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A NOVEL METHOD TO FORM FUSE USING POLYMERIC FILMS

BACKGROUND OF THE INVENTION

(1) Field of the Invention

The invention relates to the fabrication of integrated
ciréuit devices, and more particularly, to a method of forming-a
fuse as an electronic protection circuit by using polymeric

films.

(2) Deséription of the Prior Art

Many if not most of the design and research activities in
the field of semiconductors are directed at better methods of
design and material applications related td major functions_
within the semiconductor devices. Therefore not less important is
an aspect of semiconductor'cir;uit désigﬁ that relates to fusing
of devices or device areas that are prone to be“damaged by surges
in voltage or cuﬁrent through these devices ‘or in their immediate
vicinity. Fuses are protective devicgé or device features that
ihave.for some time now been known unde; various names and in a
wide variety of apblications. Theré are known thermal fuses,
mechanical fuses, sparklgap surge arrestors, varistbrs, and the
like whereby eaéh of these devices is designed to interrupt an

unexpected and undesired surge of power that is prone to damage



or destroy all or part of an electrical circuit arrangement. Many
of the known fuses are designed and used in very specified
applications whereby, for instance a méchanical fuse is hardly
thought of as having any application in semiconductor devices.
The latter type of fuses tends to be created in accordance with
known semiconductor processes for obvious reasons of cost and
applicability. Not only is a fuse required to be readily
integratable with its surrounding electrical environmeﬁf, it must
also provide protection Against power surges that can reasonably
be expected for that environment. As a result, the designer of
semiconductor devices or other electronic components must be well
aware of.the current and voltage conditions that these components
cah be exposed to ahd must, based on this insight, select or

design a fusing capability that is best suited for a given

application.

Due to the increased device miniaturization and the
therefrom following increasé in dévicé densityf more effort is
béing dedicated to finding and.implementing optimum solutions for
“the fusing problem. Highei_device dénsities ih many cases result
in significantly higher current densitieé, whiéh:gives the design
of a fusing component a different diﬁensioh. Cost and performénce
are; foi any component that.makes up. part of the highly

competitive electronics industry, prime considerations. In view



of the pressure that this competitive environment creates and in
view of the ever-increasing device packaging density, the
challenge of providing adequate device and circuit protection

takes on increased urgency and poses an increased challenge.

.The parameter that is of key importance to the design of an
electrical fuse is the amount of heat that the fuse can dissipate
pefore the electrical-continuity that the fuse provides is
interrupted. This is particularly true for the electro thermal
fuse where the cﬁrrent that is flowing through the fuse heats the
fuse. As long as expected and regular current flows through the
fuse, the temperature of the fuse and with that the ohmic
reeistance of the fuse remain relatively low. As soon as the
current that flows through the fuse exceeds normal levels, the
temperature of the fuse increases eventually ceusing the fuee to
0pen therehy interrupting the current flow through the fuse. The
operational effiCiency of the thermal fuse is largely dependent
on the characteristics of the metallic conductor that forms the
conducting'body of the fuse. The power that is dissipated by the
‘fuse is proportienal to the square of the current that flows
throughithe fuse; With ah increase of the current that flows
- through the fuse, the diseipated power wiil significantly
| inereaee causing the metallic conductor of the fuse to rapidly

increase in temperature, eventually causing the metallic



conductor to me;t thereby opening the conductive path that leads
through the fuse. It is clear that effective operation of the
thermal fuse under different conditions of circuit applications
depends on strict adherence to critical design parameters of the
fuse, most notably the design of the metallic conduétor of the
fuse. For a number of the thermal fuses, the metallic conductor
consists of solder'whereby the termination pads of the fuse are
made of metallic substances with a.melting point that is
considerably higher thaﬂ the melting point of solder. Materials
that are typically used for the termination pads are silver,
ceramic (or glass) anq metal glaze. The solder that is used for
the main conductive element of the fuse is connecfed to the
teimination pads by the application of heat or eénergy to the
interface between the solder'and the termination pad,-causipg the
two interfaces to fuse together. This process may be improved by
the use of metallic solder_power ér é'flu# in the iﬁferface.
between the solder wire and the terminatién pad. This enhances
.thé'fuéing of the two interfaces.ﬁhile not éfféctiﬁg reflow of

" the solder wire of the fuse.

Solder that is applied for the prior art formation of fuses

is susceptible to environmental conditions. To reduce this
“impact; the termination pad is frequently coated with a thin

layer of solder or solder paste before the solder wire is



attached. This approach provides a method of preventing arcing ox
reconnection after the solder wire has been broken, a reconnect
that can be caused by creating a iélatively large opening at the
time that the solder wire of the fuse is.interrupted. Oxidation
of the solder wire can be prevented by coating the solder wire
with'a layer of deoxidant material. The solder wire of the fuse
can further be protected by encapsulation of this wire including
the deoxidant material thereby forming a larger tube that
surrounds the solder wire with its deoxidant. The currént process
of forminé a fuse is complex  and time consuming and can“require
as many as in excess of a dozen processing steps. Included in
‘these processing steps are steps of application of solder paste
with a subsequent reflow of the solder paste, piacement of the
solder fuse wire with.a reflow tb connect the wire to fhe

~ termination pads, rinsing the reflow material, applying/curing
deoxidant in at times more than one repeat cycle, applyin§ an
“adhesive fdr-a cover for the fﬁse, placing of the covef of the

~ fuse with ‘a curing of the adhesive and finaiixnencapsulation of
ﬁhe completed fuse. It is obvious that this process . is expensive
"and time cqnsuming and can lead to a serious yield detractor. A
" better method must therefore be provided for the_creation of an

effective fuse. The proéess of the invention piovides such a

method.
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For applications where the levels of current and voltage are
relatively low, the art has long used conductive polymers to
create fusing capability. Polymers, such as for instance
fluoropolymer, are typically used as dielectric materials and as
such fall in the same class of materials as silicon aioxide
(“oxide”, doped or undoped) or silicon nitride (“nitride”),
silicon oxynitride, parylene, polyimide, tetra—ethyl-ortho—
silicate (TEOS) based oxideé, boro-phosphate—sili;ate—glass
(BPSG), phospho:si;icate—glass (PSG), boro—silicate—glass (BSG),
oxide—nitride-oxide (ONO), plasma enhanced silicon nitride
(PSiNg), and oxynitride. Other polymer materials are polyamide,
parylene 6r teflon, pblycarbonate (PC), polysterene (PS),.
leyoxide (PO) and poly polooxide (PPO), these materials can be
used as photoresist applications. In short, pdlymer compositions
can contain silicons, carbons, fluoride; chlorides, and oxygens.
It must however be noted that often the term polymef is uséd to
describe chemicals that have been deposited or accumulated (for
instance on thé sidewalls of an etch chambei).”Effortslare also

being made to use electrical conductive polymers to connect a

Jchip'such as a flip chip or a_Béll Grid Array chip to Printed

" Circuit Board but these efforts are still in the beginning

stages. -



For applications where a polymer is used in fusing
functions, the polymer forms the essence of the body of thé fuse
while a conductive element is added to the basic polymer
component. This conductive element determines the éurrent
carrying capability of the fuse and therefore the power level at
‘which the fﬁse will be interrupted. The conductive polymer that
is created in this manner has longitudinal electrodes embedded -
intq the body of the fuse; these electrodes serve to connect the
fuse to surrounding circﬁitry. The resistive‘elemeht of the fuse
is typically surr§unded with a protective sleeve_that provides
electrical isolation and environmental protectiﬁn for the fuse.
The conductive polymer device that is in this manner created can
serve to detect and control heat dissipation in particular

environments whereby the fuse is interrupted at a point where the

- temperature Qf'the fuse exceeds a limit.

US 5)777,540 (Dedért et al.) 1998 -:Encapsulated fuse having .

-a conductive polymer and non-cured deoxidant - shows a fuse -
- structure with conductive polymers intercbnnects. However, this

‘reference differs from the invention.

Us 5,583,321 (Distefano et al.) shows a circuit assembly

with conductive polymers (polyacetylene) as a connector.
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US 5,925,276 (Batliwalla et al.) discloses a conductive

polymer device with a fuse.

US 5,725,995 (Leedy) shows semiconductor probe pins composed
of various conductive polymers such as polyacetylene,

polythiophene or polypyrrole as examples.

. US 5,962,815 (Lan) Antifuse interconnect between two
conducting layers of a printed circuit board --shows a

| multilayered structure having via holes are filled with a second

material having a breakdown voltage less than'a breakdown voltage

of the first material inciuded in the dielectric layer to form an

antifuse. The second maferial in ﬁhe'via holes can be, for

example, a conductive epoxy resin or a polymer loaded with

conductive particles.

- SUMMARY OF THE INVENTION

A principle objective of the invention is to provide a

"method of forming a fuse using polymefic films as the base

material.

Another objective of the invention is to create a fusing

function that can be created with a sharply reduced number of



processing steps thereby greatly reducing manufacturing

complexity and incurred cost for the fusing function.

In accordance with the objectives of the invention a new
method is provided for the‘creation of a fuse. A layer of metai
is first deposited, the layer of metal is patterned and etched
creating a metal strip that is interrupted by a gap. The fusing
fuhction is created in the gap, the interrupted metal strip
serves as the connectors to the fuse. A layer of conducting
conjugated polymer is_deposited over the metal strip and the
therein created gap,.the polymer is etched back leaving the

deposited polymer in the gap between the two metal strips.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a cross section of a semiconductor substrate on

the surface of which has been deposited a layer of metal.

Fig. 2 shows a cross section of the substrate over which a
"layer of metal has been deposited, a layer of photoresist has

been deposited over the layer of metal and is being exposed using

a photolithographic mask.



Fig. 3 shows a cross section of the substrate after the

layer of photoresist has been etched.

Fig. 4 shows a cross section of the substrate after the
layer of metal has been etched and the patterned layer of

photoresist has been removed.

. Fig. 5 shows a cross section after é layer of polymer has

been deposited over the surface'of'the patterned layer of metal.

Fig. 6 shows a cross sectibn after the layer of deposited

polymer has been etched.
Fig. 7 shows a top view of the created fuse.
- DESCRIPTION OF THE PREFERRED EMBODIMENTS

Iﬁ the art of'Creating semiconductor dé#iées, material study
.and the knowledge'of material propertiés is fundamental. One of
"the aspects of this-material study is to uhdersténd and to
utilize material propefties that relate to maﬁerial conductivity.
'Relating to material conductiviﬁy it.is known fﬁat pol&mers thét
have an uninﬁerrupted conjugate molecular bondiﬁg struéture

constitute low resistivity, high conductivity materials. By
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reducihg the molecular chain length of the conjugate bonding

structure, the resistivity of the polymer will increase, the

conductivity will decrease.

Typical conductivity of polymers is in the range from
between about 10~° to 107 Siemen/mefer (S/m). As an example,
polyacetylene has an electrical conductivity in.excess of 4 x 10’
équlwhich approaches the conductivity of copper_éf 6 x 10" Q7'm”
'. The reduction in the bonding chain length therefore offers a

means to control conductivity of a layer of polymer, a

characteristic that is used by the invention to create a fuse of

a particular conductivity.

The molecular bonding structure of a polymer can be
contfolled by exposing the pblymer.to a source of infrared energy
at a'certaiﬁ frequency and a certain light intensity. These
coﬁditions'of expoéure can be-optimized for particular polyme:é
suéh that éertain freqqehcies and-certain ihffé:ed light
intensities are.best suited fbr a parti;ular polyﬁer. By
7continuing fhis exposure oﬁer time, the conjugate bonding
| structure 6f the polymer is further reduced to shorter moleculaf
chaiﬁ lengths thereby having a direct effect on the resistivity
-of the péiymer film. The indicated exposure does not only effect

the resistivity of the polymer but also effects other dielectric
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properties such as the dielectric constant k, dielectric
breakdown voltages, and the like. For the process of the
invention, of importance is the reduction of the molecular chain
length and the therefrom féllowing increase in sheet resistivity
of the polymer film that occurs during continued exposure of the
polymer £ilm to infrared light. Using this principle as a
guideline, the sheet resistivity of a polymer can be ¢ontrolled
and adjusted to a desired value, the value that is reguired‘by

the fuse of the.invention.

Referring now specifically to Fig. 1, there is shown a cross
secti&n of a substrate 10, a layer 12 of metal, for inétahce
copper, is deposited over the surface of the substrate 10.
Suﬁstrate 10 is typically a single crystal, silicon.substrate.
The metal layer 12 does not need to be limited to Contaiping
cépper but can include but is not limited to Al, Ti, Té, W, Mé,
Cu or a combination.of.these materials. in addition, layer 12 can
contain a silicate, a salicide, poly_siliéénf amorphous silicon
.or any othef semiconductor coméatible condﬁcti#e layer. As aﬁ
‘example, the ;nﬁercohﬁect- metalization ‘layer 12 is aluminum,
contéining between about 1.0 and_3.0% copper, and betweeﬁ aboﬁt
0.5 and 2.0% silicon, this metalization layer is deposited uéing
- rf sputteriné at a teméeraturg between about iOO and 400 degrees

C. to a thickness between about 4000 and 11000 Angstrom.
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The process of the invention deposits the conductive léyer
12 if this layer contains metal using conventional methods of
metal rf sputtering at a temperature between about 100 and 400
degrees C. and a pressure between about 1 and 100 mTorr using as
source a conductive ﬁaherial at a flow rate of between about 10

and 400 sccm to a thickness between about 4000 and 11000

Angstrom.

Fig. 2 shows a cross section of the substrate 10 after a
layer 14 of photoresist has been deposited over fhe conductive
layer 12 that is being exposed using'maSk 16. Photolithography is
a.common approach wherein patterned layers are formed by spinning
on a layer of photoresist, projecting light ;hrough a photomésk
with -the desired pattéfn onto the photoresist to expose the
photorésist‘to thé patfern, developing the photoresist, washing
off the undeveloped photoresist, and plasma etching to clean out
theiareaé_wherelihe photéresist has been waéhed away. The e#posed
‘resist may be rendered insoluble (positive-working) and form the
‘pattern, or soluble (negative working) and be washed away. In
either césé; the remaining resist on the surface forms the
désired pattern. The pattern 17 that has been created in the
léyer 14 of photoﬁeéist is the pattern for the bédy of the to be

created-fuse. The photoresist material that is used for the
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formation of layer 14 can be any of the several photoresist
materials that are conventionally used in the art, including but
not limited to positive photoresist materials and negative
photoresist materials. The preferred thickness of layer 14 of
photoresist of Fhe invention is between about 1000 and 10,000
Angstrom, the formation of opening 17 in the layer of photoresist
exposes the surface of layer 12 over the surface regions of the

iayer 12 that form the bottom of openings 17.

Fig. 3 shows a cross section of the substrate after the
layer 14 of photqresist has been etched. The layer 14 of
photoreéist can be etched by applying Oz plasma ashing and then
'wet stripping the photoresist by using a HzS0s, H202 énd NH4OH
solution. A photoresist developer often used during development
- of the photoresist is tetramethyl ammonium hydroxide (TMAH).
| Other developers such as sodium hydroxide, sodium met;sillicide
or potassium hydroxide may also be used. However, one of the
'préperties of TMAH relative to other develoééré is that it is a
metal-ion free-devéloper, which_reduces metal-ion diffusion and

'contamination'in other parts of the IC.

Fig. 4 shows a cross section of the substrate 120 after the

layer 12 of conductive material has been etched and after the
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patterned layer 14 of photoresist has beén removed from the

surface of the substrate.

RiE procedures, using an etchant gas that contains chlorine,
sﬁch as boron trichlorine (BCl3), carbon tetrachlorine (CCly),
'silicon tetrachlorine (SiCl4)for chlorine (Cl2), can be used to
etch the metal 1ayér-12. These etching gases are preferred

because the etchant'products in general are more volatile and

more easily pumped from the etching chamber.

The above indicated process of applying 02 plasma ashing to
remove the patterned layer 14 of photoresist is heating the
photoresist in a highly oxidized environment, such as an oxygen

plasma, thereby converting the photoreéist to an easily removed

‘ash. The oxygen plasma ashihg can be followed by a native oxide

dip for 90 seconds in a 200:1 diluted solution of hydrofluoric

acid.

Other methods for photo:eSist stripping that are frequently

'applied_use sulfuric acid (H2S04) and mixtures of H2S04 with other

oxidizing agents such as hydrogen peroxide (H202). Wafers to be
stripped can be immersed in the mixture at a temperature between

about 100 degrees C. and about 150 degrees C. for 5 to 10 minutes

“and then subjected to a thorough cleaning with deionized water

15



and dried by dry nitrogen. Inorganic resist strippers, such as
the sulfuric acid mixtures, are very effective in the residual
free removal of highly postbaked resist. They are more effective
than organic strippers and the longer the immersion time, the

‘cleaner and more residue free wafer surface can be obtained.

Fig. 5 shows a cross section of the substrate 10 after a -
iayer'ZO of polymer has been deposited over the surface of the
conductive layer 12 thereby including the opening 19 that has

been etched in the layer 12 of conductive material.

The polymer film can be spun onto the wafer and can contain

polycarbonate (PC), polystyrene (PS), polvoxides (PO),
polymethylmethécrylate (PPMA) and poly-polyoxides (PPO). It is

important to use a material for the polymer film that can be

applied by.Spin coatihg and that can, at a later date, be easily |

'removéd by dipping the coatéd substrate in a solﬁent. Scolvents
that can be used for this.pﬁrpose include acetone, THF and

trichloro-methane.

Fig. 6 shows a cross section of the substrate after the
layer 20 of polymer has been etched back. The etching of the
deposited layer 20 of polymer used for the invention uses a

C4Fg/CO/Ar etch gas mixture. The processing parameters for the

16



etch of polymer layer 20 are as follows: etchant: C4Fs at a
temperature of 5etween about 50 and 70 degrees C. and a pressure
between about 50 and 60 mTorr and a flow rate of between about 12
and 16 sccm. The CO gas is processed at a temperature of between
about 50 and.70 degrees C. and a pressure of between about 50 and
60 mTorr and a flow rate of between about 300 and 400 sccm. The

mix of C4Fs to CO has a ratio of between about 1/20 and 1/30.

~

Fig. 7 shows a top view of the completed fuse whereby 12 are
the conductive connect to the body. of the fuse and 20 is the

polymer containing body of the fuse.

- It must be pointed ocut that the steps of_depositing a la&er
of polymer and subsequently etchihg this layer can be repeated a
numbef of times with the objective of achieving good planarity of
thefsurface-of the fuse and the surioundingﬁconductive
interconnects._This repeat cycle is optionai-éﬁd depends.on thé

level of planarity that is required for the completed fuse.

Although the invention has been described and illustrated
with reference to specific illustrative embodiments thereof, it
is not intended that the.invention be limited'to those

illustrative embodiments. Those skilled in the art will recognize

17



that variations and modifications can be made without departing
- from the spirit of the invention. It is therefore intended to
include within the invention all such variations and

modifications which fall within the scope of the appended claims

and egquivalents thereof.

18
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What is claimed i;:

1. A method of creating a fuse having characteristics of
resistivity, comprising the steps of:

providing a semiconductoi substrate having a surface;

depositing a layer of conductive material over the surface_of
said substrate;

patterning and etching said layer of condnctive material thereby
éreating two conductive strips having sidewalls over said surface
of said substrate,whereny said conductive strips are separated by
an opening;

depositing a layer of polymer_nver a surface of said conductive
strips thereby inclhding said opening; and

etching said deposited layer of polymer down to said conductive

strips.

2. The method of claim 1 wherein said conductive material

contains a metal.

3. The method of claiﬁ 1 wherein said-conductive strips have a
‘geometric profile'and_physical channcteristics of an interconnect
conductive line nhereby eanh of said two conductive strips are
physiéally located in a direétion of an extension of the other

conductive strip such that extensions of said sidewalls of said

conductive strips coincide.
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4. The method of claim 1 wherein said polymer is contains
contreolled and interrupted conjugated molecular bonding whereby

said interrupted conjugated molecular bonding is adjusted to said

characteristics of resistivity of said fuse.

5. The method of élaim 1 wherein said depositiné a layer of
conductive material over the surface of Said substrate is

' depositing a iayer of metdl using methods of_metal rf sputtering
at a temperature between about 100 and 400 degrees C. and a
pressure between about 1 and 100 mTorr using as source a
conductive material at a flow rate of between about 10 and 400

sccm to a thickness between about 4000 and 11000 Angstrom.

6. The method of claim 1 wherein said depositing a layer of.
polymer over a surface of said conductive strips thereby
including said opening.is spin depositing a layer of said polymer

to a thickness between about 7000 and 11000 Angstrom.

7. The method of claim 1 wherein.said etching said deposited
"layer of polymer down to said condﬁctive strips is.using a
CsFg/CO/Axr etch gaS'miﬁturé at a temperature of between about 50 :
and 70 degrees C. and a pressure bétween about 50 and 60 mTorr
with etchant C4Fs at a flow rate of between about 12 and 16 sccm

with etchant CO at a flow rate of between about 300 and 400 sccm.
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8. The method of claim 1 with additional processing steps, said
additional steps to be performed as one or more cycles, each
cycle of steps to be performed after said step of etching said
deposited layer of polymer down to said conductive strips, said
steps comprising of:

depositing a layer of polymer over a surface of said conductive
sirips thereby includinglsaid opening; and

étching said deposited layer of polymer down to said conductive

strips.

9. A method of creating a fuse having characteristics of
resistivity, comprising the steps of:
_pﬁoviding a semiconductor substrate having a surface;
depositing a layer of metal over the surface of said substrate;
patterniﬁg_and etching said 1ayer of metal thereby creating two
- metal.strips having sidewalls-over said surface.of said substrate
whereby said metal stripé are sepérgted by an opening said metal
. strips having a geométric profilé énd physiééi;chéracferistics of
‘interconnect condgctive lines_whergby eacﬁ'of said. two metal
" strips are physically located in é direction of an extension of
the othér metal strip such that ektensions1of said sidewalls of
said.metal strips coincide;
depoSiting a layer of polymer over a surface.of said metal strips

thereby including said opening ABA whereby said polymer contains
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controlled and intérrupted conjugated molecular bonding whereby
said interrupted conjugated molecular bonding is adjusted to said
characteristics of resistivity of said fuse; and

etching said deposited layer of polymer down to said metal

strips.

10. The method of claim 9 wherein said depositing a layer of
metal is using methods of metal rf sputtering at a temperature
between about 100..and 400 degrees C. and a pressure between about
1l and 100 mTorr using as source a conductive material at a flow
rate of between about 10 and 400 sccm‘to a thickness between

about 4000 and 11000 Angstrom.

11. The method of claim 9 wherein said depositing a layer of
polymer over a surface of said conductive strips thereby
'including said opening is spin depositing a layer of said polymer

to a thickness between about 7000 and 11000 Angstrom.

Ié. The method of:ciaim.Q wherein said etchiﬁg said deposited

" layer of polymer dbwn to said conduétive strips ié using a
C4Fe/CO/Ar etch gas mixtu:e at a température of between about 50
and 70 degrees C. and a pressure between aboﬁt 50 and 60 ﬁTorr
with etchant C4Fs at a flow rate of between about 12 and 16 sccm

with etchant CO at a flow rate of between about 300 and 400 sccm.
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13. The method of claim 9 with additional processing steps, said
additional steps to be performed as one or more cycles, each
cycle of steps to be performed after said step of etching said
deposited layer of polymer down to said conductive strips, said
steps comprising of:

depositing a layer of polymer’over a surface of said conductive
strips thereby including said opening; and

étching said deposited layer of polymef down to said conductive

strips.
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