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The development of anisotropic, high-aspect-ratio micromachining processes has 
provided opportunity for the extension of silicon microfabrication capability well into the 
third dimension. For some applications, however, truly 3D structures are desired, especially 
those that possess arbitrary surface height profiles, i.e., surfaces with multiple height levels 
and/or nonplanar profiles. 

The present paper presents results from the fabrication of 3D microcontact structures 
using LIGA process. It is known that this process is used in micromechanics for constructing 
3D structures for a long time using roentgen as well as UV photolithography. This material 
suggests technological order and realization of 3D microcontacts using many-stages 
photolithography of dry photoresist. 
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1. INTRODUCTION 
“LIGA” is an acronym for the German words “Lithographie, Galvanikand 

Abformung” standing for the main steps of the process, i.e., deep X-ray lithography, 
electroforming, and plastic molding. These three steps make it possible to mass-
produce microcomponents at a low-cost. Since the in-house operation of the LIGA 
process requires X-ray mask fabrication processes and expensive synchrotron 
processes that are not conveniently available, processes such as Ultraviolet (UV) 
lithography tools have been developed. [8] 

UV photolithography is the process of transferring geometric shapes from a mask 
to the surface of a silicon wafer using Ultraviolet light. The steps involved in the UV 
photolithographic process are wafer cleaning; barrier layer formation; photoresist 
application; soft baking; mask alignment; exposure and development; and hard-
baking. [9] 

There are different sorts of dry photoresist used in fabrication of 3D 
microstructures for example SU-8, Riston 4600, Laminar and many others but some 
of them are expensive to use in production. It is substantial to find the common 
ground where the used photoresist is either cheaper and with better quality. 

2. OBJECTIVE 
There are many fields of study in microelectronics where different types of 

microcontacts are used – both soldered and dry. [4], [6], [7] 
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There is an opportunity to use interconnects with compliant structure in presence of 
significant mechanical loadings. [2] An example of a complex geometry developed 
using the LIGA process are the compliant β-Helix and G-Helix interconnects. Helix-
type compliant off-chip interconnect is a new interconnect concept which could be a 
potential solution to the long term size, fabrication, performance, reliability, and cost 
requirements for the next-generation package. G-Helix and β-Helix are layer-by-layer 
electroplated structures that have the potential to meet the fine-pitch first-level chip-
to-substrate interconnect requirements. 

 
Fig. 1: Schematic of Helix-type Interconnects 

 
The purpose of the present paper is the development of technological plan using 

dry photoresist which allows the fabrication of the helix interconnects. 
3. NEGATIVE PHOTORESIST 

This paper is referred to Laminar 5000 – a dry film which has a maximum 
photosensitivity in the spectral range between 340 and 420 nm. Imaging of the resist 
is achieved with exposure in high UV output exposure equipment. Therefore, during 
electroplating the structures, the film is resistant to acidic and alkaline solutions as 
well as some solvent-based solutions. The roll temperature for the used negative 
resist is 113 - 121ºC and the development temperature is 23 - 30ºC for about one 
minute. The advantages of Laminar 5000 are superior, instant adhesion to copper 
surfaces, excellent printout image, high photosensitivity and resolution and broad 
processing window which leads to producing high aspect ratio, near vertical 
sidewalls. The main preference we use is the ability to build strong multilayer 
structures with one type of photoresist. In this work interconnects are build up with 
more than three layers and every next layer makes no damage to the electroplated 
structure in the previous coating. [5] 

During building of 3D structures a conductive surface over the photoresist has to 
be made from the bottom layer during building the 3D structures using vacuum 
metallization or by the alternative technology developed in the department KTPPME.  
The method presents chemical activation and pre-treatment of the dielectric 
photoresist using fluid carbon content substance – activator, providing also electrical 
conductivity for direct metal electroplating. The experiments that have been carried 
out showed that the adhesion between the vertical and the horizontal part is broken. 
This is due to the buffer layer consisting of carbon, i.e. the activating carbon layer 
(step 2 from the technological plan). During fabrication of microcontacts the activator 
covers the photoresist as well as the already electroplated vertical copper posts. In 
purpose of improving adhesion the pattern is anode manipulated before electroplating 
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the thin copper layer, that is applying current with positive polarity (reverse potential) 
through the cathode. By this processing the activator dissolves along with the copper 
posts that it covers. That guarantees good cohesion between the already fabricated 
parts and the copper layer that has to be electroplated. [1], [3] 

4. COMPLIANT ELEMENTS TECHNOLOGY (“HELIX”)
There are some special features while building the present structure of the helix 

element. Let us take a look at the G-helix schematic. The fabrication process of the 
wafer-level interconnect is schematically illustrated step-by-step in Figure 2.  In the 
next sections, a description of the fabrication process for each mask process will be 
described.    

1. First layer of photoresist;  
Photolithography; 
 
2. Electroplate the first post; 
 
 
3. Activate the surface; electroplate thin 
copper layer; photolithography; 
 
4. Electroplate the horizontal element; 
Photolithography for forming the second post; 
 
5. Build the second post; activate the surface; 
 
 
 
6. Strip off the last two layers of photoresist; 
 
 
7. Etch down the thin copper layer and strip off the 
first layer of photoresist; 

 
Fig. 2: Technological order for G-helix fabrication 

 
While building the vertical posts and having the necessary thickness and profile 

there is an optimization needed for the used conditions. Experiments were carried 
out, conditions were optimized and Fig. 3 shows the final result of the copper post.  

 
Fig.3: The middle post between the two beams 
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Considering the multilayer structure and the repeated technological cycles, a different 
plan for fabrication of a β-helix interconnect should be made. 

 
    1. First layer of photoresist; Photolithography; 

 
     2. Electroplate the first post; 
 
 
     3. Activate the surface; electroplate thin   
          copper layer; photolithography; 
 
     4. Electroplate the horizontal element; 
        Photolithography for forming the second post; 
 
 
     5. Build the second post; activate the surface;  
 
 
    
     6. Cover with thin copper layer; Photolithography; 
 
 
    
     7. Electroplate the second horizontal element; 
         Photolithography for the last post; 
 
 
     
      8. Electroplate the last post; 
 
 
 
     
      9. Strip off the last two layers of photoresist; 
 
             
   
     10. Etch down the second thin copper layer; Strip  
 the first layer of photoresist; 
 
                                                     
  
      11. Compliant β-Helix element; 

 
Fig.4: Technological order of β-helix microfabrication 

Multilayer requires special attention when the photoresist is removed. After the 
electroplating stage is finished, the photoresist can be dissolved to the level of the 

  



ELECTRONICS’ 2006                                                       20 – 22 September, Sozopol, BULGARIA 
 

 
horizontal metallization, i.e. the copper layer is a barrier for stripping the bottom 
layer of photoresist. This thin metallization is etched in bright etching solution which 
removes also part of the bare element. The etching of the exposed parts is 
insignificant because the thin metallization is several micrometers in contrast to the 
thickness of the interconnects - dozens of microns. 

5. RESULTS  
As a result of the carried technological experiments a technological order has 

been made which was used for fabrication of the compliant microcontacts. Fig. 5, 
Fig. 6 and Fig. 7 show several pictures of the actual interconnects fabricated. 

 

 
Fig. 5: G-Helix and β-Helix microcontacts 

 
Fig. 6: Profile of the G-Helix and β-Helix interconnects 

 
Fig. 7: β-Helix microcontact 

With the purpose of studying the vertical geometry of the given structures is used 
method of the cross-section. When  this method is applied, the defects obtained from 
rough electroplating or incorrect positioning of the mask over the structure can be 
observed. Disadvantage of the given method is destruction of the whole structure 
when it is examined. A picture of the described method can be seen in Fig. 8. 
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Fig. 8: Method of the cross-section 

6. CONCLUSION 

An opportunity of building complicated 3D microcontacts using UV LIGA 
process has been presented using alternative method of middle metallization by 
chemical activation and dry photoresist. The opportunity of applying dry photoresist 
in multilayer and forming an independent topological picture in every layer is 
experimentally proved. 
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The development of anisotropic, high-aspect-ratio micromachining processes has provided opportunity for the extension of silicon microfabrication capability well into the third dimension. For some applications, however, truly 3D structures are desired, especially those that possess arbitrary surface height profiles, i.e., surfaces with multiple height levels and/or nonplanar profiles.

The present paper presents results from the fabrication of 3D microcontact structures using LIGA process. It is known that this process is used in micromechanics for constructing 3D structures for a long time using roentgen as well as UV photolithography. This material suggests technological order and realization of 3D microcontacts using many-stages photolithography of dry photoresist.
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1. Introduction


“LIGA” is an acronym for the German words “Lithographie, Galvanikand Abformung” standing for the main steps of the process, i.e., deep X-ray lithography, electroforming, and plastic molding. These three steps make it possible to mass-produce microcomponents at a low-cost. Since the in-house operation of the LIGA process requires X-ray mask fabrication processes and expensive synchrotron processes that are not conveniently available, processes such as Ultraviolet (UV) lithography tools have been developed. [8]


UV photolithography is the process of transferring geometric shapes from a mask to the surface of a silicon wafer using Ultraviolet light. The steps involved in the UV photolithographic process are wafer cleaning; barrier layer formation; photoresist application; soft baking; mask alignment; exposure and development; and hard-baking. [9]

There are different sorts of dry photoresist used in fabrication of 3D microstructures for example SU-8, Riston 4600, Laminar and many others but some of them are expensive to use in production. It is substantial to find the common ground where the used photoresist is either cheaper and with better quality.


2. Objective


There are many fields of study in microelectronics where different types of microcontacts are used – both soldered and dry. [4], [6], [7]


There is an opportunity to use interconnects with compliant structure in presence of significant mechanical loadings. [2] An example of a complex geometry developed using the LIGA process are the compliant β-Helix and G-Helix interconnects. Helix-type compliant off-chip interconnect is a new interconnect concept which could be a potential solution to the long term size, fabrication, performance, reliability, and cost requirements for the next-generation package. G-Helix and β-Helix are layer-by-layer electroplated structures that have the potential to meet the fine-pitch first-level chip-to-substrate interconnect requirements.




Fig. 1: Schematic of Helix-type Interconnects


The purpose of the present paper is the development of technological plan using dry photoresist which allows the fabrication of the helix interconnects.


3. Negative Photoresist

This paper is referred to Laminar 5000 – a dry film which has a maximum photosensitivity in the spectral range between 340 and 420 nm. Imaging of the resist is achieved with exposure in high UV output exposure equipment. Therefore, during electroplating the structures, the film is resistant to acidic and alkaline solutions as well as some solvent-based solutions. The roll temperature for the used negative resist is 113 - 121ºC and the development temperature is 23 - 30ºC for about one minute. The advantages of Laminar 5000 are superior, instant adhesion to copper surfaces, excellent printout image, high photosensitivity and resolution and broad processing window which leads to producing high aspect ratio, near vertical sidewalls. The main preference we use is the ability to build strong multilayer structures with one type of photoresist. In this work interconnects are build up with more than three layers and every next layer makes no damage to the electroplated structure in the previous coating. [5]

During building of 3D structures a conductive surface over the photoresist has to be made from the bottom layer during building the 3D structures using vacuum metallization or by the alternative technology developed in the department KTPPME.  The method presents chemical activation and pre-treatment of the dielectric photoresist using fluid carbon content substance – activator, providing also electrical conductivity for direct metal electroplating. The experiments that have been carried out showed that the adhesion between the vertical and the horizontal part is broken. This is due to the buffer layer consisting of carbon, i.e. the activating carbon layer (step 2 from the technological plan). During fabrication of microcontacts the activator covers the photoresist as well as the already electroplated vertical copper posts. In purpose of improving adhesion the pattern is anode manipulated before electroplating the thin copper layer, that is applying current with positive polarity (reverse potential) through the cathode. By this processing the activator dissolves along with the copper posts that it covers. That guarantees good cohesion between the already fabricated parts and the copper layer that has to be electroplated. [1], [3]

4. compliant elements technology (“helix”)

There are some special features while building the present structure of the helix element. Let us take a look at the G-helix schematic. The fabrication process of the wafer-level interconnect is schematically illustrated step-by-step in Figure 2.  In the next sections, a description of the fabrication process for each mask process will be described.   


1. First layer of photoresist; 

Photolithography;




2. Electroplate the first post;




3. Activate the surface; electroplate thin


copper layer; photolithography;




4. Electroplate the horizontal element;


Photolithography for forming the second post;




5. Build the second post; activate the surface;




6. Strip off the last two layers of photoresist;




7. Etch down the thin copper layer and strip off the


first layer of photoresist;


Fig. 2: Technological order for G-helix fabrication


While building the vertical posts and having the necessary thickness and profile there is an optimization needed for the used conditions. Experiments were carried out, conditions were optimized and Fig. 3 shows the final result of the copper post. 




Fig.3: The middle post between the two beams

Considering the multilayer structure and the repeated technological cycles, a different plan for fabrication of a β-helix interconnect should be made.




    1. First layer of photoresist; Photolithography;




     2. Electroplate the first post;




     3. Activate the surface; electroplate thin  


          copper layer; photolithography;




     4. Electroplate the horizontal element;


        Photolithography for forming the second post;




     5. Build the second post; activate the surface; 


   


     6. Cover with thin copper layer; Photolithography;


   


     7. Electroplate the second horizontal element;


         Photolithography for the last post;




      8. Electroplate the last post;




      9. Strip off the last two layers of photoresist;


  


     10. Etch down the second thin copper layer; Strip 


 the first layer of photoresist;




      11. Compliant β-Helix element;


Fig.4: Technological order of β-helix microfabrication


Multilayer requires special attention when the photoresist is removed. After the electroplating stage is finished, the photoresist can be dissolved to the level of the horizontal metallization, i.e. the copper layer is a barrier for stripping the bottom layer of photoresist. This thin metallization is etched in bright etching solution which removes also part of the bare element. The etching of the exposed parts is insignificant because the thin metallization is several micrometers in contrast to the thickness of the interconnects - dozens of microns.

5. results 


As a result of the carried technological experiments a technological order has been made which was used for fabrication of the compliant microcontacts. Fig. 5, Fig. 6 and Fig. 7 show several pictures of the actual interconnects fabricated.



Fig. 5: G-Helix and β-Helix microcontacts




Fig. 6: Profile of the G-Helix and β-Helix interconnects




Fig. 7: β-Helix microcontact


With the purpose of studying the vertical geometry of the given structures is used method of the cross-section. When  this method is applied, the defects obtained from rough electroplating or incorrect positioning of the mask over the structure can be observed. Disadvantage of the given method is destruction of the whole structure when it is examined. A picture of the described method can be seen in Fig. 8.




Fig. 8: Method of the cross-section


6. conclusion

An opportunity of building complicated 3D microcontacts using UV LIGA process has been presented using alternative method of middle metallization by chemical activation and dry photoresist. The opportunity of applying dry photoresist in multilayer and forming an independent topological picture in every layer is experimentally proved.
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