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CLAIMS

1. A reactive beamformer, comprising:

a radiator disposed within a substrate and configured to radiate a received
electromagnetic signal;

a plurality of receptors disposed within the substrate, each of the plurality of
receptors configured to receive a portion of the radiated electromagnetic signal; and

a plurality of signal lines, each signal line of the plurality of signal lines being
coupled to a respective receptor of the plurality of receptors to convey the portion of the
radiated electromagnetic signal from the respective receptor and to provide the portion

of the radiated electromagnetic signal to an output.

2. The reactive beamformer of claim 1, wherein each receptor of the plurality
of receptors is formed of an electrically conducting wire deposited into a milled hole in

the substrate.

3. The reactive beamformer of claim 2, wherein the radiator is formed of an
electrically conducting wire deposited into a milled hole in the substrate.

4. The reactive beamformer of claim 2, wherein each signal line of the
plurality of signal lines is coupled to one receptor of the plurality of receptors by a solder
joint formed at least in part by a solder reflow process.

5. The reactive beamformer of claim 1, wherein the plurality of receptors is
physically arranged circumferentially around the radiator, each receptor of the plurality
of receptors being substantially equidistant from the radiator and substantially equally
spaced from each other.

6. The reactive beamformer of claim 1, further comprising an electrically and

physically contiguous conductive wall disposed in the substrate around a perimeter of

the plurality of receptors and configured to contain the radiated electromagnetic signal
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to a region within the conductive wall, the radiator and the plurality of receptors being
disposed within the region.

7. The reactive beamformer of claim 1, further comprising a plurality of
electrically conductive isolation walls disposed within the substrate and configured to
isolate each receptor of the plurality of receptors from adjacent receptors of the plurality
of receptors.

8. The reactive beamformer of claim 7, wherein each of the plurality of
electrically conductive isolation walls is formed of a conductive ink deposited into a

trench in the substrate.

9. The reactive beamformer of claim 7, further comprising an electrically and
physically contiguous conductive outer wall disposed around a perimeter of the plurality
of receptors, the conductive outer wall being electrically coupled to each isolation wall of

the plurality of electrically conductive isolation walls.

10.  The reactive beamformer of claim 9, further comprising a ground plane
adjacent at least one surface of the substrate, the conductive outer wall and the
conductive isolation walls being in electrically conductive communication with the

ground plane.

11.  The reactive beamformer of claim 1, wherein the substrate is a first
substrate and the plurality of signal traces is adjacent to a surface of a second

substrate, the second substrate being bonded to the first substrate.
12.  The reactive beamformer of claim 11, wherein the second substrate is

indirectly bonded to the first substrate by one or more intermediate layers between the

second substrate and the first substrate.
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13. The reactive beamformer of claim 1, wherein the reactive beamformer is

configured to operate in millimeter-wave frequencies including 26.5 to 110 GHz.

14. A method of manufacturing a reactive beamformer, the method
comprising:

milling a first substrate to form a first opening to accommodate a first electrical
conductor;

milling the first substrate to form a plurality of second openings to accommodate
a plurality of second electrical conductors;

milling the first substrate to form a continuous trench to accommodate a third
electrical conductor;

depositing a first wire as the first electrical conductor in the first opening, the first
wire forming an electromagnetic radiator;

depositing a plurality of second wires as the plurality of second electrical
conductors in the plurality of second openings, each second wire of the plurality of
second wires forming an electromagnetic receptor; and

filling the continuous trench with a conductive ink, the conductive ink forming a

continuous electromagnetic boundary.

15. The method of claim 14, further comprising milling a conductive material
disposed upon a second substrate to form a plurality of signal traces, each signal trace
of the plurality of signal traces having a terminal end configured to have physical and
electrical alignment with a respective one of the first electrical conductor or one of the
plurality of second electrical conductors when the second substrate is aligned adjacent

to the first substrate.

16. The method of claim 15, further comprising bonding the second substrate
to the first substrate, directly or indirectly, the second substrate being positioned so
each terminal end of the plurality of terminal ends make physical and electrical contact
with one of the first electrical conductor or one of the plurality of second electrical

conductors.
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17.  The method of claim 16, further comprising reflowing solder to bond each
terminal end of the plurality of terminal ends with the respective one of the first electrical
conductor or one of the plurality of second electrical conductors.

18. The method of claim 16, further comprising bonding a third substrate to
the second substrate to substantially encapsulate the plurality of signal traces and
terminal ends between the second substrate and the third substrate.

19.  The method of claim 18, further comprising drilling through at least one of
the second substrate and the third substrate to provide a plurality of access holes, each
access hole of the plurality of access holes providing access to one of the plurality of

terminal ends.

20. A method of forming an electromagnetic circuit, the method comprising:

milling away electrically conductive material disposed upon a surface of a
substrate to form one or more circuit features;

milling one or more holes in the substrate;

filling the one or more holes with an electrical conductor;

milling one or more trenches in the substrate;

filling the one or more trenches with an electrical conductor;

applying solder to one or more of the circuit features or electrical conductors;

bonding a portion of the substrate, directly or indirectly, to another substrate; and

reflowing the solder.
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