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The Effect of Protective Coatings on Mirrors                                                                                                                                                                                                                                                                         
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ABSTRACT: 
Optical coatings of dielectric materials of MgF2 and SiO2 have been used to reduce the effect electric 

field intensity of pulsed laser radiation and atmospheric conditions (oxidization) on metallic coatings 

(Ag and Au). The spectral characteristic of the reflectance curve for the preparation specimen in the 

visible and infrared regions in the range (400-1200)m were studied. The effect of incident radiation 

of Nd-YAG laser has been studied and the value of threshold was determined and equal (10-

16J/cm
2
). The prepared reflectors and mirrors were used in construction of Q-switched Nd-YAG 

laser and to obtained the output   pulses laser with energy(10-100mJ) and pulsed duration (30 ns). 

       

 الخلاصـــــة:
لخقليتتت حتت شيس اتتدة الوكتتاا الكهسبتتالي راتتعت الليصزالنب تتيت وكتترل   (SiO2 , MgF2)اظتتخمدهج الءتتلاءاث البصتتسيت للوتتىاد العاشلتتت

دزظتج المصتالا الءيفيتت لونحنت  ااةعكتاض للعينتاث حتن دزاظتت  .(Au , Ag)الظسوف الكىيت )اركعدة( علت  الءتلاءاث الوعدةيتت 

العتاقءت  (Nd-YAG)يس أاتعت الليتصز . حن دزاظت حت شm(1200-400)الوح سة في هنءقت الءيف الوسلي وححج الحوساء القسيبت 

J/cm(16-10)عل  هره الوكىةاث وحددث قيوت العخبت لخلف الحاصت بـ 
2

. اظخمدهج العىاكط والوسايا الوصنعّت في بنتاء فكتىة ليتصز 

(Nd-YAG)  (100-10)ذو الخشغيت الوفخاحي والحصىا عل  ةب ت ليصز خازجت بءاقتmJ  (30)وأهد النب تns.. 
 

 

1- INTRODUCTION: 
Metallic coatings are very broadband applications and its reflectors and mirrors are also designed for 

different regions of the spectrum. Dielectric materials have a high melting point values and its thin film 

coatings with single and multi-layers offers excellent performance over a specific wavelength range, 

superior durability and damage resistance
 [1,2]

. The use of metal thin films as high reflecting surfaces 

has been known for a long time.The spectrum performance of some common metal reflectors is shown 

in fig.(1)
 [3]

. The wide range of constant reflectance of metal film is very useful in applications such as 

neutral mirrors, neutral beam splitters, and neutral density filters. Metal layers can be protected and 

their reflectance enhanced over a limited spectral range by using suitable dielectric coatings such as 

SiO, SiO2, MgF2 and Al2O3 fig.(2)
[4]

. Such highly reflecting systems with very low absorption are 

possible through the use of dielectric films.
[5] 

Bare aluminum has a very high reflectance value, but will 

oxidize over time. Protected aluminum (75210


 ) of SiO2 film and (11220


 ) of MgF2 film is much 

preferred over bare aluminum
 [5]

. Since its dielectric over coat arrests the oxidation process with 

minimal sacrifice in performance, Bare gold provides consistently high reflectance in the near - IR to 

far – IR and is the most widely used material in these regions. However, bare gold is very soft and is 

easily scratched. Protected gold has significantly better abrasion resistance than bare gold, and offers 

similar performance up to a wavelength of 16µm
[7]

. Silver coatings are used as surface coatings, such 

as Q-switched laser (reflectance cavity and total reflection mirrors) . Protected silver offers superior 

reflectance to aluminum
 [2,6,7]
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Fig.(1) The reflectance of some metal reflectors
[3]
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Fig.(2) The protected coatings of some common metal reflectors
[4]

 

 

2- THEORETAL PART 
ONE: DIELECTRIC COATING FUNDAMENTALS 

The reflection properties of a coating are dependent upon the wave length of light being used, the 

refraction index of the substrate, the refraction index of the coating, the coating thickness and the 

incident angle of light. The equation for determining the index of thin film (the optical thickness of 

coating must be an odd number of quarter wavelengths) needed for complete cancellation of the two 

beams is
[8]
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 2
1

sof nnn   ………………………………… (1) 

where  nf is the refraction index of thin film. 

  no is the refraction index of air (or incident material). 

  ns is the refraction index of the substrate. 

The use of single quarter-wave films of index higher than the substrate for boosting its reflectance has 

already been expressed in following equation: 
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Consider now an assembly of an odd number of quarter-wavelength thick dielectric layers of indices nH 

and nL (high and low refraction index respectively) on substrate of index ns. The normal reflectance at 

o  in air is: 
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where   is an odd number of quarter wavelength dielectric layers. 

 

TWO: LASER INDUCED DAMAGE in THIN FILMS: 
There have been a number of studies and review articles 

[7,8]
 published with the last few years 

discussing the laser damage to dielectric coatings [ThF4 , SiO2 , MgF2 , Al2O3 , CaF2 , ZrO2 , TiO2 , 

SiO , LiF , MgO , CeO2 , ZnS]. Laser damage threshold measured in evaporated thin films and 

multilayer coatings on glass substrates are reported in previous studies
 [9,10]

, of values from about 350 

J/cm² for SiO2 and MgF2 films through 200 J/cm² for ZrO2 to about 30 J/cm² for ZnS films. In several 

studies 
[11]

, the damage threshold of 95% reflecting, multilayer, and dielectric coatings exposed to ns 

pulses from a TEM Nd-YAG laser was measured. Depending on film composition and number of 

layers, the damage thresholds obtained by focusing the beam to spot sizes of the order of 0.1 to 0.2mm 

ranged from 0.6 J/cm² to 2.9 J/cm² for the mode-locked laser, and from 16 J/cm² to 58 J/cm² for the 

normal Q-switched system. A little data of discrete values such as optical and physical thin film 

thickness which are available on the optical properties of MgF2-Ag and SiO2-Au laser mirrors and 

reflectors. This paper describes the design and technical procedure which endeavors fill this need. 

 

3- EXPERMENTAL PROCEDURE and MEASUREMENTS: 

ONE: COATING SUBSTRATES: 

Glass of BK-7 substrates have been prepared of different diameter and (1mm) thickness. Also we 

prepared a quartz tubes as opened cylindrical substrates. These samples or substrates have been cleaned 

by water washing for 5 minutes and mixed in the ultrasonic path for 15 minutes. Finely, the substrates 

washed by high purity alcohol and baked in thermal oven at 80 °C for 30 minutes. 

 

TWO: COATING UNIT: 
Vacuum coating unit (model BAE080) of Balzer company was used to deposit coating layers as per 

coating design. Table (1) shows the physical & optical thickness of deposited thin films which 

measured by using a quartz-crystal oscillator thickness monitor on coating champers. Just as with 

protection coatings, laser resonator mirror, and reflector coatings are designed for region of spectrum 
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(400-1200)nm. Protected silver and gold are our most popular mirror and reflector coating consist of 

silver and gold with a quarter-wavelength MgF2 and SiO2 over coat.    

Table (1) Illustrated the optical and physical thicknesses of coating layers 

   Symbol Material Thickness 

H AG 1.0000 qw 

L MGF2 1.0000 qw 

                                                                                                        

Layer Material QWOT Thickness(nm) 

1 AG 1.0000 2241.62 

2 MGF2 1.0000 192.75 

3 AG 1.0000 2241.62 

4 MGF2 1.0000 192.75 

 

Symbol Material Thickness 

H AU 1.0000 qw 

L SIO2 1.0000 qw 

 

Layer Material QWOT Thickness(nm) 

1 AU 1.0000 1310.09 

2 SIO2 1.0000 185.50 

3 AU 1.0000 1310.09 

4 SIO2 1.0000 185.50 

 

 

 

The reflectance spectrum of all samples were determined using reflect meter (Lambda-9) as shown in 

figs. (4,5).  

Our metallic mirrors and reflectors of MgF2-Ag and SiO2-Au fig.( 6) were constructed to use as laser 

components in Q-switched Nd-YAG cavity. The laser pulse output prepared cavity (laser rod L=8mm, 

=4mm) is closed to pulse energy of (20-30)mJ and duration of 30nsec. as shown in figs. (7,8). The 

Joule meter of ED-500 and photodiode detector (SGD-100) were used to measure the output pulsed 

energy and duration respectively of oscillator laser pulse. 

The damage threshold obtained by incident laser beam to spot size of order 4mm. The approximate 

range of 10-16 J/cm² for MgF2-Ag and SiO2-Au coatings. 
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Fig.(4) The reflectance spectrum of MgF2-Ag reflectors 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.(5) The reflectance spectrum of SiO2-Au reflectors 
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Fig.(6) Shows our metallic mirrors and reflectors of MgF2-Ag and SiO2-Au 
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Fig.(7) The pulse laser energy from energy detector 

 

 

 
 

Fig.(8)The laser pulse duration received by photo detector 

 

4-DISSCUSION of RESULT and CONCLUSIONS: 
Our results of protected silver coatings offers superior reflectance to aluminum of previous studies and 

optical products
 [5,7]

. However, its strong tendency to oxide and tarnish means that it must be throatily 
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sealed from the atmosphere in order to avoid degradation. In comparison of other dielectric metallic 

coatings
 [12]

, the laser damage threshold in samples reported in this paper is superior in the applications 

of laser devices. 

1-In the measurement reported in this paper, the all samples were    characterized in range of (400-

1200)nm wavelength.  

2-The protected coatings provides high reflectance percentage in the visible  and near infrared region 

and sharply determent in the region (<400nm) through the ultraviolet range. 
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