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Agenda

• Semiconductor Industry Issues
• Gas Monitoring Systems

- Code & Corporate Requirements
- Industrial Hygiene Benefits
- OSHA Interpretation for Gas Monitoring Records

• Technology Discussion
- Chemcassette Technology
- Electrochemical Sensor Technology
- Catalytic Bead Technology
- Infrared Technology
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Semiconductor Industry

• Chemical hazards in the semiconductor industry are well 
known and well documented

• Most companies have performed some type of hazard 
assessment and/or review of their operations

• Baseline IH surveys are often utilized to characterize 
employee exposures to various operations

• In general the semiconductor industry is a very safe 
place to work
- Engineering controls have been widely implemented to protect 

the worker’s health and company assets 
� Exhaust ventilation
� Double containment of various gas supply lines
� Chemical substitution when possible
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Semiconductor Industry Issues

• IH professionals must understand and deal with a 
number of potential health concerns due to the nature of 
the materials used in operations.
- By-products from manufacturing operations including plasma 

etch, metal etch, deposition, and ion implant
- Toxics and carcinogenic materials from the source material 

and/or by-products produced in the chambers during 
manufacturing

- Transient odors throughout a fab ranging from photolithography 
to maintenance activities

� Various organic solvents, 

- Maintenance operations in etch, implant, and lithography present
a different set of issues 

� Maintenance technicians may be exposed to toxic and/or 
carcinogenic compounds when opening chambers or performing 
other PM activities
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“New York Times Factor”

• Many companies faced bad press in previous decades 
for allegedly exposing their employees to toxic and/or 
carcinogenic materials

• Multiple research studies were undertaken to assess the 
true hazards associated with semiconductor 
manufacturing
- What if your company was implicated?
- How would it look to have your companies name on the front 

page of the NY Times attached to potential employee 
exposures?

- Can you easily access monitoring data to prove non-exposures?

What would it be worth if your gas monitoring 
system could help disprove those allegations?
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Why Monitor Gases?

• Basic Code Requirements
- Monitoring required for HPM gases when the physiological 

warning properties of the gas are at a higher level than the 
accepted permissible exposure limit (PEL)

- Monitoring required for the storage and use of all highly toxic 
materials

- Required in Fabrication areas when HPMs are in use
- Required in HPM gas rooms when gases are in use
- Required to monitor at or below PEL or Ceiling limit, 20%LFL
- Gas shutoff is required with some exceptions 
- Continuous monitoring required at intervals not to exceed 30 

minutes (5 minutes for TGO)
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Where to Monitor?

• Best practices are often utilized to determine where to 
monitor for each gas due to lack of code requirements

• Best practice theory around gas monitoring utilizes 
multiple sampling locations to capture potential releases
- Worker Protection
- Asset Protection
- Specialty Gas Supply
- Gas Abatement
- Bulk Gas Supply
- Environmental Compliance (CEMS)

• Companies are beginning to consider IH needs as a part 
of best practices
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Common Monitoring Locations

• Ambient (Operator Breathing Zone)
- Worker protection – prove exposure 

levels
- Lower AL1to 1/4TLV (customer 

preference)

• Exhausted Enclosures
- Gas Cabinets
- Valve Manifold Boxes (VMB)
- Tool Specific Valve Boxes
- Tool Gas Box
- Hydrogen distribution boxes
- Vacuum Pump Enclosures
- Abatement systems

� Burn Boxes
� Thermal destruct units

• Toxic and Flammable detection

Ambient

Valve Box

Storage

Gas Cab

Vac Pump

Storage

Valve Box
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Common Gases to Monitor

• Gases commonly being monitored in a semiconductor 
fab include 
- HPM materials 
- TGO Hazard Class I, II, and III materials

� Hydrides, Mineral Acids, Chlorine, Ammonia, Fluorine, CO, etc.

• Less commonly monitored substances include
- Organic solvent mixtures of resists and/or thinners in Photo
- Known decomposition materials from a chamber
- Potential materials being brought in from outside of the facility
- New materials being evaluated for manufacturing – R&D setting
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Common Gases to Monitor

• Why monitor gases with good warning properties?
- Gases with good warning properties are not required to be 

monitored by code
- Best practices include monitoring all gases including those with

good warning properties
- Can you answer how much gas an employee was exposed to 

when they smell or see a fuming gas?
- Reasons to monitor those gases with good warning properties

� Quantify potential employee exposure
� Ease employee concerns regarding exposure
� Asset protection
� Environmental concerns
� Good Corporate citizen – neighbors/buisinesses
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Gas Monitoring Records

• What does OSHA think you should do with gas 
monitoring records?
- May 2006 interpretation regarding the retention of gas monitoring 

records states:
� By conducting gas monitoring a company is generating 

“environmental (workplace) monitoring 
� Should be considered a record of employee exposure monitoring
� All sampling results, including non-detects, is a part of the exposure 

record and therefore should be preserved (for at least 30 yrs)
� In lieu of paper print-outs it is advisable to find an alternative for 

record retention – electronic data processing, spreadsheet, or other 
form of electronic retention

http://www.osha.gov/pls/oshaweb/owadisp.show_document?p_
table=INTERPRETATIONS&p_id=25398
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TGMS System for IH Purposes

• Main components of a 
TGMS
- Detection Devices
- Control Network
- Computer Network / 

Visualization

• Proper integration of all 
three components will 
make the TGMS more 
useful as an IH tool 

Sensors are part of an Integrated System

Analyzers
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Toxic Gas Monitoring System



14

Visualization via HMI

• The Human Machine Interface 
(HMI) provides an overall visual 
representation of the toxic gas 
monitoring system providing:
- Sensor location maps
- Alarm history
- Concentration history
- Individual instrument data
- Input/Output status

• Collects data in a searchable 
Access Database

• Retains data by area, tool, or 
other as required by customer
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Visualization via HMI

• Gas detection equipment details screen
• Concentration data trending 
• Historical alarm access
• Customizable to meet corporate record retention needs
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Vertex Data Collection

• Internal access database collects information
• TWA, Alarms, Warnings
• Data trending feature
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Vertex Visualization - Data Trending

• Multiple point plotting – colored pens
• Historical or continuous real-time display
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Gas Detection Technologies

• Knowing how each technology works may help understand 
how to utilize it for IH monitoring

• Three main technologies utilized in a life-safety toxic gas 
monitoring system in both portable and fixed systems
- Colorimetric Technology
- Electrochemical Sensor Technology
- Infrared Technology
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Electrochemical Sensor Technology

• Electrochemical Technology
- Smart sensor technology

� Memory chip (factory 
configuration installed)

� Operational parameters pre-
determined by “factory”

� Automatic internally check the 
cell health (advanced designs) 

� Associated electronics (i.e. 
Transmitter) are generic

• Sensor dictates
1.Gas 
2.Range
3.Factory default Alarm set-points 

(user adjustable)
4.Allows for gas type changes with 

no impact to transmitter hardware 
setup
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Electrochemical Sensor Technology

• Electrochemical Sensors for IH
- Flexible gas choices

� Multiple gas families 

- Extractive and Point-of-Use (POU) and Portable
- Classified or non-classified transmitters
- Easy to change gas types with change of sensor
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Colorimetric gas detection

• Air is drawn through sample tube 
and past Chemcassette

• When Chemcassette is exposed 
to target gas it changes color in 
direct proportion to the target gas 
present

• The monitor reads the color 
intensity changes and 
determines the gas concentration 
by comparison to a known gas 
response preprogrammed into 
the unit

• Chemcassettes are formulated to 
react only to family of target 
gases at low PPB levels
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Chemcassette Technology

• Chemcassette®
- Colorimetric technology
- Commonly referred to as 

“Paper Tape”

• Chemcassette® formulations 
provide a unique detection 
medium that is fast, sensitive 
and specific

• Tape is the only available    
system which leaves physical 
evidence (i.e. the stain on the 
cassette tape) that a gas leak 
or release has occurred.

The sample enters the inlet (4) 
and passes through the 

Chemcassette® tape (1) to the 
sample outlet (5). Target gas in 
the sample flow reacts with the 
Chemcassette® tape (1) and 

produces a stain density 
proportional to the gas 

concentration. An LED (2) in 
the detector head illuminates 

the sample stain. The detector 
(3) optically measures the 

stain.

25 ppb 
Arsine

1 ppm
Hydrogen Fluoride
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Chemcassette Technology

• Fixed for ambient fab monitoring
- Early warning for low-level leaks in ambient spaces
- Track and trend non-zero results before evacs/hazards exist

• Portable for point-of-use
- Maintenance activities – Chamber cleans/scrubber PM/parts clean
- ERT incidents

• External Datalogging – event history – record retention
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Infrared Spectroscopy

• IR spectroscopy

- Various types of 
spectroscopy may be used 
for gas analysis

� FTIR
� NDIR
� CRDS

- IR technology is used to 
identify and quantify a wide 
range of volatile chemicals.

- It uses the infrared fingerprint
of each gas for identifications 
which are free of cross 
interferences.

- Quantify greenhouse gas 
releases – CO2, SF6, N2O, 
Methane, HFC, PFC 
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Infrared Spectroscopy

• IH Advantages
- Allow for precise and accurate measurement of multiple gases at 

once
- Gases can be individually identified, quantified, and alarmed
- Can accurately measure organic solvents 
- Can accurately analyze various gases in fab that cause odors

� Send spectra to HA and we can tell you what the unit detected

- Event history, data trends, record retention 
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FTIR Spectra
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Portable Monitoring

• Portable monitors versatility
- Wearable devices for daily use
- Multiple gases available 
- Datalogging capability
- Wireless technology for communication
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Summary

• Best practices in gas 
monitoring should take into 
account IH needs

• Most users go beyond code 
compliance to meet best 
practices

• No single monitoring 
technology will meet the needs 
for all gases

• A fully integrated TGMS should 
be flexible to meet all needs of 
the end user


