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Introduction 
The wavelength of light imposes a limit on the smallest feature that can be resolved or imaged. This explains the 
motivation to extend optical systems to shorter wavelengths than visible light and into the short-wave ultra-violet (UV) 
region.  Here we will introduce information about newly processed deep ultra violet (DUV) coating materials as 
discussed in earlier issues of Coating Materials News [See References 1, 2]. 
 
The UV Spectrum and DUV Applications 
The UV spectrum is illustrated in Figure 1. The deep UV (DUV) region occupies wavelengths between 280 nm and ~200 
nm, about half that of visible light. Typical light sources that are used in the regions of the UV spectrum are noted. 
Included is the single important wavelength of F2 at 157 nm used for high-density photo-lithography.   
 
Figure 1: UV Spectrum 
 

 

 

 

  

DUV optics is the backbone of many critical applications.  Among these are nano-fab technologies that include: nano-
meter scale photolithography for semiconductor patterning, high-density data storage, laser eye surgery (LASIK™), 
medical and dental surgery, high-energy laser applications, and sterilization and water purification. Another application 
is for UV LEDs that operate at 255 nm. These are compact, durable, lightweight devices that will be reliable 
replacements for mercury lamps and other bulky or inefficient elements.  
  
DUV optics and devices can also be employed to excite fluorescence and phosphorescence of specific mineral elements 
and novel compounds. That in turn has several uses, such as identifying mineral compositions on remote locations such 
as planet surfaces; or to produce high quality, intense light sources.  A very specialized scientific application of UV light 
and devices is to monitor activity of the sun’s surface features, as illustrated in Image 1. 
 

      Image 1: UV image of the sun showing flares and 
      spicules on the surface. (NASA). 
 

 

 

 

 

 Vacuum UV           Deep UV (UVC)             UVB      UVA              near UV 
(mid-wave)                   (long-wave) 

 F2 157 nm       KrF 248, ArF 193 nm,      Hg 254 nm, O3 260 nm 
    Hg 198 nm         

Wavelength       100 nm              200 nm                   280 nm    320 nm                400 nm 
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Substrate and Coating Materials for the DUV 
The candidate coating materials capable of transmitting or reflecting short DUV wavelengths are limited. Possibilities 
include metal oxide compounds ZrO2 and HfO2 which are usable to wavelengths ~250 nm, and SiO2 and Al2O3 which are 
transmissive to ~225 nm. At shorter wavelengths, absorption limits the transparency and laser damage-resistance of 
oxide coatings. Coatings intended for critical applications at shorter wavelengths than ~250 nm must therefore be 
composed of fluoride compounds. Optical coatings such as anti-reflecting (AR), high reflecting, polarizing, and beam-
dividing components are deposited on lens or window substrates that have low absorption at DUV wavelengths. Table 1 
lists the substrates usable in the UV and their wavelength limits.   
  

 

 

 

 

 

 

 

 

 

Table 1. Substrate materials usable for the manufacture of refractive optical elements in the DUV and their wavelength 
limits. 
 

The candidate coating materials usable to the shortest UV wavelengths near 150 nm are: 

– Low-index:  
• MgF2 (1.47 @157nm),  
• AlF3 (1.46 @ 157 nm) 

– High-index:  
• LaF3 (1.85 @157 nm),  
• GdF3 (1.81 @ 157 nm)  

 

These materials possess sufficiently low solubility and hardness in thin-film form to be used in industrial and scientific 
applications. Coating designs such as 157 nm will use combinations of the high- index and low-index materials. For 
example: MgF2 and LaF3.  

 



  
 
 
                                                               UNDERSTANDING SPECIAL MATERIAL REQUIREMENTS FOR DEEP ULTRA VIOLET COATINGS 
    

 

 

 
Because the index ratio between the combinations is small compared to visible materials, designs such as high reflectors 
(HR) require many layers.  When deposited, fluoride compound films grow with high tensile stress that limit the ultimate 
layer thickness. In contrast with the large range of visible coating materials, there is no satisfactory way to counter-
balance tensile with compressive stresses for DUV designs. This fact adds another challenge to DUV coating technology 
that does not exist with visible coating technology.  In the latter, opposing stress signs are apparent and high-energy 
deposition processes such as ion-assisted, plasma-assisted and sputtering can be manipulated to lower or balance 
stresses.  
 
The application of high-ion energy during deposition and layer growth often results in compositional changes by driving 
off some amount of fluorine. The result is absorption-induced low transmission and low laser damage threshold (LDT).  
The fact that shorter wavelengths require physically thin layers helps reduce the total stress of a UV coating. Deposition 
parameters such as substrate temperature, rate, and partial pressure are additional factors to consider.  
 
Coating materials for excimer wavelengths in the DUV range must be free of transition element impurities and 
completely oxidized to minimize UV absorption. Therefore, they require high purity source materials.  More specifically, 
materials for DUV coatings must be free of: 
 

– Sub-stoichiometric fluorine composition and oxy-fluoride contamination 
– Adsorbed water, which has absorption bands <180 nm and ~260 nm  
– Micro-structural defects and growth morphology that can negatively influence absorption, index and 

environmental stability 
 

In bulk form, lithium fluoride (LiF2), calcium fluoride (CaF2) and barium fluoride (BaF2) transmit to ≤150 nm. In thin film 
form, they are soft, slightly soluble and grow with packing densities as low as 80% due to their large grain size that 
increases with layer thickness [4]. Grain sizes one-fourth to one-fifth of the DUV wavelengths for these compounds 
introduce significant scatter loss. Typical columnar and granular microstructure also admits water inclusion thus limiting 
film strength, optical properties and laser damage resistance. Process improvements might permit one or more of these 
fluoride compounds to be used in thin-film applications.  
 
Deposition Considerations 
To prevent dissociation, UV fluorides are generally evaporated from a resistance-heated source such as a molybdenum 
(Mo) or tantalum (Ta) boat or Alumina crucible for E-beam. Suggested deposition parameters for fluoride materials are: 
rate 1-5 nm/s at pressure ~10-6 mbar, and substrate temperature ~250-300° C. E-beam evaporation can be used at low 
beam voltages. Magnesium fluoride melts, while the other fluoride compounds sublimate, with particulates being a 
continuous quality manufacturing control point and key process parameter.  
 
With all fluoride compounds, there is a varying amount of hygroscopic behavior and solubility. Therefore, all must be 
gently warmed to drive off moisture before reaching evaporation temperature where the explosive evaporation of 
adsorbed water could cause spitting and pressure bursts. Fluoride films generally grow with a columnar structure with 
open volume that results in a packing density <90%.  Moisture that fills voids increases absorption, and lowers hardness 
and adhesion. Additional surface energy is provided by a high substrate temperature or bombardment with energetic Ar 
ions to increase surface mobility and encourage dense growth. Ion-assisted bombardment at low energies ~100 eV 
minimizes dissociation probability.  
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Multiple studies have demonstrated that fluoride coatings deposited using E-beam and IAD deposition often have lower 
laser damage thresholds than those deposited using processes that are less energetic. The issue is partial dissociation 
and replacement of fluorine atoms with oxygen. Fluoride coatings are generally water-sensitive, and for some longer 
wavelength UV applications, a thin SiO2 layer can be used for protection against reaction to ambient moisture.  

Improved UV Coating Materials 
NdF3 can be added as another high-index candidate to the materials listed above for 157 nm applications.  Similar in 
index to GdF3, NdF3 is undergoing refinement as a source material to improve the consistency of its delivered form.  
 
Recent material refinement has concentrated on improving the properties of the low-index AlF3 material as an alternate 
to MgF2. Aluminum fluoride has been known for many years as a material transparent from UV to IR, but had a 
reputation as a problematic material in deposition. The low refractive index and dispersion of AlF3 is shown in Figure 2 
for a 500 nm thick film that was deposited on UV-grade fused silica. Deposition was at 250° C substrate temperature at 1 
nm/s and pressure ~10-6 mbar [5]. The Extinction coefficient (not shown) is low at wavelengths longer than ~250 nm, 
where it is ~1e-04. The layer was dense, amorphous, smooth, and defect free. These properties are especially desired for 
DUV coatings.  
 
 

 

 

 

 

 

 

 

 

              Figure 2. Refractive index of a film of Aluminum Fluoride evaporated from hot-pressed material 

 
The AlF3 material melts and produces amorphous dense layers.  Source form and preparation processing advancements 
continue to be made and contribute to greater consistency and lower absorption for coating materials. These 
refinement processes and optimum particle size permit the production of denser, higher purity materials.  The new AlF3 

hot pressed preparation by Materion has been shown to produce films with lower refractive index than MgF2, and low 
absorption to at least 220 nm wavelength.  
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Material Advanced Materials Group is a global supplier of premier specialty materials and services. Our offerings include 
precious and non-precious thin film deposition materials, inorganic chemicals and microelectronic packaging products.  In 
addition, we offer related services to meet our customers’ requirements for precision parts cleaning, precious and valuable 
metal reclamation and R&D. We support diverse industries including LED, semiconductor, data storage, optical coatings, large 
area glass and aerospace. 

 

 

 

Summary 
New and specially-processed fluoride compound materials enable efficient and stable coatings to be used at DUV 
wavelengths. A new consolidation technology for a cleaner process Aluminum Fluoride has been proven to have 
superior optical and nano-structural properties. Therefore, it is a likely replacement for MgF2 or other forms where 
particulates have been a problem. This is important because few, if any, new coating chemicals are available. As 
refinements are made in materials preparation, improvements in deposition processing are a result. 
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