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ABSTRACT

IBM's Environmental Control of the Line (“ECOL”) management system is used to track
the air, water and waste emissions for al of the manufacturing tools used at the East
Fishkill Facility. A recent upgrade to the ECOL system has added enhanced air emission
calculation methodologies for Title V real-time continuous compliance.

The IBM East Fishkill plant manufactures semiconductor devices (chips) and substrate
packaging. The substrate packaging is used to mount the "chips” for installation into the
computers. The semiconductor and substrate packaging manufacturing processes consists
of hundreds of chemical using steps. ECOL uses a variety of methods to determine the air
emissions for semiconductor and substrate packaging manufacturing and supporting
activities:

Materias balance is employed for tools that use gases to perform processes such as
chemical vapor deposition and etching.

Wet tools operation includes: chemical baths, spray cleaning and application of organic
dlurries.

Supporting activities at the plant include chemical /waste handling, wastewater treatment
and fuel combustion for generating high temperature hot water.

Incorporating the most accurate emission methodol ogies available into the ECOL system,
has provided IBM with a comprehensive Title V compliance tool which is able to
produce highly accurate emission reports.



INTRODUCTION

The IBM Plant located in The Town of East Fishkill, New Y ork, manufactures
semiconductor devices (chips) and substrate packaging. The substrate packaging is used
to mount the “chips’ for installation into the computers. The semiconductor and
substrate packaging manufacturing processes consist of hundreds of chemical steps. In
order to manage environmental aspects related to the manufacturing of semiconductor
and substrate packaging, IBM created the Environmental Control of the Line System
(ECOL).

The ECOL system is a Windows-based system used to track and report material/chemical
usage at a production tool and the emissionsto air, water and solid waste. The ECOL
system has evolved at IBM East Fishkill from a mainframe program initiated in the
1970’ stoits current version as a Windows-based, Title V continuous compliance tool.

. ECOL isacradleto grave tracking system with the following capabilities:
. Import information about chemicals delivered to atool,

. check the authorization for chemical usage limits,

. track chemical usage amounts,

. determine the emission fate and rate of the chemicals used at atool

To determine the air emissions for semiconductor, substrate packaging manufacturing
and supporting activities ECOL uses a variety of emission estimation methods:

Materias balance is employed for tools using gases to perform processes such as
chemical vapor deposition and etching.

Emission calculations for wet tools operation includes three types of installations:
chemical baths, spray cleaning and application of organic slurries.

Supporting activities at the facility that require air emission calculations include
chemical/waste handling, waste water treatment and fuel combustion for generating high
temperature hot water.

ECOL SYSTEM

The ECOL system is a Windows-based program written in Microsoft’ s Visual Basic.
The modulesin the system consist of data entry for tool information, reports and support
databases. The Support Tables contain information that is used throughout the system in
drop down lists for the following:

. Exhaust Fans

. Part Numbers

. Chemical constituents

. Tool/equipment owners



. Buildings

. Control Devices

. Disposal Codes

. Fan Types

. Supply Systems

. Emission Units

. Regulatory Citations
. Calculation Types

An example of the Support Tables for Exhaust Fans are shown in Figures 1 and 2. The
exhaust fans table includes information on fan type, manufacturer, location and physical
parameters.

Figure 1. Support Table — Exhaust Fans
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Figure 2. Support Table — Exhaust Fan Table specifications.
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Each tool used at the facility is given a specific number (Brass Tag Number). Note that
theterm “ tool” is used to describe all equipment on-site. This can be a production tool,
boiler, chemical hood, etc. The ECOL system contains records for al tools on-site and
tracksif they arein-service or if the record isfor a new tool that is pending and not yet in
operation. The ECOL system archives historical data which can retrieved. Figure 3
shows the specific information stored for each tool.



Figure 3. Tool input screen
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The main screen provides location information about atool aswell as any exhaust fans or
control devices associated with the tool. The Chemicals flipcard contains information on
the chemicals used by the tool (Figure 4). Each chemical used at atool isidentified by a
specific IBM chemical part number and the common chemical name. This screen gives
information on the amount of chemical supplied to the tool aswell as the method of
arrival to thetool —i.e. Supply System. The grid at the bottom of the screen details the
environmental fate and amount of chemical that is disposed or emitted. This chemical
can become part of a product, be disposed down a specific chemical drain, become solid
waste or be emitted as an air emission.



Figure 4. Chemical usage and disposal for atool.
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The disposal code, (DC) indicates an air emission from the tool, the emission rate has
been calculated using various methodologies built into ECOL to achieve the final
emission rate.

AIR EMISSION CALCULATION METHODOLOGIES

Air Emissionsin ECOL for semiconductor, substrate packaging manufacturing and
supporting activities are estimated using a variety of methods *.

Materials Balance

Materias balance is typically employed for tools using gases to perform processes such
as chemical vapor deposition and etching. For these processes the stoichiometry is
known and defines the output chemicals. Any input chemicals used in excess of the
“limiting factor” will be discharged with the reactants. Therefore, by “programming” the
recipe and the designed flow rates for each tool, the ECOL system cal cul ates the
emission.

Material balance calculations for semiconductor fabrication processes are all based upon
processrecipes. A process recipe isthe “cookbook” for a given process, awell defined
system of operating parameters that provides the process engineer with the results he/she



isseeking. Process and tool engineers at the East Fishkill Site are required to provide the
environmental team with the portion of the process recipe that environmental engineering
has a need to know. Thisincludes parameters such as, process chemical flow rates,
operating temperature and pressures, chamber sizes, and freeboard height to list afew.
An example of aprocess recipe provided to ECOL is shown below in Figure 5. Note that
there are many process recipes for thistool, of which only one is shown™.

After securing process recipes from process and tool engineers, amember of the ECOL
team will “roll-up” al of the recipesinto an ECOL form. The ECOL form will bea
listing of all chemicals used on that particular tool, with flow rates and hours of
utilization. A sample ECOL form for a gas phase tool is shown below in Figure 6. The
completed ECOL form is the core information that allows the environmental engineer to
calculate accurate air, water, and waste disposal masses.

At IBM East Fishkill’s new state of the art 300mm fabrication facility, most gas phase
tools have been coupled with a Point of Use abatement system. This system cracks
harmful perfluorinated compounds that contribute to global warming into more benign
compounds that can be transported into the aqueous phase and subsequently treated.
Engineers at IBM East Fishkill have developed models to easily and accurately calculate
air, water, and waste emissions using af orementioned recipes, stoichiometry, and gas
phase absorption efficiencies. A typical model is shown and described below.

*Actual process recipe data has been changed for this model.



Figure 5. Sample Process Recipe Provided by Equipment or Process Engineer
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Figure 6: Sample ECOL Form (Sum of Tool’ s Process Recipes)
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Gas Phase Tool Emission Model:

Step |: Transfer ECOL Data into Emission Model

The first step in generating an emission model is to import the ECOL data, and thus the tool’ s process
recipes, into the model’s base table. A sample basetable is shown below in Figure 7. From left to
right, this table has CRM and HEX which are internal IBM tool identifiers, followed by calculation
dates for audit purposes, abatement model, number of toolsin this model, chemicals used in the tool,
daily usage rates, units of usage, total usage (number of tools multiplied by usage/tool), and total usage
converted to moles/day using theideal gas law.

Figure 7. Emission Model Base Table

GRM# | HEX 2::1::2;:1 Abatement | Gty Tools | Ghemicals ";:glﬂ Unit J;':L hg“h.:llg:;“
5180 | JK02 | 01-day-02 TPL 1 M0 7390 66 SLD TIA0.66 | 329 840
S1.80 | JK02 | 0-hday-02 TPL 1 MF3 5341 53 SLD AT [ 15247
180 | JK02 | 01-May-D2 TRLI 1 MH3 1752 .32 SLD 175232 | 7228
S1.80 | JK02 | 0d-hday-02 TPL 1 SiFd | 163902 SLD 1639.02 | 73171
S1.80 | JK02 | 0-hday-02 TRL 1 giH4 465 .21 SLD 435.21 220
S180 | JKOZ | O1-May-02 TPL 1 TEOS | 113577 rLD M3577 | 5082

Step | 1: Tabulate System Input & Convert to Mass Quantities

Once the model’ s base information has been imported, we can begin to devel op the mass balance
through the system for each chemical. The total mass of all inputs must be tabulated and entered into an
Inputs Table shown below in Figure 8. First, each chemical usage must be converted from molar units
into massin grams. Second, in order for the mass quantities to balance throughout the system we must
calculate the theoretical quantity of oxygen and methane required to oxidize the influent stream. Next
we add in the mass of reclaimed water that is necessary to transport the gaseous stream into the water
stream. Each point of use abatement system uses approximately 0.5 GPM on average over a 24-hour
period. Thiscalculated quantity is entered into the model as stream 7. After calculating the mass
guantities of specialty chemicalsinto the system, oxygen and natural gas for combustion, and scrubber
water, we can add across columns, and then down rows to arrive at atotal mass quantity entering the
system.
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Figure 8. Emission Model Inputs Table.

Inputs to System (GMIDAY)
Strearn 1 Strearn 3 Strearn 4 Strearn 7
Chemicals g::::::; uﬁ;‘:&:ﬁ:}f&ﬁ EH”"::;':;““"“ Reclaim H20 Total In
M20 14521 595 0.000 0.000 14521 595
MF3 1082 544 447 147 183.435 1713179
MH3 1332 262 1877 225 0.000 3209 458
giF4 TE15.550 4652 283 17573 13471 595
5iH4 714.342 1423 256 0.000 2137 598
TEOS 1060 &1 1955 253 0.000 k J 3016 067
26327 137 10385.215 1357170 2726179200 2764245 T21

Step I11: Stoichiometry

The third step in the development of an emission model isthe most critical. Thisiswhere balanced

chemical reactions must be written, and accurate destruction and transport efficiencies must be obtained

from abatement equipment vendors. There are six columnsin the Reaction & RXN Efficiencies Table
(Figure 9). In order from left to right are chemical species, destruction efficiency in the point of use

abatement burn unit, transport efficiency, stoichiometic oxygen and methane to combust each chemical,
and balanced destruction reactions.

Figure 9. Reaction and RXN Efficiencies Table

Reactions & RXN Efficiencies
Chemicals DRE SE Stoich 02 Stoich GH4 Destruction RXN
R20 1 1] 1 0 220 = 02 + 202
MF3 (1.99995 0.599 0.2 0.75 12MF3 + 9CHS + 1102 > 42 + 4M0 + 36HF + 9002
MH3 0.9539 1] 0.7s 0 ARHE + 302 =202 + BH2O
SiF4 0.3333 0.333 2.00 1 SiFd + CHA + 202 = 502 + 4HF + 202
SiHa (1.9599 (.99 2 0 SiHg + 202 =502 + 2H20
TEOS 1 1 12 0 SHOC2HE)4 + 1202 =802 + 802 + 10H20
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These balanced reactions will be converted in step 1V to Stoichiometric Coefficients that will allow
automatic calculation of mass quantities of breakdown products.

Step 1V: Stoichiometic Coefficients Tabulation

The fourth step in the emission model is to translate a written balanced equation into a format
recognized by common spreadsheet programs that will lend itself to automatic calculation of breakdown
products and their associated mass quantities. For example, from Figure 9 above, we can see that 12
moles of NF3, plus 9 moles of methane, plus 11 moles of NF3, can be combusted into 4 molesof N2, 4
moles NO, 36 moles HF, and 9 moles CO2. To trandlate thisinto a usable format each breakdown
product must be ratioed to the limiting reactant, here NF3, in order to derive stoichiometric coefficients
(Figure 10).

Figure 10. Mole Ratios by Chemical Input

Mole Ratios
Burner RXNS
Chemical: | Si02 HXD N2 HNO HF co2 Wo3 o2
[pil] 0.0n 0.00 1.00 0.0n 0.00 0.00 0.00 0.A0
MF3 0.00 0.00 033 0.33 3.00 0.7145 0.00 (ILII]
MH3 0.0a 1.50 0.A0 0.0a 0.0a 0.0a 0.0a 0.0

GiF4 1.00 0.00 0.00 .00 4.00 1.00 0.00 0.00

SiHg 1.00 2.00 0.00 n.0a .00 0.0a .00 0.00

TEZS 1.00 10.00 | 0.00 .00 0.00 .00 0.00 0.00

Step V: Calculation of Output Streams

The calculation of mass quantities of each constituent in each output stream is the most rigorous part in
developing an air emission model. To this point the model has essentially been accounting and trivial
calculation. Herein step 5 iswhere the stoichiometry is performed, and the output streams are divided
into air and wastewater streams.

After completion of step V accurate drain and exhaust output tables will have been completed as shown
below in Figures 11 and 12.

12



Figure 11. Drain Output Table

system Qutput (GM/DAY)
otream 8 - DF Drain (GM/DAY)

Chemicals HF c02 HAD 5i02 Reclaim Total
P20 n.aa0 n.aao 0.000 0.a00 0.0
MF3 1141249 202724 0.000 0.a00 1416 G35
MH3 0.00a 0.00a 2113.741 0.004a 211374
SiF4 5549 062 3216 BT 0.000 4391 613 13457 36
giH4 n.a00 0n.aao a1 283 1322876 212416
TEQS n.aa0 17492 782 917333 305 852 L J M6 07

B763.191 2312194 J932.362 B020.441 2T26179.200 | 2745307 308

Figure 12. Exhaust Output Table

System Output (GM/DAY)
Stream 6 - General Exhaust (GMIDAY)

Chemicals HF coz 5i0z N2 HO 0z HF3 HH3 5iF4 §iH4 | TEDS | Towl
f200 (.00 0.000 o000 (9242744 | 0.000 5275846 | 00000 0.00a (.00 0.000 nona | 14521 60
M3 0.915 0.503% (1.000a 142 363 | 152.490 0.000 .054 0.00a (.00 0.000 (.00 296 33
MH3F 0.000 0.000 0.ooo 1093613 | 0.000 0.000 0.004a 0.133 0.000 0.000 0.004a 1095.75
SiF4 5.859 3.220 439 0.004a 0.00a 0.000 0.004a 0.a0a 0.762 0.000 0.004a 14.23
SiH4 0.000 0.000 13.362 0.004a 0.00a 0.000 0.004a 0.a0a 0.000 0.071 0.004a 13.43

TEXS 0.000 0.000 0.000a 0.004a 0.a0a 0.000 0.004a 0.00a 0.000 0.000 0.00a 0.00
6.0 3723 17758 [10480.725 | 152.490 (5275846 | 0.034 0.133 .72 0.07 n.o0a  [15941.334

These two output tables (Figure 11 and 12) represent the usable information that will be used in ECOL
for emission and wastewater reporting. These two tables detail one tool’s, and thus its many recipes’,
contribution to the total emission and waste stream exiting the East Fishkill Site. When similar models
are developed for other semiconductor fabrication tools, this system allows accurate emission
calculation by process, building, or Site.

13



Wet Tool Operation

Wet tool operations include three types of installations: chemical baths, spray cleaning and application
of organic dlurries (including photoresist).

Emissions from chemical bath operations are estimated using the Ideal Gas Law. For each tool, datais
recorded for bath dimensions, temperature, sparging, volume of exhaust, and total number of product
cyclesthetool runsin an hour. Emissions of spray tools are estimated using empirical data collected on
similar applications and scaling for chamber size, adjusting for vapor pressure of the chemical at the
temperature used in the tool. Emission for slurry/resist applications are cal culated by determining the
total volume of slurry/resist applied and assuming that all volatile compounds evaporate.

Chemical bath

Chemical bath operations are estimated by using a spreadsheet model, devel oped by ENSR, for IBM and
is based on Antoine' s equation and the ideal gaslaw. Vapor pressureisthe (log(Pvap) = A-B/(T-C)).
Where A, B, and C are Antoine’s coefficients.

After obtaining the required information about the tool from the process and equipment engineers the

spreadsheet in Figure 13 is completed in order to calcul ate the emissions based on the maximum
production throughput of the tool.

14



Figure 13. Chemical Bath Emissions Estimation Model.
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Based on the input entered in Figure 13, the following emission results are calculated (Figure 14).



Figure 14. Chemical Bath Emissions.
BE. Model calculation results.

1. Awerage hourly emissions (Ib/hrl:

Evaporative (cowvered) 0.0221945
Evaporative (uncovered) 0.0011682
Dragout 0.0367708
Sparging 0
LIncowvering 0.0020535
TOTAL 0.061187

¢ .FPeak hourly emissians (lkb/hr):

Evaporative (covered) 0.0210267
Evaporative (uncovered) 0.0023363
Dragout 0.0357708
Sparging 0
Uncowvering 0.0020535
TOTAL 0.0611873

3.Annual emissions (o)

Ewvaporative (covered) 0.0040506
Ewaporative (uncovered) 0.0002132
Dragout 0.00B52E
Sparging 0
LIncowvering 0.0003748
TOTAL 0.01116E7

Soray cleaning tools

Emissions of spray cleaning tools are estimated by using empirical data collected from similar
applications, scaling for chamber size, and adjusting for vapor pressure and temperature.

To estimate the emission of aspray tool, we first calculate the volume of the process chamber for which
we need to estimate the emission. A surrogate tool is selected from the library of stack test data which
has similar spray characteristics. We calculate the volume of the process chamber for the surrogate tool.
The estimate of emissions for the new tool is made by adjusting the emission rate from the surrogate tool
based on the equivalent difference of process chamber volume. For example, if new tool “A” hasa
chamber volume of 29.5 cubic feet and the surrogate tool “B”, for which empirical datais available, has
a process chamber volume of 13.1 cubic feet, the estimated emission of tool “A” would be the known
emission rate of surrogate tool “B” X 2.25.

By comparing the vapor pressures of the chemical at the temperature planned for use in the new tool

(assuming similar spray characteristics), we can adjust emission rates by selecting a surrogate chemical
for which empirical datais available and adjusting for difference in vapor pressure. (Seefigure 15).

16



Figure 15. Vapor Pressure Curves 2.
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Organic Surry/Photoresist Application

Emissions from tools which apply organic dlurries or photoresist are estimated using a materials balance
approach. First “shot” or “Job” sizeis determined for a specific material to be applied. The specific
chemical components and concentrations of the material to be applied are available in the ECOL system.

Surface areas of both the product and receiving vessels are calculated. The process engineer provides

the depth of thickness of the applied material and atotal volumeis calculated. From this volume and the
specific chemical data we can then assume that the emission is equal to 100 percent of volatile chemical

components present.
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Supporting Activities

Supporting activities at the plant include chemical /waste handling, waste water treatment and fuel
combustion for generating high temperature hot water. Calculation methods for these activities are
readily available from USEPA and include:

» Combustion source emissions are calculated by inputting the appropriate fuel use into the ECOL
system. ECOL uses AP-42 to calculate the appropriate emission data.

» Emissions from Storage Tanks are calculated by entering dimensiona and turnover datainto the
ECOL system. ECOL uses USEPA Tanks 4 to calculate emissions.

COMPARISON OF CALCULATED EMISSIONSTO STACK TEST DATA

Actual hourly emissions data were calculated in ECOL for several of the emission units on-site using the
methodol ogies described in this paper. Stack tests for the same set of tools and time frames were also
performed. Figure 16 isacomparison of the calculated emissionsin ECOL and actual stack test data.
The results show that the detailed cal culated emission estimates are reasonably close to stack test data.
Note that the data estimated by ECOL is intended to be conservative and generally over states actual
emissions.

Figure 16. Stack Test Emission Data versus ECOL Calculated Emissions.

Source chemical  stack test ECOL
B/33d arnmania 0.18 n.2a
B/B50 armmonia 0.24 0.49
B/BRO amrmaonia 0.24 n.29
B/323 kAP 0.00 0.01
B/334 MrAF 0.50 0.85
B/B50 MkAF 0.08 0.09
B/334 IFA 1.65 1.493
B/R50 P& 0.79 1.43
B/323 IFA 0.05 0.0z
B/320 P& 0.24 0.13
B/323 Ethyl Lactat 0.00 0.00
B/R50 Ethyl Lactat 0.0d 0.06
B/650 Gama butly 0.07 0.03
CONCLUSION

IBM's Environmental Control of the Line (ECOL) management system is used to track the air, water and
waste emissions for al of the manufacturing tools used at the facility. Recent additions to the ECOL
system have improved and standardized emission calculation methodologies. By incorporating the most
accurate emission methodologies available into the ECOL system, IBM has a comprehensive Title V
compliance tool, which is able to produce very accurate emission reports. These reports are currently
used for planning purposes and reporting to the regul ating agency.
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