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INTRODUCTION 

A new gas purifier has been developed for the removal of volatile metal complexes from 
corrosive gas, in addition to removing moisture. Performance of the purifier was tested by generating 
a stream of volatile metals in HCI, challenging the purifier and sampling the outlet of the purifier via 
hydrolysis. The hydrolysis samples were analyzed for trace metals by ICP-MS. Moisture performance 
was conducted in both inert and corrosive gases by APlMS and FT-IR. 

BACKGROUND 
Contamination control in etch processing is one of the key issues in the semiconductor industry. 

The level of volatile metal species found in HCI gas is typically in the low ppb region even in the 
cleanest HCI commercially avai~able."~~ These metal species pass through 0.003 pm particle filters to 
the final product. According to the SIA Roadmap, the estimated allowable level of total metallic 
impurities in gases is <4 ppt."' Thus, trace levels of metal impurities in HCI will be problematic for 
sensitive processes. However, it is not practical to analyze such low levels of metals in HCI via 
conventional laboratory methods (e.g. hydrolysis, cold trap method). Consequently, performance 
testing of the MetalXm purifier was conducted using relatively high challenges, much greater than 
would typically be encountered in live gas systems. To make the tests quantitative, HCI gas was 
deliberately doped with various volatile metal chloride species that are known to be stable. 

FINDINGS 

A challenge of pprn levels of volatile molybdenum species was generated by flowing HCI 
through a bed of heated anhydrous MoCI5. This metal containing gas stream was directed into a 
MetalXm purifier and an empty control purifier, each containing a 0.003 pm particle filter, and to the 
by-pass. ICP-MS analysis of hydrolysis samples show that the volatile molybdenum was removed by 
the purifier to levels less than the detection limit, 0.004 ppm. 

The new purifier was also tested for removal of titanium species in a similar fashion. HCI was 
bubbled through TiC14, which is more volatile than molybdenum chloride.  consequent;^ a challenge of 
several hundred pprn titanium was generated. Hydrolysis sampling showed that MetalXm effectively 
removed hundreds of pprn Ti down to 0.013 pprn in HCI. 

In order to rule out any concern that the MetalXTM purifier would emit metals in an HCI gas 
stream, an experiment was conducted in which hydrolysis samples were collected at the outlet of a 
MetalX" purifier, while the purifier was held at elevated temperatures with HCI flow. Hydrolysis 
results confirm that no metals are emitted from MetalXTM medium, even when heated to 200°C. 
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MetalXm efficiency for moisture in corrosive gas was tested in HBr, since HBr is the most 
corrosive gas that is routinely used in semiconductor processing. The challenge was monitored by 
FTlR equipped with a MCT-A detector and 10 m pathlength cell. Moisture levels were determined 
using the water peaks in the region of 3850 cm-' and a classical least squares algorithm. A challenge 
of 3 ppm moisture in HBr was generated in a gas mixture of 10% N2 and 90% HBr using a calibrated 
moisture generator. When exposed to this challenge, MetalXm removed the ppm moisture challenge 
down to less than 100 ppb, the detection limit of the method. 

MetalXm efficiency for moisture in inert gas was also tested using APIMS, since the 
detection limit is lower. A challenge of 7 ppm moisture in N2 was removed by MetalXTM to levels less 
than 1 ppb. 

SUMMARY 
Conventional corrosive gas purifier technology can merely help avoid the formation of volatile 

metal complexes by minimizing corrosion facilitated by moisture. ~ a n o c h e m ~  MetalXm can do this 
very effectively, in addition to providing removal of any trace volatile metal complexes. The results 
presented demonstrate that MetalXm effectively removes ppm levels of volatile metal complexes in 
HCI to levels less than detection limit. MetalXm also removes moisture down to less than 100 ppb in 
HBr gas and 1 ppb in NP.  In summary, the MetalXm corrosive gas purifier offers the unique ability to 
remove both volatile metal species and moisture. 
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Critical Contaminants 
and Sources 

Moisture 
- Source gas and container 
- Distribution system 
- Cylinder changeouts 

Metals 
- Source gas and container 
- Corrosion (particulates, volatiles) 
- Shedding from mechanical components 
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Impact of Critical Contaminants 

Moisture 
- oxygenated species cause haze which affects resistivity 

(Si epi, Si-Ge epi) 
- degradation of distribution system due to corrosion 

Metals 
- highly mobile in semiconductor lattice 

can be decreased by removing moisture 
particulates can be removed by particle filter 
volatiles cannot be removed by particle filter 
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H,O Levels in Source Gas 

- - . ... . .. 

Metal Specifications for 
Semiconductor Grade HCl 
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Vapor Pressures of Metal 
Chlorides 

loo0 1 e 
.. * 1. . 

I 
4 

E 

5 0 -  -- - 
! ,,----- - 
f 

$Z{I t FePCB t WCl6 t TiCl4 -+ SnCl4 

t MOCE wC16 s CCE 

1M) - - - - ---- --- .--- 
0001 0.01 0.1 1 10 100 1000 10000 100000 10ooOOO 

Correnbalion [ppm] 

/,sem~- --...-- I 

Came Wyse, Matheson Tri-Gas - Slide 8 

Piping Composition 
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Preliminary Indication of 
Volatile M e t a l s  
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MTXm Efficiency for Volatile 
Mo in HCI 

MTXm Efficiency for Volatile 
Ti in HCI 
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MTXTM Efficiency in HBr Service 
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Effect of Moisture Removal on 
Components 
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Effect of Moisture Removal on 
Particluates Generated in HBr 

Before HBr Exposure 

After HBr Exposum 
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Effect of Particluates on Leak 
Rate of Valves 
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Benefits of MTXm Purifier on 
Corrosive Process 

Minimizes Corrosion 
Reduces particulates 
Reduces volatile metals 
Prolongs life of distribution system 

Prevents device failure from oxygenated 
species, volatile metals, and particulates 

MTXm Summary 

,--I.-- 

Impurities Removed Hz0 

Volatile Metal species (e.g. Mo, Ti, Fe) 

Particulates 

Efficiency 4 0 0  ppb H20 in N2 (Lambda Scan) 

c1 ppb H20 in N2 (APIMS) 

c4 ppb Mo in HCI (HydrolysisllCP-MS) 

Capacity - 5000 kg HCI 
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Volatile metal species are electronically active 
contaminants that can cause device failure. 

Volatile metals in corrosive gas distribution 
systems are not removed by particle filters. 

Nanochem MTX is a corrosive gas purifier which 
removes volatile metal species, moisture and 
particulates in one package. 
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