Some of the metals used in the semiconductor industry are oxygen-affine. Thus,
under an oxygen-containing atmosphere, aluminum forms a relatively solid aluminum
oxide. During bonding, such oxides have a negative effect on the bonding result, since
they are trapped between the two materials that are to be bonded to one another. Under
extreme conditions, such an oxide can completely prevent a bonding process; under the
most optimal conditions, the oxide is trapped. A mechanical breaking of the oxide layer
before the incorporation is also conceivable. The oxide is thermodynamically stable
enough not to decompose or to go into solid solution. It remains as oxide in the bonding
boundary surface and has a negative effect on the mechanical properties there. Similar
problems arise for tungsten and/or copper bonds.

Embodiments of this invention disclose a method and a device with which an
optimal connection is achieved at the lowest possible temperature, in particular with the
greatest possible purity at the bonding boundary surface.

According to a first aspect of the present invention, there is provided a device for
surface treatment of a substrate surface of a substrate with: a process chamber for
receiving the substrate, means for amorphization of the substrate surface with the
formation of an amorphous layer at the substrate surface with a thickness d > 0 nm of the
amorphous layer, a bonding chamber, wherein the bonding chamber in a cluster unit is
connected integrally to the process chamber, and an ion chamber for ionization of one or
more gases, one or more gas mixtures, or a combination thereof to form an ion beam
having particles that are free of metal ions, wherein process parameters are selected such
that a complete conversion of the amorphous layer into the crystalline phase is carried
out.

According to a second aspect of the present invention, there is provided a cluster
unit, comprising the above device.

Also, all combinations that consist of at least two of the features indicated in the
specification, the claims and/or the figures fall within the scope of the invention. In the

indicated ranges of
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Claims:

1. A device for surface treatment of a substrate surface (10) of a substrate (1) with:

a process chamber for receiving the substrate (1),

means for amorphization of the substrate surface (10) with the formation of an
amorphous layer (2, 2°, 2") at the substrate surface (10) with a thickness d > 0 nm of the
amorphous layer (2.2°,2"),

a bonding chamber, wherein the bonding chamber in a cluster unit is connected
integrally to the process chamber, and

an ion chamber for ionization of one or more gases, one or more gas mixtures, or
a combination thereof to form an ion beam having particles that are free of metal ions,

wherein process parameters are selected such that a complete conversion of the

amorphous layer (2, 2'. 2”) into the crystalline phase is carried out.

2. The device according to claim 1, wherein the substrate is amorphized up to a

thickness d < 100 nm of the amorphous layer (2, 2°, 2”).

3. The device according to claim 1, wherein the substrate is amorphized up to a

thickness d < 50 nm of the amorphous layer (2, 2°, 2”).

4. The device according to claim 1, wherein the substrate is amorphized up to a

thickness d < 10 nm of the amorphous layer (2, 2°, 2”).

5. The device according to claim 1, wherein the substrate is amorphized up to a

thickness d <5 nm of the amorphous layer (2, 2°, 27).

6. The device according to claim 1, wherein the substrate is amorphized up to a

thickness d <2 nm of the amorphous layer (2, 2°, 2”).
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7. The device according to one of the preceding claims, wherein the substrate is
amorphized in such a way that the mean roughness of the substrate surface (1o, 10”)

decreases to a mean roughness of less than 10 nm.

8. The device according to one of claims 1 to 6, wherein the substrate is amorphized
in such a way that the mean roughness of the substrate surface (10, 10’) decreases to a

mean roughness of less than 8 nm.

9. The device according to one of claims 1 to 6, wherein the substrate is amorphized
in such a way that the mean roughness of the substrate surface (1o, 10’) decreases to a

mean roughness of less than 6 nm.

10. The device according to one of claims 1 to 6, wherein the substrate is amorphized
in such a way that the mean roughness of the substrate surface (1o, 10’) decreases to a

mean roughness of less than 4 nm.

11. The device according to one of claims 1 to 6, wherein the substrate is amorphized
in such a way that the mean roughness of the substrate surface (1o, 10’) decreases to a

mean roughness of less than 2 nm.

12. The device according to one of the preceding claims, wherein the substrate is
amorphized by collision of particles with the substrate surface (1o, 10”) with particles,
wherein the angle of incidence between substrate surface (10, 10’) and ion beam can be

freely selected and set, wherein the angle of incidence lies between 75° and 90.
13.  The device according to one of claims 1-11, wherein the substrate is amorphized
by collision of particles with the substrate surface (10, 10”) with particles by acceleration

of the particles.

14. The device according to claim 12 or 13, wherein the particles are ions.
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15. The device according to claim 12, 13 or 14, wherein the angle of incidence lies at
90°.
16.  The device according to one of claims 12-15, wherein kinetic energy of the

particles is set to be between 1 eV and 1,000 keV.

17.  The device according to one of claims 12-15, wherein kinetic energy of the

particles is set to be between 1 eV and 100 keV.

18. The device according to one of claims 12-15, wherein kinetic energy of the

particles is set to be between 1 eV and 10 keV.

19. The device according to one of claims 12-15, wherein kinetic energy of the

particles is set to be between 1 eV and 200 eV.

20.  The device according to one of claims 12-16, wherein the current density of the

particles is set to be between 0.1 mA/cm? and 1,000 mA/cm?.

21. The device according to one of claims 12-16, wherein the current density of the

particles is set to be between 1.0 mA/cm? and 500 mA/cm?.

22. The device according to one of claims 12-16, wherein the current density of the

particles is set to be between 50 mA/cm? and 100 mA/cm?.

23. The device according to one of claims 12-16, wherein the current density of the

particles is set to be between 70 mA/cm? and 80 mA/cm?.

24. The device according to one of claims 12-16, wherein the current density of the

particles is set to be 75 mA/cm?.
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25. The device according to one of the preceding claims, wherein the substrate is
amorphized in a process chamber, which is evacuated before the amorphization to a

pressure of less than 1 bar.

26. The device according to one of claims 1 to 24, wherein the substrate is
amorphized in a process chamber, which is evacuated before the amorphization to a

pressure of less than 107 bar.

217. The device according to one of claims 1 to 24, wherein the substrate is
amorphized in a process chamber, which is evacuated before the amorphization to a

pressure of less than 107 bar.

28. The device according to one of claims 1 to 24, wherein the substrate is
amorphized in a process chamber, which is evacuated before the amorphization to a

pressure of less than 107 bar.

29. The device according to one of claims 1 to 24, wherein the substrate is
amorphized in a process chamber, which is evacuated before the amorphization to a

pressure of less than 107® bar.
30. The device according to one of claims 1 to 29, wherein the bonding chamber in
the cluster unit is connected with a steadily maintained evacuation in the process

chamber.

31. The device according to one of the preceding claims, wherein the substrates are

aligned after they are amorphized.

32. The device according to claim 31, wherein after the alignment a contact is made.

33.  The device according to claim 32, wherein the contact begins in the center and is

continued radially outward until the contact is complete.
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34, The device according to claim 32 or 33, wherein the contact produces a prefixing

with a binding strength of between 0.01 J/m? and 2.5 J/m?.

35. The device according to claim 32 or 33, wherein the contact produces a prefixing

with a binding strength of between 0.1 J/m? and 2 J/m>.

36.  The device according to claim 32 or 33, wherein the contact produces a prefixing

with a binding strength of between 0.5 J/m? and 1.5 J/m?.

37.  The device according to claim 32 or 33, wherein the contact produces a prefixing

with a binding strength of between 0.8 J/m* and 1.2 J/m?.

38. The device according to one of the preceding claims, wherein the following gases
and/or gas mixtures are ionized for the substrate to be amorphized:

+ atomic gases,

* molecular gases,

* gas mixtures.

39. The device according to claim 38, wherein the atomic gases comprises Ar, He, Ne
and/or Kr.
40. The device according to claim 37 or 38, wherein the molecular gases comprises

H2, N2, CO and/or COa.

41. The device according to claim 38, 39 or 40, wherein the gas mixtures comprises,
. Forming gas FG (argon + hydrogen) and/or

. Forming gas RRG (hydrogen + argon) and/or

. Forming gas NFG (argon + nitrogen) and/or

. Hydrogen.



34

42. A cluster unit, comprising the device according to one of the preceding claims.



