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ODbjectives

* Develop methods to analyze contaminatiomtroduction and removal
In ultra-pure gas delivery systems

ESH Impacts

« Contamination of gas distribution systems during opration or at
start-up is a major source of wasted time, materia, and energy.

 Significant reduction in purging time and gas usagean be
accomplished by optimizing purging and cleaning proesses,
based on the project results.
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What needs to be cleaned?

2 ==

Mass Flow Controllers, Flow Meters Regulators

Cleaning/purging processes for these contaminatedps fast or slow?
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Moisture Dry-down --- EPSS Pipe
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Moisture Dry-down --- MFC

Initially the MFCs were equilibrated with 200 ppb of moisture in N, at 25°C;

Isothermal Purge with 0.2 ppb purge gas , purge flo rate: 500 sccm
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Moisture Dry-down --- Other Components

Valves. pleaserefer to literature*

Filters:
Moisture Dry-down of Different Typesof Filters**
Filters Ceramic | Metallic | Polymeric A | Polymeric B | Polymeric C
(Surface area/md)| (13.65) | (1.19) (0.52) (0.96) (1.5)
Concentration 180 300 100 150 180
(ppb) — —_— — — —
20 20 20 20 20
Time (min) 580 110 12 65 42

* Seksan Dheandhanoo, James H. Yang, and Michael D. Wagner. Modeling the Characteristics of
Gas System Dry-down. Solid State Technology, Vol. 44 No. 6, June 2001, p.125.

** Asad M. Haider, Ce Ma, and Farhang Shadman, | nteractions of Ceramic. Metallic and
Polymeric Filters with Gaseous Contaminants. Proceedings of | nstitute of Environmental

Sciences, 1993, p.158.
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Other Potential Sources of Contamination
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What was mainly considered?

: Dead Leg
Pipe Wall
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Experimental Setup
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Gas Purifiers
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Test Sectio N SProvided by Intel)

Sample 1: single pipe

C O

Sample 2: main pipe + one dead leg or one lateral

C ~ O

| ‘ Lateral or Dead Leg

Sample 3: main pipe + several dead legs and laterals

mDeadLeg ﬂ
. ~ O

: =
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Experimental Procedure
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Dynamics of Adsorption

Test Section: EPSS pipe with 1.5 inch OD and 14 ihdength. Initially the system was baked at 200C.

Challenge at four different temperatures with moistire concentration at 181 ppb and flow rate: 350 sce

Moisture Detector: APIMS
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Dynamics of Desorption

Test Section: EPSS pipe with 1.5 inch OD and 14 ihdength. Initially the system was equilibrated wih 181
ppb of moisture at four different temperatures, then isothermal purged with 0.2 ppb purge gas and flowate:

350 sccm
g , .30C+50C 100C- 200C
Q s
~ 160 - .
c
O - .
IS .
= 120+ i
% _ .
- ‘.
O 80 7 t'
@) 2.
(¢D] . 'l..
e %,
> _
B 40
o - =
=
O 1) L)
0 1 10 100
Time (min)

| SRC/Sematech Engineering Research Center for Environmentally Benign Semiconductor Manufacturing

|14




Process Model | --- A Single Pipe

: : : IR EEIEEE
Change of moisture concentration on pipe wall:

C
Bulk Gas 9 .
OCS 4 4 44 4 4 ¢ 4
ot = kadng (Sb _Cs) B kdesCS Cs Pipe Wall

Change of moisture concentration in gas phase:

0C 0°C 0C A,
—9-=D S—u 9+
ot = o7 oz V

(kdesCS - kadng (S) _CS))

Cg moisture concentration on pipe wall, mol/cn?; C: moisture concentration in gas, mol/cm?;
K4 adsorption rate constant, cm¥mol/s; k.. desorption rate constant, 1/s
S: sitedensity of surface adsorption, mol/cn?; D, : dispersion coefficient, cré/s,

u: velocity, cm/s; Ag surface area of pipe wall, cn; V: volume of pipe, cm?
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Model Validation and Parametric Estimation

Test Section: EPSS pipe with 1.5 inch OD and 36 ihdength. Initially the whole system was equilibréed with
different concentrations of moisture at 23C. Isothermal purge with 0.2 ppb purge gas; purggas flow rate: 350

SCccm
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Application of Process Model |

Moisture Distribution along Pipe During Purging Process

Test Section: EPSS pipe with 1.5 inch OD 36 inchrigth. Initially the whole system was equilibratedwith
181 ppb at 25°C. Isothermal purge with 0.2 ppb and 350 sccm purggas
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After 3 hrs of purging, foughly only 50% of the total moisture absorbed on pipe wallhas been removed
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Process Model Il — Dead Leg

ﬂ Dead Leg ( Diffusion Only)

L

Bulk Gas FIow;’(Forced Convection + Dispersion)

Moisture concentration in bulk gas: Moisture concentration in dead leg:
oc, o, A : 0Cp _p, PCo, A
- =D ~k C.(S -
> =D, 622 az iy (K. Cs — kad (s) C) 5 Dz +VD (KieCop ~KaaCn(S ~Co))
Boundary condition: ,

oC A 9Cg -

g “Ap_p 79Dy _ of]

(B —5x U Cg)ta (P07 )7 DL —5 +uy gy
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Application of Process Model |I- Effects of a

Dead Leg

Initially the whole system was equilibrated with 20 ppb of moisture at 25°C. Isothermal purge for 1 hr with

0.2 ppb purge gas, and purge gas flow rate: 500 soc
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Process Model lll - Back Diffusion

Bulk Gas =———p

1

5 %t% 3. Molecular Diffusion
3

1: Bulk Convection;

2: Surface Diffusion;

Cyo >> ppb levels

Bulk gas:
5 0°C,
: 622 az V

Surface reaction and surface diffusion:

A G-k C(§-C)=0 Dy C5+kad C,($-Co) ~kyC=0

Dg Surface diffusion coefficient, cn¥/s; C;: ambient moisture concentration , >> 1 ppb;
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Moisture Conc. (ppb)
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Application of Process Model |ll —
Contaminated Zones of Laterals
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Application of Process Model Ill — Critical

Minimum Flow Rate (sccm)

Flow to Block Back Diffus(!on

300 i
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Comprehensive Model

Pipe Wall + Dead L egs + L aterals

Dead Leg Lateral
Main Gas Supply
— ( —p Bulk Gas (3 .
«— Lateral
Q0 L ateral Dead Leg

—)
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Model Application- Comprehensive Model

Example 1

Sample: One main pipe with one dead leg and one &#l. Initially the whole system was equilibratedvith 200 ppb

of moisture at 25°C. Isothermal purge for 1 hr with 1 ppb purge gasand total purge gas flow rate: 5000 sccm

Dead Leg, 0.25 in OD, 10 cm L
1ppb, 5000 sccm ﬂ

yY
N C 1.51n » Bulk Gas Flow Direction ( 9 >
v N

0.25inOD, 30 c

eeecccccccccccccccccccee | 1 |eseenns > 0.3 m<....
300 sccm
=) Cyo = 1000 ppb
o
S 1: dueto dead leg
@]
8 2: dueto back diffusion
=
3
o
= o5
0.0 f f f f f
(0] 0.2 0.4 0.6 0.8 1 1.2
Length (m) 7
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Model Application- Comprehensive Model

Example 2

Segment |: 500 m 1[
4 A y
Segment Il: 15 m

X

Segment lll: 15 m 05inoD| |||
Purge Gas 1.5in OD
L —
1 2 3
I 1
Assumption: Initially the whole system was equilibated with 100 ppb of moisture at
250C; then isothermal purge with 1 ppb purge gas, andompare the moisture
concentration at 3 and 4.
Flow rates for 2 scenarios:
Scenario 1. In Segment I: 1000 scfh; Scenario 2: In Segment I: 500 scfh;
In Segment II: 990 scfh; In Segment II: 490 scfh;
In Segment III: 10 scfh; In Segment III: 10 scfh;
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Model Application - Comprehensive Model

Example 2 continued)

> > 3
| ,
QOutlet concentration at point 3 QOutlet concentration at point 4
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Parametric Study — Purge Flow Rate

Test Section: EPSS pipe with 1.5 inch OD and 36 ihdength. Initially the whole system was equilibréed

with 181 ppb of moisture at 25°C. Isothermal purge with 0.2 ppb purge gas

Moisture Detector: APIMS
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Parametric Study — Purge Gas Purity

Test Section: EPSS pipe with 1.5 inch OD and 36 ihdength. Initially the whole system was equilibréed
with 181 ppb of moisture at 25°C. Isothermal purge with 350 sccm purge gas

Percentage of Moisture Removal

0 40 80 120 160 200
Time (min)
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Low-ESH Impact Purge Strategies

Sample: 10 meter, 1.5 inch OD; Initially was equibrated with 200 ppb of moisture at 25°C. Isothermal purge

with different purge options

B 1 ppb purge gas Bl 5 ppbpurgegas

1100 4 1 atm, 1 ppb, 1000 scfh, 126 min
$51.5 $40.4 $324 $3.2 Option 1
f—': 1000 :
& 900
& 4 1 atm, 1 ppb, 1000 scfh, 60 min
< 800 [ 1 atm, 1 ppb, 500 scfh, 78 min
Dé 700 ——» Option 2
@)
[ 600 4 1 atm, 5 ppb, 1000 scfh, 30 min
E_.e 500 [ 1atm, 1 ppb, 500 scfh, 127 min
(é) 400 —> Option 3
5 99 4 0.01atm, 5 ppb, 173 scfh, 104 mi
! tm, ; ,

o 200 atm, 5 pp C min

100 ——> Option 4

0
126 60 78 30 127 104
Purge Time (min)
Option 1 Option 2 Option 3 Option 4
— _
——
P=1atm P =0.01 atm
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System Disturbance — Pressure Fluctuation

Figure was provided by Intel Fab. Actual values orboth Y-axes were removed due to confidentiality

H,0 in Bulk O, End of Main Pipe
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System Disturbance — Pressure Fluctuation

Tl Where Is moisture mainly from?

Pressure
\\ Bulk(Gas —» g
. Dead Leg
Pipe Wall

v v v v H T T Lateral
P=P1 gBu'k Gas —% %ulk Gas ‘é- %‘i
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Conclusion

Cleaning of moisture contaminated UHP gas delivergystem is a slow
process. The purging process must be optimized.

Different components ( transfer pipes, filters, flev controllers, valves,
regulators) have different moisture outgassing ratesSmaller interior
surface area and surface finishes with less roughsg are desired.

Dead leg and back diffusion can cause contaminatido the main stream.
The number of dead legs should be minimized. Heaty dead legs can
partially decrease contamination from the dead legAt laterals, only critical
flow rates are required to block back diffusion.

The comprehensive model in this research can hels o optimize purging
processes with minimized time and cost. It also caadlow us to predict
moisture removal in main pipes and sub-pipes.

System perturbation should be avoided.
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Future Plans

Set up mathematical modeling for valves, regulatorand MFCs (figuring
out the equivalent lengthas a pipe); improve the comprehensive model.

More study on system perturbation.

Continue working with Intel; initiate similar appli cations and studies for
other members; prepare a software package for purgig/cleaning scenario
study.
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