation Tube

P
Flow-restrictor

P

MFC 4 Calibration Line

Gas Delivery System

MFC 1

Ze
ro

 G
as

 L
in

e

Moisture Analyzers

2-way Valve

50
” 

C
ap

pe
d 

L
at

er
al

Gas distribution systems with different sizes and 
geometries were fabricated and provided by Intel

CRDS: middle ppb – low ppm

APIMS: sub ppb – low ppb

Experimental Testbed
Laterals Added to the Main Line



SRC/SEMATECH Engineering Research Center for Environmentally Benign Semiconductor Manufacturing 4

1

2

3

4

5

6

7

8

9

65 565 1065 1565 2065

M
oi

st
ur

e 
C

on
ce

nt
ra

tio
n 

(p
pb

)

Time (min)

Main header: 1.5” OD,  76” length.  Lateral: 0.5” OD, 50” length.   Initial conc. 380 ppb

1:  Conventional purge, no lateral

2: Conventional purge; with lateral

1 2

Effect of Laterals on the Purge Process

36% increase in purge volume
320% increase in purge time
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Purge Process Simulator for
Systems with Laterals (Multi-Dimensional)
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Modular Approach and System Linearization 
(Conversion to One Dimension)

Connection Nodes

Connection Nodes
• Matching of pressure and concentration (continuity)
• Balance of gas flow and fluxes (discontinuity)

This approach can be extended to complex networks
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Absorbed Moisture:

CS:  moisture concentration on pipe wall, mol/cm2; Cg: moisture concentration in gas, mol/cm3;

kads: adsorption rate constant, cm3/mol/s; kdes: desorption rate constant, 1/s

S0:  site density of surface adsorption, mol/cm2;  DL: dispersion coefficient, cm2/s; 

u: velocity, cm/s;  d: diameter; P: pressure

Gas Phase Moisture:

System Pressure:
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Purge Process Simulator

The simulator is scalable and applicable to various system configurations and sizes.
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EP SS pipe with 1.5 inch OD and 76 inch length. Initial moisture conc. : 350 ppb
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Experimental
Model Prediction

Conventional purge

(0≤t≤ 15 min)

Cyclic purge

(t > 15 min)

only the fitting to the first 2 
cycles was shown; 

The process simulator well predicts combination of conventional and cyclic purge processes

Simulator Verification
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Main header: 1.5” OD,  76” length.  Lateral: 0.5” OD.   Initial conc. 380 ppb

Comparison of Pressure Cyclic Purge
with Conventional Purge (w/ Lateral)  
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Main header: 1.5” OD,  76” length.  Lateral: 0.5” OD, 50” length.   Initial conc. 380 ppb

Conventional Purge Mechanism  
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Main header: 1.5” OD,  76” length.  Lateral: 0.5” OD, 50” length.   Initial conc. 380 ppb

Pressure Cyclic Purge Mechanism
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PCP vs. Conventional Purge (w/ Lateral)  
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Conventional purge (92 psi, 1.8 slpm)
Cyclic purge (92 psi-32 psi, 1.8 slpm-0 slpm)
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Main header: 1.5” OD,  76” length. Initial conc. 380 ppb
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Application of the Simulator for Process Optimization
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Future Simulator Update: Back Diffusion
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• Compared to conventional purge, pressure cyclic purge takes less 
time and less gas usage for purging gas distribution networks. 

• Pressure cyclic purge has a significantly greater impact in 
systems with laterals and stagnant volumes.

• The cyclic purge works well only if the operational parameters 
are selected correctly.   A simulator has been developed to 
facilitate and accomplish this procedure. 

• A user-friendly interface has been added to the simulator core 
program.  This interface facilitates simulator application by field 
engineers.

Highlights

Industrial Interactions and Future Plans
• Continue work with Intel; make simulator available to other 

member companies; continue work on back-diffusion and 
removal of other gaseous contaminants. 
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