
LAYERED HEATER SYSTEM HAViNG CONDUCTIVE OVERLAYS
CROSS-REFERENCE TO RELATED APPLICATION [0001] This
application claims the benefit of U.S Provisional
Application, Serial No. 60/832,053, filed July 20,
2006, and lilted "Layered Heater System Having
Conductive Overlays." The disclosure of the above
application is incorporated herein by reference FIELD
[0002] The present disclosure relates generally to
electric heaters, and more particularly to layered
heaters a d related methods to reduce current crowding
within curved portions of a resistive heating element
trace BACKGROUND |0003] The statements n this section
merely provide background information related to the
present disclosure and may not constitute prior art.
[0004] Layered heaters are typically used in
applications where space is limited when heat output
needs vary across a surface, where rapid thermai
response is desirous, or in ultra-clean applications
where moisture or other contaminants can migrate into
conventional heaters. A layered heater generally
comprises layers of different matenals. namely, a
dleiectnc and a resistive materia!, which are applied
to a substrate. The dielectric material is applied
first to the substrate and provides electrical
isolation between the substrate and the
electrically-live resistive material and also reduces
current leakage to ground during operation. The
resistive material is applied to the dielectric
materia; in a predetermined pattern and provides a
resistive heater circuit. The layered heater also
includes leads that connect the resistive heater
circuit to an electrical power 



source, which is typically cycled by a temperature
controller. The iead-to-resis ve circuitinterface Is
also typica y protected both mechanically and
electrically from extraneous contact by providing
strain relief and electrical so a rs through s
protective layer. Accordingly, layered heaters are
highly customizable for a variety of heating
applications [GOOS] Layered heaters may be "thick"
film, "thin" f il or "thermally sprayed/ ' among
others, wherein the primary difference between these
types of layered heaters is the method in which the
layers are formed. For example, the layers for thick
fiirrs heaters are typically formed using processes
such as screen printing, decai application, or f lm
dispensing he ds. among others The layers for thin
film heaters are typically formed using deposition
processes such as ion plating, sputtering chemical
vapor deposition (CVD) and physical vapor deposition
(PVD), among others. Yet another series of processes d
st nct from thin and thick film techniques are those
known as thermal spraying processes ; which may
include by way of example flame spraying, plasma
spraying, wsre arc spraying, d HVOF (High Velocity
Oxygen Fuel), among others, |0Q06] The resistive
heating layer in these layered heaters is generally
formed as a pattern or a traca with curved or bend
portions, e g non-linear, wherecurrent crowding often
occurs. Generally, current crowding refers to a
non-uniform distribution o current density where the
current tends to build up or increase near geometric
features that present obstacles to a smooth current
flow, i.e. bend portions, in operation, as the current
travels around a bend portion, the current exhibits a
tendency to b up. or crowd, around the inner port o of
the curve as it makes its way around the bend portion.
Due to this current crowding effect, the heM portions
are susceptible to an increased current density,
causing burning, which can lead Io premature failure
of the resistive heating layer and thus the overall
heater system 



SUMMARY [0007] in one preferred form, a layered heater
is provided that comprises resistive layer having a
resistive circuit pattern. The resistive circuit
pattern defines atleast one bend portion having a top
surface and a bottom surface. A conductive overlay is
provided o a t least one of the top surface and the
bottom surface of the bend portion to reduce current
crowding [0008] n another form, a method of
manufacturing a layered heater is provided. The method
comprises forming a resistive layer having a circuit
pattern with at ast one bend portion, followed by
forming a conductive overlay on the bend portion. [
OOS| In still another form, a second method of
manufacturing a layered heater is provided. The method
comprises forming a conductive overlay where a bend
portion of a circuit pattern of a resistive layer s to
be formed d forming the resistive layer having h
circuit pattern with the bend portion on the overlay.
[0010] a n alternate form of the present disc os ure
the overlay is formed both below and above the
resistive layer proximate the bend portion.
Optionally, dielectric layers may be formed between a
substrate and the resistive layer and over the
resistive layer, if required. |001 1] Additionaly
another method of forming layered heater is provided
thai comprises forming a continuous resistive layer
over a substrate forming conductive overlays in
predetermined areas of the resistive layer, and
removing portions of the continuous resistive layer
between the conductive overlays to form a plurality of
single cuts extending between the conductive overlays.
The single cuts extend through the continuous
resistive layer between the conductive overlays and
longitudinally into a portion of the corresponding
conductive overlays. Preferably, the single cuts are
formed 



using a laser [0D12] in yet another method a layered
heater is created by forming a continuous resistive
layer over a substrate, forming conductive overlays in
predetermined areas of the resistive layer, and
removing portions of the continuous resistive layer
between the conductive overlays to form a plurality of
parallel cuts extending between and around the
conductive overlays. The parallel cuts extend through
the continuousresistive layer and do not extend into
any portion of the conductive overlays. Preferab y t e
parallel cuis are formed using a laser [0013] F rt er
areas of applicability w-it become apparent from the
description provided herein. t should be understood
that the description and specific examples are
intended for purposes of illustration only and are not
intended to limi the scope of the present disclosure.
DPlAWlNGS [0014] The drawings described herein are for
illustration purposes only and are not intended to
limit the scope of the present disclosure sn any way.
[DO 1S] G. 1 is a plan view of a layered heater with
resistive circuit pattern n accordance it a prior art
layered heater; |Q01 b] FiG. 2 is a cross-sectional
view, taken along line 2-2 of FiG. 1 of a layered
heater In accordance with a prior art layered heater:
|0017] FlG. 3 is a pian view of a layered heater with
a resistive circuit pattern constructed in accordance
with the principles of the present disclosure; [0018]
FIG. 4 is a cross-sectional view, takers along sine
4-4 of FIG. 3 of a layered heater with a resistive
circuit pattern in accordance with the principles of
the present disclosure; 



[0019] FIG. S is a cross -sectional view, similar to
FlG. 4 . showing overlays on a bottom surface of a
bend portion of a resistive layer in accordance vvsth
an alternate form of the present disclosure; [0020]
FiG 6 is a cross -sectional view similar to FIG. A,
showing overlays on both of lop surface and a bottom
surface of a bend portion of a resistive layer i
accordance with another alternate form of the present
disclosure; [0021] FlG, 7 is an enlarged
cross-sectional view taken along line 7-7 of FlG. 3,
showing a conductive overlay with a uniform thickness
formed on a top surface of abend portion of a
resistive layer in accordance with the principles of
the present disclosure; |0022] FIG. 8 is a view
similar to FfG ? showing a conductive overlay defining
a ar ab e thickness across its width and formed on a
top surface of a bend portion of a jesis ive layer and
constructed in accordance with the principles of the
present disclosure; |d O23] FlG. 9 is a plan vsew of a
layered heater formed ussrsg a thermal sprayprocess
having conductive overlays disposed proximate areas
where current crowding is likely to occur and
constructed in accordance with the principles of the
present disclosure, [0024] FlG. 10 is an enlarged
detail v;ew of the layered heater of FfG. S in
accordance with the principles of the present
disclosure; [0025] FIG. 11 ss a plan view of an
alternate form of a layered heater having conductive
overlays along straight portions of the resistive
circuit pattern and constructed n accordance wsih the
principles of the present disclosure; [0026] FiG. 12
Is a schematic flow diagram of a method of
manufacturing a 



ay red heater with copductsve overlays in accordance
with the principles of the present disclosure; [002?]
FlG. 13 Is a schematic flow diagram of another method
of manufacturing a layered heater with conductive
overlays in accordance with the principles of the
present disclosure; [0028] FiG. 14 ss schematic flow
diagram of another method of manufacturing a layered
heater with conductive overlays in accordance wsth the
principles of the present disclosure; [0023] FlG. 15
is a plan view of a layered heater constructed in
accordance with a method employing single cuts
according to the principles of the present disclosure;
[0O30J FiG. 18 is an enlarged view, taken within Deta
A-A of FiG. 15, illustrating the single cut in
accordance with the principles of the present
disclosure; [0031] FiG. 1? is a cross sectinai view,
taken along line 17-17 of FiG. 16, illustrated the
ssngle cut in accordance With the principles of the
present disclosure; |0032] FIG. 18 is a plan view of a
layered heater constructed n accordance with a method
employing parallel cuts according to the principles of
the present disclosure; [0033] RG. 19 is an enlarged
view, taken within Detail B-B of FIG. 18, illustrating
the parallel cuts in accordance with the principles of
the present disclosure; and 100341 FIG. 20 rs a cross
sectional view, taken alon a line 20-20 of FSG. 19,
illustrating the paraiiel cuts in accordance with ihe
principles of the present disclosure. [003S]
Corresponding reference numerals indicate
corresponding parts 



throughout the several views of the drawings. DETAILED
DESCRIPTION [Q03 b] The following description is
merely exemplary in nature and is not intended to
limit the present disclosure, application, or uses
[0037] Referring to FIGS, 1 and 2 , prior art layered
heater 10 s illustrated that includes substrate 12,
first dielectric layer 14, a resistive layer 16
defining a resistive circuit pattern formed on the
first dielectric layer 14, and a second dielectric
layer 18 formed over the resistive layer 16.
Generally, the resistive circuit pattern s shown to
have a serpentine pattern and has a uniform thickness
throughout the resistive layer 18 [0038] Referring now
to FiGS. 3 and 4 layered heater in accordance with the
present disclosure is illustrated and generally
indicated y reference numeral 20. The layered heater
20 comprises a substrate 22, a first dielectric layer
24 formed over thesubstrate 22, a resistive layer 26
formed over the first dielectric layer 24 and a second
dielectric layer 28 formed over the resistive layer 26
and the first dielectric layer 24. The resistive layer
28 is preferably made of a conductive material of high
resistance sufficient to function as a resistive
heating element. In this illustrative embodiment, the
resistive layer 25 defines a serpentine pattern as
shown and includes a plurality of straight portions 30
connected by a plurality of bend portions 32 to
complete a circuit pattern 33. The circuit pattern 33
has each of its ends connected to a pair of terminal
pads 34, which connect the resistive layer 26 to a
power source (not shown) to complete an electric
circuit, thus providing power to operate the layered
heater 20. [0039] To reduce the effect of current
crowding, (as described above in the Background
section), a plurality of overlays 36 (FlG. 4} are
provided proximate the bend 



portions 32 to provide additional resistance to the
electric current passing around the be d portions 32
With the increased resistance around the bend portions
32, the ^creased current density due to crowding is
distributed throughout both the bend portions 32 of
the circuit and the overlays 38, which increases the
iife of the layered heater 0. [0040] As shown, the
bend portions 32 each have a top surface 38 and a bo
to surface 40. The overlays 38 may be formed on the
top surface 38 as shown in FiG 4 or on the bottom
surface 40 as shown in FiG 5 A ternat vely the
overlays 36 ay be provided on both of tha top surface
38 and the bottom surface 40 as shown in FIG d. [0041]
Referring to FI GS 7 and 8 the overlay 36 may be
formed to have a uniform thickness as shown m FiG. 7
or a variable thickness as shown in FlG. 8 . Such
variable thickness techniques are shown and described
in U S Patent No. 7,132,628 titled "Varia&ls Watt
Density Layered Heater," issued on November ? 2006 h
ch ;s commonly assigned with the present application
and the contents of which are incorporated herein by
reference in their entiretyin FIG. 8, the overlay 36
has the largest thickness at an area of the bend
portion 32 hic has the smallest radius of curvature. A
conductive overlay 38 with variable thickness s more
tailored to better accommodate the current crowding
effect occurring within the bend portions 32 close to
the smallest radius of curvature oreover the overlays
36 on the plurality of the bend portions 32 do not
have to have the same shape or size. Because the
circuit pattern does not have to define a serpentine
pattern and can be of any shape or ssze, the overlays
36 can be formed to have different size, thickness and
shape depending on the shape and size of the bend 



portions 32 and the extent of the current crowding
effect [GG43J Exemplary embodiments of such different
sizes and shapes are illustrated in FIGS. 9 and 10 As
shown, overlays 36 are disposed over select areas of
the resistive layer 28, which has preferably been
formed using 3 thermal spray process in accordance
with one form of the present disclosure, The overlays
36 are disposed proximate areas that are susceptible
to current crowding, which are generally areas where a
sudden or abrupt change n the general direction of the
circuit pattern of the resistive iayer 26 occurs. n
preliminary testing, layered heaters having the
overlays 38 in accordance with the principles and
teachings of the present disclosure have demonstrated
n increase in life over layered heaters without any
features to compensate for current crowding it should
be understood that the configurations of the layered
heaters as illustrated heresp are exemplary oniy and e
not intended to limit the scope of the present
disclosure. [0044] t should also be noted that the
overlays 36 may be made of the same material as, or
different ater a from that of the resistive iayer 26.
in one form, the overlays 36 are made of a material
having a higher resistance than the resistive iayer
26, which includes approximately 30% Ag, approximately
38% Cu and approximately 32% Zn. Howe er it should be
understood that a variety of materials may be employed
i accordance with the teachings of the present
disclosure so long as the material providesadditional
resistance proximate areas of current crowding Acc
rdingly the materials c ted herein should not be
construed as hmifsng ine scope of the present
disclosure. [004S] t should aisa be understood that
the conductive overlays 36 need not necessarily be
formed exclusively over the bend portions 32. The
conductive overlays 36 may be formed over any portion
of the resistive circuit pattern 33 according to
specific 



heater needs h le remaining within the scope of the
present disclosure. By way of example as shown in FfG.
11, yet another form of layered heater in accordance
with the principles of the present invention s
illustrated and generally indicated by reference nu e
a 20'. The layered heater 20' comprises a resistive
circuit pattern 33' formed over the substrate 22'
substantially as previousiy described, and conductive
overlays 38' formed over straight portions 30' rather
than over the bend portions 32\ As such, the
conductive overlays 36' are disposed over a continuous
portion of the resistive circuit pattern 33', similar
to the bend portions 32' , such that the current
continues to flow within the resistive circuit pattern
33' both before and after passing through the
conductive overlays 36' . Being disposed over a
continuous portion of the resistive circuit pattern
33' thus structurally distinguishes the conductive
overlays 36' and 36 from the terminal pads 34' and 34,
respectively [0046] Referring to FfG. 12, a method of
manufacturing the layered heater 20 in accordance with
the present disclosure is now described in further
detail. The resistive layer 26 may be formed by any
number of layering processes, such as thick film thin
fil thermal spray, sol-gel, and combinations thereof,
on others. As used herein, the term "layering
processes" should be construed to include processes
that generate at least one functional layer (e.g.,
dielectric layer, resistive layer among others),
wherein the layer is formed through application or
accumulation of a material to a substrate, target or
another layer using processes associated with thick
fiim. thin film, thermal sprayin or sol-gel, among
others These processes are also referred to as
'layering processes[004T] The resistive layer 26 is
typically formed on a first dielectric layer 2.4,
however, this dielectric layer 24 s optional depending
on the application requirements. 



Accordingly, the resistive layer 26 may be formed
directly on the substrate 22. After the resistive
layer 26 is formed, a conductive material is formed on
the bend portions 32 to form the overlays 36. A mask
(not shown) having a cutout corresponding to the areas
where the overlays 36 are to be formed s placed on the
resistive layer 26 to expose only the bend portions
32. Next, applying a conductive material onto the bend
portions 32 results in forming of the overlays 36 on
the resistive layer 26. Applying the conductive
material onto the bend portions 32 can be achieved by
layering processes, such as thick f lm thin fiim,
thermal spray, and sol-gel, among others. Thereafter a
second dielectric layer 28 is optionally formed over
the res-stive layer 28 and the conductive overlays 36
to achieve a layered heater 20 that compensates for
current crowding [0048J According to another method of
the present disclosure as shown in FIG. 13, the
overlays 38 are formed before ihe resistive layer 28
is formed. The process is similar to the method
described in connection with FIG 12, except thai after
the first dielectric layer 24 s formed on the
substrate 2 (if a first dielectric layer 24 is used),
a conductive overlay 36 is formed on the areas where
bend portions 32 of the electric circuit of the
resistive layer 26 are to be formed. After the
overlays 35 are formed, a resistive mate ia is formed
on the substrate 22 or the first dielectric layer 24
Including ihe areas where the overlays 36 have been
formed, to form a resistive layer 26. In this form,
the overlays 38 are below the resistive layer 28
rather than over as previously described, which is
illustrated in FIG. 5 . [0049] Yet another method of
the present disclosure is shown sp FlG. 14, her the
overlays are formed on both of the top surface 38 and
the bottom surface 40 of the bend portions 32. This
method is similar to the method described in
connection 



with FlG 13, except that after the resistive layer 26
is formed over the first overlays 38, a conductive
material is formed on the bend portions 32 of the
resistive layer 25 to formadditional overlays 38 on
the bend portions 32. Accordingly, overlays 36 are
disposed both below and above the resist;ve layer 26,
which s illustrated in FIG. 6. [0050] It should be
noted that while the resistive circuit pattern in the
illustrative embodiment has been described to be a
serpentine pattern, the principles of the present
disclosure can be applied to a layered heater having a
resistive c rc it pattern other than a senpsniine
pattern as long as the circuit pattern includes at
least one bend portion, or a portion that includes a
change in d rection where current crowding typically
occurs or in other areas of a circuit pattern as set
forth here n |00S1] Referring to FIGS. 15 and 1d : yet
another form of a layered heater constructed
accordance with the teachings of the present
disclosure is illustrated and generally indicated by
reference numeral 50. The layered heater 50 comprises
a continuous resistive layer 52 formed over a
substrate 54 and a plurality of conductive overlays 56
disposed n predetermined areas of the resistive layer
52. In one form, a dielectric layer 58 is first formed
over the substrate 54, and then the continuous
resistive layer 52 s formed over the dielectric layer
58. Alternately, the resistive layer 52 may be formed
directly over the substrate 54 without the dielectric
layer 58, for some applications. Addit o ly, the
conductive overlays 58 m y be formed below, above, or
below and above the ressstive layer 52 as previously
described. Preferably, the continuous resistive layer
52. ih& conductive overlays 56, and the dielectric
layer 58 are formed using a thermal spray process, and
more specifically, a plasrpa spray method. Ii should
be understood however, that other layered processes as
set forth herein may also be employed. Accordingly,
the specific construction and layered processes as 



illustrated and described should not be construed as
limiting the scope of the present disclosure. [00521
As further shown, a plurality of sin ie cuts 60 extend
between the plurality of corresponding conductive
overlays 56 to form a resistive circuit pattern 62
More specifically, the resistive circuit pattern 82
comprises straight portions 84 n bendportions 86 n one
form of the present disclosure. Preferably, the single
cuts 60 arecreated using a laser, however, other
methods of materia! removal such as water jet or other
abrasion techniques may be employed while remaining
within the scope of the present disclosure. By way of
example, the dielectric layer 58 is formed over the
substrate 54, the conductive overlays 56 are then
formed in predetermined areas a s shown and then the
continuous resistive layer 52 is formed over the
dielectric layer 58 and the conductive overlays 58.
[0053] As shown in FfGS. 18 and 17, the single cuts 60
(shown phantom in FIG. 17) extend ail the way through
the continuous resistive layer 52 and longitudinal/
Into a portion of the corresponding conductive overlay
58. As s uch. no portion of the continuous resistive
layer 52 is present outside tha conductive overlay 56
proximate the end of the ssngle cuts 60r thus reducing
the presence of "hot spots " iocal to this area. f
there were any portion of the continuous resistive
layer 52 present at the end of the single cuts 60 and
outside the conductive overlay 56 (shown by the dashed
portion 68 in FIG. 15), this portion would not have a
conductive overlay 58 to reduce current crowding as
previously described. The refore carrying the single
cuts 60 into at least a portion of the conductive
overlays 56 eliminates this possibility [00 4| As
further shown In FiG. 15, termination pads 70 are
farmed in predetermined areas and are in contact with
the continuous resistive layer 52 to provide 



requisite power to the layered heater 50. Accordingly,
iead wires (not shown) are connected to these
termination pads 70. wherein the lead wires are
connected to a power source (not shown). Preferably,
another dielectric layer 7 1 (shown dashed) is formed
over the continuous resistive layer 52 for both
thermal and electrical isolation to the outside
environment. [QQ55J As shown in FiG. 15, the
conductive overlays 56 ay iaks on a variety of shapes,
depending on the desired shape of the circuit patte rn
and more spec fica lly the bend portions 66. By way of
example, many of the conductive overlays 58 define
arelatively square shape, h e the overlays 5? disposed
proximate the corners of the substrate 54 define an
"L' ' shape Accordingly, it should be understood that
these specific shapes and sizes for the conductive
overlays 56 and 57 are merely exemplary and should not
be construed as limiting the scope of the present
disclosure [QQSS! 1 e continuous resistive layer 52
and the use of single cuts 60 as described he rein the
layered heater 50 advantageously provides a greater
substrate watt density for a given trace watt density
due to the increased trace percent coverage. thus
resulting in improved healing characteristics. 0057]
Referring now to FiGS. 18-19, yet another layered
heater is illustrated and generally indicated by
reference numeral 80. The layered heater 80 comprises
a continuous resistive layer 82 formed over a
substrate 84 and a plurality of conductive overlays 86
disposed in predetermined areas of the resistive layer
82. n one form a dielectric saver 8 is first formed
over the substrate 84, and then the continuous
resistive layer 82 is formed over the dielectric layer
88. A lternately the resistive layer 82 may be formed
directly over the substrate 84 without the dielectric
layer 88, for some applications. Ad dit iona ly the
conductive overlays 86 may be formed below, above or 



below and above the resistive layer 82 as previously
described. Preferably, the continuous resistive layer
sB2, the conductive overlays 86 ; sn h dielectric
layer 88 are formed using a thermal spray method, and
more specifically, either wire-arc spraying or
wire-flame spraying. H should be understood however,
that other layered processes s set forth herein may be
employed. Accord ingly the specific construction d
layered processes as illustrated and described should
not be construed as limiting the scope of the present
disclosure. [00SS1 A s further shown, a plurality of
parallel cuts SO (best shown in FiG. 19) extend
between and around the plurality of corresponding
conductive overlays 86 to form a resistive circuit
pattern 82 and more specif ically the straight
portions 94 and the bend portions 96. Preferab ly the
parallel cuts 90 are created using a laser, howeve r
othermethods of materia? removal such as water jet or
other abrasion techniques may be employed while
remaining within the scope of the present disclosure.
B way of example, the dielectric layer 8 is formed
over the substrate 84, the conductive overlays 86 are
then formed m predetermined areas as shown and then
the continuous resistive layer 82 is formed over the
dielectric layer 88 and the conductive overlays 86.
[00S9J As further shown, termination pads 100 are
formed in predetermined areas and are in contact with
the continuous resistive iayer 82 to provi e requisite
power to the layered heater 80. Accordingly, lead
wires (not shown) are connected Q these termination
pads 100, wherein the iead wires are connected to a
power source (not shown) Preferably, another
dielectric iayer (not shown) is formed over the
continuous resistive layer 82 for both thermal and
electrical isolation to the outside environment.
[00S0J Since t resistive layer 82 is continuous across
substantially the entire substrate 84, an intermediate
area 98 of the resistive iayer 82 is formed outside 



the resistive circuit pattern 92. This intermediate
area 98 is not electrically "live since the
termination pads 100 are connected with the resistive
circus! pattern 92 and the parallel cuts 90 bound the
resistive circuit pattern 92. [0061 1 As shown in FIGS
19 and 20, the parallel cuts 90 (shown phantom in FSG.
2(3} extend aii the way through the continuous
resistive iayer 82 and do not extend longitudinally
into any portion of the corresponding conductive
overlays 86. The parallel cuts 90 preferably maintain
separation between the resistive circuit pattern 92
and the intermediate a 98 so that the intermediate
area 98 does not beco e electrically live." As such,
the parallel cuts 80 cannot extend info the conductive
overlays 86, otherwise, the intermediate areas SB will
come into electrical contact with the conductive
overlays 86 and short out the resistive circuit
pattern 92. 10062] ft should be understood that the
description herein is merely exemplary nature and,
thus, variations that do not depart from the gist of
thedisclosure are intended to be withsn the scope of t
e claimed invention. Such variations are not to be
regarded as a departure from the spirit and scops of
the disclosure.CLAIMS What is claimed is: 1. A layered
heater comprising: a substrate; a dielectric layer
formed on the substrate; a resistive layer formed on
the dieiectrsc layer the resistive layer defining a
resistive circuit pattern having at feast one bend
portion, the bend portion having a top surface and a
bottom surface: a conductive overlay disposed on at
least one of the top surface and the bottom surface of
the bend portion; and 



a second dielectric layer formed over the resistive
layer and t conducive overlay. 2 . The layered heater
according to Claim I wherein the overlay is formed on
the top surface of the bend portion. 3 . The layered
heater according to Claim 1. wherein the overlay ts
formed on the bottom surface of the bend portion. 4 .
The layered heater according to Claim 1 , wherein the
overlay is formed on the top surface and the b tto
surface of the bend portion 5. The yer heater
according to Claim 1 wherein the overlay is made of
the same material as the resistive layer. 8. The
layered heater according to Claim 1, wherein the
overlay made of a material different from that of the
resistive layer7 . The layered heater according to
Claim 6 wheresp the overlay is d of a material
comprising approximately 30% Ag, approximately 38% Cu,
and approximately 32% Zn. 8 . The layered heater
according to Claim 1. wherein the overlay has a
variable thickness. 9 . A layered heater comprising a
resistsve layer defining a resistive circuit pattern
and a conductive overlay disposed over a continuous
portion of the resistive circuit pattern. 10 The
layered heater according to Claim 9, wherein the
resistive circuit pattern defines a bend portion and
the conductive overlay is disposed proximate the bend
portion. 11. The layered heater according to Claim 9
wherein the resistive circuit 



pattern defines a straight portion, and the conductive
overlay is disposed proximate the straight portion.
12. A et od of manufacturing layered heater,
comprising: forming a resistive layer having a circuit
pattern, the circuit pattern having at least one bend
portion; and forming a conductive overlay proximate
the bend portion 13. The method according to Claim 12,
further comprising forming a dielectric layer and
forming the resistive layer on the dielectric
layer.14. The method according to Claim 12 : wherein
forming the resistive layer s ac eved by a process
selected from a group consisting of thick film, thin
film, thermal spray and soi-gel processes 15. The
method according to Claim 12, wherein forming the
overlay is achieved by a process selected from a group
consisting of thick film, thin film, thermal spray and
sol-gel processes. 18 The method according to Claim 12
further comprising forming a dielectric layer over the
resistive layer and the conductive overlay 17. A
method of forming a layered heater comprising: forming
a continuous resistive layer over a substrate, forming
conductive overlays in predetermined areas of the
resistive layer; and removing portions of the
continuous resistive layer between the conductive
oveiiays to form a plurality of single cuts extending
between the conductive overlays, wherein the single
cots extend through the- continuous resistive layer
between the 



conductive overlays and longitudinally into s portion
of the corresponding conductive overlays. IS. The
method according to Claim 17, wherein the portions of
the continuous resistive layer are removed using a
laser. 19. The method according to Claim 17, further
comprising forming a dielectric layer on ths substrate
and forming the continuous resistive layer over the
dielectric layer.20 The method according to Claim 17,
wherein forming the continuous resistive layer i
achieved by a process selected from a group consisting
of thick film. thin film thermal spray and soi-ge!
processes. 2 1. The method according to 17 , wherein
forming the conductive overlays is achieved by a
process selected from a group consisting of thick
fiim. ih;n film, thermal spray and sol-gel processes.
22. Ths method according to Claim 17, further
comprising forming a dielectric layer ever the
continuous resistive layer and the conductive
overlays. 23. A method of forming a layered heater
comprising. forming a continuous resistive layer over
a substrate; forming conductive overlays in
predetermined areas of the ressstsve layer; and
removing portions of the continuous resistive layer
between the conductive overlays to form a plurality of
parallel cuts extending between and around the cond
ucisve over! ay , wherein t e parallel cuts extend
through the continuous resistive layer and do not
extend info any portion of the conductive overlays.
24. The method according to Clasm 23, wherein the
portions of the continuous 



resistive layer are removed using a laser. 25. The
method according to Claim 23. further comprising
forming a dielectric layer on the u ra e and forming
the continuous resistive layer over the dielectric
layer.28. The method according to Claim 23, wherein
forming the continuous resistive layer is achieved by
a process selected from a group consisting of thick
film, th-.n film, thermal spray and sol-gel processes.
27 The method according to Claim 23, wherein forming
the conductive overlays s achieved by a process
selected from a group consisting of thick turn thin
film thermal spray and soi-ge! processes. 28. The
method according to Claim 23 further comprising
forming a dielectric layer over the continuous
resistive layer and the conductive overlays. 


