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disregarded). The position at which no atom is located is called a void. The void is to 

occupy a fundamentally important aspect in the further description of the patent. 

In interstitial diffusion, smaller atoms diffuse within the lattice holes of a crystal. 

Since we are primarily dealing with homoatomic diffusion in this patent, interstitial 

diffusion is not further considered. 

Hydrogen, which diffuses in the lattice holes of the Si crystal grid, would be an 

example of interstitial diffusion. In comparison to Si, hydrogen is "small,'" such that it 

has space in the lattice holes. 

According to the invention, only the substitution diffusion is suitable for the case 

of homoatomic diffusion of the same metal species. 

In addition, surfaces, grain boundaries and volume diffusion can be distinguished. 

Atoms diffuse the best where they are limited by as few other atoms are possible. This 

state is primarily present on the surface, by which the high mobility of the atoms on the 

surface is also clarified. Even in the grain boundaries, an atom in general has more space 

than in the crystal grid itself. The speed of the diffusing species is therefore between that 

of the surfaces - and that of the volume diffusions. A requirement for a grain boundary 

diffusion is, of course, the existence of grain boundaries. 

For this case of polycrystalline metal surfaces, the following problems occur with 

direct bonds. 

First of all, polycrystalline materials consist of several grains that are oriented 

differently relative to the surface to be bonded. This results in that the surface consists of 

different crystallographic surfaces. The different physical properties of the individual 

grain surfaces have, in general, different oxidation, diffusion, adhesion properties, etc. 
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Secondly, the grains have so-called grain boundaries, i.e., atom-free areas in the 

angstrom to nanometer range, which separate the grains from one another, in which 

atoms have a higher diffusivity than in the grain volume. 

Thirdly, the surfaces to be bonded in the rarest cases are free of oxidation 

products. 

The fact that polycrystalline surfaces are present in the worst case with oxidation 

products and a non-zero surface roughness does not make any direct welding possible. 

The surfaces do not lie completely flat upon contact but rather form pores in the interface. 

These "microscopic holes" are not confused with the above-described voids that are of 

fundamental importance for the diffusion, while "microscopic holes" in the interface 

prevent the jump of atoms "to the other side." 

In summary, it can be said that the modification of two surfaces is implemented 

according to the invention in such a way that at the lowest possible temperatures, the 

diffusion of atoms into one another has to be implemented as simply as possible. 

Diffusion can be promoted, for example, by the metal surfaces that are to be 

connected being configured in such a way that layers that are near the surface or, ideally, 

one layer that starts from the surface and reaches a certain depth ''&" (layer thickness) in 

the material is made available, and said layer has a structure that produces diffusion, in 

particular primarily substitution diffusion, between the surfaces that are to be connected. 

Below, methods are now described that make it possible to produce this layer that is near 

the surface. Primarily, it can prove advantageous to make available a layer that is near 

the surface and that is less tightly packed. It is thus meant that the void concentration is 

correspondingly high. These surface defects now have the advantage that in a 
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connection can be carried out even at temperatures < 250°C, ideally < 200°C, even more 

preferably < 150°C, and even < 120°C in cases with very small particles. 

Optimization of Surface Roughness 

A similar acceleration of the diffusion bond and a bonding in particular at greatly 

reduced temperature is also another possibility to correspondingly optimize the surfaces 

with respect to surface roughness, The basic principle consists in the planarization of the 

surface waviness and micro-roughness. The root-mean-square (RMS) roughness is to lie 

within the nanometer range. The roughness that is set has to be homogeneous. This 

means that the mean wavelength, as well as the mean amplitude of the ridge-valley profile, 

which is measured with an atomic-force microscope (AFM), has to be the same on the 

entire surface, This is a necessary requirement in that the surfaces can engage over one 

another upon contact in such a way that the ridges of one surface fill the valleys of the 

other surface and vice versa. Based on this optimal contact, the development of a diffusion 

bond is greatly promoted and is made possible even at lower temperatures. 

The surface roughness that is necessary in tins respect can be achieved by 

specifically selected CMP processes. On the one hand, CMP processes make possible the 

production of a very flat surface, while the surface roughness can also be influenced with 

the suitable selection of slurries. The production of the desired surface composition can in 

this case be carried out either in an individual CMP step or in two steps that follow one 

another. In this case, the first step is used to ensure the planarity of the surfaces, while 

the second step is used to produce the desired local surface roughness. Optionally, 

surface roughness can also be produced by means of a special etching step. In addition, it 
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CLAIMS: 

  

1. Process for production of a permanent, electrically conductive connection 

between a first surface of a first substrate and a second surface of a second 

substrate, the first surface including a metal region and a nonmetal region, the 

second surface including a metal region and a nonmetal region, the process 

comprising the following method steps:  

 treatment of the first and second surfaces by producing surface defects 

in such a way that, when the surfaces are connected, a permanent, electrically 

conductive connection - produced at least by substitution diffusion between metal 

ions and/or metal atoms in the metal regions of the surfaces - is produced; and  

 positioning and connection of the first and second surfaces,  

whereby during the treatment, positioning and connection, a process temperature 

of at most 300°C is not exceeded.  

 

2. Process according to Claim 1, wherein, when the first and second surfaces are 

connected, the nonmetal regions are brought into contact in one of the method 

steps.  

 

3. Process according to one of the preceding claims, wherein hydrogen is 

implanted during the treatment of the first surface and/or the second surface.  

 

4. Process according to any one of Claims 1 - 3, wherein the treatment of the 

metal regions of the first and second surfaces is conducted by producing near 

surface layers with defects produced by implanting gas ions and/or by applying 

metallic nanoparticles, the near surface layers having a depth of less than 3 nm 

from the surfaces.  
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5. Process according to any one of Claims 1 - 4, wherein the nonmetal regions are 

composed of silicon dioxide or organic insulation material.  

 

6. Process according to any one of Claims 1 - 5, wherein the nonmetal regions are 

in line with the metal regions or lower than the metal regions.  

 

7. Process according to any one of Claims 1 - 6, wherein the treatment includes 

planarization of a surface roughness of at least one of the metal regions of the 

surfaces.  

 

8. Process according to Claim 4, wherein argon ions or nitrogen ions are used to 

implant the gas ions.  

 

 

 

 

 

 

 

 

 

 


