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INTRODUCTION

A Increasing trend for CVD process precursors and reaction by-products to condense in exhausts

A Condensation rate can be reduced by diluting the exhaust with inert gas
Demands to reduce dilution rates to lower cost and improve abatement efficiency

A Requires an alternative exhaust management strategy

A Uncontrolled condensation leads to process exhaust pipe blockage
High dry-pump exhaust pressure fault or loss of seal integrity due to high pipe internal pressure

Wafer scrap and loss of production output

A Other serious hazards can result from condensed materials in exhaust pipes
Partly-reacted silicon compounds may burn when exposed to fluorine during chamber-cleaning

A Exposure of condensed materials to atmosphere may cause release of HF vapour during servicing

A Severe risks to both equipment and personnel

A Exhaust pipe heating will reduce the amount of condensed materials
A Contributes significantly to safe system operation and extended maintenance cycles

A However, many current pipe heating systems are inefficient and ineffective
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VAPOUR PRESSURE
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VAPOUR PRESSURE

A The vapour pressure is
dependant on temperature

Ae.g. at 100 °C the equation
IS driven to the right
The vapour pressure is
then equal to 1 atmosphere

A Solids can have vapour
pressure too
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VAPOUR PRESSURE

A If the container is not
sealed (or there is a flow of
gas) then material can be
removed at a certain rate
dependant on the vapour
pressure of the compound

A e.g. The equation goes to
the right as the H,O Is
removed
H,Op Y HyOp
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VAPOUR PRESSURE

10

A This can also happen if the
material is a solid

Ae.g. The equation goes to
the right as the H,O, Is
removed
H,O6 Y HyO

Ae.g. Leave an ice cube in a
freezer and it will (slowly)
evaporate
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VAPOUR PRESSURE
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A If there is a gas flow that
can remove the evaporated
liquid then this will
decrease the vapour
pressure above the liquid.

A Equilibrium will then re-
drive the evaporation of
more liquid
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VAPOUR PRESSURE CURVES
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APPLICATIONS WITHIN THE
SEMICONDUCTOR PROCESS
FLOW



NEW PROCESSES BRING ADDITIONAL RISKS
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INCREASED RISK TO FAB AND STAFF

Risk to fab and equipment Risk to staff

A Corrosion of pipework causing A Hazardous material in exhaust pipes
gas leaks into the sub-fab

A Energetic reactions in exhaust
pipes causing damage to
equipment

A Risk of combustion when exposed to air
A Release of HF gas

=

Condensation of reactive or explosive materials in Condensation of corrosive materials in exhausts can lead to
exhausts can lead to severe equipment damage equipment damage, release of hazardous gas, toxic risk to

service personnel
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LPCVD NITRIDE

A LPCVD of silicon nitride (Si;N,) is used in the early steps of device fabrication

I Provides a mask for the subsequent thermal growth of silicon dioxide

i Dielectric for capacitors
I Part of the gate dielectric.
I The deposited layers can vary between a few hundred and a few thousand Angstroms thick.

Condensates in Exhaust Pipelines

Dichlorosilane DCsS Silicon Source Flammable / Toxic
Ammonia NH, Nitride Source Flammable / Toxic
Hexachlorodisilane HCD Silicon Source Flammable / Toxic

Chlorine Trifluoride CIF, Occasionally used as clean gas Extremely Corrosive / Toxic
Fluorine F, Occasionally used as clean gas Corrosive / Toxic
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LPCVD NITRIDE

A Deposition:  3SiH,Cl, + 10NH; A Si;N, + 6H,, + 6NH,CI

A Clean: F, + Si;N, A SiF, + N2

A So for every molecule of Si;N, that is deposited there is 6 times the amount of NH,Cl by-
product produced
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AMMONIUM CHLORIDE VAPOUR PRESSURE

Vapour Pressure Curve for NH,CI
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WHAT TEMPERATURE TMS IS REQUIRED?

A Based upon the reaction
3SiH,CI, + 10NH; A Si;N, + 6H, + 6NH,CI
the quantity of NH,CI created per minute can be calculated

A With knowledge of the N,, purge flows, the partial pressure and the vapour pressure of NH,Cl
can then be calculated

A This can be read from the vapour pressure graph (next slide) to determine the required
temperature that the gas must maintain in order to transport the calculated flow rate of NH,CI
without condensation
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EXAMPLE: VAPOUR PRESSURE OF AMMONIUM CHLORIDE

Required Temperature of Exhaust Line to
avoid condensation of NH,Cl is 180 T

220 °C
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TEMPERATURE MANAGEMENT IN SEMICONDUCTOR
APPLICATIONS

A Throughout the course of manufacturing of
semiconductor devices, individual processes either
create or use volatile or condensable materials

A Transportation of these materials from the chambers
through vacuum pumps to abatement requires suitable
temperatures and gas flows
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IMPACT ON UPTIME AND PRODUCTIVITY

Deposition causes

blockage in exhaust

Metal Etch
A AICI
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BENEFITS OF EXHAUST PIPE HEATING

Cold exhaust pipes lead to:
A Corrosion by corrosive condensed liquids

A Exhaust blockages
A Process interruption and downtime
A Build-up of hazardous reactive materials

A Risk to service staff

Exhaust pipe heating provides:
A Reduced solids deposition

Reduced condensation of corrosive liquids
Extended MTBC / increased uptime
Reduced risk to service staff

To o Io Do

Reduced maintenance time
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