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(57) ABSTRACT 

One or more fractal antennas are produced in an electro 

forming circuit. A stainless steel on glass mandrel is covered 
With a dielectric in an inverse image of a fractal antenna to 
be formed. The portion of the stainless steel uncovered by 
the dielectric is chemically Washed so that a fractal antenna 
formed thereon can be more efficiently removed. The man 
drel is made a cathode in an electroforming circuit, Which 
results in a fractal antenna being formed on the mandrel. The 
fractal antenna is separated from the mandrel and mounted 
on a rigid or semi-rigid substrate. 
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SYSTEMS AND METHODS FOR USING 
ELECTROFORMING TO MANUFACTURE 

FRACTAL ANTENNAS 

TECHNICAL FIELD 

[0001] This invention relates to fractal antennas and, more 
particularly, to manufacturing fractal antennas using elec 
troforming. 

BACKGROUND 

[0002] Antennas are used in a vast array of commercial 
applications that require radiation and/or reception of elec 
tromagnetic signals, such as cellular telephones, global 
positioning system (GPS) devices, and the like. Historically, 
Euclidean geometrical shapes—circles, squares, lines, tri 
angles, etc.—have dominated antenna designs. A major 
drawback of such designs is that, as products incorporating 
antennas have become smaller and smaller, the effectiveness 
of antennas of these designs has decreased. This is because 
small siZed antennas do not Work Well for several reasons 
due to the underlying electromagnetic principles. 

[0003] In recent years, researchers have been applying 
fractal geometry—a non-Euclidean geometry—to antenna 
design. Fractal antennas have been developed and re?ned so 
that the traditional trade-off of lesser performance for 
smaller siZed antennas has been minimiZed. Most of the 
bene?t of fractal antennas has been seen in the performance 
of antenna arrays, single units that are actually arrays of up 
to thousands of small antennas. Use of fractal antennas in 
antenna arrays has alloWed manufacturers to use only about 
a quarter of the number of elements in an array that Were 
previously required. 

[0004] HoWever, it has been shoWn that even isolated 
antennas bene?t from having a fractal shape. Bending a 
straight Wire antenna into fractal shapes, for eXample, can 
pack the same antenna length into about a siXth of the area. 
At the same time, such a shape also generates electrical 
capacitance and inductance and provides a more sophisti 
cated antenna. 

[0005] Fractal antennas are tWenty-?ve percent more effi 
cient than the rubbery stub-like antennas found on most of 
today’s cellular telephones. In addition, they are cheaper to 
manufacture, operate on multiple bands—thus alloWing, for 
eXample, a GPS receiver to be build into the phone—and can 
be hidden aWay inside the body of the cell phone. 

[0006] Currently, fractal antennas are manufactured using 
a traditional printed circuit board (PCB) process. Though 
there are several variations of PCB processes, generally, this 
process requires generating a ?lm master of the antenna 
design, Which is subsequently used to laminate dry-?lm etch 
resist to a copper/?berglass substrate. The dry-?lm etch 
resist is eXposed and then developed. The copper back 
ground is then etched With the antenna design. The etch 
resist is ?nally removed to provide the ?nal product. 

[0007] There are several problems that eXist With utiliZing 
such a method to produce fractal antennas. First, the etch 
resist must be photo patterned for every antenna produced. 
Second, the etching step requires haZardous material that 
must be disposed after the process is complete. Finally, 
copper foil on ?berglass substrate is relatively expensive. 

Oct. 30, 2003 

SUMMARY 

[0008] Systems and methods are described herein that 
utiliZe an electroforming technique to manufacture fractal 
antennas. Electroforming is a technique that is used to 
produce metal parts that have accurate contours and dimen 
sions. An electrically conductive mandrel is made the cath 
ode of an electro-forming circuit that includes an electrolyte 
solution in Which the electrically conductive cathode is 
immersed. The electrolyte solution contains dissolved salts 
of the metal to be deposited and the anode of the circuit is 
a suspended slab of the metal to be deposited, i.e., the metal 
that Will form the antenna. A current How is applied to the 
circuit and this causes the metal from the anode to build up 
on the antenna pattern on the mandrel cathode. An appro 
priate amount of metal is plated onto the mandrel to form an 
antenna of a desired thickness. The mandrel and the antenna 
are then separated from each other and the antenna is bonded 
to a loW cost substrate to form the ?nal fractal antenna. 

[0009] The electro-forming process eXhibits several ben 
e?ts over the traditional method of producing fractal anten 
nas. The plating mandrel can be re-used up to ?ve hundred 
times, thus eliminating the photo step for each manufactur 
ing cycle. The amount of haZardous Waste is decreased 
signi?cantly; therefore, the cost of disposing of such Waste 
is greatly reduced, as are the environmental consequences. 
The relatively loW cost of the mounting substrate also 
provides a cost bene?t over the previous technique. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] A more complete understanding of exemplary 
methods and arrangements of the invention may be had by 
reference to the folloWing detailed description When taken in 
conjunction With the accompanying draWings Wherein: 

[0011] FIG. 1 is a side vieW of a mandrel as used in the 
implementations described herein. 

[0012] FIG. 2 is an illustration of mandrel having the 
shape of a fractal antenna formed therein. 

[0013] FIG. 3 is an illustration of an electro-forming 
circuit used to produce a fractal antenna. 

[0014] 
[0015] FIG. 5 is depicts a fractal antenna mounted on a 
semi-rigid substrate. 

[0016] FIG. 6 is a How diagram depicting a method for 
producing a fractal antenna using electroforming. 

FIG. 4 is an illustration of a fractal antenna. 

DETAILED DESCRIPTION 

[0017] The folloWing discussion is directed to an electro 
forming process for producing fractal antennas. A mandrel 
having the shape of the fractal antenna to be formed is used 
as the cathode in an electroforming circuit. Once produced, 
the mandrel can be re-used many times to produce similar 
fractal antennas. 

[0018] FIG. 1 is an illustration of a reusable mandrel 100 
for use in an electroforming process. The mandrel 100 has 
a glass substrate 102 on Which an electrically-conductive 
layer 104 is deposited. The glass substrate may also be a 
polished silicon Wafer, a plastic substrate, or any other 
suitable material knoWn in the art. In a preferred embodi 
ment, the electrically-conductive layer 104 is stainless steel, 
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although any metal suitable for use in the processes 
described herein may be used. The electrically-conductive 
layer may vary in thickness according to techniques known 
in the art. 

[0019] A dielectric 106 forms an electrically insulating 
layer on top of the electrically-conductive layer 104. The 
dielectric 106 is silicon carbide. HoWever, it is noted that the 
dielectric 106 may be silicon nitride, silicon oXide or any 
other dielectric suitable for the purposes described herein. 

[0020] FIG. 2 is an illustration of a mandrel 200 similar to 
the mandrel 100 shoWn in FIG. 1. The mandrel 200 includes 
a glass substrate 202, a stainless steel layer 204 and a silicon 
carbide dielectric 206 formed on the stainless steel layer 
204. A mold 208 in the shape of a fractal antenna is formed 
in the dielectric. 

[0021] The mandrel 200 may be formed by any method 
knoWn in the art that is suitable for producing mandrels to 
be used in electroforming circuits. Generally, the process 
includes providing an electrically-conductive layer on a 
substrate, providing an electrically insulating layer on the 
electrically-conductive layer in such a Way as to form a 
negative image mold of an object to be formed into the 
electrically insulating layer, and surface treating the mold 
pattern to reduce adhesion of a subsequently applied elec 
troplated metal to the electrically-conductive layer. 

[0022] The mandrel 200 is a glass substrate 202 having a 
stainless steel layer 204 thereon. The stainless steel layer 
204 is deposited via a vacuum deposition process, such as an 
evaporation process, onto the glass substrate 202. Although 
the stainless steel layer 204 is shoWn as a single layer, the 
stainless steel layer 204 can include one or more other 
layers, such as a ?rst layer of chromium (not shoWn) Which 
bonds ?rmly to the glass substrate 202 and to the stainless 
steel layer 204. The dielectric 206 is patterned using a 
photoresist method or any other suitable method knoWn in 
the art. In the photoresist method, the dielectric is deposited 
on the stainless steel layer 204 using a spinning process or 
a sputter process. 

[0023] Aphotomask (not shoWn) in the shape of the fractal 
antenna to be formed is placed neXt to the dielectric 206 and 
the combination is eXposed to ultra-violet light. The photo 
mask is removed and the dielectric 206 is developed so that 
it obtains the pattern of the photomask, i.e., fractal antenna. 
Next, an etching process such as sputter-etching or chemical 
etching etches the unmasked dielectric 206 aWay, eXposing 
the stainless steel layer 204 in the shape of the fractal 
antenna mold 208. Those skilled in the art can readily see 
hoW an inverse, or negative, image process can be used 
Wherein an inverse of the image is photo-masked onto the 
dielectric 206. Any method that reliably forms the fractal 
antenna mold 208 may be used. 

[0024] FIG. 3 is an illustration of an electroforming 
circuit 300 for producing fractal antennas. The electroform 
ing circuit 300 includes an electrical source 302 and an 
electrolyte solution 304 in a suitable container 306. A 
cathode-mandrel 308 is connected to the electrical source 
302. The cathode-mandrel 308 is similar to the reusable 
mandrel 200 described in FIG. 2 and has a mold 310 formed 
therein in the shape of a fractal antenna to be formed. An 
anode 312 is suspended into the electrolyte solution 304 and 
is formed of a metal that Will form the fractal antenna, such 
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as nickel. The electrolyte solution 304 contains salts of the 
metal forming the anode 304. 

[0025] When the electrical source 302 applies electricity 
to the electroforming circuit 300, metal is transferred from 
the anode 312 to the cathode-mandrel 308. Since the metal 
attaches only to the conductive areas of the cathode-mandrel 
308, i.e., the stainless steel eXposed by the mold 310, a 
fractal antenna in the shape of the mold 310 is formed. The 
electroforming process is continued until a fractal antenna of 
desired thickness is produced. 

[0026] FIG. 4 shoWs a fractal antenna 400 after it has been 
separated from the cathode-mandrel 308 of FIG. 3. The 
surface treatment of the stainless steel layer alloWs the 
fractal antenna 400 to be separated from the cathode 
mandrel efficiently. After the fractal antenna 400 is removed 
from the cathode-mandrel 308, the cathode-mandrel 308 
may be chemically Washed and/or treated to remove excess 
material deposited during the electroforming process and to 
treat the stainless steel layer so that a fractal antenna 
subsequently formed on the cathode-mandrel 308 may be 
more easily separated from the cathode-mandrel 308. 

[0027] FIG. 5 shoWs a fractal antenna 500 formed from 
bonding the fractal antenna 400 of FIG. 4 onto a rigid or 
semi-rigid substrate 502. The substrate 502 may be plastic or 
any other suitable material knoWn in the art. The fractal 
antenna 500 may then be utiliZed in an electronic device (not 

shoWn). 
[0028] The electroforming process may be repeated many 
times using the same cathode-mandrel 308. Therefore, the 
photo-etch process needs only to be performed once to 
produce several hundred fractal antennas, Whereas the 
former methods required a photo-etch step to produce each 
fractal antenna. By using the processes described herein, the 
fractal antennas are produced more efficiently from an 
economic as Well as an environmental standpoint. 

[0029] FIG. 6 is a flow diagram depicting a method for 
producing a fractal antenna using electroforming. Continu 
ing reference Will be made to the features and reference 
numerals of the previous ?gures (FIG. 1 through FIG. 5) 
When discussing FIG. 6. 

[0030] At block 600, a stainless steel layer 204 is provided 
on a glass substrate 202 to begin formation of the mandrel 
200. The stainless steel layer 204 may be bound directly to 
the glass substrate 202 or there may be an additional layer 
(not shoWn) betWeen the glass substrate 202 and the stain 
less steel layer 204, such as a layer of chromium to Which 
the glass substrate 202 and the stainless steel layer 204 bond 
exceptionally Well. 

[0031] A dielectric layer 206, preferable a silicon carbide 
layer, is provided on the stainless steel layer 204 at block 
602. At block 604, a photo-mask master is generated having 
the image of the fractal antenna to be formed. Either a 
positive image process or a negative image process may be 
used at block 606 to form the image of the fractal antenna 
on the dielectric layer 206 of the mandrel 200. Typically, an 
image of the fractal antenna is placed adjacent to the 
mandrel 200 and is eXposed to ultra-violet light. The result 
is developed to create an image of the fractal antenna on the 
dielectric layer 206. In one process, the portion of the 
dielectric layer 206 having the image of the fractal antenna 
on it is etched aWay. This leaves a mold 208 of the fractal 
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antenna formed in the dielectric layer 206, the bottom of the 
mold 208 being the stainless steel layer 204. 

[0032] At block 608, the exposed portion of the stainless 
steel layer 204 is surface treated so that a subsequently 
electroformed fractal antenna may be easily separated from 
the mold 208. The mandrel 200 is made the cathode 308 in 
an electroforming circuit 300 at block 610. Electricity is 
applied to the electroforming circuit at block 612 Which 
causes metal from the anode 312 of the electroforming 
circuit 300 build up in the mold 310 in the mandrel 308, thus 
forming a fractal antenna 400. The process continues until 
the fractal antenna 400 is formed to the desired thickness. 

[0033] At block 614, the fractal antenna 400 is separated 
from the mandrel 308 and is mounted on a rigid or semi 
rigid substrate 502 at block. 616 to form the ?nal fractal 
antenna 500. At block 618, the mandrel 200, 308 is cleaned 
to remove excess material from the electroforming process 
and treat the mandrel 200, 308 to prepare the mandrel 200, 
308 for use in forming another fractal antenna. 

[0034] Although the invention has been described in lan 
guage speci?c to structural features and/or methodological 
steps, it is to be understood that the invention de?ned in the 
appended claims is not necessarily limited to the speci?c 
features or steps described. Rather, the speci?c features and 
steps are disclosed as preferred forms of implementing the 
claimed invention. 

I claim: 
1. A method for producing a fractal antenna, comprising: 

generating a photo-mask master of a fractal antenna; 

using the photo-mask master to generate a mandrel; 

electroforming a fractal antenna on the mandrel; and 

separating the fractal antenna from the mandrel. 
2. The method as recited in claim 1, Wherein the mandrel 

further comprises a dielectric on a stainless steel layer, the 
dielectric containing a negative image of the fractal antenna 
Where there is no dielectric material. 

3. The method as recited in claim 2, Wherein the dielectric 
is chosen from the folloWing group: silicon carbide; silicon 
nitride; silicon oxide. 

4. The method as recited in claim 1, further comprising 
mounting the fractal antenna to a semi-rigid substrate. 

5. The method as recited in claim 1, further comprising 
mounting the fractal antenna to a rigid substrate. 

6. A method as recited in claim 1, Wherein the electro 
forming a fractal antenna further comprises making the 
mandrel a cathode in an electroforming circuit having an 
electrolyte solution and an anode, the anode being formed 
from a metal to be deposited on the cathode-mandrel to form 
the fractal antenna, and the electrolyte solution containing a 
dissolved salt of the metal. 

7. A method as recited in claim 1, further comprising: 

chemically cleaning the mandrel; and 

re-using the mandrel to electroform a fractal antenna. 

8. An electroforming system, comprising: 

an electrolyte solution containing salts of a metal used to 
form a fractal antenna; 
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an anode immersed in the electrolyte solution, the anode 
being made of the metal used to form the fractal 
antenna; 

a cathode on Which metal from the anode is deposited to 
form a fractal antenna When electricity is applied to the 
system; and 

an electrical source to provide electricity to the system. 
9. A system as recited in claim 8, Wherein the cathode 

further comprises a mandrel formed so that When metal is 
deposited on the mandrel, it is deposited in the shape of the 
fractal antenna to be formed. 

10. A system as recited in claim 9, Wherein the mandrel 
further comprises a stainless steel layer having a dielectric 
thereon, the dielectric forming a negative image of the 
fractal antenna, so that When metal is deposited on the 
mandrel, only those portions not covered by the dielectric 
are plated. 

11. Asystem as recited in claim 10, Wherein the dielectric 
is chosen from the folloWing group: silicon carbide; silicon 
nitride; silicon oxide. 

12. A method of producing a mandrel for electroforming 
a fractal antenna, the method comprising: 

providing an electrically-conductive layer on a substrate; 

providing a patterned layer of an electrically-insulating 
material on the substrate, the patterned layer being 
formed so that portions of the electrically-conductive 
layer are exposed to form the shape of a fractal antenna; 
and 

surface treating the exposed portions of the electrically 
conductive layer to reduce adhesion of a subsequently 
applied metal. 

13. The method as recited in claim 12, Wherein the 
substrate is a glass substrate and the electrically-conductive 
layer is stainless steel. 

14. The method as recited in claim 12, Wherein the 
electrically-insulating layer is a silicon carbide dielectric. 

15. A reusable mandrel for producing multiple fractal 
antennas, comprising: 

a substrate; 

an electrically-conductive layer on the substrate; 

an electrical insulator on the electrically-conductive layer, 
the electrical insulator patterned in such a Way as to 
cover all of the electrically-conductive layer except for 
a portion having the shape of the fractal antennas to be 
produced; and 

Wherein a fractal antenna is formed in the shape of the 
pattern in the electrical insulator When the mandrel is 
used as a cathode in an electroforming circuit. 

16. The reusable mandrel as recited in claim 15, Wherein 
the electrically-conductive layer further comprises stainless 
steel. 

17. The reusable mandrel as recited in claim 15, Wherein 
the electrically-conductive layer is stainless steel and the 
electrical insulator further comprises one of the folloWing: 
silicon carbide; silicon nitride; silicon oxide. 

18. The reusable mandrel as recited in claim 15, Wherein 
the substrate further comprises glass. 

* * * * * 


