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Rafael’s Optical Components 
Center (ROCC) offers a full range 
of services, able to meet your every 
design requirement, no matter 
how special. ROCC can assist in 
every stage of the project: from 
feasibility studies and definition of 
specs, through advanced design 
and prototype development, to full 
scale production, including testing 
and quality assurance.

ROCC’s extensive experience and 
the supporting facilities yield state 
of the art products at competitive 
prices and ensure on-time delivery.

Proven reliability for all applications

Tested and Proven

Founded in 1974, ROCC benefits 
from over three decades of 
extensive design and engineering 
experience. Its products have 
been tested and proven, under 
the toughest operating conditions 
in both military and commercial 
systems. Customers include: Israel 
Defence Forces (IDF), Israel Air 
Force (IAF), Northrop, Israel Aircraft 
Industries (IAI), Elbit, SCD and 
many others.

Capabilities

Manufacturing of both FLIR grade 
and multispectral grade CVD ZnS

Fabrication of optical elements 
made of a vast variety of materials 
(glass, Ge, Si, ZnS, ZnSe, CaF2, 
quartz etc.)

Optical coatings for all spectral 
ranges, of elements up to 50 cm 
diameter

Fabrication of replicated mirrors

Assembly of optical components: 
bonding, cementing and sealing

Optical testing

Optical Components Center

Proven reliability for all applications



Supporting Infrastructure

ROCC benefits from the highly 
advanced infrastructure of 
Rafael, Israel’s largest Armament 
Development organization 
and from collaboration with 
the Technion-Israel Institute of 
Technology. This includes, materials 
& optical testing laboratories, 
Rafael’s environmental engineering 
center, surface and interface 
characterization laboratories, 
polymers and adhesives testing 
and evaluation. All activities are 
supported by our optomechanical 
and materials engineering 
experience.

Optical coatings

Coatings are available for all 
types of optical elements: 
windows, domes, prisms and 
lenses. Substrate materials 
include: glass, quartz, Si, Ge, 
ZnS, ZnSe, Sapphire, CaF2 and 
others.

Environmental protection of                      
external components like anti-
reflective coatings & rain erosion 
protective coatings

Superior performance 
transparent-conductive coatings 
for VIS, NIR, 3-5µm, 8-12µm 
and multispectral.

Coatings for IR detectors 
as high performance 
filters and AR coatings on                                            
dewar windows, low 
temperature filters and absorbing 
coatings 

Coatings for uncooled detectors 

Laser protection coatings for 
VIS+NIR

High durability protected silver 
mirrors for VIS and IR

Multispectral coatings as 
dichroic beamsplitters and anti-
reflective coatings

Narrow-band pass filters for NIR 
and IR

High power laser resistant 
coatings

 Quality Assurance

Quality assurance is especially 
critical for optical components and 
is an integral part of development 
and production activities. 
ROCC is fully qualified by Israel 
Defence Forces and major US 
manufacturers. All activities follow 
the guidelines of AS-9100, ISO 
9001: 2000, ISO 14001and ISO 
18001standards.

EMI/RFI Shielded windows and 
assemblies

Metal to Glass (or other optical 
materials) sealing up to 10-11cc 
He/STP

Optical cementing of 
components with cements 
transparent in various spectral 
ranges, using precise alignment 
techniques.

 Assemblies

Precise opto-mechanical and 
electro optical packaging and 
assembly services with capabilities 
from design and development to 
full scale production.

UNC-23963/ 0408/MT/02 Graphic Design Dep/406

Products and services

Products and servicesA Wide Range of Products
ZnS and MS-ZnS Components

Material can be supplied SMTY in 
sizes up to 600X400X20mm or as 
pre-polished or polished domes, 
windows or lenses.

Manor Advanced Technologies Division
Tel: (972)73-3354316, (972)73-3355530
Fax: (972)73-3352349
E-mail: manor@rafael.co.il
HQ Tel: (972)73-3354714 Fax: (972)73-3354657
E-mail: intl-mkt@rafael.co.il  www.rafael.co.il
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1. Improved Rain Erosion Protection for Multi-Spectarl ZnS. 

 

S. Joseph, O. Marcovitch, Y. Yadin, A. Steimberg and H. Zipin, , SPIE, Vol. 5786, p. 373-380 (2005) 
 

 
Abstract 

Multi-spectral (WC)-ZnS has high transparency in a wide spectral range, from 0.4μm to 12μm. 
However, the relatively low hardness of WC-ZnS components limits their use especially for air- 
borne military systems where conditions such as particle or rain erosion may occur. In this 
work, a protective coating for WC-ZnS components was developed. The 
Protective coating reduces damage caused by rain drop impacts without affecting the 
transparency of the uncoated component. An anti-reflective (AR) coating was evaporated over 
the protective coating to improve the transmission of the component. The microstructure of the 
protective coating was found to be of columnar grains, tens of nanometers in diameter. Rain 
erosion tests of the coated WC-ZnS samples conducted at the University of Dayton Research 
Institute (UDRI) whirling arm apparatus showed that they fully comply with the commonly 
accepted OCLI specification #6040012 for rain erosion resistant coating for forward looking 
infra-red (FLIR) grade ZnS. The damage threshold velocity (DTV), measured at the Cambridge 
University Multiple Impact Jet Apparatus (MIJA), increased from 120m/sec for an AR coated 
WC-ZnS sample to 178m/sec for a WC-ZnS sample coated with a 17μm protective coating 
and an AR coating. In this paper we show that the improved rain erosion protection was 
achieved without causing any change in the transparency of a WC-ZnS substrate. We also 
thoroughly discuss how the protective coating thickness and WC-ZnS sample thickness affect 
the damage caused by rain erosion. 

 
 
 
 

2.  High Durability Anti-Reflection Coatings for Silicon and Multispectral 
 

      ZnS. 
 

     S. Joseph, O. Marcovitch, Y. Yadin, D. Klaiman, N. Koren and H. Zipin, , SPIE, Vol. 6545, p. 65450T- 
 

     1-65450T-10 (2007) 
 

Abstract 
 

In the current complex battle field, military platforms are required to operate on land, at sea 
and in the air in all weather condition both day and night. In order to achieve such capabilities, 
advanced electro-optical systems are being constantly developed and improved. These 
systems such as missile seeker heads, reconnaissance and target acquisition pods and 
tracking, monitoring and alert systems have external optical components (window or dome) 
which must remain operational even at extreme environmental conditions. Depending on the 
intended use of the system, there are a few choices of window and dome materials. Amongst 
the more common materials one can point out sapphire, ZnS, germanium and silicon. Other 
materials such as spinal, ALON and yittria may also be considered. 
Most infrared materials have high indices of refraction and therefore they reflect a large part of 
radiation. To minimize the reflection and increase the transmission, antireflection (AR) coatings 
are the most common choice. Since these systems operate at different environments and 
weather conditions, the coatings must be made durable to withstand these extreme conditions. 
In cases where the window or dome is made of relatively soft materials such as multispectral 
ZnS, the coating may also serve as protection for the window or dome. 
In this work, several antireflection coatings have been designed and manufactured for silicon 
and multispectral ZnS. The coating materials were chosen to be either oxides or fluorides 
which  are  known  to  have  high  durability.  Ellipsometry measurements were  used  to 
characterize the optical constants of the thin films. The effects of the deposition conditions 



 

on the optical constants of the deposited thin films and durability of the coatings will be 
discussed. The coatings were tested according to MIL-STD-810E and were also subjected to 
rain erosion tests at the University of Dayton Research Institute (UDRI) whirling arm 
apparatus in which one of the coatings showed no rain drop impact damage at all. 

 
 
 
 

3. Evaluating Environmental Survivability of Optical Coatings. 
 

S. Joseph, D. Yadlovker, O. Marcovitch and H. Zipin, , SPIE, Vol. 7302, p. 37020I1- (2009) 
 
 

Abstract 
 
In this paper we report an ongoing research to correlate between optical coating survivability 
and military (MIL) standards. For this purpose 8 different types of coatings were deposited 
on 
1'' substrates of sapphire, multi-spectral ZnS (MS-ZnS), germanium, silicon and BK7. All 
coatings underwent MIL standard evaluation as defined by customer specifications and have 
passed successfully. Two other sets were left to age for 12 months at two different locations, 
one near central Tel-Aviv and one by the shoreline of the Mediterranean Sea. A third set was 
aged for 2000 hours at a special environmental chamber simulating conditions of 
temperature, humidity and ultra-violet (UV) radiation simultaneously. Measurements of optical 
transmission before and after aging from all 3 sets reveal, in some cases, major transmission 
loss indicating severe coating damage. The different aging methods and their relation to 
the MIL standards are discussed in detail. The most pronounced conclusion is that MIL 
standards alone are not sufficient for predicting the lifetime of an external coated optical 
element and are only useful in certifying the coating process and comparison between 
coatings. 

 
 
 
 

4. Challenges of developing hemispherical ZnS domes coated with a 

durable antireflection coating. 

S. Joseph, D. Yadlovker, E. Kassous, A. Levi. O. Marcovich and A. E. Shinman-Avraham, ", SPIE, 
 

Vol. 8708, p. 87080O-1-11 (2013). 
 

Abstract 
 
The design of a modern optical system often raises new challenges for manufacturers of high 
end optical components. One such challenge, which has become more and more common, is 
the requirement for highly durable hemispherical domes to allow for wide field of view. There 
are many difficulties to overcome before the final product can be made. In this paper we 
present some of the major difficulties of developing such domes made from ZnS grown by 
chemical vapor deposition (CVD). First, the CVD process which introduces the challenge 
of removing the grown raw dome from the graphite mold without causing cracking and 
breakage is discussed. Then, the challenges introduced by the electron beam 
(EB)-gun  evaporation  methods,  most  commonly  used  for  evaporating  the  anti-reflection 
coating, are presented. Amongst these challenges, the mounting of the dome in-side the 
coating chamber, the coating uniformity over the dome's curvature and the coating's 
environmental durability are the most difficult problems to overcome. The paper presents 
how computerized modeling along with experimental procedures can be combined to 
minimize the difficulties in the production processes and improve the overall product quality 
and yield. 
 
 
 
 



 

 
 
 

 

5. Electrochemical co-deposition of sol–gel/carbon nanotube composite 

thin films for antireflection and non-linear optics. 

 

L. Liu, S. Yellinek, N. Tal, R. Toledano, A. Donval, D. Yadlovker, and D. Mandler, , J. Mater. Chem. C,  
Vol.3, p.1099–1105 (2015) 

 
Abstract: 

Sol–gel/carbon nanotube (CNT) nano-composite films were electrochemically deposited 
by applying a negative potential to a conducting substrate, i.e. indium tin oxide (ITO) and 
an Ag grid printed on polyethylene terephthalate (PET). The deposition is driven by the 
local pH rise on the cathode that catalyzes the formation of sol–gel films. The latter 
serve as a binder and trap for CNTs. The deposition can be well manipulated by the 
deposition potential and time, and the film can be selectively electrodeposited on the 
conductive parts of Ag grids printed on PET from an optimized dispersion. The 
thickness, transmittance, morphology and hydrophilicity of the films are characterized by 
profilometry, spectrophotometry, scanning electron microscopy (SEM) and water contact 
angle, respectively. It is further revealed that the electrodeposited sol–gel/CNT 
composite films have non-linear optical properties and exhibit pronounced antireflective 
performance (specular reflection < 0.5%) over a visible to long-wave IR range, allowing 
their potential application as optical materials. 

 

 

6. Stress analysis of optical coatings for improved durability and 

performance of high end optical components 

S. Joseph, A. Gleizer, D. Yadlovker, and A. Shinman, , Proc. SPIE, Vol. 9453, p. 94530R-1-7 (2015) 
 

Abstract 
 

Modern optical systems are often required to function in severe environmental conditions 
for prolonged periods without suffering from performance degradation. Essential parts of 
such electro-optical systems are windows, domes and other optical elements. These 
elements are almost always coated with an efficient, multispectral and highly durable 
antireflection coating. The complexity further increases when these coatings are applied 
on curved surfaces, such as hemispherical domes that are usually used in order to allow 
a wider field of regard. The durability of the coated optical component is dependent upon 
many different parameters such as deposition method and process parameters and the 
adhesion between layers and substrate. However, one very important parameter, which 
can have a significant impact on the durability and optical performance, is the stress 
state of the applied anti-reflection layers. This subject is mostly left untreated mainly due 
to the difficulty of characterization and modeling techniques and lack of thin film 
mechanical constants which sometimes significantly differ from the bulk constants of the 
same material. The stress state of the optical part is mainly determined by the 
mechanical properties of the coating materials and substrate, geometrical shape of the 
part and the thickness of the layers. In this work, both analytical and experimental 
approaches were used for characterization of stress distribution in thin optical films. 
Various single and multiple thin films were deposited using the electron beam 
evaporation technique onto Si 6'' wafers. The film thickness was measured using an 
ellipsometer and the bi-axial module of the different films was studied by measuring the 



 

change in radius of curvature of the Si substrate and applying stoney's equation. The 
results were compared to the analytical Timoshenko solution of stress state in a single 
and multiple film structure. Knowing the stress state of a multi-layer coating would allow 
the engineer to design a part with the desired stress state which alongside the optical 
design, is expected to bring about a significant improvement in the durability and optical 
performance. 
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   Multispectral ZnS

Structure      Cubic
Grain Size      20-50 [μm]

Bulk absorption coefficient @ 10.6μm      0.2 [1/cm]

Temperature change of refractive index @ 10.6μm      4.1X10-5[1/K]

Refractive index @ 10.6 μm & 20°C      2.192±0.002

Refractive index  inhomogeneity @ 10.6 μm      < 0.0001 

Transmission for 4mm th. sample @ 570nm      >67%

Transmission for 4mm th. sample @ 750nm      >69%
Average transmission for 4mm th. sample @ 3-5μm      >74%

Maximum inclusion size      <0.1mm

Thermal conductivity @ 20°C      27.2 [J/Kms]

Specific heat      0.515 [J/gK]

Linear expansion coefficient @ 20°C      6.5X10-6[1/K]

Young’s modulus      65 [GPa]

Flexural strength (modulus of rupture)      70 [MPa]

Hardness (Knoop, 50gr. load)     140-160

Density     4.09 [gr/cm3]

Poisson’s ratio              0.28



CVD Grade ZnS

  Structure     Cubic
  Grain Size    2-6 [μm]

  Bulk absorption coefficient @ 10.6 μm    0.2 [1/cm]

  Temperature change of refractive index @ 10.6μm    4.1X10-5[1/K]

  Refractive index @ 10.6 μm & 20°C    2.192±0.002

  Refractive index  inhomogeneity @ 10.6μm    < 0.0001 

  Average transmission for 4mm th. sample @ 8-13μm    >68%

  Thermal conductivity @ 25°C    16.7 [J/Kms]

  Specific heat @ 25°C    0.469 [J/gK]

  Linear expansion coefficient @ 100°C    7.3X10-6[1/K]

  Young’s modulus    73 [GPa]

  Flexural strength (modulus of rupture)    102 [MPa]

  Hardness (Knoop, 50gr. load)    200-230

  Density    4.08 [gr/cm3]

  Poisson’s ratio    0.29



 
Anti-Reflection Coatings-Infrared

Low reflectivity coatings for one or more spectral ranges and for special angular or
durability requirements can be provided on internal or external surfaces of most 
optical substrate materials.

Spectral range Spectral Performance Substrate

    3 - 5μm Tav ≥ 98%, Rav ≤ 0.5%
Germanium, Silicon,     
Multispectral grade ZnS,    
ZnSe, Sapphire, CaF2

    8 - 11μm Tav ≥ 95%, Rav ≤ 0.5% ZnS**

    8 - 12μm Tav ≥ 97%, Rav ≤ 0.5%
Germanium, 
ZnSe,  As2Se3

     8 - 14μm Tav ≥ 96%, Rav ≤ 1.0% Germanium, ZnSe

   *    Durability per MIL-C-48497A.
 ** Rain Erosion per OCLI spec # 6040012



Anti-Reflection Coatings-Multispectral

 Spectral range Spectral 
Performance

  Substrate

 3-5μm+8-12μm 3-5μm: Tav≥85%
8-12μm: Tav≥92%

  Multispectral ZnS

 Visible+1.064μm Tav≥85%
Rav≤0.5%

  Glass, Sapphire

 Visible+3-5μm VIS: Tav≥95%
3-5μm: Tav≥98%
Rav≤1%

  Multispectral ZnS
  CaF2

 Visible+1.064μm
 +3-5μm

Tav≥96%
Rav≤1.5%

  Multispectral ZnS

  Visible+1.55μm
 +8-12μm

VIS: Tav≥85%
1.55μm: T≥92%
8-10μm: Tav≥95%

  Multispectral ZnS

 1.064μm +1.57μm
 +3-5μm

Tav≥96%
Rav≤1.5%

  Multispectral ZnS

 Visible+NIR+8-12μm VIS+NIR: Tav≥85%
8-12μm: Tav≥90%

  Multispectral ZnS

 Visible+NIR+3-5μm
 +8-12μm

VIS: Tav≥80%
NIR: Tav≥80%
3-5μm: Tav≥90%
8-12μm: Tav≥85%

  Multispectral ZnS

 NIR+3-5μm Tav≥96%
Rav≤1.5%

  Multispectral ZnS



Anti-Reflection Coatings 

WIDE AOI (Angle of Incidence)
Typical performance of coatings for a single IR band

Spectral range AOI Spectral Performance  Substrate

3-5μm 0-70˚ @AOI 0-25˚ Rav≤0.5%
@AOI 25-45˚ Rav≤1%
@AOI 55-65˚ Rav≤4%

 Germanium
 Silicon

3-5μm 20-55˚    Rav≤3%  Sapphire



   Filter Type Spectral Performance   Substrate

   Long-wave pass Tav≥95%
@λ<λcuton Tav≤0.2%

  Germanium, ZnS

   Wide band-pass In band: Tav≥95%
Out of  band: Tav≤0.2%

  Germanium, ZnS

 Peak transmission ≥85%
for half band width of 
1.5-3%

  Germanium



  Filter Type Spectral Performance Substrate

Shortwave pass or  
Long-wave pass or 
Wide-band pass

λ cutoff/cuton: any λ in the 
3-5μm range
In band: Tav≥95%
Out of  band: Tav≤0.2%

Sapphire
Germanium
Silicon
Quartz

Narrow band-pass λ cutoff/cuton: any λ in 
FWHM BW 0.2-0.3μm
In band: Tav≥90%
Out of  band: Tav≤0.5%

Sapphire
Germanium
Silicon



Spectral  
Range

Filter Type Spectral 
Performance

Substrate

Visible Long-wave 
pass

In band: Tav≥92%
@λ<λcuton Tav≤1%

CaF2

Visible+NIR Long-wave 
pass

In band: Tav≥90%
@λ<λcuton Tav≤1%

Quartz

Visible+NIR Short-wave 
pass

In band: Tav≥92%
@λ<λcutoff Tav≤1%

Glass, Quartz

1.064μm Narrow 
band- pass

Tpeak≥85%
FWHM~20nm
Tout of band≤1%

Glass, Sapphire

Visible Wide band- 
pass

In band: Tav≥92%
FWHM~150nm
Tout of band≤2%

Glass, Sapphire, 
Quartz

NIR Short-wave 
pass or 
Wide band- 
pass

In band: Tav≥87%
@λ>λcutoff 
Tav≤0.05% @
λ<λcuton Tav≤0.5%

Glass



 

Spectral Range   Spectral Performance Substrate

1.064μm +3-5μm @1.064μm: FWHM=25±5nm,    
Tpeak≥60%
  @3-5μm: Tav≥80%, Out of band 
Tav≤0.5%

Sapphire

 NIR +3-5μm @NIR Tav≥87%
@3-5μm Tav≥80
Out of band Tav≤5%

   Silicon



  Spectral range Spectral   
Performance

   
 Substrate

  Visible+3-5μm VIS: Rav≥80%
3-5μm: Tav≥90%
Cemented, 45˚

     CaF2

  Visible+8-12μm VIS: Tav≥90% 
8-12μm: Rav≥85%
AOI=45˚

     Glass

  Visible+3-5μm VIS: Tav≥89%
3-5μm: Rav≥90%
AOI=45˚

     Quart 

  Visible Tav=20-40%
Rav=60-80%
Cemented, 45˚

     Glass

                
Visible+1.064μm

VIS: Tav≥83%
1.064μm: R≥95%
Cemented, 45˚

     Glass



Spectral Range
Surface   
Resistance 
[Ω/□]

Average 
Transmittance 
[%]

  Substrate

  Visible 5±1 >93  Glass, Sapphire

  Visible+NIR 8±2  >90  Glass, Sapphire

  1.064μm  10±2  >95  Glass, Sapphire

  3-5μm  30±5 >75  Glass, ZnS

  8-12μm  15±2 >70  ZnS



Spectral Range
Surface 
Resistance 
[Ω/□]

Spectral 
Performance Substrate

Visible+3-5μm 100±10 VIS: Tav≥80%
3-5μm: Tav≥85%

ZnS, Sapphire

Visible+NIR+3-5μm 40±5 VIS+NIR: Tav≥80%
3-5μm: Tav≥70%

ZnS, Sapphire

Visible+NIR 8±2 Tav≥90% Glass, Sapphire

Visible+NIR+8-12μm 40±5 VIS+NIR: Tav≥80%
8-12μm: Tav≥40%

ZnS
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From Vision to Creation 

From Creation  to Excellence 
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Our optical devices are integrated into 
Rafael products 

 

They are all combat proven ! 



Unclassified 

Proprietary of Rafael – Advanced Defense Systems Ltd. 

 

 



Unclassified 

Proprietary of Rafael – Advanced Defense Systems Ltd. 

ZnS Dome 

Assembly.  

Ø90mm spike 

dome. 



Unclassified 

Proprietary of Rafael – Advanced Defense Systems Ltd. 

ZnS Dome 

Assembly.  

Ø120mm 

hemisphere.  
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Complete in-house technologies. 
 

 From definition of specifications, 
through design, development and 

manufacturing. 
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Cube Beam 
Splitters  

 
For example: 
split 1.064μm 
+3-5μm or split 
VIS+3-5μm 
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MS-ZnS Optically 

Polished 

Hemisphere 

Dome Ø60mm 
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CVD-ZnS 

Optically 

Polished 

Hemisphere 

Dome Ø120mm 
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CaF2 Cube 

Beam Splitter  

split 

1.064μm+3-

5μm 
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Coated & un-coated 
optical windows and 
domes.  

 
Typical sizes Ø100-
200mm  

Cube beam splitters 

Filters; cut-on, cut-off, 
bandpass. 
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Rafael is one of 

the worlds 

largest producer 

of MS-ZnS & 

CVD-ZnS 

material.  
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MS-ZnS 

Optically 

Polished 

Hemisphere 

Dome Ø60mm 
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Development and production . 

High durability optical components  

of all substrates and wavelengths. 
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Rain and sand erosion protection.  
 
 

High laser damage threshold coatings. 
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CVD-ZnS 

Polished Dome 

Ø110mm with 

AR for 8-13μm 
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MS-ZnS & CVD-ZnS 
Polished Domes. 

 
 Ø110mm Left-Dual 
AR for VIS+3-5μm  
Right-AR for 8-13μm 
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MS-ZnS 

Polished 

Dome Ø30mm 

with AR for 

VIS and 

1.064μm 
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J.A Woollam   

IR and UV-VIS-NIR 

spectroscopic 

ellipsometers  for 

thin film optical 

characterization.  
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All production 

equipment is fully 

automated and 

computer controlled 

to yield highest 

quality products. 
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In house 
Inspection  

Capabilities 
  
• ZYGO verifier XP/D 

interferometer 
• Climatic chambers 
• Transmission & 

reflection 
measurements 
from UV-FLIR 
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Optical Coatings 
Plant . 
Coating 
chambers by 
Leybold Optics. 
Coating of 
elements up to 
Ø500mm. 
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Rafael’s CVD ZnS 

Furnace produces 

world class 

material in various 

shapes and sizes.  
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Optical Coatings 
Plant. 
 

• Multispectral AR’s. 

• Transparent 
conductive coatings. 

• Filters.  

• High laser damage 
threshold coatings. 

• Rain & sand erosion 
protective coatings. 
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Rafael is one of the world's largest 

manufacturer of CVD-ZnS  &  MS-ZnS. 
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