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(57) ABSTRACT 
A connection element in an integrated circuit having a layer 
structure disposed betWeen tWo conductive structures. The 
layer structure is formed by an insulating layer, Which can be 
destroyed by application of a predetermined voltage, and a 
silicon layer. The insulating layer adjoins a ?rst conductive 
structure made of tungsten. 
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CONNECTION ELEMENT 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

[0001] The invention relates to a connection element. 

[0002] Connection elements of this type are used in inte 
grated circuits in order, for example, to activate redundant 
memory cells in dynamic random access memories 
(DRAMs). Furthermore, connection elements of this type 
can be used in order to Write identi?ers to chips or in order 
to change functionalities of chips in a targeted manner. In 
particular, connection elements of this type can be used as 
programmable connection elements in the ?eld of FPGAs. 

[0003] In this case, the connection elements can be con 
?gured as fuse circuits or antifuse circuits. A fuse circuit has 
a structure via Which a current ?oWs as long as the structure 
is intact. The structure can be destroyed by irradiation With 
laser light or by an application of a voltage, With the result 
that current can then no longer ?oW. 

[0004] A connection element con?gured as an antifuse 
circuit typically has a layer structure having an insulating 
layer—such as, for eXample, a dielectric layer—Which is 
disposed betWeen tWo conductive layers. 

[0005] With the insulating layer intact, no current ?oWs 
via the connection element. Only When a predetermined 
electric voltage is applied to the connection element is the 
dielectric layer destroyed, With the result that a current can 
then ?oW. 

[0006] The voltage is applied via contacts, interconnects 
or similar structures Which are led to the conductive layers 
of the layer structure of the connection element. In knoWn 
connection elements of this type, the conductive layers of 
the layer structure are composed of polysilicon or amor 
phous silicon. A conductive structure composed of tungsten 
is led to at least one of the layers. The conductive structure 
may be formed, in particular, by an interconnect on Whose 
surface the layer structure is applied. 

[0007] Con?gurations of this type have the disadvantage 
that high deposition temperatures are required for the depo 
sition of the tungsten forming the interconnect and also of 
the polysilicon layers. As a result of this, the tungsten Which 
forms the interconnect reacts With the adjoining polysilicon 
layer to form WSiX, as a result of Which an undesirably 
rough interface betWeen the interconnect and the conductive 
layer is obtained. 

[0008] As a result, there is the risk that the polysilicon 
layer deposited on the tungsten Will have a greatly inhomo 
geneous layer thickness, as a result of Which electrical 
breakdowns can arise Which greatly impair the functionality 
of the connection element. 

[0009] Finally, it is disadvantageous that polysilicon has a 
comparatively loW conductivity, so that relatively high volt 
ages must be applied to the connection element in order to 
destroy the insulating layer. 

[0010] Us. Pat. No. 5,602,053 describes a method for 
fabricating an antifuse structure. The antifuse structure is 
disposed betWeen tWo conductive contacts. Each contact has 
a lateral barrier layer made of titanium nitride, titanium 
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tungsten or tantalum nitride. A layer made of aluminum, 
copper, tungsten or silver is deposited Within the barrier 
layer. A layer structure formed from four layers lying one 
above the other is applied as the antifuse structure to the 
upper interface of such a contact. The ?rst layer is composed 
of silicon nitride and bears on the interface of the contact. A 
layer made of amorphous silicon is applied to the silicon 
nitride layer, and a layer made of silicon nitride is in turn 
applied to the layer made of amorphous silicon. A further 
layer made of amorphous silicon is applied on the layer 
made of silicon nitride. Finally, the top side of the further 
layer made of amorphous silicon is adjoined by the second 
contact. 

SUMMARY OF THE INVENTION 

[0011] It is accordingly an object of the invention to 
provide a connection element Which overcomes the above 
mentioned disadvantages of the prior art devices of this 
general type, Which has a high reliability in conjunction With 
the smallest possible topography. 

[0012] With the foregoing and other objects in vieW there 
is provided, in accordance With the invention, a connection 
element formed in an integrated circuit. The connection 
element contains a substrate, an interconnect disposed on the 
substrate and formed of tungsten, an insulating layer dis 
posed on the interconnect, and a silicon layer disposed on 
the insulating layer and formed of a polycrystalline doped 
silicon. The insulating layer can be destroyed by an appli 
cation of a predetermined voltage to produce a conductive 
connection betWeen the interconnect and the silicon layer. 

[0013] The connection element according to the invention 
has a layer structure disposed betWeen tWo conductive 
structures. The layer structure contains an insulating layer, 
Which can be destroyed by application of an electrical 
voltage, and a silicon layer. The silicon layer is preferably 
composed of polysilicon or Si3N4. In principle, the silicon 
layer may also be composed of amorphous silicon. 

[0014] The insulating layer adjoins a conductive structure 
composed of tungsten. In an advantageous embodiment, the 
insulating layer bears directly on the surface of the inter 
connect composed of tungsten. 

[0015] Thus, the basic concept of the invention is that, in 
contrast to conventional layer structures, the insulating layer 
is not disposed betWeen tWo silicon layers. Rather, the 
insulating layer bears directly on the interconnect composed 
of tungsten. 

[0016] An essential advantage of the con?guration is that, 
at the interface betWeen the conductive structure composed 
of tungsten and the layer structure, interface reactions 
betWeen the polysilicon and the tungsten Which lead to 
roughening of the interface are avoided. 

[0017] Thus, When the insulating layer is applied to the 
surface of the conductive structure composed of tungsten, in 
particular the interconnect composed of tungsten, a homo 
geneous layer thickness of the insulating layer is obtained. 

[0018] As a result, the risk of electrical breakdoWns in the 
region of the insulating layer is largely avoided, so that high 
reliability of the connection element is obtained. 

[0019] It is particularly advantageous, moreover, that the 
deposition of the insulating layer on the tungsten can be 
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carried out at high deposition temperatures since, at the 
interface, there is noW no risk of a reaction of the tungsten 
With the silicon to form WSix. On account of this, furnace 
deposition processes can be used for fabricating the dielec 
tric layer, thereby obtaining particularly controlled process 
management. In particular, this results in particularly uni 
form layer thicknesses of the insulating layer. 

[0020] A further essential advantage of the connection 
element according to the invention is that the layer structure 
has only tWo layers. This results in a particularly small 
topography of the layer structure. Moreover, the latter can be 
fabricated simply and in a small number of method steps. 

[0021] Furthermore, it is advantageous that, as a result of 
the insulating layer being directly linked to the conductive 
structure, loW voltages already suf?ce to destroy the insu 
lating layer. 
[0022] In an advantageous embodiment of the invention, 
the second conductive structure is formed by a contact made 
of tungsten. In order to fabricate the contact, a contact hole 
is etched into an oxide layer as far as the silicon layer of the 
layer structure, the silicon layer adjoins the underside of the 
oxide layer. The silicon layer, Which is preferably composed 
of polysilicon, serves as an etching stop for the etching 
process. 

[0023] In accordance With an added feature of the inven 
tion, the interconnect has a top side and the insulating layer 
is applied to the top side of the interconnect by a furnace 
deposition process. 

[0024] In accordance With an additional feature of the 
invention, the furnace deposition process is a loW pressure 
chemical vapor deposition method. 

[0025] In accordance With another feature of the inven 
tion, a contact is disposed on the silicon layer and a further 
interconnect is connected to the contact. The silicon layer is 
connected to the further interconnect through the contact. 

[0026] In accordance With a further feature of the inven 
tion, an oxide layer having a contact hole etched therein is 
provided. The contact is formed by a tungsten layer depos 
ited in the contact hole. The silicon layer forms an etching 
stop layer for an etching of the contact hole. 

[0027] In accordance With a concomitant feature of the 
invention, the further interconnect contains aluminum. 

[0028] Other features Which are considered as character 
istic for the invention are set forth in the appended claims. 

[0029] Although the invention is illustrated and described 
herein as embodied in a connection element, it is neverthe 
less not intended to be limited to the details shoWn, since 
various modi?cations and structural changes may be made 
therein Without departing from the spirit of the invention and 
Within the scope and range of equivalents of the claims. 

[0030] The construction and method of operation of the 
invention, hoWever, together With additional objects and 
advantages thereof Will be best understood from the folloW 
ing description of speci?c embodiments When read in con 
nection With the accompanying draWing. 

BRIEF DESCRIPTION OF THE DRAWING 

[0031] The single ?gure of the draWing is a diagrammatic 
illustration of an exemplary embodiment of a connection 
element according to the invention. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0032] Referring noW to the single ?gure of the draWing in 
detail, there is shoWn an exemplary embodiment of a con 
nection element con?gured as an antifuse circuit. 

[0033] The connection element has a layer structure 1 
having an insulating layer 2. 

[0034] With the insulating layer 2 intact, no current ?oWs 
through the connection element. The insulating layer 2 can 
be destroyed by application of a predetermined voltage, so 
that an electric current can then ?oW through the connection 
element. Such connection elements con?gured as antifuse 
circuits are used in integrated circuits, for example in order 
to activate redundant memory cells in DRAMs. In addition, 
the connection elements can be used for Writing identi?ers 
to chips or for changing functionalities of chips. In particu 
lar, the antifuse circuits can be used as programmable 
connection elements for FPGAs. 

[0035] In the exemplary embodiment illustrated in FIG. 1, 
the layer structure 1 has, in addition to the insulating layer 
2, a silicon layer 3 applied on the insulating layer 2. The 
silicon layer 3 is preferably composed of polysilicon. As an 
alternative, the silicon layer 3 may be formed from amor 
phous silicon. 

[0036] The insulating layer 2 itself is preferably composed 
of Si3N4. As an alternative, SiO2 can be used for the 
insulating layer 2. 

[0037] The insulating layer 2 and the silicon layer 3 are 
each con?gured as planar layers and, moreover, have the 
same area. A layer thickness of the insulating layer 2 is 
smaller than a layer thickness of the silicon layer 3. 

[0038] The underside of the layer structure 1 is adjoined 
by a ?rst conductive structure formed by a ?rst interconnect 
4 composed of tungsten. 

[0039] From the ?rst interconnect 4, a contact 6 made of 
tungsten and running in a ?rst oxide layer 5 leads to a silicon 
layer 7 functioning as a substrate 7, in Which integrated 
circuits are incorporated. 

[0040] A top side of the layer structure 1 is adjoined by a 
second conductive structure Which, in the present exemplary 
embodiment, is formed by a contact 8 composed of tungsten. 
The contact 8 runs in a second oxide layer 9 and, at its top 
side, adjoins an interconnect 10 Which runs in a second 
interconnect plane and is composed of aluminum in the 
present exemplary embodiment. The second interconnect 
plane runs above the ?rst interconnect plane in Which lies the 
second interconnect 10 composed of tungsten. 

[0041] In order to fabricate the ?rst contact 6 With the ?rst 
interconnect 4 made of tungsten lying above it, trenches 
corresponding to the contact 6 and the interconnect 4 are 
etched into the ?rst oxide layer 5, through Which tungsten is 
deposited into the trenches. Such structures form so-called 
dual damascene structures in Which a contact and an inter 
connect are produced at the same time by deposition of one 
layer, in this case tungsten. 

[0042] The layer structure 1 of the connection element is 
applied to this interface of the interconnect 4 composed of 
tungsten. In contrast to conventional layer structures, What 
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bears on the interconnect 4 is not polysilicon as the con 
ductive layer, but rather directly the insulating layer 2 
composed of Si3N4 or SiO2. 

[0043] Thus, a reaction betWeen the silicon and the tung 
sten to form WSiX is avoided at the interface of the ?rst 
interconnect 4, the reaction resulting in undesirable rough 
ening at the interface betWeen the layer structure 1 and the 
?rst interconnect 4. 

[0044] Since the formation of WSiX is precluded at this 
interface, the insulating layer 2 can be applied to the surface 
of the interconnect 4 even at high deposition temperatures. 

[0045] As a result, in order to obtain particularly homo 
geneous layer thicknesses of the insulating layer 2, the latter 
can be applied to the interconnect 4 in a furnace deposition 
process. A loW-pressure chemical vapor deposition 
(LPCVD) method is particularly advantageously chosen as 
the deposition process. Considerably more uniform layer 
thicknesses are obtained With this method than, for eXample, 
in the case of a plasma-enhanced CVD method carried out 
at loW deposition temperatures. As a result, the risk of 
electrical breakdoWns is avoided even in the case of small 
layer thicknesses of the insulating layer 2. 

[0046] The silicon layer 3 is subsequently applied to the 
insulating layer 2. The silicon layer 3 is eXpediently depos 
ited by a CVD method or a PVD method. In particular, the 
silicon layer 3 can be produced by an LPCVD method. 

[0047] In order to fabricate the contact 8 above the layer 
structure 1, in a ?rst method step a contact hole 20 is etched 
into the second oXide layer 9. The silicon layer 3 serves as 
etching stop in the process, the silicon layer 3 having the 
requisite layer thickness. Tungsten is subsequently deposited 
into the contact hole. 

[0048] AfterWard, the second interconnect 10 composed 
of aluminum is fabricated in a knoWn manner in the inter 
connect plane running above the second oXide layer 9. 

We claim: 
1. A connection element formed in an integrated circuit, 

the connection element comprising: 
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a substrate; 

an interconnect disposed on said substrate and formed of 
tungsten; 

an insulating layer disposed on said interconnect; and 

a silicon layer disposed on said insulating layer and 
formed of a polycrystalline doped silicon, said insulat 
ing layer able to be destroyed by an application of a 
predetermined voltage to produce a conductive con 
nection betWeen said interconnect and said silicon 
layer. 

2. The connection element according to claim 1, Wherein 
said insulating layer contains a material selected from the 
group consisting of Si3N4 and SiO2. 

3. The connection element according to claim 1, Wherein 
said interconnect has a top side and said insulating layer is 
applied to said top side of said interconnect by a furnace 
deposition process. 

4. The connection element according to claim 3, Wherein 
said furnace deposition process is a loW pressure chemical 
vapor deposition method. 

5. The connection element according to claim 1, includ 
mg: 

a contact disposed on said silicon layer; and 

a further interconnect connected to said contact, said 
silicon layer connected to said further interconnect 
through said contact. 

6. The connection element according to claim 5, including 
an oXide layer having a contact hole etched therein, and said 
contact is formed by a tungsten layer deposited in said 
contact hole. 

7. The connection element according to claim 6, Wherein 
said silicon layer forms an etching stop layer for an etching 
of said contact hole. 

8. The connection element according to claim 5, Wherein 
said further interconnect contains aluminum. 


