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LASER IMAGING OF THIN LAYER ELECTRONIC CIRCUITRY MATERIAL

The present invention is directed to patterning material so as to form electronic circuitry
components, particularly from thin film materials, such as those which can be deposited by
combustion chemical vapor deposition (CCVD) and controlled atmosphere combustion chemical
vapor deposition (CACCVD).

Background of the Invention:

Most printed circuitry is produced these days by photoimaging processes. In a typical
process, the starting material is a blank comprising a dielectric material, such asa
fiberglass/epoxy composite, on which is provided a layer of metal, such as copper. The copper is
covered with a photoresist. The photoresist is exposed through artwork to actinic radiation. The
unexposed portions of the photoresist are developed away (in a negative acting photoresist).
Then, the exposed copper is etched away. Finally, the remaining photoimageable composition is
stripped. ’ '

While resolution through photoimaging processes is continually improving, there remains
a necd for enhanced resolution. At the same time, photoimaging techniques have inherent
resolution limitations. Resolution is limited by the thickness of the metal layer on the blank
because chemical etching proceeds sideways as well as through the copper layer. Resolution is
also limited by the thickness of the photoresist layer, which in turn s limited by physical
parameters. Thus, it is an object of the present invention to provide a process of patteming
printed circuitry components, such as circuitry traces, resistors, and capacitor plates with a
resolution finer than that of the inherent limitations of photoimaging processes.

U.S. Patent No. 5,652,021 and U.S, Patent Application No. 08/691,853, filed
2 August 1996, the teachings of each of which are incorporated by reference, describe CCVD
processes which are useful for depositing a number of metal and metalloid oxides, such as silica,

as well as certain zcro valence metals, such as platinum. To deposit more reactive metals in zero
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valence states, such as zine, nickel, copper, ete. oxidation of the metal must be prevented. To
this end, U.S. Patent No.09/067,975, the teachings of which are incorporated herein by reference,
describe controlled atmosphere combustion chemical vapor deposition (CACCVD) wherve the
amount of oxygen used in the combustion is sufficiently controlled that a variety of zero valence
metals, such as zinc, can be deposited. Both CCVD and CACCVD provide for the depositions of
very thin, i.e., as thin as 25 nm, continuous, intcgfal films of a variety of materials, Though the
present invention docs not require that deposited layers described herein be deposited by CCVD
and/or CACCVD, these currently represent the best mode known to the inventor of depositing
such thin layers, particularly on a large scale such as would be require for production runs.

U.S. Patent Application No. 09/198,954, the teachings of which are incorporated herein
by reference, teaches the formation of thin film resistors from thin films deposited by CCVD.

Summary of the Inveption:

In accordance with one aspect of the invention, there is provided a dielectric material
substrate and a thin layer of conductive material deposited thereon, the conductive material '
having a boiling temperature and the substrate having a melting point or decomposition
temperature above that of the boiling point of the conductive material. The conductive material
is pattermned with computer guided laser which provides sufficient thermal energy to selected
portions of the conductive material layer to boil off those portions of the conductive material
layer without decomposing or melting the substrate.

In accordance with one prefetred aspect of the invention, a three-layer structure is
provided comprising a metal foil layer, a thin dielectric material layer, and a conductive material
layer. The conductive material layer has a boiling point which is substantially below the melting
point or decomposition temperature of the dielectric material and below the melting point of the
foil layer. Again, tho conductive material is patterned with computer guided laser which
provides thermal energy to selected portions of the conductive material layer to boil off those
portions of the conductive material layer without decomposing or melting the substrate. One
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combination of material for such a substrate comprises a nickel foil layer; a metal or metalloid
oxide layer, such as silica; and a zinc conductive layer.

In accordance with another aspect of the invention, it.is found that a layer of material
between about 0.05 and about 3 microns thick on a dissimilar material substrate may be ablated
away in a predetermined pattem by thermal energy provided by a computer guided laser, In
particular, a conductive material between about 0.05 and about 3 microns thick can be pattemed
by computer guided laser.

One application for such an ablative process is a thin platinum layer on a substrate of a
dissimilar metal, such as copper foil. As described in above-referenced U.S. Patent Application
No. 09/198,954, the platinum may be doped with a diclectric material, such as silica, such that
patches of the platinum layer may be patterned to provide clectrical resistor elements. Portions
of the platinum layer, when exposed to thermal energy provided by a computet-guided laser,
ablate away from the copper foil substrate, ‘

Brief Descrintion of the Drawings;
" Figure 1 isa cross-sectional view of a three-fayer structure comprising a glass substrate
having a zinc layer deposited on either side.

Figure 2 is the three-layer structure of Figure 1 which has been patterned in accordance
with the invention.

Figure 3 Isa three-layer structure comprising a nickel foil layer; a thin dielectric material
layer, ¢.g., silica; and a thin zinc layer.

Figure 4 is the three-layer structare of Figure 3 in which the zinc layer has been patterned
in accordance with the invention. )

Figure § is the three-layer structure of Figure 4 in which the patterned zine layer of
Figure 4 has been embedded in a dielectric material layer.

Figure 6 is the structure of Figure S in which the nickel foil has been circuitized and
embedded in diclectric material.

Figure 7 is a cross-sectional view of a two-layer structure comprising a copper foil and a
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thin layer of silica-doped platinum deposited thereon.
Figure 8 is the structure of Figure 7 in which the thin layer of platinum has been patterned
by computer-guided lasf:r and the patterned platinum layer embedded in dielectric material.
Figure 9 is the structure of Figure 8 in which the copper layer has been patterned in a

conventional manner.

Herein, the term “boiling point” shall include “sublimation point™. Herein, deposition
processes will be discussed in terms of preferred CCVD and CACCVD processes, although it is
to be understood that thin layers may be deposited by other means, particularly on a small scale.

An important requirement of the process of one aspect of the invention is that the
conductive material boil at a temperature sufficiently below, preferably at least 200°C below,
that of the material(s) on which it is deposited. In this regard, zinc, which has a melting point of
419°C and a boiling point of 907°C is a preferred conductive material layer. Many metals and
metalloid oxides have melting temperatures substantially above 907°C; for example, silica, a
material conveniently used in accordance with the invention, has a melting point of 1600°C and
upward, In a three-Jayer structure comprising a metal foil layer, a thin diclectric material layer,
and a thin conductive zinc layer, nickel is a convenient foil having a melting point of 1455°C. In
a nickel, silica, zinc composite, thermal energy to the zinc layer can be controlled such that
selective portions of the zinc can be boiled away without disturbing either the silica or nickel
layers.

Illustrated in Figure 1 is a three-layer structure 10 comprising a glass (fused silica)
substrate 11 on which has been deposited by CACCVD thin layets 12 of zinc on both sides, The
- glass 11 is preferably only as thick as is required for structural integrity, i.c., between about 250
and about 4000 microns thick, The zinc layer 12 are preferably each between about 0.05 and
about 3 microns thick, i.e., thick enough to carry sufficient electrical charge yet as thin as
possible so as to achieve maximum resolution, Because of the relatively low melting point of the
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zinc compared to the melting point of the glass, thermal cncx:gy may be provided to selected
portions of the zinc layers 12 to boil away the zinc in those portions without melting the glass
substrate 11. Such thexmal energy may be provided very precisely and reproducibly by laser
which is divected by computer-guided positioners, such as Melles Griot powered positioners that
provide nanometer control. Also particularly useful are pulsed laser drilling apparatus positioned
by computer, such as sold by Hitachi |

Illustrated in Figure 2 is the three-layer structure 10 of Figure 1 in which the zinc layers
have been patterned by computer guided laser, The laser removes zinc to leave electrically
conductive circuitry traces 13. The circuitry traces 13 on both sides of the glass substrate 11
may be interconnected by via holes in a conventional manner. The circuitry traces may also be
embedded in dielectric material (not shown), e.g., €poxy resin known as “pre-preg” such that the
circuifry traces become components of multi-layer circuit board. It is to be noted also that
patches of zince on opposite sides of the class define a capacitor electrical pathway. Likewise, as
thin zinc is less electrically conductive than copper traces, with which the zinc layers may be
interconnected in a multi-layer circuit board, strips of the zinc layer may define resistor electrical
pathways.

Ilustrated in Figure 3 is a three-layer structure 20 comprising a layer 21 of nickel foil, a
deposited dielectric material layer 22, and a deposited layer of zinc 23. The dielectric material
layer 22 will be discussed herein as being a silica layer, although other metal oxides having a
melting point significantly above the boiling point of zinc could also be used. The nickel foil 21
is between about 2.5 and about 50 microns thick; the dielectric material layer 22 between about
0.05 and about 3 microns thick; and the zinc layer 23 between about 0.05 and about 3 microns
thick.

lustrated in Figure 4 is the three-layer structure 20 of Figure 3 in which the zinc layer
has been patterned by boiling off selected portions of the zine layer with thermal energy provided
by computer guided laser. This produces circuitry traces 24, Also, it is to be noted that patches
25 of zinc and the nickel foil define a capacitor electrical pathway. Again, because the thin zinc
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layer 23 may be less electrically conductive than other components, a resistive clectrical pathway
is defined between opposite ends 26 of isolated strips 27 of zinc defined by the laser-patterning.
" The patterned electronic circuitry may also include inductor components (not shown).

After the zinc is patterned, this side of the structure may be embeddcd in a dielectric
material 28, e.g., pre-preg, as shown in Fig. S. At this time, the nickel layer may be pattemed in
a conventional manner, e.g., using conventional phototesist processing, as shown in Figure 6 to
provide circuitry traces 29. The patterned nickel layer 21 may then also be embedded in
dielectric material 30. Again, the entire structure may be combined with similar léyers to forma
multi-layer printed circuit board,

Ilustrated in Figure 7 is a two-layer structure 50 comprising a copper foil layer 52 on
which is deposited a layer of platinum 51 between about 0.5 and 3 microns thick. The platinum
is doped with between 0.5 and about 5 wi% of a dielectric, such as silica, such that the platinum,
though still electrically conductive, is sufficiently electrically resistive to serve as a resistive
element. Thermal energy provided by computer guided laser, such as the pulsed laser drilling
apparatus sold by Hitachi noted above, will cause exposed portions of the platinum layer to
ablate away from the copper. The exact mechanism for this ablation is not known, but the
thermal energy results in very substantial loss of adhesion between the platinum and copper
layer, resulting in the ablation of platinum from the copper.- In Figure 8, the platinum {ayer has
been patterned by laser into patches 51a, These patches are then embedded in a layer 54 of
dielectric material, such as prepreg, which supports the platinum patches 51a in the subsequent
step. The copper layer 52 is then patterned into circuitry traces 52a as shown in Fig. 9. An
electrically resistive pathway is formed between traces 52a at opposite ends of the resistive
patches S1a through the resistive patches.

A variety of thin film materials on dissimilar substrates may be processed by laser
ablation in accordance with the invention. For example, a thin film of copper on glass may be
ablated by laser to form electronic circuitry traces, CCVD-deposited silica may be ablated from
a copper foil in the manner that the resistive material of Figures 7-9 is ablated from a copper foil
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substrate.
The invention will now be described in greater detail by way of specific examples
Example 1

On a glass substrate, 0.025 mm thick, are deposited, first on one side, and then the other,
2 0.15 micron layer of metallic zinc. The zinc layers are each deposited from a 0.0350 M
solution of zinc bis(2-ethylhexanoate) in an'hydl:c)us ethyl ether. The solution is sprayed at 1.00
scom, into a tube which is also fed with 40 Ipm of a preheated 500°C 10% H,/Ar gas mixture,
The injection is approximately S cm from the tube cxit. The substrate is located normal to the
gas flow approximately 2 mm from the tube exit.

Each zinc layer is patterned into electronic circuitry by a computer guided laser which
melts and boils away zinc from selected portions of the glass substrate.

Example 2

On one surface of a zinc foil substrate 15 microns thick is deposited a silica layer 0.15
microns thick. The deposition is accomplished by using CCVD. The precursor solution
consisted of 0.873 wt% tetramethoxyloxysilane; 7.7 wt% isopropyl alcohol and 91.4 wi%
propane. The solution is then nebulized by near supercritical atomizer into a flame. The flame
is directed at the nicke} foil and the deposition is completed in 10 minutes.

_ Alayer of zinc 0,15 microns thick is deposition the silica layer by the method of
Example 1.

The zinc layer is patterned to form clectronic circuitry components by input of thermal
energy provided by a computer guided laser which melts and boils away zinc from selected
portions of the glass substrate.

The patterned zinc layer is embedded in pre-preg, and the pre-preg is cured.

The nickel foil is the ciccuitized in a conventional manner by covering the nickel with a
negative acting photoresist, exposing the photoresist through artwork to patterned actinic
radiation, removing unexposed portions of the photoresist, and ctching the nickel with
ammoniacal cupric chloride solution. The remaining photoresist is then stripped and the
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patterned nickel is then embedded in pre-preg and the pre-preg cured.
_ Example 3
A 0.15 micron thick layer of Pt/SiO, resistive material is deposited by CCVD on 15
micron thick copper foil using deposition conditions as follows:
Solution preparation: 1.23g diphenyl~(1,5-cyclooctadienc) Platinum (II)

250 ml toluene
0.43g tetracthoxysilane (1.5 wt% Si in toluene)
150g propane
Deposition conditions: Solution flow: 3 mV/min
Deposition time:  ~18 min for 5” x 6" substrate
# of passes: 6
Deposition temp.  500°C
Variac 3.0A

Tip Oxygen flow: ~2900 mI/min

The Pt/SiO, side is selectively exposed to pulsed laser energy from an Hlta.ChI laser drill to
form discrete patches of the P/SiO,. This side is then embedded in prepreg and the prepreg
cured. The copper side is then covered with photoresist, exposed to actinic radiation, and the
photoresist developed. The copper is etched with ferric chloride solution, thereby forming
circuitry traces which connect with the Pt/Si0, patches to form electrically resistive pathways.



What is Claimed is:

1. A method of forming thin layer electronic circuitry components comprising depositing a
thin layer of material on a substrate of dissimilar material and exposing selected portions of
said thin layer to thermal energy provided by a computer guided laser. '

2. The method of Claim 1 wherein said thin layer is between about 0.05 and about 3
microns thick.

3. The method of Claim 1 wherein said thin layer is electrically conductive material.

4. The method of Claim 3 wherein said thin layer is deposited on a metal foil.

5. The method of Claim 1 wherein sald thin layer is platinum or doped platinum and said
substrate is metal foil.

6. The method of Claim S wherein said metal foil is copper.
A o trming et it tomet oo | ML INRNEI

providing a substrate of dielectric material,

depositing on said substrate a layer of clectrically conductive material to a thickness of
between about 0,05 and about 3 microns, said conductive material having a boiling point, said
dielectric material having a melting point or a decomposition temperature above said boiling
point of said conductive material, and

supplying thermal cnergy to selected portions of said layer of conductive material to boil off
selected portions of said conductive material, leaving electronic circuitry components on said
substrate.

8, The method of Claim 7 wherein said thermal energy is provided by computer guided laser.
9. The method of Claim 7 wherein said conductive material is a zero valence metal.

10. The method of Claim 7 wherein said conductive material is zero valence zinc.
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11. The method of Claim 7 wherein said dielectric material is 2 metal or a metalloid oxide.
-
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13. The method of Claim 7 wherein said conductive material is aeposited on said substrate
by either combustion chemical vapor deposition or controlled atmosphere chemical vapor
deposition,

14. The method of Claim 7 wherein said dielectric material has a boiling point or a
decomposition temperature at Ieast about 200°C above said boiling point.

15. The method of Claim 7 wherein said substrate of dielectric material is a layer between
about 0.05 and about 3 microns thick on a backing layer of metal having a melting point above
said boiling point of said electrically conductive material layer..

16. The method of Claim 15 wherein said metal backing layer is a metal foil between about
2.5 and about 50 microns thick.

17. The method of Claim 15 wherein said metal of said backing layer is nickel.

18. The method of Claim 15 wherein said layer of electrically conductive material is metallic
zine,

19. The method of Claim 15 wherein said dielectric material layer is a metal or a metalloid
oxide.

20. The method of Claim 15 wherein said dielectric material layer is silica.
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21. The method of Claim 15 wherein said diclectric material layer is depoéitcd by
combustion chemical vapor deposition or controlled atmosphere combustion chemical vapor

deposition.

22. The method of Claim 15 further comprising embedding said electronic circuitry
components formed from said layer of conductive material in dielectric material and circuitizing
said metal backing layer.

23, The method of Claim 15 wherein said metal of said backing material has a melting point
at least about 200°C above said boiling point of said electrically conductive material.

* c L " S * .

11



