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(57) ABSTRACT 

Method for producing an antifuse in a Substrate, a first 
interconnect being applied to the Substrate, a dielectric layer 
being applied at an end face of the first interconnect, which 
end face essentially runs vertically with respect to the 
Substrate, a Second interconnect being applied in Such a way 
that it adjoins the dielectric layer with an end face, with the 
result that an antifuse Structure is formed. 

23 Claims, 1 Drawing Sheet 
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METHOD FOR PRODUCING AN ANTIFUSE 
IN A SUBSTRATE AND AN ANTIFUSE 
STRUCTURE FOR INTEGRATION INA 

SUBSTRATE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims priority benefits under 35 U.S.C. 
S119 to co-pending German patent application 102 55 
427.7-33, filed Nov. 28, 2002. This related patent application 
is herein incorporated by reference in its entirety. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The invention relates to a method for producing an 
antifuse in a Substrate, in particular in an integrated circuit, 
and an antifuse Structure for integration in an integrated 
circuit. 

2. Description of the Related Art 
Antifuse Structures are used in integrated circuits to 

permanently Store Setting values. For this purpose, antifuse 
Structures can be programmed by being changed over from 
a high-impedance to a low-impedance State by means of an 
applied programming Voltage. The high-impedance and 
low-impedance States are permanent, i.e., they are main 
tained permanently without the presence of a Voltage. In this 
way, the antifuSe Structure can Serve as a binary Storage 
element, the two States being determined by the high 
impedance State and the low-impedance State. 

Antifuse Structures usually have a first conductive region 
and a Second conductive region isolated from one another by 
a dielectric. The dielectric forms a thin layer between the 
first conductive region and the Second conductive region, 
which layer is initially nonconductive, or at high impedance. 
When a programming Voltage is applied, an electric field 
forms between the two conductive regions, a breakdown 
channel forming at that location in the dielectric at which the 
breakdown field strength of the dielectric is exceeded by the 
electric field, which breakdown channel permanently alters 
the dielectric in Such a way that a low-impedance channel is 
formed. 

Conventional antifuSe Structures are usually produced by 
Stacking layers one on top of the other, the method steps of 
deposition of a first conductive layer, patterning of the first 
conductive layer, deposition of a dielectric layer, patterning 
of the dielectric layer and deposition of a Second conductive 
layer and patterning of the Second conductive layer essen 
tially being carried out one after the other. 

In order to deposit Said layers one above the other, 
relatively large Overlay tolerances are necessary, with the 
result that when the feature sizes of the integrated circuit are 
miniaturized, the layers of the antifuSe Structure cannot be 
miniaturized to the same extent. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a method 
for producing an antifuse Structure in a Substrate and an 
antifuSe Structure, free Scalability of the antifuse Structure 
being afforded. 
A first aspect of the present invention provides a method 

for producing an antifuse in a Substrate. For this purpose, a 
first interconnect is applied to the Substrate, a dielectric layer 
being applied at an end face of the first interconnect, which 
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2 
end face essentially runs vertically with respect to the 
Substrate. A Second interconnect is Subsequently applied to 
the Substrate in Such a way that it adjoins the dielectric layer 
with an end face, with the result that an antifuSe Structure is 
formed. 

The production method according to the invention for an 
antifuSe has the advantage that it is possible to avoid overlay 
tolerances in the mask process and negative effects Such as, 
e.g., “void” formation in the case of the metal fill. AS a 
result, free Scalability is possible in the case of the inven 
tion's method for producing the antifuse. It may be provided 
that the dielectric layer is applied isotropically, with the 
result that edges of the first interconnect are covered. The 
possibility of Short circuits with respect to the edges of the 
first interconnectarising during the application of the Second 
interconnect is avoided in this way. 

It may be provided that the dielectric layer is applied with 
the aid of an anisotropic deposition proceSS by carrying out 
the deposition process obliquely with respect to the Surface 
of the Substrate. Consequently, the dielectric layer can be 
applied on the end face in a simple manner, improved edge 
coverage also being ensured by the direction of the deposi 
tion process obliquely with respect to the Surface. 

It may be provided that the first interconnect is applied in 
Such a way that it terminates with a Surface of the Substrate. 
This may preferably be carried out in such a way that the first 
interconnect is introduced into a trench Structure in the 
Substrate and the Surfaces of the first interconnect and of the 
Substrate are Subsequently processed in Such a way that they 
terminate with one another in a common Surface. In order to 
form an antifuse structure, the Second interconnect is pref 
erably introduced into a Second trench Structure in the 
Substrate, the Second trench Structure being arranged in Such 
a way that the Second interconnect introduced therein is 
connected to the dielectric layer by its end face. 

In this way, it is possible to produce an antifuse Structure 
which is introduced in a continuous interconnect formed 
from the first interconnect and the Second interconnect, So 
that the antifuSe Structure thus formed takes up only a Small 
area. Furthermore, the process is Self-aligning Since the 
dielectric layer can be produced without a mask Step. 

It may be provided that, for the purpose of introducing the 
conductor material for the first interconnect into the first 
trench Structure, firstly a Sacrificial material is introduced 
into the Second trench Structure, the conductor material for 
the first interconnect being applied over the area. The 
conductor material is Subsequently removed above the Sec 
ond trench Structure by removing the Sacrificial material. AS 
an alternative, it is also possible to remove the conductor 
material by means of a CMP process, the conductor material 
essentially being completely removed everywhere except in 
the first trench Structure, So that only the conductor material 
in the first trench Structure and the Sacrificial material in the 
Second trench Structure remain. Afterward, in order to intro 
duce the dielectric layer and the Second interconnect, the 
Sacrificial material may be removed and the dielectric layer 
and the Second interconnect may be introduced. 
A further aspect of the present invention provides an 

antifuSe Structure in a Substrate with a dielectric layer 
between a first interconnect and a Second interconnect. The 
dielectric layer is essentially arranged vertically with respect 
to the Surface of the Substrate and arranged between end 
faces of the first and Second interconnects. 

In this way, it is possible to produce an antifuse Structure 
which is essentially freely Scaleable and needs a Smaller area 
requirement than conventional antifuse Structures. 
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It may be provided that the first interconnect, the dielec 
tric layer and the Second interconnect are arranged in a 
trench Structure in a Substrate. The trench Structure has the 
advantage in the production method that the processes are 
Self-aligning, So that, e.g., the production of the dielectric 
layer does not require a further mask process. 

It may be provided that the first interconnect, the dielec 
tric layer and the Second interconnect are arranged in the 
Substrate in Such a way that their Surfaces terminate with the 
Surface of the Substrate. In this way, it is possible to produce 
a Surface on which further layerS can be applied, e.g., in 
order to form further metallization layers. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments of the invention are explained in 
more detail below with reference to the accompanying 
drawings, in which: 

FIGS. 1a to 1c show the individual method steps accord 
ing to the invention in accordance with a first embodiment 
of the invention; and 

FIG. 2 shows a croSS Section through an antifuSe Structure 
according to the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

FIGS. 1a to 1c illustrate, in accordance with a first 
embodiment of the invention, the method Steps for produc 
ing an antifuse Structure in a Substrate 1. A trench Structure 
2 is introduced into the Substrate, which trench Structure is 
intended to accommodate the later interconnect and the 
antifuSe Structure. 

The trench structure 2 is preferably arranged in an ILD 
region (Inter Layer Dielectric). After the deposition of the 
first metal layer and the Subsequent CMP process, the 
conductor material is removed from the Second part of the 
trench structure with the aid of an RIE method. 

A first interconnect 3 is then introduced into a first part of 
the trench Structure 2, which interconnect ends in the trench 
Structure 2 at the position of the later antifuse Structure and 
has an end face 4. The first interconnect 3 can be introduced 
in various ways. By way of example, it is possible to apply 
a layer with conductive material over the trench Structure 2, 
which layer is deposited over the area, that is to Say both on 
the Substrate Surface 1 and in the trench Structure 2. 
Afterward, by means of masking, the layer with conductive 
material can be removed in Such a way that only the first 
interconnect 3 remains and the conductive material situated 
on the Substrate Surface 1 and in a Second part of the trench 
Structure 2 is removed. The conductive material is preferably 
a metallic material, and may comprise, by way of example, 
aluminum, copper, tungsten and/or other conductor materi 
als known in Semiconductor technology. 
The end face 4 preferably runs vertically with respect to 

the Substrate Surface, but may also run obliquely with 
respect to the Substrate Surface, depending on the production 
process. Running obliquely has the advantage that the area 
between the conductor and the dielectric can be enlarged, So 
that a high breakdown probability can be achieved during 
the later “blowing” of the antifuse and it is thus possible to 
improve the overall yield of an integrated circuit with Such 
antifuSe Structures. In particular, from a proceSS engineering 
standpoint, angles of between 0 and 60 between the 
normal to the Surface and the end face are advantageous 
Since these can be achieved in a Simple manner by tilting the 
Substrate wafer during a lithography Step. 
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4 
FIG.1b illustrates that a dielectric layer 5 is applied to the 

structure thus obtained. The dielectric layer 5 must be 
applied in Such a way that the end face 4 is completely 
covered in a defined manner. In particular, the edges of the 
end face 4 should be covered in order to avoid a short circuit 
between the first interconnect and a Second interconnect 6 
that is Subsequently to be applied. 

In order to achieve this, an isotropic deposition process is 
preferably used for depositing the dielectric layer 5. When 
using an anisotropic deposition process, it is preferably to be 
provided that the material to be deposited is applied 
obliquely to the Substrate Surface, So that the angle of 
application to the end face 4 becomes as large as possible, 
and is as far as possible 90 in the optimum case. This is 
possible in a particularly simple manner if the end face runs 
oblique with respect to the Surface. 
The dielectric layer 5 is nonconductive and may essen 

tially comprise all dielectric materials known in Semicon 
ductor technology. Silicon nitrite may preferably be used as 
the dielectric. 

Since the dielectric layer 5 is very thin, e.g., 3 nm, in 
comparison with the order of magnitude of the trench 
Structure 2, the dielectric layer 5 may remain in the trench 
Structure when the Second interconnect is introduced into the 
Second part of the trench Structure 2, and Serves as additional 
insulation of the Second interconnect from the Substrate 1, as 
a result of which leakage currents can be reduced. Therefore, 
the location of the antifuse structure should preferably be 
chosen in Such a way that the length of the interconnect is 
essentially formed by the Second interconnect and the first 
interconnect is kept as short as possible. 
The introduction of the second interconnect 6 is effected 

in the same way as the introduction of the first interconnect 
by deposition of a conductor material and Subsequent 
removal of the conductor material from the Substrate Sur 
face. The removal of exceSS conductor material from the 
substrate surface may be carried out by means of a CMP 
method. 

This results in an antifuse structure in which the dielectric 
layer 5 is essentially arranged vertically or obliquely with 
respect to the interconnect. The antifuse Structure which has 
been produced by the method according to the invention has 
the advantage that it is essentially freely Scaleable and that 
it forms an essentially planar Surface with the Substrate 
Surface, So that further metal layerS or other layers can be 
arranged thereabove. 

It may be provided that, in addition to the dielectric layer 
5, an electrode layer (not shown) made of a readily migrat 
ing material, e.g., WSi, is also deposited isotropically. The 
electrode layer made of readily migrating material improves 
the breakdown behavior and, during the blowing of the 
antifuse, ensures that the breakdown channel does not recede 
during the lifetime of the circuit. 

It goes without Saying that provision may also be made for 
arranging the antifuSe Structure according to this invention 
on the Substrate Surface rather than in a trench Structure. The 
advantage of providing the antifuse Structure in the trench 
Structure 2 is that the processes are essentially Self-aligning, 
in particular the process of depositing the dielectric layer 5. 

FIG. 2 shows a croSS Section along the interconnect of the 
antifuse structure, as illustrated in FIG.1c. It can be seen that 
the dielectric layer is essentially Situated vertically in the 
interconnect in Such a way that the two parts of the inter 
connect are not connected to one another, but rather are 
connected only via the dielectric layer 5. 
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What is claimed is: 
1. A method for producing an antifuse on a Substrate, 

comprising: 
forming a first interconnect on the Substrate, the first 

interconnect having a first planar end face Substantially 
perpendicular with respect to an upper Surface of the 
Substrate; 

depositing a dielectric layer at the planar end face of the 
first interconnect; and 

forming a Second interconnect, the Second interconnect 
having a Second planar end face Substantially perpen 
dicular with respect to the upper Surface of the Substrate 
and disposed in facing relation to the first planar end 
face So that the dielectric layer is interposed between 
the first planar end face and the Second planar end face. 

2. The method of claim 1, wherein depositing the dielec 
tric layer comprises isotropically depositing the dielectric 
layer, So that edges of the first interconnect are covered. 

3. The method of claim 1, wherein depositing the dielec 
tric layer comprises anisotropically depositing the dielectric 
layer at an oblique angle relative to the upper Surface of the 
Substrate. 

4. The method of claim 1, wherein a portion of the 
dielectric is disposed between the Substrate and the Second 
interconnect. 

5. The method of claim 1, wherein respective upper 
Surfaces of the first interconnect, the Second interconnect 
and the dielectric layer form a common planar Surface. 

6. The method of claim 5, wherein the common planar 
Surface is coplanar with the upper Surface of the Substrate. 

7. A method for producing an antifuse on a Substrate, 
comprising: 

forming a trench in the Substrate; wherein the trench has 
a central axis Substantially parallel to the upper Surface 
of the Substrate; 

forming a first interconnect in a first portion of the trench, 
the first interconnect having a first planar end face; 

depositing a dielectric layer in a Second portion of the 
trench at the planar end face of the first interconnect; 

forming a Second interconnect in a third portion of the 
trench, the Second interconnect having a Second planar 
end face Substantially perpendicular with respect to the 
upper Surface of the Substrate and disposed in facing 
relation to the first planar end face So that the dielectric 
layer is interposed between the first planar end face and 
the Second planar end face. 

8. The method of claim 7, wherein depositing the dielec 
tric layer comprises isotropically depositing the dielectric 
layer, So that edges of the first interconnect are covered. 

9. The method of claim 7, wherein forming the first 
interconnect comprises: 

depositing a Sacrificial material into the first, Second and 
third portions of the trench; and 

depositing a conductive material over the Sacrificial mate 
rial in the first, Second and third portions of the trench; 

removing a portion of the conductive material to form the 
first interconnect in the trench. 
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10. The method of claim 7, wherein the dielectric is 

deposited in the Second and third portion of the trench and 
not the first portion of the trench. 

11. The method of claim 7, wherein depositing the dielec 
tric layer comprises isotropically depositing the dielectric 
layer, So that edges of the first interconnect are covered. 

12. The method of claim 7, wherein depositing the dielec 
tric layer comprises anisotropically depositing the dielectric 
layer at an oblique angle relative to the upper Surface of the 
Substrate. 

13. The method of claim 7, wherein respective upper 
Surfaces of the first interconnect, the Second interconnect 
and the dielectric layer form a common planar Surface. 

14. The method of claim 13, wherein the common planar 
Surface is coplanar with the upper Surface of the Substrate. 

15. An antifuse Structure in a Substrate, comprising: 
a first interconnect defining a first planar end face; 
a Second interconnect defining a Second planar end face; 

and 

a dielectric layer disposed between the first and Second 
planar end faces and having a Substantially vertical 
orientation with respect to a Substantially horizontal 
upper Surface of the Substrate. 

16. The antifuse structure of claim 15, wherein respective 
upper Surfaces of the first interconnect, the Second intercon 
nect and the dielectric layer form a common plane coplanar 
with the horizontal upper Surface of the Substrate. 

17. The antifuse structure of claim 15, wherein at least one 
of the planar end faces is oblique with respect to the 
horizontal upper Surface of the Substrate. 

18. The antifuse structure of claim 15, wherein the first 
interconnect is shorter than the Second interconnect. 

19. An antifuse Structure in a Substrate, comprising: 
a first interconnect defining a first planar end face and 

disposed in a trench formed in the Substrate; 
a Second interconnect defining a Second planar end face 

and disposed in the trench; and 
a dielectric layer disposed in the trench and between the 

first and Second planar end faces and having a Substan 
tially vertical orientation with respect to a Substantially 
horizontal upper Surface of the Substrate. 

20. The antifuse structure of claim 19, wherein respective 
upper Surfaces of the first interconnect, the Second intercon 
nect and the dielectric layer form a common plane coplanar 
with the horizontal upper Surface of the Substrate. 

21. The antifuse structure of claim 19, wherein at least one 
of the planar end faces is oblique with respect to the 
horizontal upper Surface of the Substrate. 

22. The antifuse structure of claim 19, wherein the first 
interconnect is shorter than the Second interconnect. 

23. The antifuse structure of claim 19, wherein the dielec 
tric layer is made of a dielectric material a portion of which 
is disposed between the Second interconnect and the Sub 
Strate. 


