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(57) ABSTRACT 

A method to form a programmable resistor device in an 
integrated circuit device is achieved. The method comprises 
depositing a semiconductor layer overlying a substrate. The 
semiconductor layer is patterned to form a plurality of lines. 
The lines are electrically parallel betWeen a ?rst terminal 

CO- and a second terminal. Any of the lines may be bloWn open 
by a current forced from the ?rst terminal to the second 
terminal. Ametal-semiconductor alloy is selectively formed 

(21) Appl. No.: 10/690,995 overlying a ?rst group of the lines but not overlying a second 
group of the lines. A method to program the programmable 

(22) Filed: Oct. 22, 2003 resistor device is described. 
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ELECTRICALLY PROGRAMMABLE 
POLYSILICON FUSE WITH MULTIPLE LEVEL 

RESISTANCE AND PROGRAMMING 

BACKGROUND OF THE INVENTION 

[0001] (1) Field of the Invention 

[0002] The invention relates to an on-chip fuse device, 
and, more particularly, to an electrically programmable, 
polysilicon fuse With multiple level resistance. 

[0003] (2) Description of the Prior Art 

[0004] In the art of integrated circuits, many methods are 
used to provide manufacturing ?exibility. Of particular 
importance are techniques that alloW a common circuit 
design to be easily con?gured to speci?c applications or to 
parametric requirements With little or no effect on the 
manufacturing process. An eXample of a con?guration 
method is the use of on-chip programmable fuses. A fuse is 
a conductive element that can be made into an open circuit. 
When the element is a conductor, the circuit operates accord 
ing to a ?rst con?guration. When the element is open circuit, 
the circuit operates according to a second con?guration. A 
typical prior art, on-chip fuse is simply a metal line. Ametal 
line can be made an open circuit by cutting through the line 
using a laser. This type of fuse can be very useful. HoWever, 
it requires a laser cutting source that is external to the circuit. 

[0005] An alternative method to form a programmable 
fuse is a polysilicon line. A polysilicon line can be made an 
open circuit, or bloWn, by conducting a current through the 
polysilicon line that eXceeds the current density capability of 
the material. Programmable polysilicon fuses such as this 
are found in the art. These fuses have a limitation, hoWever, 
of only being binary devices. The fuses either are a conduc 
tive line or are an open circuit. These states may be thought 
of as a ‘0’ state or a ‘1’ state. It is highly advantageous to 
form a programmable fuse device that is capable of multiple 
states. 

[0006] Several prior art inventions relate to on-chip fuses. 
US. Pat. No. 6,356,496 B1 to Carroll et al describes a 
method to form polysilicon resistors. The resistors are fuses 
that can be bloWn to adjust the value. US. Pat. No. 6,242, 
790 B1 to Tsui et al describes a method to form a variable 
resistance based on polysilicon resistor/fuses. US. Pat. No. 
6,175,261 B1 to Sundaraman et al discloses an on-chip fuse 
circuit. 

SUMMARY OF THE INVENTION 

[0007] A principal object of the present invention is to 
provide an effective and very manufacturable integrated 
circuit device. 

[0008] A further object of the present invention is to 
provide a method to form a programmable polysilicon fuse 
device capable of multiple states. 

[0009] A yet further object of the present invention is to 
provide a method to form a programmable polysilicon fuse 
device With minimal impact on a CMOS process. 

[0010] A yet further object of the present invention is to 
provide a method to form a programmable polysilicon fuse 
device Where the state of the device depends on the parallel 
combination of polysilicon resistors. 
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[0011] A yet further object of the present invention is to 
provide a method to form a programmable polysilicon fuse 
device Where the device is capable of performing in more 
than tWo states depending on hoW many resistors are open 
circuited. 

[0012] A yet further object of the present invention is to 
provide a method to form a programmable polysilicon fuse 
device Where the relative resistance of any resistor is con 
trolled by the selective formation of metal silicide. 

[0013] A yet further object of the present invention is to 
provide a method to form a programmable polysilicon fuse 
device Where the relative resistance of any resistor is con 
trolled by the selective doping of the resistor. 

[0014] Another further object of the present invention is to 
provide a method to program the programmable polysilicon 
fuse device using on-chip current sources. 

[0015] A yet further object of the present invention is to 
provide a method to program the programmable polysilicon 
fuse device that is capable of programming to more than tWo 
states using multiple pulses of current. 

[0016] In accordance With the objects of this invention, a 
method to form a programmable resistor device in an 
integrated circuit device is achieved. The method comprises 
depositing a semiconductor layer overlying a substrate. The 
semiconductor layer is patterned to form a plurality of lines. 
The lines are electrically parallel betWeen a ?rst terminal 
and a second terminal. Any of the lines may be bloWn open 
by a current forced from the ?rst terminal to the second 
terminal. Ametal-semiconductor alloy is selectively formed 
overlying a ?rst group of the lines but not overlying a second 
group of the lines. 

[0017] Also in accordance With the objects of this inven 
tion, a programmable resistor device in an integrated circuit 
device is achieved. The device comprises a plurality of lines 
comprising a semiconductor layer overlying a substrate. The 
lines are electrically parallel betWeen a ?rst terminal and a 
second terminal. Any of the lines may be bloWn open by a 
current forced from the ?rst terminal to the second terminal. 
A metal-semiconductor alloy overlies a ?rst group of the 
lines but does not overlie a second group of the lines. 

[0018] Also in accordance With the objects of this inven 
tion, a method to program a programmable resistor device is 
achieved. The device comprises a plurality of lines com 
prising a semiconductor layer overlying a substrate. The 
lines are electrically parallel betWeen a ?rst terminal and a 
second terminal. Any of the lines may be bloWn open by a 
current forced from the ?rst terminal to the second terminal. 
A metal-semiconductor alloy overlies a ?rst group of the 
lines but does not overlie a second group of the lines. The 
device comprises a ?rst resistance betWeen the ?rst and 
second terminals. The method comprises forcing a program 
ming current from the ?rst terminal to the second terminal. 
The programming current causes a ?rst line in the ?rst group 
to bloW such that the device comprises a second resistance 
betWeen the ?rst and second terminals. The programming 
current is then removed. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] In the accompanying drawings forming a material 
part of this description, there is shoWn: 

[0020] FIG. 1 illustrates a preferred embodiment of the 
present invention shoWing a top vieW of a programmable 
resistor device. 

[0021] FIGS. 2 through 6 illustrate a preferred embodi 
ment of the present invention shoWing a method to form a 
programmable resistor device. 

[0022] FIGS. 7 and 8 illustrate a preferred embodiment of 
the present invention shoWing a method to program the 
programmable resistor device. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0023] The preferred embodiments of the present inven 
tion disclose a method to form a programmable fuse device. 
The device is described herein. A method to program the 
device into more than tWo states is disclosed. It should be 
clear to those experienced in the art that the present inven 
tion can be applied and extended Without deviating from the 
scope of the present invention. 

[0024] Referring noW to FIG. 1, a preferred embodiment 
of the present invention is illustrated. Several important 
features of the present invention are shoWn and discussed 
beloW. A top vieW of a programmable fuse device is shoWn. 
The device comprises a plurality of lines R118a, R218b, 
R318c, and R418a' comprising a semiconductor layer 18 
overlying a substrate. As an important feature, the lines 18a, 
18b, 18c, and 18d are electrically parallel betWeen a ?rst 
terminal TERMINALA and a second terminal TERMINAL 
B. Any of the lines 18a, 18b, 18c, and 18d may be bloWn 
open by a current forced from TERMINAL A to TERMI 
NAL B. 

[0025] As another important feature, a metal-semiconduc 
tor alloy overlies a ?rst group of the lines, such as R118a, 
but not does not overlie a second group of the lines, such as 
R218b, R318c, and R418d. The metal-semiconductor alloy 
is selectively formed overlying the ?rst group R118a but not 
the second group R218b, R318c, and R418a' through the use 
of a metal-semiconductor mask 30 as Will be further 
described beloW. By selectively forming a metal-semicon 
ductor alloy over part of the lines, signi?cantly different 
resistance values can be created. For example, if the metal 
semiconductor alloy is formed overlying the R118a line, as 
shoWn, then this line Will exhibit a very loW resistivity value. 
Even though the line R118a is the most narroW line, the 
selective inclusion of the metal-semiconductor alloy makes 
the R118a line the loWest value resistor. The resulting thin 
cross section of R118a, coupled With the loW resistance 
value due to the metal-semiconductor alloy, causes the 
R118a line to be bloWn ?rst When the device is subjected to 
a current pulse exceeding the minimum programming value 
as Will be described beloW. 

[0026] As another important feature, some of the lines, in 
this case R118a, R218b, and R318c, are doped While other 
lines, in this case R418, are undoped. The selective doping 
or non-doping of lines also creates large differences in the 
resistivity of the lines. Undoped lines R418a' Will have much 
larger resistivity values than doped lines R118a, R218b, and 
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R318c. The selective doping alloWs signi?cantly differing 
resistor values to be generated. As another important feature, 
the Widths of the lines R118a, R218b, R318c, and R418a' 
can be made different for each line. This also alloWs different 
resistor values to be generated. 

[0027] Referring noW to FIGS. 2-6, the programmable 
fuse device is illustrated in cross section. Several important 
features of the present invention are shoWn and discussed. In 
particular, the key features of a preferred method of forma 
tion of the present invention are described. Referring again 
to FIG. 2, as a ?rst preferred feature, a substrate 10 is 
provided. The substrate 10 may comprise any semiconduc 
tor material or may comprise a semiconductor on insulator 
(SOI) material. Preferably, the substrate 10 comprises sili 
con. An insulating layer 14 is shoWn formed overlying the 
substrate 10. This insulating layer 14 is shoWn as a shalloW 
trench isolation 14. Alternatively, local ?eld oxidation 
(LOCOS) could be used to create a non-active area. 

[0028] As an important feature, a semiconductor layer 18 
is formed overlying the substrate 10 and, preferably, over 
lying the insulating layer 14. KnoWn semiconductor mate 
rials may be used to form the semiconductor layer 18. 
HoWever, it is preferred that the semiconductor layer 18 
comprises silicon and, more preferred, that the layer 18 
comprises polysilicon. For example, a polysilicon layer 18 
of betWeen about 500 A and about 2,500 A is formed 
overlying the insulator layer 14. In the most preferred case, 
the polysilicon layer 18 comprises the same polysilicon 
layer used in the formation of transistor gates for CMOS 
devices on the integrated circuit device. In this Way, the 
method of formation of the present invention can be per 
formed With minimal changes to the standard production 
process. The polysilicon layer 18 may be deposited, for 
example, using a chemical vapor deposition (CVD) process. 

[0029] The semiconductor layer 18 may be formed as an 
intrinsic layer or as a doped layer. If intrinsic, then the 
semiconductor layer 18 has a very loW, dopant ion concen 
tration. If doped, then the dopant ion, such as phosphorous, 
boron, or arsenic, concentration is suf?ciently high to cause 
the semiconductor layer 18 to be described as n-type or 
p-type. If a polysilicon layer 18 is used, then this ?lm may 
be deposited intrinsically or deposited With in situ doping. 
Alternatively, the polysilicon may be conformally doped 
after deposition to a desired starting concentration. 

[0030] Referring noW to FIG. 3, the semiconductor layer 
18 is patterned to form a plurality of lines R118a, R218b, 
R318c, and R418d. The patterning may be performed using 
any of the knoWn methods. For example, a photosensitive 
?lm, not shoWn, may be deposited overlying the semicon 
ductor layer 18. The ?lm is exposed to actinic light through 
a mask and then developed. The photosensitive ?lm Will 
expose the semiconductor layer 18 according to the pattern 
of the mask. The exposed semiconductor layer 18 is then 
etched aWay using the ?lm as an on-chip mask. The pho 
tosensitive ?lm is then stripped aWay. The resulting lines 
R118a, R218b, R318c, and R418a' can be made the same 
Width. More preferably, each line is made to a Width that 
corresponds to the desired relative resistance of that line. 
The most resistive lines are made the thinnest. LikeWise, by 
making a line Wider, such as in the case of R418a', that line 
can carry a large current density Without being bloWn open. 
This feature can be optimal used to tailor the order that the 
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lines Will blow. In the example, four lines R118a, R218b, 
R318c, and R418a' are formed. In practice, the device 
comprises tWo or more lines. 

[0031] Referring noW to FIG. 4, another important feature 
of the present invention is illustrated. As described above, 
the lines R118a, R218b, R318c, and R418a' may be selec 
tively doped to create optimal resistivity values for the lines. 
In this exemplary case, ions are implanted 26 into lines 
R118a, R218b, and R318c to reduce the resistivity of these 
lines. A doping mask 22 is de?ned such that it covers the 
R418a' line and prevents the ion implantation 26 into that 
line 18d. In this Way, the doped group of lines R118a, 
R218b, and R318c have a loWer resistivity than the non 
doped group of lines R418d. 

[0032] Referring noW to FIG. 5, an important feature of 
the present invention is illustrated. A second masking layer 
30 is formed exposing a ?rst group of lines While covering 
a second group of lines. As shoWn, the ?rst group of lines 
comprises line R118a and the second group of lines com 
prises lines R218b, R318c, and R418d. The second masking 
layer 30 preferably comprises a photosensitive or photoresist 
layer and may be patterned as described above. Ametal layer 
34 is then formed overlying the second masking layer 30 and 
the exposed lines R118a. The metal layer 34 preferably 
comprises a metal that Will react With the semiconductor 
layer 18 to form a metal-semiconductor alloy. If the semi 
conductor layer 18 comprises silicon or polysilicon, as is 
preferred, then it is also preferred that the metal layer 34 
comprises cobalt, titanium, nickle, or platinum. The metal 
layer 34 may be formed by physical or chemical vapor 
deposition to a thickness of betWeen about 10 A and about 
300 A. 

[0033] Next, the metal layer 34 and the semiconductor 
layer 18 are annealed to catalyZe the formation of metal 
semiconductor alloy on the exposed line R118a. For 
example, the integrated circuit device may be heated to a 
temperature of betWeen about 300° C. and about 800° C. 
Referring noW to FIG. 6, a metal-semiconductor alloy layer 
38 is formed only on the exposed line R118a. In the 
preferred case, Where the semiconductor layer 18 is silicon 
or polysilicon, the metal-semiconductor alloy layer 38 com 
prises a metal silicide material such as TiSi2, CoSi2, NiSi, or 
PtSiX. The metal-semiconductor alloy layer 38 is preferably 
formed to a thickness of betWeen about 10 A and about 300 
A. Following the anneal step, the unreacted metal layer 34 
is removed. 

[0034] Referring again to FIG. 1, the resulting program 
mable fuse device is again shoWn in top vieW. As noted in 
the preferred embodiment of the method of formation, the 
lines R118a, R218b, R318c, and R418a' are formed such that 
R118a is the only line With the metal-semiconductor alloy, 
such that lines R118a, R218b, and R318c are doped, and 
such that line R418a' is neither doped nor features the 
metal-semiconductor alloy. 

[0035] In the beginning state, the resistance of the device 
comprises the parallel combination of the resistance of lines 
R1-R4. This is the ?rst resistance of the device and repre 
sents the ?rst stored state of the device. Note that the ?rst 
state, Where all the lines are connected, represents the 
smallest resistance of the device. 

[0036] Referring noW to FIG. 7, a ?rst programming of 
the device is noW performed. A ?rst programming current 
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IPROGRMl is forced through the device from TERMINALA 
to TERMINAL B. The ?rst programming current IPROGRMl 
is large enough to cause the Weakest line in the device to be 
bloWn open. In this case, the Weakest line is R118a. R118a 
is the Weakest line for several reasons. First, the inclusion of 
the metal-semiconductor alloy greatly reduces the resistivity 
of the line. Second, line R1 is doped. Third, line R1 is the 
thinnest line. As a result, most of the programming current 
is conducted in the R1 line. When the thermal capability of 
the metal-semiconductor alloy layer is exceeded, this layer 
is bloWn open. At this point, the excessive current is imme 
diately conducted in the bulk of line R1 and rapidly exceeds 
the thermal limit of the semiconductor layer. Therefore, line 
R1 is bloWn open as shoWn. The ?rst programming current 
IPROGRMl is designed to be a brief pulse that is large enough 
in value to bloW the Weakest line R1 Without damaging the 
other lines R2-R4. 

[0037] As a result of the ?rst programming pulse, the 
device is programmed to the second state. In the second 
state, the Weakest line R1 is bloWn open While the remaining 
lines R2-R4 are left connected. As a result, the device 
resistance is transformed to a higher value due to the absence 
of R1. This second resistance value corresponds to the 
second state of the programmable resistor device. 

[0038] Referring noW to FIG. 8, the programming method 
is repeated to program the device from the second state to 
the third state. A second programming current IPROGRMZ is 
force through the device from TERMINAL A to TERMI 
NAL B. The current IPROGRAMZ and duration is sufficient to 
bloW open the next Weakest line R2. In this case, line R2 is 
a doped line. Since this line is the thinnest remaining line, 
the thermal ability is the least. After the R2 line is bloWn, the 
device enters the third state. The third state corresponds to 
a third resistance that is the parallel combination of R3 and 
R4. The sequence may be repeated yet a third time to bloW 
open the R3 line 18c and to program the device to the fourth 
state Where the resistance of the device is merely R4. 

[0039] It can be seen hoW the unique combination of 
features of the present invention creates an advantageous 
device. The device uses a parallel combination of a plurality 
of lines, the selective formation of a metal-semiconductor 
alloy on a ?rst group of lines but not a second group of lines, 
and the selective doping of some lines yet not other lines. 
The resulting device is particularly useful as a program 
mable, or trimmable, resistance value for analog circuits. It 
can be used in combination With built-in self-test (BIST) or 
built-in self-repair (BISR) circuits. The fuse is scaleable 
With the prevailing technology of the integrated circuit 
device. Multiple logical levels may be programmed by 
repeating the programming pulse. The polysilicon fuse 
structure of the present invention consists of strips With 
combinations of N, P, or intrinsic dopant regions and/or 
silicide or non-silicide regions. This is a unique structure 
that differs substantially from variable resistor structures 
formed using variable length or Width polysilicon strips. 

[0040] The resulting programmable resistor device may be 
applied advantageously to the formation of a chip identi?er 
for an integrated circuit device. Asingle such programmable 
resistor, or a combination of such programmable resistors, 
may be used to form a unique identi?er for an integrated 
circuit device. 

[0041] The advantages of the present invention may noW 
be summariZed. An effective and very manufacturable inte 
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grated circuit device is achieved. A method to form a 
programmable polysilicon fuse device capable of multiple 
states is achieved. The method of formation has minimal 
impact on a standard CMOS process. The method alloWs the 
state of the device to depend on the parallel combination of 
polysilicon resistors. The method alloWs the device to be 
capable of performing in more than tWo states depending on 
hoW many resistors are bloWn open. The method alloWs 
utiliZes relative resistance of the resistor lines controlled by 
the selective formation of metal silicide. The method utiliZes 
the relative resistance of the resistor lines controlled by the 
selective doping of the resistor. A method to program the 
programmable polysilicon fuse device using on-chip current 
sources is achieved. The method to program the program 
mable polysilicon fuse device is capable of programming to 
more than tWo states using multiple pulses of current. 

[0042] As shoWn in the preferred embodiments, the novel 
methods and device of the present invention provide an 
effective and manufacturable alternative to the prior art. 

[0043] While the invention has been particularly shoWn 
and described With reference to the preferred embodiments 
thereof, it Will be understood by those skilled in the art that 
various changes in form and details may be made Without 
departing from the spirit and scope of the invention. 

What is claimed is: 
1. Amethod to form a programmable resistor device in an 

integrated circuit device comprising: 

forming a semiconductor layer overlying a substrate; 

patterning said semiconductor layer to form a plurality of 
lines Wherein said lines are electrically parallel betWeen 
a ?rst terminal and a second terminal and Wherein any 
of said lines may be bloWn open by a current forced 
from said ?rst terminal to said second terminal; and 

selectively forming a metal-semiconductor alloy overly 
ing a ?rst group of said lines but not overlying a second 
group of said lines. 

2. The method according to claim 1 Wherein said semi 
conductor layer comprises silicon. 

3. The method according to claim 1 Wherein said semi 
conductor layer comprises polysilicon. 

4. The method according to claim 1 Wherein said pro 
grammable resistor device is a chip identi?er for said 
integrated circuit device. 

5. The method according to claim 1 Wherein said metal 
semiconductor alloy comprises metal silicide. 

6. The method according to claim 1 Wherein said step of 
selectively forming a metal-semiconductor alloy comprises: 

forming a masking layer overlying said plurality of lines 
Wherein said masking layer covers said second group of 
lines but eXposes said ?rst group of lines; 

depositing a metal layer overlying said masking layer and 
said plurality of lines Wherein said metal layer contacts 
said ?rst group of lines; 

annealing said metal layer to form said metal 

semiconductor alloy overlying said ?rst group of lines; 
and 

removing unreacted said metal layer. 
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7. The method according to claim 1 further comprising 
selectively doping said plurality of lines prior to said step of 
selectively forming a metal-semiconductor alloy. 

8. The method according to claim 5 Wherein said ?rst 
group of lines is doped and said second group of lines is not 
doped. 

9. The method according to claim 1 Wherein said ?rst 
group comprises a single line, Wherein said second group 
comprises more than one line, and Wherein said single line 
comprises a smallest resistance of all of said lines. 

10. A programmable resistor device in an integrated 
circuit device comprising: 

a plurality of lines comprising a semiconductor layer 
overlying a substrate Wherein said lines are electrically 

parallel betWeen a ?rst terminal and a second terminal and 
Wherein any of said lines may be bloWn open by a 
current forced from said ?rst terminal to said second 
terminal; and 

a metal-semiconductor alloy overlying a ?rst group of 
said lines but not overlying a second group of said 
lines. 

11. The device according to claim 10 Wherein said semi 
conductor layer comprises silicon. 

12. The device according to claim 10 Wherein said semi 
conductor layer comprises polysilicon. 

13. The device according to claim 10 Wherein said pro 
grammable resistor device is a chip identi?er for said 
integrated circuit device. 

14. The device according to claim 10 Wherein said metal 
semiconductor alloy comprises metal silicide. 

15. The device according to claim 10 Wherein said plu 
rality of lines is doped. 

16. The device according to claim 10 Wherein said ?rst 
group of lines is doped and said second group of lines is not 
doped. 

17. The device according to claim 10 Wherein said ?rst 
group comprises a single line, Wherein said second group 
comprises more than one line, and Wherein said single line 
comprises a smallest resistance of all of said lines. 

18. A method to program a programmable resistor device 
Wherein said device comprises: 

a plurality of lines comprising a semiconductor layer 
overlying a substrate Wherein said lines are electrically 
parallel betWeen a ?rst terminal and a second terminal 
and Wherein any of said lines may be bloWn open by a 
current forced from said ?rst terminal to said second 
terminal; and 

a metal-semiconductor alloy overlying a ?rst group of 
said lines but not overlying a second group of said lines 
Wherein said device comprises a ?rst resistance 
betWeen said ?rst and second terminals; and Wherein 
said method comprises: 

forcing a programming current from said ?rst terminal to 
said second terminal Wherein said programming cur 
rent causes a ?rst line in said ?rst group to bloW such 
that said device comprises a second resistance betWeen 
said ?rst and second terminals; and 

removing said programming current. 
19. The method according to claim 18 Wherein said 

semiconductor layer comprises silicon. 
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20. The method according to claim 18 wherein said 
programmable resistor device is a chip identi?er for said 
integrated circuit device. 

21. The method according to claim 18 Wherein said 
metal-semiconductor alloy comprises metal silicide. 

22. The method according to claim 18 Wherein said 
plurality of lines is doped. 

23. The method according to claim 22 Wherein said ?rst 
group of lines is doped and said second group of lines is not 
doped. 

24. The method according to claim 18 Wherein said ?rst 
group comprises a single line, Wherein said second group 
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comprises more than one line, and Wherein said single line 
comprises a smallest resistance of all of said lines. 

25. The method according to claim 18 further comprising: 

forcing a second programming current from said ?rst 
terminal to said second terminal Wherein said second 
programming current causes one of said lines in said 
second group to bloW such that said device comprises 
a third resistance betWeen said ?rst and second termi 
nals; and 

removing said second programming current. 

* * * * * 


