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(57) ABSTRACT 

An improved fuse structure in an integrated circuit (IC) 
structure is made by forming a gate stack comprised of 
layers of polysilicon and a silicide. Subsequent to the 
formation of the silicide layer, an etch stop silicon nitride 
layer is deposited over the silicide layer. The silicon nitride 
layer is patterned to expose the silicide layer. A soft passi 
vation layer is deposited over the exposed silicide layer. The 
soft passivation layer has a low thermal conductivity Which 
con?nes energy in the silicide layer, minimizing the current 
needed to program the fuse. The inherent ductility of the soft 
passivation layer prevents the generation of cracks in the 
surrounding layers. 
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METHOD AND STRUCTURE TO REDUCE THE 
DAMAGE ASSOCIATED WITH PROGRAMMING 

ELECTRICAL FUSES 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention generally relates to program 
ming electrical fuses in integrated circuit (IC) devices and, 
more particularly, to an improved method and structure to 
reduce the damage associated With programming electrical 
fuses. 

[0003] 2. Background Description 

[0004] Fuses are fabricated on various IC devices, such as 
memory arrays, to improve the yield during manufacturing. 
They are also used in some devices, such as ?eld program 
mable arrays (FPGAs), to alloW customiZation of the IC 
device for a particular application. Commonly, fuse struc 
tures are realiZed by patterning a gate stack (polysilicon and 
cobalt/tungsten silicide) to the appropriate dimensions. An 
etch-stop silicon nitride layer is deposited over the silicide as 
part of the fabrication process. The fusing process passes an 
electrical current through the fuse element to melt the fuse 
link by the resistive heating of the element. The location of 
the breakage is dependent on the defect structure in the fuse 
link. 

[0005] Signi?cant energy is needed to bloW the fuse 
manufactured according to the current process. This leads to 
the generation of cracks in the surrounding layers. To 
prevent damage to other structures, the fuses are often laid 
out in a guarded area. 

SUMMARY OF THE INVENTION 

[0006] It is therefore an object of the present invention to 
provide an improved fuse structure Which does aWay With 
the need to isolate the fuse structure to prevent damage to 
other structures. 

[0007] It is another object of the invention to provide a 
fuse structure Which eXhibits improved reliability, ef?ciency, 
yield and packing density. 

[0008] According to the invention, there is provided a neW 
fuse structure Which replaces the brittle and relatively inert 
nitride and silicon dioxide layer in current fuses With a soft 
passivation layer. The inherent ductility present in the soft 
passivation layer prevents the generation of cracks. In addi 
tion, this reduces pressure on the silicide link, alloWing it to 
melt easily, loWering the current required to bloW the fuse. 

[0009] Speci?cally, during the manufacture of the fuse 
structure, the brittle and relatively inert silicon nitride and 
silicon dioxide layer is removed and a soft passivation layer 
is applied. Apreferred material for the soft passivation layer 
is knoWn in the art as “SILK” for Silicon LoW K. Other 
possible materials could be various “spin-on” dielectrics 
such as ?uorosilicate glass or siloXane containing polymers. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The foregoing and other objects, aspects and 
advantages Will be better understood from the folloWing 
detailed description of a preferred embodiment of the inven 
tion With reference to the draWings, in Which: 
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[0011] FIG. 1 is a cross-sectional vieW of the current fuse 
structure; 

[0012] FIG. 2 is a cross-sectional vieW of the neW fuse 
structure according to the invention; and 

[0013] FIGS. 3A to 3E are cross-sectional vieW illustrat 
ing the process of manufacturing the fuse structure of FIG. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT OF THE INVENTION 

[0014] Referring noW to the draWings, and more particu 
larly to FIG. 1, there is shoWn a cross-section vieW of the 
current fuse structure. The current fuses are realiZed by 
patterning a gate stack (polysilicon 11 and cobalt/tungsten 
silicide 12) on a silicon substrate 13 to the appropriate 
dimensions. After passivation 14 has been applied to the 
patterned sideWalls of the polysilicon 11 and silicide 12, an 
etch-stop nitride 15 is deposited over the silicide as part of 
the standard process. Metal contacts 16, typically tungsten, 
are formed Within holes formed in an overlying oXide layer 
17. 

[0015] The fusing process melts the fuse link by the 
resistive heating of the fuse element comprising the poly 
silicon 11 and silicide 12. Signi?cant energy is needed to 
bloW the fuse, as a portion of the energy is conducted aWay 
into other adjacent layers. This leads to the generation of 
cracks in the surrounding layers. These cracks could propa 
gate under the cyclic stresses present in the chip operating 
environment leading to poor reliability in the ?eld. 

[0016] FIG. 2 shoWs the neW fuse structure according to 
the invention. The process of manufacture is similar to that 
of the current process eXcept that in the neW structure, a 
lithographic patterning step and an etch is performed to open 
the fuse area, removing the oXide 17 above the fuse. The 
brittle and relatively inert silicon nitride layer 15 directly 
over the fuse is also removed in the etch. Then, a soft 
passivation layer 18 is applied. A suitable material for the 
soft passivation layer is “SILK” (Silicon LoW 

[0017] FIG. 3A shoWs the results of the ?rst steps in the 
process to manufacture the structures shoWn in FIGS. 1 and 
2. Apolysilicon layer 31 and an overlying silicide layer 32 
are deposited on a silicon substrate 33. The polysilicon layer 
31 and the silicide layer 32 are patterned to form the desired 
shape and siZe of the fuse. Then, in FIG. 3B, sideWall 
passivation 34 is applied to the patterned polysilicon and 
silicide layers, and after passivation of the sideWalls, a layer 
of silicon nitride 35 is applied over the structure. In the neXt 
steps shoWn in FIG. 3C, an oXide layer 36 is applied over 
the structure, and then contact holes are etched through the 
oXide layer 36 and the underlying nitride layer 35 to the 
silicide layer 32. These contact holes are then ?lled With a 
metal, such as tungsten, to provide the electrical contacts 37. 

[0018] The process to this point is conventional and yields 
the structure shoWn in FIG. 1. The invention takes the 
process further. Speci?cally, in FIG. 3D, 21 photoresist 38 is 
applied over the top surface of the structure. This photoresist 
is patterned over the fuse area. The oXide 36 and the nitride 
35 are etched to eXpose the underlying silicide 32. Finally, 
in FIG. 3E, the photoresist masking layer is removed and the 
opening is ?lled With a “soft-passivation” material 39. The 
preferred material is “SILK” for Silicon LoW K. Other 
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possible materials could be various “spin-on” dielectrics 
such as ?uorosilicate glass or silocane containing polymers. 
The application of this material is preferably done by 
spinning on the loW k dielectric. The material is cured and 
planariZed to complete the process. 

[0019] The inherent ductility present in the soft passiva 
tion layer 39, as opposed to the brittle and inert silicon 
nitride and silicon dioxide, prevents the generation of 
cracks. Further, this reduces the pressure on the silicide link, 
alloWing it to melt easily. Speci?cally, in the case of SILK, 
its smaller thermal conductivity con?nes the energy more 
ef?ciently, resulting in a decrease in the current needed to 
program the fuse. 

[0020] While the invention has been described in terms of 
a single preferred embodiment, those skilled in the art Will 
recogniZe that the invention can be practiced With modi? 
cation Within the spirit and scope of the appended claims. 

Having thus described our invention, What We claim as neW 
and desire to secure by Letters Patent is as folloWs: 
1. A method of making an improved fuse structure in an 

integrated circuit (IC) formed in a silicon substrate com 
prising the steps of: 

forming a gate stack comprised of layers of polysilicon 
and a silicide; 

subsequent to the formation of the silicide layer, depos 
iting an etch stop silicon nitride layer over the silicide 
layer; 

covering the nitride layer With an oxide layer; 

depositing and patterning a photoresist layer to de?ne an 
opening over the oxide layer; 

etching the oxide layer and the silicon nitride layer to 
expose the silicide layer of the gate stack; and 

depositing a soft passivation layer over the exposed 
silicide layer, the soft passivation layer having a loW 
thermal conductivity Which con?nes energy in the 
silicide layer. 

2. The method of making an improved fuse structure 
recited in claim 1, further comprising the step of planariZing 
the soft passivation layer. 

3. The method of making an improved fuse structure 
recited in claim 1, Wherein the step of forming the gate stack 
comprises the steps of: 

depositing a layer of polysilicon over a silicon substrate; 

depositing a layer of silicide over the layer of polysilicon; 
and 
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patterning the polysilicon and silicide to a desired dimen 
sion and shape. 

4. The method of making an improved fuse structure 
recited in claim 3, further comprising the step of applying 
passivation to sideWalls of the patterned polysilicon and 
silicide. 

5. The method of making an improved fuse structure 
recited in claim 4, further comprising the step of planariZing 
the soft passivation layer. 

6. The method of making an improved fuse structure 
recited in claim 1, Wherein the soft passivation layer is 
“SILK” (Silicon LoW 

7. The method of making an improved fuse structure 
recited in claim 1, Wherein the soft passivation layer is a 
“spin-on” dielectric. 

8. The method of making an improved fuse structure 
recited in claim 7, Wherein the soft passivation layer is 
selected from the group consisting of “SILK” (Silicon LoW 
K), ?uorosilicate glass, and siloxane containing polymers. 

9. An improved fuse structure for an integrated circuit 
(IC) formed in a silicon substrate comprising: 

a gate stack formed on the silicon substrate, said gate 
stack comprised of layers of polysilicon and a silicide; 

a nitride layer deposited over the silicide layer and an 
oxide layer covering the nitride layer; 

metal contacts extending through the oxide layer and the 
nitride layer to the silicide layer to provide electrical 
contracts for the fuse; and 

a soft passivation material ?lling a hole formed betWeen 
the metal contacts and extending to the silicide layer, 
the soft passivation material having a loW thermal 
conductivity Which con?nes energy in the silicide layer. 

10. The improved fuse structure recited in claim 9, further 
comprising a passivation applied to sideWalls of the gate 
stack prior to deposition of the nitride layer. 

11. The improved fuse structure recited in claim 9, 
Wherein the soft passivation layer is “SILK” (Silicon LoW 

12. The improved fuse structure recited in claim 9, 
Wherein the soft passivation layer is a “spin-on” dielectric. 

13. The improved fuse structure recited in claim 12, 
Wherein the soft passivation layer is selected from the group 
consisting of “SILK” (Silicon LoW K), ?uorosilicate glass, 
and silocane containing polymers. 


