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lead to results which cannot be reproduced or can be poorly reproduced and which can hardly be 

applied especially to altered conditions. In particular, production methods which are used at present 

often use high temperatures, especially > 400
o
C, in order to ensure reproducible results. 

 Technical problems such as high energy consumption and a possible destruction of 

structures which are present on the substrates result from the high temperatures which have been 

necessary to date for a high bond force and the rapid and/or often completed temperature changes 

which arise due to loading and/or unloading, of in part far above 300
o
C. 

 Other demands consist in the following: 

- back-end-of-line compatibility. 

 This is defined as the compatibility of the process during the processing. The bonding 

process must therefore be designed such that back-end-of-line structures, generally 

consisting of electrical conductors and low-k dielectrics which are already present on the 

structure wafers, are neither adversely affected nor damaged during the processing. 

Compatibility criteria include mainly mechanical and thermal loadability, mainly by thermal 

stresses and stress induced voiding (SIV). 

- front-end-of-line compatibility. 

 This is defined as the compatibility of the process during the production of the electrically 

active components. The bonding process must therefore be designed such that active 

components such as transistors which are already present on the structure wafers, are neither 

adversely affected nor damaged during the processing. Compatibility criteria include mainly 

the purity of certain chemical elements (mainly in CMOS structures), mechanical and 

thermal loadability, mainly by thermal stresses. 
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 To the extent prior to application/formation of the function layer plasma activation of the 

surfaces of the substrates takes place especially with an activation frequency between 10 and 600 

kHz and/or a power density between 0.075 and 0.2 watt/cm
2
 and/or with application of a pressure 

between 0.1 and 0.6 mbar, additional effects such a smoothing of the contact surface are caused. 

Here application of pressure is defined as the pressure of the working atmosphere during plasma 

activation. 

 To the extent the substrates are pressed together at a pressure between 0.1 MPa and 10 

MPa, optimum results can be achieved. Preferably the pressure is between 0.1 and 10 MPa, still 

more preferably between 0.1 and 1 MPa, most preferably between 0.1 and 0.3 MPa. The pressure 

must be chosen to be greater, the larger the irregularities and the thinner the layers. 

 Advantageously according to one embodiment of the invention it is provided that the 

formation/application of the diffusion bond layer is carried out in a vacuum. Thus the 

contamination of the diffusion bond layer with unwanted materials or compounds can be avoided. 

 It is especially effective for the sequence of the method if the diffusion bond layer is made 

preferably in an average thickness R between 0.1 nm and 2500 nm, more preferably between 0.1 

nm and 150 nm, even more preferably between 0.1 nm and 10 nm, most preferably between 0.1 nm 

and 5 nm. 

 Other advantages, features and details of the invention will become apparent from the 

following description of preferred exemplary embodiments and using the drawings. 

 Figure 1 shows a cross section of two substrates which have been coated as claimed in the 

invention with a layer system, 

 Figure 2 shows a diffusion bond layer as claimed in the invention, 
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 Figure 3 shows an intermediate layer as claimed in the invention, 

 Figure 4 shows a diffusion bond layer applied to a substrate, 

 Figure 5 shows a layer system applied to a substrate with one intermediate layer and one 

diffusion bond layer and 

 Figure 6 shows a layer system applied to a substrate with two intermediate layers and one 

diffusion bond layer. 

 The same or equivalent features are identified with the same reference numbers in the 

figures. The drawings are not to scale. Mainly the intermediate layers and diffusion bond layer are 

shown several times larger to be able to better represent the microstructure. 

 The invention relates to a method for bonding of two coated substrates 1, 3 to one another 

via two layer systems 2, 4. The layer systems 2, 4 can be composed of any number of layers 5, 5', 5" 

of different type (intermediate layers 5', 5" and diffusion bond layer 5) with different physical 

and/or chemical properties and microstructures. As claimed in the invention the layer which is 

uppermost at the time (contact surface between the layer systems 2, 4) is a diffusion bond layer 5, 

therefore a layer whose grain size is limited as claimed in the invention. 

 The diffusion bond layer 5 which is applied to the first surface of the first substrate 1 is 

called the first diffusion bond layer and the one applied to a second surface 3o of the second 

substrate 3 is called the second diffusion bond layer. 

 The average grain diameter H of the surface 1o, 3o, of the substrates 1, 3, which diameter is 

projected parallel to the surface (plan view), is preferably less than 1 µm, more preferably less than 

100 nm, still more preferably less than 10 nm, even more preferably less than 5 nm, most preferably 

less than 1 nm. 
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 The average grain diameter V which is measured orthogonally to the average grain diameter 

H or to the substrate surface is preferably less than 1 µm, more preferably less than 100 nm, still 

more preferably less than 10 nm, even more preferably less than 5 nm, most preferably less than 1 

nm. 

 The projected grain diameters H and V are not necessarily the same. But for very thin layer 

thickness t, H and V are presumably of the same order of magnitude. In this case V or t limits the 

grain diameter. This is due to the surface energy which prevents enlargement of the grain. In the 

embodiment as shown in Figure 2 the vertical grain diameter V is stipulated as limiting by a layer 

thickness t of the layer system 2 consisting of only a single diffusion bond layer 5 here. Then a layer 

thickness t of the layer system 2 is equal to the grain diameter V. 

 In the embodiment shown in Figure 4 the diffusion bond layer 5 with a grain interface as 

large as possible is deposited directly on the first substrate 1. 

 In another embodiment as claimed in the invention as shown in Figure 5, the diffusion bond 

layer 5 with a grain interface as large as possible (therefore with many grain boundaries) is 

deposited on any other intermediate layer 5'. The intermediate layer 5' can be the same material with 

optionally different distribution of the grain size as in the diffusion bond layer 5. The microstructure 

on the contact surface (surface of the diffusion bond layer 5) was influenced especially exclusively 

by the deposition process. In particular the intermediate layer 5' was produced by an 

electrochemical deposition process (ECD) or PVD process, conversely the diffusion bond layer 5 is 

produced by PVD and/or CVD processes. 

 The intermediate layer 5' as shown in Figure 3 has a larger average grain diameter H' 

parallel to the surface 1o or 3o and a larger average grain diameter V' transversely to the surface 1o 
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or 3o. Here it is also advantageous if the layer thickness t' of the intermediate layer 5� is larger, 

especially twice as large, preferably 3 times, more preferably 5 times, still more preferably 10 times, 

most preferably 100 times, most preferably of all 1000 times as large as the average grain diameter 

V. 

 In another embodiment as claimed in the invention as shown in Figure 6, another 

intermediate layer 5" is deposited between the diffusion bond layer 5 and the intermediate layer 5'. 

The intermediate layer 5" has the task as claimed in the invention of preventing a possible 

interdiffusion between the diffusion bond layer 5 and the intermediate layer 5' so that the 

microstructure of the diffusion bond layer 5 is preserved up to the actual bond process. 

 More efficient diffusion of the atoms from the layer system 2 into the layer system 4 and 

vice versa takes place by a subsequent bond process of the two substrates 1, 3 via their layer 

systems 2,4 as claimed in the invention by the large grain interface (and thus a large number of 

grain boundaries) of at least one diffusion bond layer. 

 As claimed in the invention the diffusion bond layer 5 is the layer which forms the contact 

surface. The reason is that the diffusion bond layer 5 has a very large number of grain boundaries 7. 

The average diffusion flow takes place therefore preferably in the vertical direction (transversely to 

the surface 1o, 3o) along these grain boundaries 7. 

 The intrinsic diffusion of a species along one free surface is greater than along the grain 

boundaries, but along the grain boundaries greater than within the bulk. Preferably therefore the 

"interdiffusion" of the atoms of the two layer systems 2 and 4 into one another over the grain 

boundaries will take place by the large number of grain boundaries as claimed in the invention. 

 The bonding of the two layer systems 2 and 4 takes place preferably at temperatures as low 
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as possible. For metals the bonding takes place preferably at a homologous temperature of less than 

1.0 but above room temperature and below a temperature of 300
o
C. 

 Layer systems as claimed in the invention would be especially the following: 

- Si substrate / thin diffusion barrier / thick (ECD) Cu layer / thin diffusion barrier (for example Ti, 

Ta,...) / thin (PVD) Cu layer 

- Si substrate / thin diffusion barrier / thick (ECD) Cu layer / thin (PVD) Cu layer 

- Si substrate / thin diffusion barrier / thin (PVD) Cu layer 

- Si substrate / thin diffusion barrier / Cu layer / thin Si layer 

- Si substrate / thin diffusion barrier / Cu layer / thin layer of a transition metal (Ti, Ta, W,...) 

- Si substrate / thin diffusion barrier / Cu layer / thin layer of a precious metal (Au, Pd,...) 

- any combination of the aforementioned layer systems 

 The bond process can take place as claimed in the invention by the bonding of any of the 

aforementioned layer systems to any other of the aforementioned layer systems. Analogous 

considerations apply to any other layer system which is not mentioned explicitly in the text, but 

which is based on the same inventive idea. 

 The method which is preferred as claimed in the invention for producing the intermediate 

layers 5', 5" with comparatively large grain sizes (compared to the diffusion bond layer 5) is 

electrochemical deposition (ECD). 

 The method which is preferred as claimed in the invention for producing the diffusion bond 

layer 5 with comparatively small grain sizes are all PVD and/or CVD method. 
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Reference number list 

1  first substrate 

1o  surface 

2  layer system 

3  second substrate 

3o  surface 

4  layer system 

4o, 4o'  surface 

5  diffusion bond layer 

5', 5"  intermediate layers 

6  grain 

7  grain boundary 

t, t'  layer thickness 

H, H'  (average) grain diameter 

V, V'  (average) grain diameter 
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Claims: 

 

1.  A method of coating a first substrate with a first diffusion bond layer, the method 

comprising: 

 forming a first intermediate layer on a first surface of the first substrate, the first 

intermediate layer having an average grain diameter H� parallel to the first surface and an 

average grain diameter V� transverse to the first surface; and 

 depositing the first diffusion bond layer on the first intermediate layer, the first diffusion 

bond layer being formed of a first material and having an average grain diameter H parallel to 

the first surface and an average grain diameter V transverse to the first surface, the average grain 

diameter H being less than 1 !m, 

 wherein the average grain diameter H� is greater than the average grain diameter H, and 

 wherein the average grain diameter V� is greater than the average grain diameter V. 

 

2.  The method as claimed in claim 1, wherein the average grain diameter V is less than 1 

!m. 

 

3.  The method as claimed in claim 1, wherein the first diffusion bond layer has an average 

thickness t transverse to the first surface, the average thickness t being less than 1 !m. 

 

4.  The method as claimed in claim 1, wherein the forming of the first intermediate layer 

comprises electrochemically depositing the first intermediate layer by an electrochemical 

deposition process. 

 

5.  The method as claimed in claim 1, wherein the first diffusion bond layer is deposited by 

physical gaseous phase deposition and/or chemical gaseous phase deposition. 

 

6.  The method as claimed in claim 1, wherein the first material is Cu. 

 

7.  The method as claimed in claim 1, wherein the first intermediate layer is a Cu layer. 
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8.  The method as claimed in claim 1, wherein the average grain diameter H is less than 100 

nm. 

 

9.  A method of bonding a first substrate to a second substrate coated with a second diffusion 

bond layer, comprising the steps of: 

 coating the first substrate with a first diffusion bond layer, the coating comprising: 

   forming a first intermediate layer on a first surface of the first substrate,  

  the first intermediate layer having an average grain diameter H� parallel to the first 

  surface and an average grain diameter V� transverse to the first surface; and 

depositing the first diffusion bond layer on the first intermediate layer, the 

first diffusion bond layer being formed of a first material and having an average 

grain diameter H parallel to the first surface and an average grain diameter V 

transverse to the first surface, the average grain diameter H being less than 1 !m; 

 contacting the first diffusion bond layer of the first substrate with the second diffusion 

bond layer of the second substrate; and 

 pressing the substrates together to form a permanent metal diffusion bond between the 

first and second substrate, 

 wherein the average grain diameter H� is greater than the average grain diameter H, and 

 wherein the average grain diameter V� is greater than the average grain diameter V. 

 

10.  The method as claimed in claim 9, wherein the permanent bond has a bond strength of 

greater than 1.5 J/m
2
. 

 

11.  The method as claimed in claim 9, wherein the pressing together takes place at a pressure 

between 0.1 and 10 MPa. 

 

12.  The method as claimed in claim 9, wherein the first and/or the second diffusion bond 

layer are configured to allow grain boundary diffusion to occur therethrough. 

 

13.  The method as claimed in claim 9, wherein the formation of the permanent bond takes 

place at a temperature between room temperature and 500° C., and 
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 wherein the formation of the permanent bond occurs within a maximum 12 days. 

 

14.  The method as claimed in claim 9, wherein the first material is Cu. 

 

15.  The method as claimed in claim 14, wherein the first intermediate layer is a Cu layer. 

 

 16.  A method of coating a first substrate with a first diffusion bond layer, the method 

comprising: 

 forming a first intermediate layer on a first surface of the first substrate, the first 

intermediate layer having an average grain diameter H� parallel to the first surface and an 

average grain diameter V� transverse to the first surface; 

 forming a second intermediate layer on the first intermediate layer, the second 

intermediate layer having an average grain diameter H! parallel to the first surface and an 

average grain diameter V! transverse to the first surface; and 

 depositing the first diffusion bond layer on the second intermediate layer, the first 

diffusion bond layer being formed of a first material and having an average grain diameter H 

parallel to the first surface and an average grain diameter V transverse to the first surface, the 

average grain diameter H being less than 1 "m, 

 wherein the average grain diameter H� is greater than the average grain diameter H, 

 wherein the average grain diameter V� is greater than the average grain diameter V, and 

 wherein H! is less than H� and greater than H, and V! is less than V� and greater than V. 

 

 17.  The method as claimed in claim 16, wherein the first material is Cu. 

 

 18.  The method as claimed in claim 17, wherein the first intermediate layer is a Cu layer. 


