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A photolithographic material based on vacuum evaporated layers of the chalcogenide 
semiconductor As2S3 and a technology for the creation of precise photolithographic images 
on different substrates is developed in the Central Laboratory of Photoprocesses (CLF) at the 
Bulgarian Academy of Sciences (BAS). The photoresist has several advantages over the 
classical organic photolithographic materials. Here, the possibili ty of getting precise 
microstructures on chromium and AlN layers as well as on glass substrates by means of the 
evaporated photoresist is shown. 
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 1. Introduction 
 

Methods based on photolithographic techniques for creating images with complex 
topography and fine structures are well known and have been widely used in practice for a long 
time. Any particular practical purpose requires an ad hoc development and application of a positive 
or negative working photoresist. The deposition on the substrate is carried out by spin, spray, roll or 
dip coating. The working layer thickness is within 0.5-1.0 � m. Regardless of the enormous diversity 
and the speci fic characteristics of all well-known photoresists, the procedure comprising coating and 
processing is a multistage one and in some cases rather sophisticated. Moreover, photolithography 
based on conventional photoresist systems, due to the relatively great thickness of the resist layer, 
requires expensive devices for the reproduction of submicron structures by exposure with electrons, 
X-rays or at least deep UV. �

here is a large number of investigations [1-5] directed to the creation of photosensitive 
coatings, whereby the deposition on the substrate is performed by vacuum evaporation and 
condensation. All they use photodoping of Ag in the chalcogenide glass and had been carried out on 
a laboratory scale, without any practical application.  
 The inorganic photoresist based on As2S3 and developed in the Central Laboratory of 
Photoprocesses [6-8] is an amorphous vacuum evaporated chalcogenide, which changes its solubil ity 
in alkaline solutions on irradiation with actinic light ( �  �  500 nm) and has an excellent resistance to 
most acids. The coating method by vacuum evaporation reveals new application possibilities and 
simplifies the procedures in comparison to the traditional l iquid resist technologies [9-11].  
 
 

2. Experimental 
 
 The obtaining and processing of the evaporated inorganic photoresist (EPhR) are illustrated 
in the scheme bellow. On appropriately cleaned glass substrates, any kind of layers (metal, MexOy, 
MexNy), which should be structured, can be deposited by vacuum evaporation and condensation. On 
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them, in the same or in a subsequent vacuum cycle, a layer of EPhR, 90-100 nm thick, is deposited 
by thermal evaporation. After exposure through a desired mask (contact or projection), structural 
changes occur in the photoresist, which make the illuminated area soluble in alkaline solutions, 
while the unexposed one does not change at all (Fig. 1). Thus, one obtains a direct positive image in 
the photoresist layer. The next step is etching of the layer beneath the EPhR with suitable solutions 
(usuall y, oxidizing acid solutions). The photoresist is stable in these solutions and does not undergo 
any changes. Finally, after removing the unexposed photoresist in 5% NaOH, one obtains a direct 
positive image in the working layer.  

The image quality strongly depends on the quality of the “master”  mask. Nevertheless, with 
precise adjustment of exposure and development, one can correct the size of the structures (“line-
space”) in the desired direction.  

  
 Obtaining and processing of Evaporated Inorganic and processing of Evaporated Inorganic  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
         
       
           
 
 
 
 
 
 
  
 

Fig. 1. Changes in the thickness of the exposed EPhR layers with time of development at            
pH = 11.6. For the time of complete dissolution of the exposed area, the unexposed part does  
                                                     not undergo any changes. 
 

���������

Cr-layer
Vacuum deposition of Cr

Vacuum deposition of EPhR

Substrate

Cr-layer
EPhR-layer

Exposure

 EPhR developing

Substrate

Etching of the Cr-Layer

Substrate

Final Cr-image

Removal of the untreated
EPhR with 5% NaOH

Substrate

���������

Substrate

Substrate

< 500 nm

Inorganic EPhR is deposited
by thermal evaporation at a 
high vacuum. It is stable in 
acid and oxidizing solutions

Development is carried out 
with a mixture of alkaline 
compounds and addition
of  SAS at pH=1 3-1 6.
Unexposed parts do not 
undergo any changes

1. 1.

Etching of the Cr layer  in 
conventional oxidizing 
solutions

Cr-layer

EPhR-layer
Cr-layer

0 5 10 15 20 25 30 35 40
0

20

40

60

80

100

  Exposed  EPhR layer
  Unexposed  EPhR layer

pH = 11.6

L
ay

er
 th

ic
kn

es
s 

(n
m

)

Development time (s)



Photolithographic structuring with evaporated inorganic photoresist 
 
 

1417

 The advantages of the evaporated photoresist can be summarized as follows:   
-     extremely high resolution and acuity; 
- thin and uniform dry layer produced by vacuum deposition under clean conditions; 
- rotational symmetry of the substrates not required; 
- prebaking and postbaking unnecessary; 
- 30-50% broader exposure and processing latitude [9] which, under constant working 

conditions, ensures the accurate reproduction of details of both submicron and a few micron 
dimensions; 

�����fireproof;  
- no highly toxic solvent vapors, as in the case of the liquid resist; 
- non-toxic aqueous solutions secure rapid processing; 
-     good adhesion to Cr, Ni, Ag, glass, Al, Si, SiO2, Si

3
N

4
, DLC, etc.  

 After development and etching, the remaining photoresist is completely removable from the 
substrate. 
 Fig. 2 shows the structures obtained on Cr layers with optical density Dopt = 3.0 (100-110 nm 
thick) deposited on glass substrates. The procedure follows the steps described in the scheme above.   

 
 

 
 
 
 
 
 
 
 
 
 

Fig. 2. SEM pictures of contact printing test masks on As2S3/Cr layers after etching of the  
                                          chromium layer. Space-line dimension 1 � m. 

 
 

On top of the Cr layer, a 90 nm film of EPhR-As2S3 with purity 5N is deposited in vacuum 
by thermal evaporation. The contact printing is made through a test mask vacuum pressed to the 
sample. The light source is a mercury high-pressure lamp with intensity 80 mW/cm2 in the exposure 
plane. The exposure time is directly proportional to the As2S3 layer thickness and in this case is 10 s. 
After illumination, development of the samples takes place. The developer consists of Na2CO3, 
Na3PO4 and a definite quantity of surfactant (SAS) [6,7]. The development is carried out at pH = 
11.3-11.6 for 2-3 min. After rinsing in deionized water, etching of the Cr layer through the already 
obtained photoresist mask is performed. It should be noted that the As2S3 layers exhibit a strong 
resistance to a large number of acids and oxidizing solutions. The etchers are conventional oxidizing 
solutions, such as [(NH4)2Ce(NO3)6+HClO4+H2O)] or [Ce(SO4)2 +HNO3+H2O]. The etching time 
depends on the Cr layer thickness and in the present case it is about 40-50 s. Finally, after stripping 
the photoresist mask in 5% NaOH, the chromium image is ready. 
 Thanks to their outstanding properties (high electrical resistivity (10

11
-10

13
 ohm.cm), high 

thermal conductivity [13], high hardness (11-15 GPa), wide band gap (6.0-6.2 eV) [14], high 
velocity of acoustic waves) AlN layers are a very promising candidate for a variety of technological 
applications: surface passivation of thin fi lms, barrier layers [15,16], in microelectronics [17], in a 
variety of surface acoustic wave (SAW) devices [18,19]. This determines the necessity of structuring 
of the AlN layer using either dry (physical) [20,21] or wet (chemical) etching [22,23]. Dry etching 
(RIE) is a very expensive method and creates problems with the etching selectivity through resist 
masks, controlled undercutting is difficult to attain [24], surface irregularities are formed due to the 
undesired deposition of the products of etching on the material below the AlN layer [25]. For a resist 
mask in wet etching, thick layers of photoresist lacquers, such as Hunt 1182 [26], Shipley or Apiezon 
wax [24] are commonly used. The etching solutions are usually H3PO4 [27], buffered HF [24,25] or 
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KOH. Normally, the etching temperature is high (60-80oC), which creates inconveniences during 
processing.  
 For structuring of AlN layers with EPhR, we have applied the following two-stage 
technique. On cleaned substrates, an AlN layer (70-100 nm thick) is deposited by reactive RF 
sputtering. On top of this layer, a thin (50-80 nm) chromium film (insoluble in alkaline solutions) is 
coated, followed by a 100 nm film of EPhR (insoluble in oxidizing acid solutions). Then, exposure 
through a suitable functional mask, development of the EPhR (alkaline developer pH = 11.6) and 
etching of the Cr layer are performed. Through the open windows in the EPhR and the Cr layer, the 
AlN fi lm is structured with 10% NaOH at 23oC. At this treatment the unexposed layer of EPhR 
dissolves and the remaining mask of chromium layer prevents the undesired dissolution of the 
functional shape of AlN structures. Finally, the protective Cr layer on the AlN structures is removed 
by a standard chromium etcher and one obtains a structured AlN layer (Fig. 3).  In this case, the two-
step technique is required because the As2S3 photoresist is soluble in NaOH while the Cr layer is not. 
On the other hand, direct photolithography (AlN + EPhR) by etching with H3PO4 at high 
temperature is inconvenient.  
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. SEM pictures of structured AlN layers with EPhR. Etching is made with 10% NaOH   
             at 23 oC at a rate of 75 nm/min. The minimal size of the structures is 0.8-1.0 � m. 

 
 

Structuring of glass substrates is applied for the obtaining of phase optical elements widely 
used in optics. This is usually achieved by scribing and dry or wet etching. Here, the possibility of 
glass structuring by EPhR-lithography is shown, using again a two-stage technique.  
 On suitably cleaned soda-lime glass (SLW), commonly used for optical masks, a chromium 
layer is deposited, followed by an EPhR layer. After exposure and development of the EPhR, 
etching of the chromium layer is performed in order to obtain a new Cr mask through which etching 
of the glass plate is possible. The etching solution is buffered HF (NH4F + H2O + HF) or a mixture 
of HF + HNO3 + H2O. Depending on the composition and concentration, one can obtain a different 
etching depth, which is directly proportional to the etching time (Fig. 4). 
  
                                                                                   
     
                        
 
 
      
 
 
 
                           a)         b)        c) 
 

Fig. 4.  SEM pictures of structures in glass obtained by EPhR. T” line-space” = 11 � m: a) time of 
etching  20 s  at  room  temperature,  etching  depth 0.92 � m; b) time of etching 40 s, etching  
                               depth 1.80 � m; c) time dependence of the etching depth. 
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 Chemical etching is isotropic and expands the spaces between the lines proportionally to the 
depth of etching. Since the observed correlation is strong, one can design the “master”  mask taking 
into account this feature and correct the “line-space” dimensions.    

 
 
3. Conclusions 

 
The present work shows the possibil ity of obtaining accurate photolithographic structures by 

means of EPhR-As2S3. Taking into account its specific features (see below) it can be concluded that 
this material can find wide application in photolithography. 
- spectral region: �  < 540 nm; 
- sensitivity: 80 mJ/cm2 ( �  = 365 nm) [12]; for electrons: 1.3.10-4 C/cm2 at 7.5 kV;  
  for Ar+ laser: 220 mJ/cm2 ( �  = 488 nm) [10]; layer thickness 80-100 nm; 
- exposure latitude: ± 30% [9]; 
- development latitude: ± 50%; 
- edge sharpness and acuity better than 0.1 µm depending on the quality of the master provided by 

the   customer; 
- minimal width of the structures: down to 0.8 µm at contact printing through test mask; 0.3 µm ( �  = 

436 nm) at projection printing; 0.1 µm (electron beam); 
- shelf life of the exposed and unexposed material - over 6 months. 

  The EPhR is very suitable for the mass production of encoder gratings, scales, reticules, etc. 
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