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(57) Abstract: A number of couplers are presented that have high-directivity and low coupling coefficient variation. One such
coupler includes a first trace associated with a first port and a second port. The first trace includes a first main arm, a first connect-
ing trace connecting the first main arm to the second port, and a non-zero angle between the first main arm and the first connect-
ing trace. Further, the coupler includes a second trace associated with a third port and a fourth port. The second trace includes a
second main arm. Another such coupler includes a first trace with a first edge substantially parallel to a second edge and substan-
tially equal in length to the second edge. The first trace includes a third edge substantially parallel to a fourth edge. The fourth
edge is divided into three segments. The outer segments are a first distance from the third edge. The middle segment is a second
distance from the third edge. Further, the coupler includes a second trace, which includes a first edge substantially parallel to a
second edge and substantially equal in length to the second edge. The second trace includes a third edge substantially parallel to a
fourth edge. The fourth edge is divided into three segments. The outer segments are a first distance from the third edge. The mid-
dle segment is a second distance from the third edge. Another such coupler includes a first trace associated with a first port and a
second port. The first port is configured substantially as an input port and the second port is configured substantially as an output
port. The coupler further includes a second trace associated with a third port and a fourth port. The third port is configured sub-
stantially as a coupled port and the fourth port is configured substantially as an isolated port. In addition, the coupler includes a
first capacitor configured to introduce a discontinuity to induce a mismatch in the coupler.
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REDUCING COUPLING COEFFICIENT VARIATION IN COUPLERS

RELATED APPLICATIONS
[0001] This application claims the benefit of priority under 35 U.S.C. § 119(e)
of U.S. Provisional Patent Application No. 61/368,700, filed on July 29, 2010, and
entitted “SYSTEM AND METHOD FOR REDUCING COUPLING COEFFICIENT
VARIATION UNDER VSWR USING INTENDED MISMATCH IN DAISY CHAIN

COUPLERS,” the disclosure of which is hereby incorporated by reference in its entirety.

BACKGROUND
Field
[0002] The present disclosure generally relates to the field of couplers, and

more particularly, to systems and methods for reducing coupling coefficient variation.

Description of the Related Art

[0003] In certain applications, such as third generation (3G) mobile
communication systems, robust and accurate power control under load variation is
desired. To achieve this, high directivity couplers are often used with power amplifier
modules (PAMs). The couplers directivity is typically limited to 12-18 dB in order to
maintain a coupler factor variation, or peak-to-peak error, of between +1dB and +0.4dB
with an output Voltage Standing Wave Ratio (VSWR) of 2.5:1.

[0004] However, new multi-band and multi-mode devices, and new handset
architectures that use Daisy Chain Couplers to share power between different bands
require much higher directivity with a lower coupler factor variation. Achieving such
requirements is becoming more difficult as demand for smaller chip packages

increases.

SUMMARY
[0005] In accordance with some embodiments, the present disclosure relates

to a coupler with high-directivity and low coupler factor variation that can be used with,
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for example, a 3 mm x 3 mm Power Amplifier Module (PAM). The coupler includes a
first trace, which includes a first edge substantially parallel to a second edge and
substantially equal in length to the second edge. The first trace further includes a third
edge substantially parallel to a fourth edge. The fourth edge is divided into three
~segments. A first segment and a third segment of the three segments are a first
distance from the third edge. The second segment, located between the first segment
and the third segment, is a second distance from the third edge. Further, the coupler
includeé a second trace, which includes a first edge substantially parallel to a second
edge and substantially equal in length to the second edge. The second trace further
includes a third edge substantially parallel to a fourth edge. The fourth edge is divided
into three segments. A first segment and a third segment of the three segments are a
first distance from the third edge. The second segment, located between the first
segment and the third segment, is a second distance from the third edge.

[0006] In accordance with some embodiments, the present disclosure relates
to a packaged chip that includes a coupler with high-directivity and low coupler factor
variation that can be used with, for example, a 3 mm x 3 mm PAM.

[0007] In accordance with some embodiments, the present disclosure relates
to a wireless device that includes a coupler with high-directivity and low coupler factor
variation that can be used with, for example, a 3 mm x 3 mm PAM.

[0008] In accordance with some embodiments, the present disclosure relates
to a strip coupler with high-directivity and low coupler factor variation that can be used
with, for example, a 3 mm x 3 mm PAM. The strip coupler includes a first strip and a
second strip positioned relative to each other. Each strip has an inner coupling edge
and an outer edge. The outer edge has one segment where a width of the strip differs
from one or more additional widths associated with one or more additional segments of
the strip. Further, the strip coupler includes a first port configured substantially as an
input port and associated with the first strip. The strip coupler also includes a second
port configured substantially as an output port and associated with the first strip. In
addition, the strip coupler includes a third port configured substantially as a coupled port
and associated with the second strip. The strip coupler further includes a fourth port

configured substantially as an isolated port and associated with the second strip.

2.
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[0009] In accordance with some embodiments, the present disclosure relates
to a method of manufacturing a coupler with high-directivity and low coupler factor
variation that can be used with, for example, a 3 mm x 3 mm PAM. The method
includes forming a first trace, which includes a first edge substantially parallel to a
second edge and substantially equal in length to the second edge. The first trace
further includes a third edge substantially parallel to a fourth edge. The fourth edge is
divided into three segments. A first segment and a third segment of the three segments
are a first distance from the third edge. The second segment, located between the first
éegment and the third segment, is a second distance from the third edge. Further, the
method includes forming a second trace, which includes a first edge substantially
parallel to a second edge and substantially equal in length to the second edge. The
second trace further includes a third edge substantially parallel to a fourth edge. The
fourth edge is divided into three segments. A first segment and a third segment of the
three segments are a first distance from the third edge. The second segment, located
between the first segment and the third segment, is a second distance from the third
edge.

[0010] In accordance with someb embodiments, the present disclosure relates
to a coupler with high-directivity and low coupler factor variation that can be used with,
for example, a 3 mm x 3 mm PAM. The coupler includes é first trace associated with a
first port and a second port. The first trace includes a first main arm, a first connecting'
trace connecting the first main arm to the second port, and a non-zero angle between
the first main arm and the first connecting trace. Further, the coupler includes a second
trace associated with a third port and a fourth port. The second trace includes a second
main arm.

[0011] In accordance with some embodiments, the present disclosure relates
to a bstrip coupler with high-directivity and low coupler factor variation that can be used
with, for example, a 3 mm x 3 mm PAM. The strip coupler including a first strip and a
second strip positioned relative to each other. Each strip has an inner coupling edge
and an outer edge. The first strip includes a connecting trace connecting a main arm of
the first strip to a second port. The connecting trace and the main arm are joined at a

non-zero angle. The second strip includes a main arm communicating with a fourth port

-3-
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without the main arm joined to a connecting trace at a non-zero angle. The strip coupler
further includes a first port configured substantially as an input port and associated with
the first strip. The second port is configured substantially as an output port and
associated with the first strip. In addition, the strip coupler includes a third port
configured substantially as a coupled port and associated with the second strip. The
fourth port is configured substantially as an isolated port and associated with the second
strip.

- [0012] In accordance with some embodiments, the present disclosure relates
to a method of manufacturing a coupler with high-directivity and low coupler factor
variation that can be used with, for example, a 3 mm x 3 mm PAM. The method
includes forming a first trace associated with a first port and a second port. The first
trace includes a first main arm, a first connecting trace connecting the first main arm to
the second port, and a non-zero angle between the first main arm and the first
connecting trace. The method further includes forming a second trace associated with
a third port and a fourth port. The second trace includes a second main arm.

[0013] In accordance with some embodiments, the present disclosure relates
to a coupler with high-directivity and low coupler factor variation that can be used with,
for example, a 3 mm x 3 mm PAM. The coupler includes a first trace associated with a
first port and a second port. The first port is configured substantially as an input port
and the second port is configured substantially as an output port. The coupler further
includes a second trace associated with a third port and a fourth port. The third port is
configured substantially as a coupled port and the fourth port is configured substantially
as an isolated port. In addition, the coupler includes a first capacitor configured to
introduce a discontinuity to induce a mismatch in the coupler.

[0014] In accordance with some embodiments, the present disclosure relates
to a method of manufacturing a coupler with high-directivity and low coupler factor
variation that can be used with, for example, a 3 mm x 3 mm PAM. The method
includes forming a first trace associated with a first port and a second port. The first
port is configured substantially as an input port and the second port is configured
substantially as an output port. The method further includes forming a second trace

associated with a third port and a fourth port. The third port is configured substantially
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as a coupled port and the fourth port is configured substantially as an isolated port. In
addition, the method includes connecting a first capacitor to the second port. The first

capacitor is configured to introduce a discontinuity to induce a mismatch in the coupler.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Throughout the drawings, reference numbers are re-used to indicate
correspondence between referenced elements. The drawings are provided to illustrate
embodiments of the inventive subject matter described herein and not to limit the scope
thereof.

[0016] FlG. 1 illustrates an embodiment of a coupler in communication with a
circuit providing an input signal to the coupler in accordance with the present disclosure.

[0017] FIG. 2A-2B illustrate embodiments of an edge strip coupler.

[0018] FIGs. 2C-2D illustrate embodiments of edge strip couplers in
accordance with the present disclosure.

[0019] FIGs. 3A-3B illustrate embodiments of a layered coupler.

[0020] FIGs. 3C-3D illustrate embodiments of wide-side strip layered
couplers in accordance with the present disclosure.

[0021] FIGs. 4A—4B illustrate embodiments of angled couplers in accordance
with the present disclosure.

[0022] FIG. 5 illustrates an embodiment of an embedded capacitor coupler in
accordance with the present disclosure.

[0023] FIG. 6 illustrates an embodiment of an electronic device including a
coupler in accordance with the present disclosure.

[0024] FIG. 7 illustrates a flow diagram for one embodiment of a coupler
manufacturing process in accordance with the present disclosu're.

[0025] FIG. 8 illustrates a flow diagram for one embodiment of a coupler
manufacturing process in accordance with the present disclosure.

[0026] FIG. 9 illustrates a flow diagram for one embodiment of a coupler
manufacturing process in accordance with the present disclosure.

[0027] FIG. 10 illustrates a flow diagram for one embodiment of a coupler

manufacturing process in accordance with the present disclosure.

-5-
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[0028] FIG. 11A illustrates an embodiment of a prototype PAM that includes a
layered angled coupler in accordance with the present disclosure.

[0029] FIGs. 11B—C illustrate measured results and simulated results for the
coupler included in the prototype of FIG. 11A.

[0030] FIGs. 12A-B illustrate an example simulated design and comparison
design, and simulation results for an embedded capacitor coupler in accordance with
the present disclosure.

[0031] FIGs. 13A-B illustrate an example simulated design and comparison
design, and simulation results for a floating capacitor coupler in accordance with the

present disclosure.

DETAILED DESCRIPTION
Introduction
[0032] Traditionally, designers attempt to match and isolate couplers to
achieve improved directivity with minimal coupling factor variation, or minimal peak-to-
peak error. Theoretical analysis by researchers shows that a strip coupler can be
ideally matched and perfectly isolated, if its inductive coupling coefficient equals its

capacitive coupling coefficient.

C L

H

'\/CICZ ) \/lel‘Z (1)

[0033] However, meeting this condition generally requires layout symmetry
along coupler arm direction and proper permittivity of substrate material. In many
applications, it is not feésible to use traditional coupler designs to meet required coupler
specifications. For example, in current power amplifier module (PAM) designs, the
dielectric constant is mostly determined by laminate technology and the symmetry
requirements of coupler arms can not be easily met when the demands of compact
packaging design reduces the space available for the coupler. Thus, as PAM size is
reduced to 3 mm x 3 mm and smaller, it is becoming more difficult to achieve the

specifications required to integrate a coupler with the PAM.
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[0034] Embodiments of the present disclosure provide apparatus and
methods for minimizing coupler factor variation, or peak-to-peak error, below an output
VSWR of 2.5:1. Coupler factor variation is reduced by introducing a mismatch at an
output port of a trace, or a main arm. The introduction of the mismatch increases
directivity based on a cancellation effect. This principle is explained mathematically
below using FIG. 1.

[0035] FIG. 1 illustrates an embodiment of a coupler 102 in communication
with a circuit 100 providing an input signal to the coupler 102 in accordance with the
present disclosure. The circuit 100 can generally include any circuit that can provide an
input signal to the coupler 102. For example, although not limited as such, the circuit
100 can be a PAM.

[0036] The coupler 102 includes four ports: port 104, port 106, port 108, and
port 110. In the illustrated embodiment, port 104 represents an input port Pin where
power is generally applied. Port 106 represents an output port Pout or transmitted port
where power from the input port minus the coupled power is outputted. Port 108
represénts the coupled port Pc where a portion of the power applied to the input port is
directed. Port 110 represents the isolated port Pi, which is generally, although not
necessarily, terminated with a matched load.

[0037] Often, coupler performance is measured based on the coupling factor
and the coupling factor variation, or peak-to-peak error. The coupling factor, Cpout, is
the ratio of the power at the output port, port 106, to the power at the coupled port, port

108, and may be calculated using equation 2.

‘POH
CpOIl[ = —})_t— (2)

c

[0038] Coupling factor variation is determined based on the maximum change

of the coupling factor and may be calculated using equation 3.

])k = maX(ACpout )I VSWR (3)
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[0039] Defining 'L as the load impedance normalized to 50 Ohms and S; as
the coupler’'s scattering, or S parameter, under matched conditions for power that is
received at port i when input at port j, and assuming there is no reflectance at the
coupled port and the isolated port (i.e. S33=S44=0), equation 4 can be derived for the
coupling factor, Cpout.

c - S a-Ir.|*) (4)

pout —
| S31 l ( SZI S32 )

1+¢(

- Szz )rL

31

[0040] The coupling factor variation measured in decibels can then be derived

using equation 5.

S..S
1+ (%“Szz)rL

31

()

Pk _dB=20log,,

S,.S,,
1—)(—:5373;—sn>n

[0041] The S parameter is associated with the transmission coefficient T and
the coupling coefficient K of the coupler each of which are complex values comprising a
phase and an amplitude. In certain embodiments, by changing at least one of the
geometry of a coupler trace, the angle of a connecting trace to a main trace of the
coupler, and the characteristics of a capacitor connected to a coupler trace, the values
of the S parameter can be modified. By adjusting the S parameter, in some
implementations, the coupler directivity can by increased while the coupling factor
variation can be reduced.

[0042] When the output port, port 106, is not perfectly matched, the equivalent

directivity can be defined using equation 6.

D=|— (6)
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[0043] When the output port is perfectly matched, equation 6 is reduced to the

equation for calculating coupler directivity, as illustrated by equation 7.

S
S32

D= (7)

[0044] Similarly, the equation for determining the coupler factor variation,

equation 5, can be reduced to equation 8.

1+ hI“L
Pk _dB=20log,,

1—

(8)

an

[0045] Examining equation 8, it can be seen that the higher the directivity D,
the lower the coupling factor variation. Further, when a coupler’s directivity is limited by
the coupler’'s size constraints and/or cross-coupling between the coupler and other
circuit traces, equation 6 shows that adjusting the amplitude and phase of the S
parameter S; to cancel part of S3,/S31 will improve equivalent divrectivity. This can be
accomplished by creating a discontinuity in the coupler to purposely induce mismatch.
Throughout this disclosure, several non-limiting examples of coupler designs are
presented that have improved directivity and coupler factor variation compared to pre-
existing coupler designs. In certain embodiments, the couplers presented herein can be

used with 3 mm x 3 mm and smaller module packages, as well as with larger packages.

Examples of Edge Strip Couplers

[0046] FIG. 2A illustrates an embodiment of an edge strip coupler 200. The
edge strip coupler 200 includes two traces 202 and 204. The trace 202 and the trace
204 are each of equal length L and equal width W. Further, a gap width, GAP W, exists
between the trace 202 and the trace 204. The gap width is selected to allow a pre-
determined portion of power provided to one trace to be coupled to the second trace.
As depicted in FIG. 2B, the trace 202 and the trace 204 are located in the same

horizontal plane such that one trace is next to the other trace.
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[0047] Each trace may be associated with two ports (not shown) as previously
described with respect to FIG. 1. For example, the trace 202 may be associated with an
input port on the left end (the side with the label GAP W) and an output port on the right
end (the side with the labels W) of the trace. Likewise, the trace 204 may be associated
with a coupled port on the left end and an isolated port on the right end of the trace. Of
course, in some embodiments, the ports may be swapped such that the input port and
the coupled port are on the right while the output port and the isolated port are on the
left of the traces. In some embodiments, the coupled port may be on the right end and
the isolated port may be on the left end of the trace 204, while the input port remains on
the left end of the trace 202 and the output port remains on the right end of the trace
202. Further, in certain embodiments, the input port and the output port may be
associated with the trace 204 and the coupled port and the isolated port may be
associated with the trace 202. In certain embodiments, the traces 202 and 204 are
connected with the ports by connecting traces (not shown). In some embodiments, the
traces communicate with the ports by the use of vias that connect the main arms of the
traces with the ports.

[0048] FIGs. 2C-2D illustrate embodiments of edge strip couplers in
accordance with the present disclosure. Each of the edge strip couplers may be
associated with four ports as previously described above. Further, each trace of the
couplers may communicate with the ports using connecting arms or vias as described
above. FIG. 2C illustrates an embodiment of an edge strip coupler 210 that includes a
first trace 212 and a second trace 214. As illustrated in FIG. 2C, each trace may be
divided into three segments 216, 217, and 218. In certain embodiments, by dividing the
trace 212 and the trace 214 into three segments, a discontinuity is created. Generally,.
the trace 212 and the trace 214 are positioned in the same horizontal plane, similar to
coupler 200 illustrated in FIG. 2B, such that an inner unbroken coupling edge of the
trace 212 is aligned parallel with an inner unbroken coupling edge of the trace 214 with
a gap width, GAP W, as illustrated in FIG. 2C. However, in some embodiments, the
position of the trace 214 may be adjusted relative to the position of the trace 212.
Further, generally the trace 212 and the trace 214 are mirror images sharing equal

dimensions. However, in some embodiments, the trace 212 and the trace 214 may
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differ. For example, the length and/or the width of the segment 217 associated with the
trace 212 may differ from the length and/or width of the segment 217 associated with
the trace 214.

[0049] Advantageously, in some embodiments, by adjusting one or more of
the lengths L1, L2, and L3 of each trace and/or one or more of the widths W1 and W2 of
each trace, the equivalent directivity can be increased for a given coupling factor while
improving the coupling factor variation as calculated using equations 6, 4 and 5
respectively for a target operating frequency.

[0050] In certain embodiments, L1 and L2 are equal. Further, L3 may or may
not be equal to L1 and L2. In other embodiments, L1, L2 and L3 may all differ.
Generally, L1, L2, and L3 are the same for the trace 212 and the trace 214. However,
in some embodiments, one or more of the lengths of the segments of the trace 212 and
the trace 214 may differ. Similarly, the widths W1 and W2 for the trace 212 and for the
trace 214 are generally equal. However, in some embodiments, one or more of the
widths W1 and W2 may differ for the trace 212 and the trace 214. Generally, both W1
and W2 are non-zero.

[0051] In certain embodiments, the angle A created between the segment 216
and the segment 217 is 90 degrees. Further, the angle between the segfnent 217 and
the segment 218 is also 90 degrees. However, in certain embodiments, one or more of
the angles between the three segments may differ. Thus, in some embodiments, the
segment 217 may extend in the ordinate direction from the trace 212 and the trace 214
in a more gradual manner than illustrated.

[0052] FIG. 2D illustrates an embodiment of an edge strip coupler 220 that
includes a first trace 222 and a second trace 224. As can be seen by comparing FIG.
2D with FIG. 2C, the coupler 220 is an inverted version of the coupler 210. As
illustrated in FIG. 2D, each trace may be divided into three segments 226, 227, and
228. In certain embodiments, by dividing the trace 222 and the trace 224 into three
segments, a discontinuity is created. Generally, the trace 222 and the trace 224 are
positioned in the same horizontal plane, similar to coupler 200 illustrated in FIG. 2B,
such that an inner unbroken coupling edge of the trace 222 is aligned parallel with an

inner unbroken coupling edge of the trace 224 with a gap width, GAP W, as illustrated in

-11-
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FIG. 2D. However, in some embodiments, the position of the trace 224 may be
adjusted relative to the position of the trace 222. Further, generally the trace 222 and
the trace 224 are mirror images sharing equal dimensions. However, in some
embodiments, the trace 222 and the trace 224 may differ. For example, the length
and/or the width of the segments 226 and 228 associated with the trace 222 may differ
from the length and/or width of the segments 226 and 228 associated with the trace
224.

[0053] Advantageously, in some embodiments, by adjusting one or more of
the lengths L1, L2, and L3 of each trace and/or one or more of the widths W1 and W2 of
each trace, the equivalent directivity can be increased for a given coupling factor while
improving the coupling factor variation as calculated using equations 6, 4 and 5
respectively for a target operating frequency.

[0054] In certain embodiments, L1 and L2 are equal. Further, L3 may or may
not be equal to L1 and L2. In other embodiments, L1, L2 and L3 may all differ.
Generally, L1, L2, and L3 are the same for the trace 222 and the trace 224. However,
in some embodiments, one or more of the lengths of the segments of the trace 222 and
the trace 224 may differ. Similarly, the widths W1 and W2 for the trace 222 and for the
trace 224 are generally equal. However, in some embodiments, one or more of the
widths W1 and W2 may differ for the trace 222 and the trace 224. Generally, both W1
and W2 are non-zero.

| [0055] In certain embodiments, the angle A created between the segment 226
and the segment 227 is 90 degrees. Further, the angle between the segment 227 and
the segment 228 is also 90 degrees. However, in certain embodiments, one or more of
the angles between the three segments may differ. Thus, in some embodiments, the
segments 226 and 228 may extend in the ordinate direction from the trace 222 and the

trace 224 in a more gradual manner than illustrated.

Examples of Layered Strip and Layered Wide-Side Strip Couplers
[0056] FIGs. 3A-3B illustrate embodiments of a layered strip coupler 300.
The layered strip coupler 300 includes two traces 302 and 304. Although the traces 302

and 304 are depicted as having different widths, this is primarily for ease of illustration.
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FIG. 3B more clearly illustrates that the two traces are of equal width. Further, the trace
302 and the trace 304 are of equal length L. In addition, as illustrated in FIG. 3B, a gap
width, GAP W, exists between the trace 302 and the trace 304. The gap width is
selected to enable a pre-selected portion of power provided to one trace to be coupled
to the second trace.

[0057] Each trace may be associated with two ports (not shown) as previously
described with respect to FIG. 1. For example, referring to FIG. 3A, the trace 302 may
be associated with an input port on the left end (the side with the labels 302 and 304)
and an output port on the right end (the side with the label W) of the trace. Likewise,
the trace 304 may be associated with a coupled port on the left end and an isolated port
on the right end of the trace. Of course, in some embodiments, the ports may be
swapped such that the input port and the coupled port are on the right while the output
port and the isolated port are on the left of the traces. In some embodiments, the
coupled port may be on the right end and the isolated port may be on the left end of the
trace 304, while the input port remains on the left end of the trace 302 and the output
port remains on the right end of the trace 302. Further, in certain embodiments, the
input port and the output port may be associated with the trace 304 and the coupled
port and the isolated port may be associated with the trace 302. In certain
embodiments, the traces 302 and 304 are connected with the ports by connecting
traces (not shown). In some embodiments, the traces communicate with the ports by
the use of vias that connect the main arms of the traces with the ports.

[0058] FIiGs. 3C-3D illustrate embodiments of layered wide-side strip
couplers in accordance with the present disclosure. Each of the layered wide-side strip
couplers may be associated with four ports as previously described above. Further,
each trace of the couplers may communicate with the ports using connecting arms or
vias as described above. FIG. 3C illustrates an embodiment of a layered wide-side strip
coupler 310 that includes a first trace 312 and a second trace 314. As illustrated in FIG.
3C, each trace may be divided along its length into three pairs of mirrored segments
316, 317, and 318. In certain embodiments, if each trace were bisected along its
length, the two halves would be substantially identical mirror images. However, in some

embodiments, the two halves may be sized differently. For example, the segment 317
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may extend further in the positive ordinate direction than the corresponding segment
317 extends in the negative ordinate direction. In certain embodiments, by dividing the
trace 312 and the trace 314 into three segments, a discontinuity is created.

~ [0059] Generally, the trace 312 and the trace 314 are positioned in the same
vertical plane such that one trace is located directly above the second trace with a
space between the two traces, similar to that depicted with respect to coupler 300 in
FIG. 3B. However, in some embodiments, the position of the trace 314 may be
adjusted relative to the position of the trace 312. Further, generally the trace 312 and
the trace 314 are substantially equal in shape and size. However, in some
embodiments, the trace 312 and the trace 314 may differ in size and shape. For
example, the length and/or the width of the segment 317 associated with the trace 312
may differ from the length and/or width of the segment 317 associated with the trace
314.

[0060] Advantageously, in some embodiments, by adjusting one or more of
the lengths L1, L2, and L3 of each trace and/or one or more of the widths W1 and W2 of
each trace, the equivalent directivity can be increased for a given coupling factor while
improving the coupling factor variation as calculated using equations 6, 4 and 5
respectively for a target operating frequency. In certain embodiments, the lengths L1,
L2, and L3, and the width W1 of each trace are adjusted equally for each outer edge of
the trace. However, in some embodiments, the dimensions of each outer edge of each
trace may be adjusted independently.

[0061] In certain embodiments, L1 and L2 are equal. Further, L3 may or may
not be equal to L1 and L2. In other embodiments, L1, L2 and L3 may all differ.
Generally, L1, L2, and L3 are the same for the trace 312 and the trace 314. However,
in some embodiments, one or more of the lengths of the segments of the trace 312 and
the trace 314 may differ. Similarly, the widths W1 and W2 for the trace 312 and for the
trace 314 are generally equal. However, in some embodiments, one or more of the
widths W1 and W2 may differ for the trace 312 and the trace 314. Generally, both W1
and W2 are non-zero. Further, as described above, each outer edge of each trace may
share equal dimensions or may differ. In certain embodiments, each corresponding

outer edge of each trace may differ or may be equal.
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[0062] In certain embodiments, the angle A created between the segment 316
and the segment 317 is 90 degrees. Further, the angle between the segment 317 and
the segment 318 is also 90 degrees. However, in certain embodiments, one or more of
the angles between the three segments may differ. Thus, in some embodiments, the
segment 317 may extend in the ordinate direction from the trace 312 and the trace 314
in a more gradual manner than illustrated. Further, although the angle A is generally
equal for each of the outer edges of the traces, in some embodiments, the angles may
differ.

[0063] FIG. 3D illustrates an embodiment of a layered wide-side strip coupler
320 that includes a first trace 322 and a second trace 324. As can be seen by
comparing FIG. 3D with FIG. 3C, the coupler 320 is an inverted version of the coupler
310. As illustrated in FIG. 3D, each trace may be divided along its length into three
pairs of mirrored segments 326, 327, and 328. In certain embodiments, if each trace
were bisected along its length, the two halves would be substantially identical mirror
images. However, in some embodiments, the two halves may be sized differently. For
example, the segments 326 and 328 may extend further in the positive ordinate
direction than the corresponding segments 326 and 328 extend in the negative ordinate
direction. In certain embodiments, by dividing the trace 322 and the trace 324 into three -
segments, a discontinuity is created.

[0064] Generally, the trace 322 and the trace 324 are positioned in the same
vertical plane such that one trace is located directly above the second trace with a
space between the two traces, similar to that depicted with respect to coupler 300 in
FIG. 3B. However, in some embodiments, the position of the trace 324 may be
adjusted relative to the position of the trace 322. Further, generally the trace 322 and
the trace 324 are Substantially equal in shape and size. However, in some
embodiments, the trace 322 and the trace 324 may differ in size and shape. For
example, the length and/or the width of the segments 326 and 328 associated with the
trace 322 may differ from the length and/or width of the segments 326 and 328
associated with thé trace 324.

[0065] Advantageously, in some embodiments, by adjusting one or more of

the lengths L1, L2, and L3 of each trace and/or one or more of the widths W1 and W2 of
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each trace, the equivalent directivity can be increased for a given coupling factor while
improving the coupling factor variation as calculated using equations 6, 4 and 5
respectively for a target operating frequency. In certain embodiments, the lengths L1,
L2, and L3, and the width W1 of each trace are adjusted equally for each outer edge of
the trace. However, in some embodiments, the dimensions of each outer edge of each
trace may be adjusted independently.

[0066] In certain embodiments, L1 and L2 are equal. Further, L3 may or may
not be equal to L1 and L2. In other embodiments, L‘1, L2 and L3 may all differ.
Generally, L1, L2, and L3 are the same for the trace 322 and the trace 324. However,
in some embodiments, one or more of the lengths of the segments of the trace 322 and
the trace 324 may differ. Similarly, the widths W1 and W2 for the trace 322 and for the
trace 324 are generally equal. However, in some embodiments, one or more of the
widths W1 and W2 may differ for the trace 322 and the trace 324. Generally, both W1
and W2 are non-zero. Further, as described above, each outer edge of each trace may
share equal dimensions or may differ. In certain embodiments, each corresponding
outer edge of each trace may differ or may be equal.

[0067] In certain embodiments, the angle A created between the segment 326
and the segment 327 is 90 degrees. Further, the angle between the segment 327 and
the segment 328 is also 90 degrees. However, in certain embodiments, one or more of
the angles between the three segments may differ. Thus, in some embodiments, the
segments 326 and 328 may extend in the ordinate direction from the trace 312 and the
trace 314 in a more gradual manner than illustrated. Further, although the angle A is
generally equal for each of the outer edges of the traces, in some embodiments, the
angles may differ. Moreover, in some embodiments, the angle between the segment
326 and the segment 327 may differ from the angle between the segment 327 and the
segment 328.

[0068] Although the traces 314 and 324 are depicted as being located above
the traces 312 and 322 respectively, in some embodiments, the traces 314 and 324
may be positioned below the traces 314 and 324 respectively. Further, although the
traces are depicted as being aligned within the same vertical plane, in some

embodiments, the traces may be aligned off-center.
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Examples of Angled Couplers

[0069] FIGs. 4A—4B illustrate embodiments of angled couplers in accordance
with the present disclosure. FIG. 4A illustrates an embodiment of an angled strip
coupler 400 that includes a first trace 402 and a second trace 404. The first trace 402
includes two segments, a main arm 405 and a connecting trace 406 that is joined to the
main arm 405 at an angle A. The second trace 404 includes a main arm without a
connecting trace. Alternatively, the second trace 404 includes the connecting trace 406,
and the first trace 402 includes a main arm without a connecting trace. In some
embodiments, both the trace 402 and the trace 404 include connecting traces
connected to main traces at an angle A.

[0070] The connecting trace 406 leads to a port (not shown) associated with
the coupler 400. Although not limited as such, the port is generally the output port of
the coupler 400. The main arm 405 of trace 402 and the trace 404 are each of equal
length L1 and equal width W1. Further, a gap width, GAP W, exists between the main
arm 405 and the trace 404. The gap width is selected to allow a pre-determined portion
of power provided to one trace to be coupled to the second trace.

[0071] The connecting trace 406 is of length L2 and width W2. In some
embodiments, the width W2 is equal to the width W1. In other embodiments, the width
of the connecting trace 406 may be narrower than the width of the traces 402 and 404.
In some embodiments, the narrowing of the connecting trace 406 may be gradual
reaching its final width W2 at the point where the connecting trace 406 connects to, for
example, the output port. Alternatively, the narrowing of the connecting trace may occur
more rapidly resulting in the connecting trace 406 reaching its final width W2 at some
point prior to the point where the connecting trace 406 connects with, for example, the
output port.

[0072] In certain embodiments, the coupler 400 is associated with four ports.
Each trace may be associated with two ports (not shown) as previously described with
respect to FIG. 1. For example, referring to FIG. 4A, the trace 402 may be associated
with an input port on the left end (the side without the angled connecting trace 406) and
an output port on the right end (the side with the angled connecting trace 406) of the
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trace 402. Likewise, the trace 404 may be associated with a coupled port on the left
end and an isolated port on the right end of the trace 404. Of course, in some
embodiments, the ports may be swapped such that the input port and the coupled port
are on the right while the output port and the isolated port are on the left of the traces.
In some embodiments, the coupled port may be on the right end and the isolated port
may be on the left end of the trace 404, while the input port remains on the left end of
the trace 402 and the output port remains on the right end of the trace 402. Further, in
certain embodiments, the input port and the output port may be associated with the
trace 404 and the coupled port and the isolated port may be associated with the trace
402.

[0073] As illustrated in FIG. 4A, at least one of the ports is connected to the
coupler using the connecting trace 406. In certain embodiments, the remaining ports
may communicate with the traces 402 and 404 using additional connecting traces (not
shown). In such embodiments, the additional connecting traces connect at a different
angle to the traces than the connecting trace 406 thereby inducing a mismatch in the
coupler through the discontinuity of the connecting traces. In some embodiments, the
additional connecting traces connect at a zero-degree angle with the main arms of the
traces. In some embodiments, one or more connecting traces may connect with the
main traces at an angle A. However, generally at least one of the connecting traces
connects with one of the main traces at a non-zero angle or at an angle besides A
thereby creating mismatch in the coupler. ,

[0074] In some embodiments, the ports may communicate with the traces 402
and 404 by the use of vias that connect the main arms of the traces with the ports.

[0075] Genérally, the trace 402 and the trace 404 are positioned in the same
horizontal plane such that an inner coupling edge of the main arm 405 of the trace 402
is aligned parallel with an inner coupling edge of the trace 404 with a gap width, GAP
W, as illustrated in FIG. 4A. However, in some embodiments, the position of the trace
404 may be adjusted relative to the position of the main arm 405 of the trace 402.
Further, generally the main arm of the trace 402 and the trace 404 are equal in size.

However, in some embodiments, the main arm of the trace 402 and the trace 404 may
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differ in size. For example, the length and/or the width of the main arm 405 of the trace
402 may differ from the length and/or width of the trace 404.

[0076] Advantageously, in some embodiments, by adjusting one or more of
the lengths L2, width W2, and the angle A of the connecting trace 406, the equivalent
directivity can be increased for a given 'coupling factor while improving the coupling
factor variation as calculated using equations 6, 4 and 5 respectively for a target
operating frequency. |

[0077] In certain embodiments, the angle A created between the segment
main arm 405 and the connecting trace 406 is between 90 degrees and 150 degrees.
In other embodiments, the angle A can include any non-zero angle.

[0078] FIG. 4B illustrates an embodiment of a layered angled strip coupler
410 that includes a first trace 412 and a second trace 414. The first trace 412 includes
two segments, a main arm 415 and a connecting trace 416 that is joined to the main
arm 415 at an angle A. The second trace 414 includes a main arm without a connecting
trace. Alternatively, the second trace 414 includes the connecting trace 416, and the
first trace 412 includes a main arm without a connecting trace. In some embodiments,
both the trace 412 and the trace 414 include connecting traces connected to main
‘traces at an angle A.

[0079] The layered angled strip coupler 410 is substantially similar to the
angled strip coupler 400 and each of the embodiments described with respect to the
coupler 400 may apply to the coupler 410. However, in some embodiments, the
position of the traces of the coupler 410 may differ from those of the coupler 400.
Generally, the trace 412 and the trace 414 are pdsitioned relative to each other in the
same vertical plane such that the main arm 405 of the trace 402 is aligned below trace
414 with a gap width between the two traces, similar to the GAP W depicted in FIG. 3B.
However, in some embodiments, the position of the trace 414 may be adjusted relative
to the position of the main arm 415 of the trace 412. Further, in some embodiments, the
main arm 405 of the trace 402 may be aligned above the trace 414.

[0080] Generally, the main arm of the trace 412 and the trace 414 are equal in

size. However, in some embodiments, the main arm of the trace 412 and the trace 414
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may differ in size. For example, the Iengfh and/or the width of the main arm 415 of the
trace 412 may differ from the length and/or width of the trace 414. '

Example of an Embedded Capacitor Coupler

[0081] FIG. 5 illustrates an embodiment of an embedded capacitor coupler
500 in accordance with the present disclosure. The coupler 500 includes two traces
502 and 504. Both traces have a width W. The trace 502 has a length L2 and the trace
504 has a length L1. In some embodiments, the lengths of the two traces are equal.
Further, the coupler 500 includes an embedded capacitor 506. In some embodiments
the capacitor 506 may be a floating capacitor.

[0082] Although only a single capacitor is depicted, in some embodiments
multiple capacitors may be used. For example, a capacitor may be connected to the
trace 504 as well as the trace 502. Further, a capacitor may be connected to each end
- of one or both of the traces.

[0083] Advantageously, in some embodiments, by adjusting the number of
capacitors, the type of capacitors, and the specifications of the capacitors trace, a
discontinuity is created in the coupler 500 resulting in a mismatch. Further, by adjusting
the discontinuity through the choice of capacitor, the equivalent directivity can be
increased for a given coupling factor while improving the coupling factor variation as
calculated using equations 6, 4 and 5 respectively for a target operating frequency.

[0084] Generally, the trace 502 and the trace 504 are positioned relative to
each other in the same vertical plane such that the trace 502 is aligned below the trace
504 with a gap width between the two traces, similar to the GAP W depicted in FIG. 3B.
However, in some embodiments, the position of the trace 504 may be adjusted relative
to the position of the trace 502. Further, in some embodiments, the trace 502 may be
aligned above the trace 504. In some embodiments, the trace 504 and the trace 504
may be aligned in the same horizontal place with a width between the two traces similar
to the coupler depicted in FIG. 2A.

[0085] As with the previously described couplers, each trace may be
associated with two ports (not shown). For example, the trace 502 may be associated

with an input port on the left end (the side with the label W) and an output port on the
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right end (the side with the capacitor 506) of the trace 502. Likewise, the trace 504 may
be associated with a coupled port on the left end and an isolated port on the right end of
the trace 504. Of course, in some embodiments, the ports may be swapped such that
the input port and the coupled port are on the right while the output port and the isolated
port are on the left of the traces. In some embodiments, the coupled port may be on the
right end and the isolated port may be on the left end of the trace 504, while the input
port remains on the left end of the trace 502 .and the output port remains on the right
end of the trace 502. Further, in certain embodiments, the input port and the output port
may be associated with the trace 504 and the coupled port and the isolated port may be
associated with the trace 502. In certain embodiments, the traces 502 and 504 are
connected with the ports by connecting traces (not shown). In some embodiments, the
traces communicate with the ports by the use of vias that connect the main arms of the
traces with the ports.

[0086] Although much of the description of the previously described couplers
have focused on the conductive traces of the coupler, it should be understood that each
of the coupler designs are part of a coupler module that may include one or moré
dielectric layers, substrates, and packaging. For instance, one or more of the couplers
300, 310, 320, 410, and 500 may include a dielectric material between each of the
illustrated traces. As a second example, the traces of one or more of the couplers 200,
210, 220, and 400 may be formed on a substrate. Further, although generally the
conductive traces are made of the same conductive material, such as copper, in some

embodiments one trace may be made of a different material than the second trace.

Example of an Electronic Device with a Coupler

[0087] FIG. 6 illustrates an embodiment of an electronic device 600 including
a coupler in accordance with the present disclosure. The electronic device 600 can
generally include any device that may use a coupler. For example, the electronic
device 600 may be a wireless phone, a base station, or a sonar system, to name a few.
[0088] The electronic device 600 can include a packaged chip 610, a
packaged chip 622, processing circuitry 630, memory 640, a power supply 650, and a

coupler 660. In some embodiments, the electronic device 600 may include any number
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of additional systems and subsystems, such as a transceiver, a repeater, or an emitter,
to name a few. Further, some embodiments may include fewer systems than illustrated
in FIG. 6.

[0089] The packaged chips 610 and 620 can include any type of packaged
chip that may be used with an electronic device 600. For example, the packaged chips
can include digital signal processors. The packaged chip 610 can include a coupler 612
and processing circuitry 614. Further, the packaged chip 620 can include processing
circuitry 622. In addition, each of the packaged chips 610 and 620 may include
memory. In some embodiments, the packaged chip 610 and the packaged chip 620
may be of any size. In certain embodiments, the packaged chip 610 may be 3 mm x 3
mm. In other embodiments, the packaged chip 610 may be smaller than 3 mm x 3 mm.

[0090] The processing circuitry 614, 622, and 630 may include any type of
processing circuitry that may be associated with the electronic device 600. For
example, the processing circuitry 630 may include circuitry for controlling the electronic
device 600. As a second example, the processing circuitry 614 may include circuitry for
performing signal conditioning of received signals and/or signals intended for
transmission prior to their transmission. The processing circuitry 622 may include, for
example, circuitry for graphics processing and for controlling a display (not shown)
associated with the electronic device 600. In some embodiments, the processing
circuitry 614 may include a power amplifier module (PAM).

[0091] The couplers 612 and 660 may include any of the couplers previously
described in accordance with this disclosure. Further, the coupler 612 may be designed

in accordance with this disclosure to fit within a 3 mm x 3 mm packaged chip 610.

First Example of a Coupler Manufacturing Process

[0092] FIG. 7 illustrates a flow diagram for one embodiment of a coupler
manufacturing process 700 in accordance with the present disclosure. The process 700
may be performed by any system capable of creating a coupler in accordance with the
present disclosure. For example, the process 700 may be performed by a general
purpose computing system, a special purpose computing system, by an interactive

computerized manufacturing system, by an automated computerized manufacturing
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system, or a semiconductor manufacturing system to name a few. In some
embodiments, a user controls the system implementing the manufacturing process.

'[0093] The process begins at block 702, where a first conductive trace is
formed on a dielectric material. The first conductive trace can be made using a number
of conductive materials as is understood by a person of ordinary skill in the art. For
example, the conductive trace may be made of copper. Further, the dielectric material
may include a number of dielectric materials as is understood by a person of ordinary
skill in the art. For example, the dielectric material may be a ceramic or a metal oxide.
In certain embodiments, the dielectric material is located on a substrate that may be
located on a ground plane. In one embodiment, the first conductive trace may be
formed on an insulator.

[0094] At block 704, the process 700 includes creating a width discontinuity
along the outer edge of the first conductive trace. Although identified separately, the
operation associated with the block 704 may be included as part of the block 702. In
certain embodiments, creating the width discontinuity includes creating a segment of the
first trace with a greater width than the remainder of the first trace, such as the coupler
210 illustrated in FIG. 2C. Alternatively, creating the width discontinuity includes
creating a segment of the first trace with a narrower width than the remainder of the first
trace, such as the coupler 220 illustrated in FIG. 2D. Further, this width discontinuity
may be located substantially at the center of the trace, as illustrated in FIGs. 2C and 2D.
Alternatively, the width discontinuity may be created off-center, including at an end of
the first tface.

[0095] In certain embodiments, the angle created between the segment of the
first trace with the greater width (or narrower width) and the remainder of the first trace
is substantially 90 degrees. However, in some embodiments, the angle may be less
than or greater than 90 degrees. In some embodiments, the angle on each side of the
segment with the greater (or narrower) width compared to the remainder of the first
trace is substantially equal. In other embodiments, the angle on each side may differ.

[0096] At block 706, a second conductive trace is formed on the dielectric
material. At block 708, a width discontinuity is created along the outer edge of the

second conductive trace. In certain embodiments, the second conductive trace is
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substantially identical to the first conductive trace, but is a mirror image of the first
conductive trace. However, in some embodiments, the width discontinuity created
along the outer edge of the second conductive trace may vary from the width
discontinuity created at block 704 along the first conductive trace. Generally, the
various embodiments described above with respect to the blocks 702 and 704 apply to
the blocks 706 and 708.

[0097] At block 710, the first conductive trace and the second conductive
trace are positioned relative to each other by aligning the inner conductive edges of the
conductive traces substantially parallel to each other, such as illustrated in FIGs. 2C
and 2D. Although identified separately, the operation associated with the block 710
may be included as part of one or more of the blocks 702 and 706 as the traces are
formed. In some embodiments, the first trace and the second trace are aligned such
that both traces begin at the same point in the abscissa direction and end at the same
point in the abscissa direction, as illustrated in FIGs. 2C and 2D. Alternatively, the
traces may be aligned off-center such that the first trace and the second trace start and
end at different positions in the abscissa direction.

[0098] In some embodiments, a space or gap is maintained between the first
conductive trace and the second conductive trace at block 710. As is understood by a
person of ordinary skill in the art, this gap is selected to enable a desired coupling to the
second trace of a desired portion of the power applied to the first trace.

[0099] In certain embodiments, the first conductive trace and the second
conductive trace are aligned in the same horizontal plane, as illustrated in FIG. 2B for
example. Alternatively, the traces may be in different planes.

[0100] In certain embodiments, the dimensions of the first trace and the
second trace, including the different segments of the traces, are selected to maximize
the equivalent directivity for a given coupling factor while minimizing the coupling factor
variation as calculated using equations 6, 4 and 5 respectively for a target operating
frequency. Further, in some embodiments, the dimensions are selected to enable the

coupler to fit within a 3 mm x 3 mm package.

-24-



WO 2012/016087 PCT/US2011/045799

Second Example of a Coupler Manufacturing Process

[0101] FIG. 8 illustrates a flow diagram for one embodiment of a coupler
manufacturing process 800 in accordance with the present disclosure. The process 800
may be performed by any system capable of creating a coupler in accordance with the
present disclosure. For example, the process 800 may be performed by a general
purpose computing system, a special purpose computing system, by an interactive
computerized manufacturing system, by an automated computerized manufacturing
system, or a semiconductor manufacturing system to name a few. In some
embodiments, a user controls the system implementing the manufacturing process.

[0102] The process begins at block 802, where a first conductive trace is
formed on a first side of a dielectric material. The first conductive trace can be made
using a number of conductive materials as is understood by a person of ordinary skill in
the art. For example, the donductive trace may be made of copper. Further, the
dielectric material may include a number of dielectric materials as is understood by a
person of ordinary skill in the art. For example, the dielectric material may be a ceramic
or a metal oxide. In one embodiment, the first conductive trace may be formed on an
insulator.

[0103] At block 804, a width discontinuity is created along each of the longer
edges (those along the abscissa as depicted in FIGs. 3C and 3D) of the first conductive
trace. Although identified separately, the operation associated with the block 804 may
be included as part of the block 802. In certain embodiments, creating the width
discontinuity includes creating a segment of the first trace with a greater width than the
remainder of the first trace by extending the segment of the trace in the ordinate
direction on each side of the first trace, such as the coupler 310 illustrated in FIG. 3C.
Alternatively, creating the width discontinuity includes creating a segment of the first
trace with a narrower width than the remainder of the first trace by reducing the width of
the segment in the ordinate direction on each side of the first trace, such as the coupler
320 illustrated in FIG. 3D. Further, this width discontinuity may be located substantially
at the center of the trace, as illustrated in FIGs. 3C and 3D. Alternatively, the width

discontinuity may be created off-center, including at an end of the first trace.
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[0104] In certain embodiments, the dimensions of the segment with the
greater (or narrower) width on one side of the first trace are substantially equal to the
dimensions of the corresponding segment on the other side of the first trace. In other
embodiments, the dimensions of the segments with the greater (or narrower) width may
differ on each side of the first trace. For example, one segment may be longer. As a
second example, the segment with the greater width on one side of the first trace may
extend further than the segment with the greater width on the other side of the first
trace.

[0105] In certain embodiments, the angle created between the segment of the
first trace with the greater width (or narrower width) and the remainder of the first trace
is substantially 90 degrees. However, in some embodiments, the angle may be less
than or greater than 90 degrees. In some embodiments, the angle on each side of the
segment with the greater (or narrower) width compared to the remainder of the first
trace is substantially equal. In other embodiments, the angle on each side of the
segment may differ. Further, in some embodiments, one or more of the angles
associated with the segment with the great (or narrower) width on one side of the first
trace is equal to one or more of the angles associated with the segment on the other
side of the first trace. In other embodiments, one or more of the angles may differ.

[0106] At block 806, a second conductive trace is formed on a second side of
the dielectric material opposite from the first side of the dielectric material and
substantially aligned with the first conductive trace. In some embodiments, the second
trace is formed on a second side of an insulator opposite from the first side of the
insulator that includes the first trace.

[0107] In certain embodiments, the second conductive trace is formed on a
second dielectric material (or a second insulator) positioned above or below the first
dielectric material (or first insulator). In certain embodiments, the two layers of dielectric
material may be separated by another material, such as an insulator, or by air. In other
embodiments, the first and second conductive traces may be embedded within a
dielectric material with a layer of the dielectric material located between the two
conductive traces. In certain embodiments, the dielectric material may be between a

pair of ground planes, which may each be on a substrate.
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[0108] At block 808, a width discontinuity is created along each of the longer
edges (those along the abscissa as depicted in FIGs. 3C and 3D) of the second
conductive trace. Although identified separately, the operation associated with the
block 808 may be included as part of the block 806.

[0109] lﬁ certain embodiments, the second conductive trace is substantially
identical to the first conductive trace. However, in some embodiments, the width
discontinuities created along each of the longer edges of the second conductive trace
may vary from the width discontinuities created at block 804 along each of the longer
edges of the first conductive trace. Generally, the various embodiments described
above with respect to the blocks 802 and 804 apply to the blocks 806 and 808.

[0110] In certain embodiments, the second conductive trace is positioned
relative to the first conductive trace, with one trace centered above the other trace in the
same vertical plane. In some embodiments, the first conductive trace and the second
conductive trace are aligned in different planes. In some embodiments, the first trace
and the second trace are aligned such that both traces begin at the same point in the
abscissa direction and end at the same point in the abscissa direction, as illustrated in
FIGs. 3C and 3D. Alternatively, the traces may be aligned off-center such that the first
trace and the second trace start and end at different positions in the abscissa direction.

[0111] In some embodiments, a separation or gap is maintained between the
first conductive trace and the second conductive trace. As is understood by a person of
ordinary skill in the art, this gap is selected to enable a desired coupling to the second
trace of a desired portion of the power applied to the first trace. Although in some
embodiments the gap may be filled with air, in a number of embodiments, the gap is
filled with a dielectric material of an insulator.

[0112] In certain embodiments, the dimensions of the first trace and the
second trace, including the different segments of the traces, are selected to maximize
the equivalent directivity for a given coupling factor while minimizing the coupling factor
variation as calculated using equations 6, 4 and 5 respectively for a target operating
frequency. Further, in some embodiments, the dimensions are selected to enable the

coupler to fit within a 3 mm x 3 mm package.
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Third Example of a Coupler Manufacturing Process

[0113] FIG. 9 illustrates a flow diagram for one embodiment of a coupler
manufacturing process 900 in accordance with the present disclosure. The process 900
may be performed by any system capable of creating a coupler in accordance with the
present disclosure. For example, the process 900 may be performed by a general
purpose computing system, a special purpose computing system, by an interactive
computerized manufacturing system, by an automated computerized manufacturing
system, or a semiconductor manufacturing system to name a few. In some
embodiments, a user controls the system implementing the manufacturing process.

[0114] The process begins at block 902, where a first conductive trace is
formed on a dielectric material. The first conductive trace can be made using a number
of conductive materials as is understood by a person of ordinary skill in the art. For
example, the conductive trace may be made of copper. Further, the dielectric material
may include a number of dielectric materials as is understood by a person of ordinary
skill in the art. For example, the dielectric material may be a ceramic or a metal oxide.
In one embodiment, the first conductive trace may be formed on an insulator.

[0115] At block 904, a second conductive trace is formed on the dielectric
material. At block 906, the first conductive trace and the second conductive trace are
positioned relative to each other by aligning the inner conductive edges of the
conductive traces substantially parallel to each other, such as illustrated in FIG. 4A. In
some embodiments, the first trace and the second trace are aligned such that at least
one end of both traces begin at the same point in the abscissa direction, as illustrated in
FIG. 4A. Alternatively, the traces may be aligned such that the first trace and the
second trace start and end at different positions in the abscissa direction.

[0116] In some embodiments, a space or gap is maintained between the first
conductive trace and the second conductive trace. As is understood by a person of
ordinary skill in the art, this gap is selected to enable a desired coupling to the second
trace of a desired portion of the power applied to the first trace.

[0117] In certain embodiments, the first conductive trace and the second
conductive trace are aligned in the same horizontal plane, as illustrated in FIG. 2B for

example. Alternatively, the traces may be in different planes.
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[0118] In some embodiments, the second conductive trace is positioned
relative to the first conductive trace, with one trace centered above the other trace in the
same vertical plane, as illustrated in FIG. 4B for example. In some embodiments, the
first conductive trace and the second conductive trace are aligned in different planes.
Further, some or all of the embodiments described with respect to the process 800 for
positioning the two conductive traces may apply to the process 900.

[0119] At block 908, a connecting trace is formed at a non-zero angle leading
from the first conductive trace, or the main trace of the first conductive trace, to an
output port. In some embodiments, the connecting trace leads from the second
conductive trace, or the main trace of the second conductive trace, to an output port. In
certain embodiments, a first connecting trace may be formed for one conductive trace
leading to the output port, and a second connecting trace may be formed for the other
conductive trace leading to one of the coupled port and the isolated port. Each
connecting trace may be formed at a non-zero angle to its respective conducting trace.

[0120] In some embodiments, between one and three connecting traces may
lead from the first and second conductive traces to the coupler’'s ports. At least one of
the connecting traces is formed at a non-zero angle to its respective conductive trace.

[0121] In certain embodiments, four connecting traces may lead from the first
and second conductive traces to the coupler’s four ports. At least one of the connecting
traces is formed at a non-zero angle to its respective conductive trace and at least one
of the connecting traces is formed at a zero-degree angle to its respective conductive
trace.

[0122] In certain embodiments, as previously described, the connecting traces
may have the same width as the main traces of the conducting traces. Alternatively, the
connecting traces may have a different width. In some embodiments, the connecting
trace may have the same width as the main trace at the point where the main trace and
the connecting trace join. The connecting width may then narrow or broaden as it is
formed towards the associated port, such as the output port.

[0123] In certain embodiments, the dimensions of the connecting trace and
the non-zero angle at which the connecting trace joins to the main trace of the

“conducting trace are selected to maximize the equivalent directivity for a given coupling
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factor while minimizing the coupling factor variation as calculated using equations 6, 4
and 5 respectively for a target operating frequency. Further, in some embodiments, the

dimensions are selected to enable the coupler to fit within a 3 mm x 3 mm package.

Fourth Example of a Coupler Manufacturing Process

[0124] FIG. 10 illustrates a flow diagram for one embodiment of a coupler
manufacturing process 1000 in accordance with the present disclosure. The process
1000 may be performed by any system capable of creating a coupler in accordance with
the present disclosure. For example, the process 1000 may be performed by a general
purpose computing system, a special purpose computing system, by an interactive
computerized manufacturing system, by an automated computerized manufacturing
system, or a semiconductor manufacturing system to name a few. In some
embodiments, a user controls the system implementing the manufacturing process.

[0125] The process begins at block 1002, where a first conductive trace is
formed on a dielectric material. The first conductive trace can be made using a number
of conductive materials as is understood by a person of ordinary skill in the art. For
example, the conductive trace may be made of copper. Further, the dielectric material
may include a number of dielectric materials as is understood by a person of ordinary
skill in the art. For example, the dielectric material may be a ceramic or a metal oxide.
In one embodiment, the first conductive trace may be formed on an insulator.

[0126] At block 1004, a second conductive trace is formed on the dielectric
material. At block 1006, the first conductive trace and the second conductive trace are
positioned relative to each other by aligning the inner conductive edges of the
conductive traces substantially parallel to each other, such as illustrated in FIG. 4A. In
some embodiments, the first trace and the second trace are aligned such that at least
one end of both traces begin at the same point in the abscissa direction, as illustrated in
FIG. 4A. Alternatively, the traces may be aligned such that the first trace and the
second trace start and end at different positions in the abscissa direction.

[0127] In some embodiments, a space or gap is maintained between the first

conductive trace and the second conductive trace. As is understood by a person of
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ordinary skill in the art, this gap is selected to enable a desired coupling to the second
trace of a desired portion of the power applied to the first trace.

[0128] In certain embodiments, the first conductive trace and the second
conductive trace are aligned in the same horizontal plane, as illustrated in FIG. 2B for
example. Alternatively, the traces may be in different planes.

[0129] In some embodiments, the second conductive trace is positioned
relative to the first conductive trace, with one trace centered above the other trace in the
same vertical plane, as illustrated in FIG. 5 for example. In some embodiments, the first
conductive trace and the second conductive trace are aligned in different planes.
Further, some or all of the embodiments described with respect to the process 800 for
pbsitioning the two conductive traces may apply to the process 1000.

[0130] At block 1008, a first capacitor is connected to the end of the first trace
leading to the output port of the conductor. At block 1010, a second capacitor is
connected to the end of the second trace léading to the isolated port. Alternatively, the
second capacitor may be connected to the end of the second trace leading to the
coupled port. In some embodiments, block 1010 is optional. In some embodiments, a
first capacitor is connected at the end of the second trace leading to one of the coupled
port and the isolated port without a second capacitor connected to the first trace.

[0131] In certain embodiments, the capacitor and/or the second capacitor are
embedded capacitors. In some embodiments, the capacitor and/or the second
capacitor are floating capacitors.

[0132] In certain embodiments, the characteristics of the capacitor and/or
second capacitor are selected to maximize the equivalent directivity for a given coupling
factor while minimizing the coupling factor variation as calculated using equations 6, 4
and 5 respectively for a target operating frequency. Further, in some embodiments, the
characteristics of the capacitor and/or second capacitor are selected to enable the
coupler to be reduced in size sufficiently to fit within a 3 mm x 3 mm package. In a
number of implementations, the characteristics of the capacitor can include any
characteristics associated with a capacitor or the placement of the capacitor. For
example, the characteristics can include the value of the capacitor, or its capacitance,

the geometry of the capacitor, the placement of the capacitor relative to one or both
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traces of the coupler, the placement of the capacitor relative to one or more of the ports
of the coupler, and the placement of the capacitor relative to other components in

communication with the coupler, to name a few.

Experimental Results for an Edge Strip Coupler

[0133] A number of designs were simulated and tested for each of the coupler
designs disclosed herein. Two of these designs are based on the embodiment
illustrated in FIG. 2C. The results for these designs are identified as “Design 2" and
Design 3" in Table 1 below. The resuits listed for “Design 1” in Table 1 below are for a

comparison example based on FIG. 2A.

[0134]
Table 1
Directivity (dB) Equivalent Directivity (dB) | Coupling Factor (dB) | S,, (dB)
| Design 1 23 23 20 -33
Design 2 27 30 20 -29
Design 3 27 55 20 -27

[0135] The three designs each have a target frequency of 782 MHz and are
designed on a 4-layer substrate with a 50 um spacing or gap width between the two
traces. The widths at the ends of the traces, W in FIG. 2A for Design 1 and W1 in FIG.
2C for Designs 2 and 3, for all three designs is 1000 um. The length of the two traces, L
in FIG. 2A for Design 1 is 8000 um. For Designs 1 and 2, the length of the three
segments of the two traces are as follows: L1 is 1500 um, L2 is 4400 um, and L3 is
2100 um. Thus, as with Design 1, the total length of each of the two traces in Designs 1
and 2 is also 8000 um. In addition, the designs were created to have a coupling factor
of 20 dB. Thus, the difference between the three designs is in the center-width of the
two traces, and in the length, L3 in FIG. 2C, of the center segments.

[0136] For Design 1, the comparison example, the center-width is the same
as the width at the end of the traces, 1000 um, as the traces remain uniform over the
entire length of the traces. The selection of these physical dimensions results in a |
Directivity of 23 dB, with a similar equivalent directiVity of 23 dB. For Design 2, the
center-width, the summation of W1 and W2 in FIG. 2C, is 1200 um. Thus, the width W2
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is 200 um. As can be seen from Table 1, by introducing the discontinuity, the equivalent
directivity, as calculated from equation 6, increases to 30 dB, an improvement of 3 dB
over the 27 dB directivity for Design 2. Moreover, comparing Design 1 and Design 2,
the reflection at the output port, Sy, increases from -33 dB to -29 dB. This increase
reduces the peak-to-peak error, or the coupling factor variation, as calculated using
equation 5.

[0137] As can be seen from Table 1, Design 3 provides improved results over
both Design 1 and Design 2. As described above, Design 3 shares a number of design
features with Design 2. However, Design 3 has a center-width of 1400 um. Thus, the
width W2 for Design 3 is 400 um. With the center width increasing, reflection at the
output port of the main arm becomes higher, S, increases to -27 dB, and the equivalent
directivity, benefiting from the cancellation effect caused by the intended mismatch,
increases to 55 dB. Thus, as can be seen from Table 1, introducing mismatch through
a discontinuity in the center width of the traces improves directivity while reducing

coupling factor variation for a target operating frequency.

Experimental Results for a Layered Angled Coupler
[0138] FIGs. 11A illustrates an embodiment of a 3 mm x 3 mm PAM that uses

a layered angled coupler in accordance with the present disclosure. Further, FiGs.

11B—C illustrate both measured and simulated results for the coupler used with the
PAM of FIG. 11A. FIG. 11A illustrates a PAM 1100 with a VSWR 2.5:1. The PAM 1100
includes a layered angled coupler 1102. As can be seen from FIG. 11A, the coupler
1102 is similar in design to that described with respect to FIG. 4B. The first trace, the
bottom trace, of the coupler 1102 is connected to the output port with the use of a pair
of angled connecting traces 1104. The first connecting trace connects the main arm to
a via leading to another layer. The second connecting trace leads from the via to
another via in yet another layer. Although the PAM 1100 illustrates two connecting
traces for the coupler 1102, in certain embodiments, one or more connecting traces
may be used to connect the main arm of a conducting trace to the output port. In a
number of implementations, the predominant impact on directivity and coupling factor

variation is a result of the angle between the first connecting trace and the main arm.
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However, in some embodiments, the angle between the first connecting trace and
additional connecting traces may also affect the values of the directivity and coupling
factor variation for the coupler 1102. Similarly, in some embodiments, the angle
between the connecting trace and the port may affect the values of the directivity and
coupling factor variation for the coupler 1102.

[0139] In the illustrated coupler 1102 of FIG. 11A, the optimum angle of
connection between the first connecting trace or connecting arm and the main arm was
determined to be 145 degrees for the coupler 1102. This value was determined by
sweeping the angle between 45 and 165 degrees. In certain embodiments, the
optimum angle may differ from the angle determined for the coupler 1102.

[0140] As with the couplers described in the previous section, the coupler
1102 was created on a 4-layer substrate and was designed for a frequency of 782 MHz.
The orientation of the connecting traces 1104 between the arms and the vias was
adjusted to obtain a high equivalent directivity as can be seen from the graphs of FIG.
11B. Graph 1112 and graph 1116 depict coupler directivity for a coupler without angled
connecting traces and for coupler 1102 respectively. As can be seen from the two
graphs, the coupler directivity improves from 24.4 dB to 28.4 dB with an output return
loss of -20.7 dB as illustrated in graph 1118.

[0141] Referring to FIG. 11C, it can be seen from graph 1122 that the peak-
to-peak error measurement for the PAM with VSWR 2.5:1 shows a 0.3 dB variation.
Thus, although an intentional mismatch is introduced, the same coupling factor variation

is achieved as is expected for a matched 28 dB coupler.

Experimental Results for an Embedded Capacitor Coupler

[0142] FIGs. 12A-B illustrate an example simulated design and comparison
design, and simulation results for an embedded capacitor coupler in accordance with
the present disclosure. FIG. 12A shows two side-coupled strip couplers designed for
1.88 GHz included with circuits 1202 and 1206. The circuit 1202 also includes an
embedded capacitor 1204 connected to the output port of the coupler. The circuit 1206
does not include an embedded capacitor. Both the circuits 1202 and 1206 are

simulations of 3 mm x 3 mm PAMs. In a number of embodiments, the embedded

-34.



WO 2012/016087 PCT/US2011/045799

capacitor 1204 is selected to improve peak-to-peak error, or coupling coefficient
variation. The embedded capacitor 1204 can be of any shape. Further, in some
embodiments, .the capacitor 1204 can be located at any substrate layer. In certain
embodiments, the capacitor 1204 can be located at any layer except the ground layer.
In a number of implementations, the parasitic capacitance can be varied based on
selected implementation requirements. In the simulated design illustrated in FIG. 12A,
a parasitic capacitance of less than 0.1 pF was maintained.

[0143] Simulation results for the two designs demonstrate that the peak-to-
peak error for the coupler with the embedded capacitor is reduced from 0.93 dB to 0.83
dB compared to the coupler without the embedded capacitor. This can be seen from
graph 1212 and graph 1214 of FIG. 12B. Further, the improvement in the peak-to-peak

error reading indicates an improvement in the equivalent directivity.

Experimental Results for a Floating Capacitor Coupler

[0144] FIGs. 13A-B illustrate an example simulated design and comparison
design, and simulation results for a floating capacitor coupler in accordance with the
present disclosure. FIG. 13A shows two side-coupled strip couplers designed for 1.88
GHz included with circuits 1302 and 1304. The couplers were created on a 6-layer
substrate. In the depicted embodiments, the first trace, or the main line, associated with
the input port and the output port is located on Layer 2. The second trace, or the
coupled line, associated with the coupled port and the isolated port is located on Layer
3. However, the couplers are not limited as depicted and the traces may be located on
different layers and/or associated with a substrate of a different number of layers.

[0145] Both the circuits 1302 and 1304 are simulations of 3 mm x 3 mm
PAMs. The circuit 1304 also includes a pair of floating capacitors 1306 and 1308
connected to the coupler. The floating capacitor 1308 is connected to the output port
and the floating capacitor 1306 is connected to the isolated port of the coupler. Both of
the floating capacitors 1306 and 1308 are selected to improve peak-to-peak error, or
coupling coefficient variation. As with the embedded capacitor 1204, the floating
capacitors 1306 and 1308 can be created in any shape. In the depicted embodiment,
the floating capacitors 1306 and 1308 were both located on Layer 5 of the substrate.
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However, they can be located at any layer. In some embodiments, the floating
capacitors 1306 and 1308 can be located at any layer except for the ground layer. In a
number of embodiments, the parasitic capacitance can be varied based on selected
implementation requirements. In the simulated design illustrated in FIG. 13A, a
parasitic capacitance of 0.2 pF and 0.6 pF was maintained for the floating capacitors
1306 and 1308 respectively. Although two capacitors are illustrated, one or more
capacitors may be used with the coupler of the circuit 1304. The circuit 1302 does not
include a floating capacitor.

[0146] Simulation results for the two designs demonstrate that the peak-to-
peak error for the coupler with the floating capacitors is reduced from 0.57 dB to 0.25
dB compared to the coupler without the floating capacitors. This can be seen from
graph 1314 and graph 1318 of FIG. 13B. Further, the equivalent directivity is improved
from 17.9 dB to 18.1 dB. The coupling is slightly reduced from 19.8 dB to 19.7 dB as
seen from graph 1312 and 1316.

Additional Embodiments

[0147] In accordance with some embodiments, the present disclosure relates
to a coupler with high-directivity and low coupler factor variation that can be used with,
for example, a 3 mm x 3 mm Power Amplifier Module (PAM). The coupler includes a
first trace, which includes a first edge substantially parallel to a second edge and
substantially equal in length to the second edge. The first trace further includes a third
edge substantially parallel to a fourth edge. The fourth edge is divided into three
segments. A first segment and a third segment of the three segments are a first
distance from the third edge. The second segment, located between the first segment
and the third segment, is a second distance from the third edge. Further, the coupler
includes a second trace, which includes a first edge substantially parallel to a second
edge and substantially equal in length to the second edge. The second trace further
includes a third edge substantially parallel to a fourth edge. The fourth edge is divided
into three segments. A first segment and a third segment of the three segments are a
first distance from the third edge. The second segment, located between the first

segment and the third segment, is a second distance from the third edge.
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[0148] In some embodiments, the three segments of the first trace and the
three segments of the second trace may create a discontinuity that induces mismatch at
an output port of the coupler thereby enabling a reduction in size of the coupler to fit in a
3 mm by 3 mm module.

[0149] In some embodiments, the first trace and the second trace may be
located relative to each other in the same horizontal plane.

[0150] In certain implementations, the third edge of the first trace may be
aligned along the third edge of the second trace.

[0151] For some embodiments, the third edge of the first trace may be
separated at least a pre-determined minimum distance from the third edge of the
second trace.

[0152] In some cases, the first distance of the first trace may differ from the
second distance of the first trace and the first distance of the second trace differs from
the second distance of the second trace.

[0153] In certain embodiments, the first distance of the first trace may be less
than the second distance of the first trace and the first distance of the second trace may
be less than the second distance of the second trace.

[0154] In other embodiments, the first distance of the first trace may be
greater than the second distance of the first trace and the first distance of the second
trace may be greater than the second distance of the second trace.

[0155] In some embodiments, the first distance of the first trace can be equal
to the first distance of the second trace and the second distance of the first trace can be
equal to the second distance of the second trace.

[0156] For some implementations, the first trace may be located above the
second trace.

[0157] In certain embodiments, the coupler may include a dielectric material
between the first trace and the second trace.

[0158] In some embodiments, the third edge of the first trace may be divided
into three segments and the third edge of the second trace may be divided into three

segments.
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[0159] In certain cases, the dimensions of the first trace and the dimensions
of the second trace may be substantially equal. |

[0160] In particular embodiments, the first segment and the third segment of
the first trace can be of substantially equal length and the first segment and the third
segment of the second trace can be of substantially equal length.

[0161] In a number of embodiments, the first distance and the second
distance of the first trace and the first distance and the second distance of the second
trace can be selected to reduce coupling factor variation for a pre-determined coupling
factor at a pre-determined set of frequencies. The coupling factor may be calculated
using the equation (4) above, and the coupling factor variation may be calculated using
the equation (5) above.

[0162] In a number of embodiments, the lengths of the three segments of the
first trace and the lengths of the three segments of the second trace may be selected to
reduce coupling factor variation for a pre-determined coupling factor at a pre-
determined set of frequencies. The coupling factor may be calculated using the
equation (4) above, and the coupling factor variation may be calculated using the
equation (5) above.

[0163] In accordance with some embodiments, the present disclosure relates
to a packaged chip that includes a coupler with high-directivity and low coupler factor
variation that can be used with, for example, a 3 mm x 3 mm PAM. The coupler
includes a first trace, which includes a first edge substantially parallel to a second edge
and substantially equal in length to the second edge. The first trace further includes a
third edge substantially parallel to a fourth edge. The fourth edge is divided into three
segments. A first segment and a third segment of the three segments are a first
distance from the third edge. ‘The second segment, located between the first segment
and the third segment, is a second distance from the third edge. Further, the coupler
includes a second trace, which includes a first edge substantially parallel to a second
edge and substantially equal in length to the second edge. The second trace further
includes a third edge substantially parallel to a fourth edge. The fourth edge is divided

into three segments. A first segment and a third segment of the three segments are a
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first distance from the third edge. The second segment, located between the first
segment and the third segment, is a second distance from the third edge.

[0164] [n some embodiments, the first trace and the second trace may be
located relative to each other in the same horizontal plane.

[0165] In certain implementations, the third edge of the first trace may be
aligned along the third edge of the second trace.

[0166] In certain embodiments, the first distance of the first trace may be less
than the second distance of the first trace and the first distance of the second trace may
be less than the second distance of the second trace.

[0167] In other embodiments, the first distance of the first trace may be
greater than the second distance of the first trace and the first distance of the second

trace may be greater than the second distance of the second trace.
| [0168] For some implementations, the first trace may be located above the
second trace.

[0169] In some embodiments, the third edge of the first trace may be divided
into three segments and the third edge of the second trace may be divided into three
segments.

[0170] In a number of embodiments, the first distance and the second
distance of the first trace and the first distance and the second distance of the second
trace can be selected to reduce coupling factor variation for a pre-determined coupling
factor at a pre-determined set of frequencies. The coupling factor may be calculated
using the equation (4) above, and the coupling factor variation may be calculated using
the equation (5) above.

[0171] In a number of embodiments, the lengths of the three segments of the
first trace and the lengths of the three segments of the second trace may be selected to
reduce coupling factor variation for a pre-determined coupling factor at a pre-
determined set of frequencies. The coupling factor may be calculated using the
equation (4) above, and the coupling factor variation may be calculated using the
equation (5) above.

[0172] In accordance with some embodiments, the present disclosure relates

to a wireless device that includes a coupler with high-directivity and low coupler factor
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variation that can be used with, for example, a 3 mm x 3 mm PAM. The coupler
includes a first trace, which includes a first edge substantially parallel to a second edge
and substantially equal in length to the second edge. The first trace further includes a
third edge substantially parallel to a fourth edge. The fourth edge is divided into three
segments. A first segment and a third segment of the three segments are a first
distance from the third edge. The second segment, located between the first segment
and the third segment, is a second distance from the third edge. Further, the coupler
includes a second trace, which includes a first edge substantially parallel to a second
edge and substantially equal in length to the second edge. The second trace further
includes a third edge substantially parallel to a fourth edge. The fourth edge is divided
into three segments. A first segment and a third segment of the three segments are a
first distance from the third edge. The second segment, located between the first
segment and the third segment, is a second distance from the third edge.

[0173] In some embodiments, the first trace and the second trace may be
located relative to each other in the same horizontal plane.

[0174] In certain implementations, the third edge of the first trace may be
aligned along the third edge of the second trace. |

[0175] In certain embodiments, the first distance of the first trace may be less
than the second distance of the first trace and the first distance of the second trace may
be less than the second distance of the seéond trace.

[0176] In other embodiments, the first distance of the first trace may be
greater than the second distance of the first trace and the first distance of the second
trace may be greater than the second distance of the second trace.

[0177] For some implementations, the first trace may be located above the
second trace.

[0178] In some embodiments, the third edge of the first trace may be divided
into three segments and the third edge of the second trace may be divided into three
segments.

[0179] In a number of embodiments, the first distance and the second
distance of the first trace and the first distance and thé second distance of the second

trace can be selected to reduce coupling factor variation for a pre-determined coupling
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factor at a pre-determined set of frequencies. The coupling factor may be calculated
using the equation (4) above, and the coupling factor variation may be calculated using
the equation (5) above.

[0180] In a number of embodiments, the lengths of the three segments of the
first trace and the lengths of the three segments of the second trace may be selected to
reduce coupling factor variation for a pre-determined coupling factor at a pre-
determined set of frequencies. The coupling factor may be calculated using the
equaﬁon (4) above, and the coupling factor variation may be calculated using the
equation (5) above.

[0181] In accordance with some embodiments, the present disclosure relates
to a strip coupler with high-directivity and low coupler factor variation that can be used
with, for example, a 3 mm x 3 mm PAM. The strip coupler includes a first strip and a
second strip positioned relative to each other. Each strip has an inner coupling edge
and an outer edge. The outer edge has one segment where a width of the strip differs
from one or more additional widths associated with one or more additional segments of
the strip. Further, the strip coupler includes a first port configured substantially as an
input port and associated with the first strip. The strip coupler also includes a second
port configured substantially as an output port and associated with the first strip. In
addition, the strip coupler includes a third port configured substantially as a coupled port
and associated with the second strip. The strip coupler further includes a fourth port
configured substantially as an isolated port and associated with the second strip.

[0182] In certain embodiments, the isolated port is terminated.

[0183] In accordance with some embodiments, the present disclosure relates
to a method of manufacturing a coupler with high-directivity and low coupler factor
variation that can be used with, for example, a 3 mm x 3 mm PAM. The method
includes forming a first trace, which includes a first edge substantially parallel to a
second edge and substantially equal in length to the second edge. The first trace
further includes a third edge substantially parallel to a fourth edge. The fourth edge is
divided into three segments. A first segment and a third segment of the three segments
are a first distance from the third edge. The second segment, located between the first

segment and the third segment, is a second distance from the third edge. Further, the
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method includes forming a second trace, which includes a first edge substantially
parallel to a second edge and substantially equal in length to the second edge. The
second trace further includes a third edge substantially parallel to a fourth edge. The
fourth edge is divided into three segments. A first segment and a third segment of the
three segments are a first distance from the third edge. The second segment, located
between the first segment and the third segment, is a second distance from the third
edge.

[0184] In certain embodiments, the method may include positioning the first
trace relative to the second trace in the same horizontal plane.

[0185] In some embodiments, the method can include aligning the third edge
of the first trace along the third edge of the second trace.

[0186] In a number of embodiments, the first distance of the first trace can
differ from the second distance of the first trace and the first distance of the second
trace can differ from the second distance of the second trace.

[0187] In some embodiments, the first distance of the first trace may be less
than the second distance of the first trace and the first distance of the second trace may
be less than the second distance of the second tfrace.

[0188] For certain embodiments, the first distance of the first trace may be
greater than the second distance of the first trace and the first distance of the second
trace may be greater than the second distance of the second trace.

[0189] For a number of embodiments, the first distance of the first trace can
be equal to the first distance of the second trace and the second distance of the first
trace can be equal to the second distance of the second trace. |

[0190] In certain embodiments, the method can include positioning the first
trace above the second trace.

[0191] In a number of embodiments, the method can include forming a layer
of dielectric material between the first trace and the second trace.

[0192] In some implementations, the third edge of the first trace can be
divided into three segments and the third edge of the second trace can be divided into

three segments.
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[0193] In certain implementations, the dimensions of the first trace and the
dimensions of the second trace may be substantially equal.

[0194] In a number of implementations, the first segment and the third
segment of the first trace may be of substantially equal length and the first segment and
the third segment of the second trace may be of substantially equal length.

[0195] In particular embodiments, the method can include selecting the first
distance and the second distance of the first trace and the first distance and the second
distance of the second trace to reduce coupling factor variation for a pre-determined
coupling factor at a pre-determined set of frequencies. The coupling factor may be
calculated using the equation (4) above, and the coupling factor variation may be
calculated using the equation (5) above.

[0196] [n certain embodiments, the method can include selecting the lengths
of the three segments of the first trace and the lengths of the three segments of the
second trace to reduce coupling factor variation for a pre-determined coupling factor at
a pre-determined set of frequencies. The coupling factor may be calculated using the
equation (4) above, and the coupling factor variation may be calculated using the
equation (5) above.

[0197] In accordance with some embodiments, the present disclosure relates
to a coupler with high-directivity and low coupler factor variation that can be used with,
for example, a 3 mm x 3 mm PAM. The coupler includes a first trace associated with a
first port and a second port. Thé first trace includes a first main arm, a first connecting
trace connecting the first main arm to the second port, and a non-zero angle between
the first main arm and the first connecting trace. Further, the coupler includes a second
trace associated with a third port and a fourth port. The second trace includes a second
main arm.

[0198] In certain embodiments, the non-zero angle between the first main arm
and the first connecting trace may create a discontinuity that induces a mismatch at an
output port of the coupler thereby enabling a reduction in size of the coupler to fitin a 3
mm by 3 mm module.

[0199] In a number of implementations, the non-zero angle may be between

approximately 90 degrees and 165 degrees.
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[0200] In some embodiments, the non-zero angle can be approximately 145
degrees.

[0201] In some implementations, the first main arm and the second main arm
may be located relative to each other in the same horizontal plane.

[0202] In particular embodiments, the width of the first main arm and the width
of the first connecting trace can be substantially equal.

[0203] - In some cases, the width of the first connecting trace may decrease as
the first connecting trace extends from the first main arm to the second port.

[0204] In particular implementations, the second main arm connects with the
fourth port through a via.

[0205] In certain embodiments, the second trace can include a second
connecting trace connecting the second main arm to the fourth port.

[0206] In a number of embodiments, an angle between the second main arm
and the second connecting trace can be substantially zero.

[0207] For some embodiments, the first main arm and the second main arm
can be substantially rectangular.

[0208] For some implementations, the first main arm and the second main
arm may be substantially the same size.

[0209] For certain embodiments, the first trace and the second trace may be
on different layers.

[0210] In a number of embodiments, the first trace may be located above the
second trace.

[0211] In other embodiments, the first trace may be located below the second
trace.

[0212] In some embodiments, the coupler may include a dielectric material
between the first trace and the second trace. ‘

[0213] For certain embodiments, the first main arm and the second main may
be different sizes.

[0214] In certain embodiments, the non-zero angle is selected to reduce

coupling factor variation for a pre-determined coupling factor at a pre-determined set of
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frequencies. The coupling factor may be calculated using the equation (4) above, and
the coupling factor variation may be calculated using the equation (5) above.

[0215] In accordance with some embodiments, the present disclosure relates
to a packaged chip that includes a coupler with high-directivity and low coupler factor
variation that can be used with, for example, a 3 mm x 3 mm PAM. The coupler
includes a first trace associated with a first port and a second port. The first trace
includes a first main arm, a first connecting trace connecting the first main arm to the
second port, and a non-zero angle between the first main arm and the first connecting
trace. Further, the coupler includes a second trace associated with a third port and a
fourth port. The second trace includes a second main arm.

[0216] In a number of implementations, the non-zero angle may be between
approximately 90 degrees and 165 degrees.

[0217] In some embodiments, the non-zero angle can be approximately 145
degrees.

[0218] In some implementations, the first main arm and the second main arm
may be located relative to each other in the same horizontal plane. _

[0219] In particular implementations, the second main arm connects with the
fourth port through a via.

[0220] In certain embodiments, the second trace can include a second
connecting trace connecting the second main arm to the fourth port.

[0221] In a number of embodiments, an angle between the second main arm
and the second connecting trace can be substantially zero.

[0222] For certain embodiments, the first trace and the second trace may be
on different layers.

[0223] In a number of embodiments, the first trace may be located above the
second trace.

[0224] In other embodiments, the first trace may be located below the second
trace.

[0225] In some embodiments, the coupler may include a dielectric material

between the first trace and the second trace.
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[0226] In certain embodiments, the non-zero angle is selected to reduce
coupling factor variation for a pre-determined coupling factor at a pre-determined set of
frequencies. The coupling factor may be calculated using the equation (4) above, and
the coupling factor variation may be calculated using the equation (5) above.

[0227] In accordance with some embodiments, the present disclosure relates
to a wireless device that includes a coupler with high-directivity and low coupler factor
variation that can be used with, for example, a 3 mm x 3 mm PAM. The coupler
includes a first trace associated with a first port and a second port. The first trace
includes a first main arm, a first connecting trace connecting the first main arm to the
second port, and a non-zero angle between the first main arm and the first connecting
trace. Further, the coupler includes a second trace associated with a third port and a
fourth port. The second trace includes a second main arm.

[0228] In a number of implementations, the non-zero angle may be between
approximately 90 degrees and 165 degrees.

[0229] In some embodiments, the non-zero angle can be approximately 145
degrees.

[0230] In some implementations, the first main arm and the second main arm
may be located relative to each other in the same horizontal plane.

[0231] In particular implementations, the second main arm connects with the
fourth port through a via.

[0232] | In certain embodiments, the second trace can include a second
connecting trace connecting the second main arm to the fourth port.

[0233] In a number of embodiments, an angle between the second main arm
and the second connecting trace can be substantially zero.

[0234] For certain embodiments, the first trace and the second trace may be
on different layers.

[0235] In a number of embodiments, the first trace may be located above the
second trace.

[0236] In other embodiments, the first trace may be located below the second

trace.
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[0237] In some embodiments, the coupler may include a dielectric material
between the first trace and the second trace.

[0238] In certain embodiments, the non-zero angle is selected to reduce
coupling factor variation for a pre-determined coupling factor at a pre-determined set of
frequencies. The coupling factor may be calculated using the equation (4) above, and
the coupling factor variation may be calculated using the equation (5) above.

[0239] In accordance with some embodiments, the present disclosure relates
to a strip coupler with high-directivity and low coupler factor variation that can be used
with, for example, a 3 mm x 3 mm PAM. The strip coupler including a first strip and a
second strip positioned relative to each other. Each strip has an inner coupling edge
and an outer edge. The first strip includes a connecting trace connecting a main arm of
the first strip to a second port. The connecting trace and the main arm are joined at a
non-zero angle. The second strip includes a main arm communicating with a fourth port
without the main arm joined to a connecting trace at a non-zero angle. The strip coupler
further includes a first port configured substantially as an input port and associated with
the first strip. The second port is configured substantially as an output port and
associated with the first strip. In addition, the strip coupler includes a third port
configured substantially as a coupled port and associated with the second strip. The
fourth port is configured substantially as an isolated port and associated with the second
strip.

[0240] In a number of implementations, the isolated port may be terminated.

[0241] In accordance with some embodiments, the present disclosure relates
to a method of manufacturing a coupler with high-directivity and low coupler factor
variation that can be used with, for example, a 3 mm x 3 mm PAM. The method
includes forming a first trace associated with a first port and a second port. The first
trace includes a first main arm, a first connecting trace connecting the first main arm to
the second port, and a non-zero angle between the first main arm and the first
connecting trace. The method further includes fo'rming a second trace associated with
a third port and a fourth port. The second trace includes a second main arm.

[0242] In a number of implementations, the non-zero angle may be between

approximately 90 degrees and 165 degrees.
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[0243] In some embodiments, the non-zero angle can be approximately 145
degrees.

[0244] In some implementations, the first main arm and the second main arm
may be located relative to each other in the same horizontal plane.

[0245] In particular embodiments, the width of the first main arm and the width
of the first connecting trace can be substantially equal.

[0246] In some cases, the method can include decreasing the width of the first
connecting trace as the first connecting trace extends from the first main arm to the
second port.

[0247] In particular embodiments, the method can include connecting the
second main arm with the fourth port through a via.

[0248] In certain embodiments, the second trace can include a second
connecting trace connecting the second main arm to the fourth port.

[0249] In a number of embodiments, an angle between the second main arm
and the second connecting trace can be substantially zero.

[0250] For some embodiments, the first main arm and the second main arm
can be substantially rectangular.

[0251] For some implementations, the first main arm and the second main
arm may be substantially the same size.

[0252] For certain embodiments, the first trace and the second trace may be
on different layers.

[0253] [n a number of embodiments, the first trace may be located above the
second trace.

[0254] In other embodiments, the first trace may be located below the second
trace. '

[0255] In some embodiments, the method may include forming a layer of
dielectric material between the first trace and the second trace.

[0256] For certain embodiments, the first main arm and the second main may
be different sizes.

[0257] In certain embodiments, the method may include selecting the non-

zero angle to reduce coupling factor variation for a pre-determined coupling factor at a
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pre-determined set of frequencies. The coupling factor may be calculated using the
equation (4) above, and the coupling factor variation may be calculated using the
equation (5) above.

[0258] In accordance with some embodiments, the present disclosure relates
to a coupler with high-directivity and low coupler factor variation that can be used with,
for example, a 3 mm x 3 mm PAM. The coupler includes a fi.rst trace associated with a
first port and a second port. The first port is configured substantially as an input port
and the second port is configured substantially as an output port. The coupler further
includes a second trace associated with a third port and a fourth port. The third port is
configured substantially as a coupled port and the fourth port is configured substantially
as an isolated port. In addition, the coupler includes a first capacitor configured to
introduce a discontinuity to induce a mismatch in the coupler.

[0259] In some embodiments, the discontinuity created by the first capacitor
may enable a reduction in size of the coupler to fit in a 3 mm by 3 mm module.

[0260] In a number of implementations, the first capacitor may be an
embedded capacitor. |

[0261] In certain embodiments, the first capacitor can be a floating capacitor.

[0262] For a number of embodiments, the first capacitor may be in
communication with the second port.

[0263] For some embodiments, the coupler may include a second capacitor.
This second capacitor may be in communication with the fourth port.

| [0264] In some implementations, the first capacitor may be in communication
with the fourth port.

[0265] In some embodiments, the first trace and the second trace may be
located relative to each other in the same horizontal plane.

[0266] For certain implementations, the first trace and the second trace can
be on different layers.

[0267] In a number of embodiments, the first trace may be located above the
second frace.

[0268] For other embodiments, the first trace may be located below the

second trace.
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[0269] In a number of implementations, the coupler can include a dielectric
material between the first trace and the second trace.

[0270] In particular embodiments, the isolated port may be terminated.

[0271] In certain embodiments, a capacitance value of the capacitor may be
selected to reduce coupling factor variation for a pre-determined coupling factor at a
pre-determined set of frequencies. The coupling factor may be calculated using the
equation (4) above, and the coupling factor variation may be calculated using the
equation (5) above.

[0272] In some implementations, one or more of a geometry of the capacitor
and a placement of the capacitor is selected to reduce the coupling factor variation.

[0273] In accordance with some embodiments, the present disclosure relates
to a packaged chip that includes a coupler with high-directivity and low coupler factor
variation that can be used with, for example, a 3 mm x 3 mm PAM. The coupler
includes a first trace associated with a first port and a second port. The first port is
configured substantially as an input port and the second port is configured substantially
as an output port. The coupler further includes a second trace associated with a third
port and a fourth port. The third port is configured substantially as a coupled port and
the fourth port is configured substantially as an isolated port. In addition,' the coupler
includes a first capacitor configured to introduce a discontinuity to induce a mismatch in
the coupler.

[0274] In a number of implementations, the first capacitor may be an
embedded capacitor.

[0275] In certain embodiments, the first capacitor can be a floating capacitor.

[0276] For a number of embodiments, the first capacitor may be in
communication with the second port.

[0277] For some embodiments, the coupler may include a second capacitor.
This second capacitor may be in communication with the fourth port.

[0278] In some implementations, the first capacitor may be in communication
with the fourth port.

[0279] In some embodiments, the first trace and the second trace may be

located relative to each other in the same horizontal plane.
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[0280] For certain implementations, the first trace and the second trace can
be on different layers.

[0281] In a number of embodiments, the first trace may be located above the
second trace.

[0282] For other embodiments, the first trace may be located below the
second trace.

[0283] In a number of implementations, the coupler can include a dielectric
material between the first trace and the second trace.

[0284] In particular embodiments, the isolated port may be terminated.

[0285] In certain embodiments, a capacitance value of the capacitor may be
selected to reduce coupling factor variation for a pre-determined coupling factor at a
pre-determined set of frequenciés. The coupling factor may be calculated using the
equation (4) above, and the coupling factor variation may be calculated using the
equation (5) above.

[0286] In accordance with some embodiments, the present disclosure relates
to a wireless device that includes a coupler with high-direbctivity and low coupler factor
variation that can be used with, for example, a 3 mm x 3 mm PAM. The coupler
includes a first trace associated with a first port and a second port. The first port is
configured substantially as an input port and the second port is configured substantially
as an output port. The coupler further includes a second trace associated with a third
port and a fourth port. The third port is configured substantially as a coupled port and
the fourth port is configured substantially as an isolated port. In addition, the coupler
includes a first capacitor configured to introduce a discontinuity to induce a mismatch in
the coupler.

[0287] In a number of implementations, the first capacitor may be an
embedded capacitor.

[0288] In certain embodiments, the first capacitor can be a floating capacitor.

[0289] For a number of embodiments, the first capacitor may be in
communication with the second port. v

[0290] For some embodiments, the coupler may include a second capacitor.

This second capacitor may be in communication with the fourth port.
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[0291] In some implementations, the first capacitor may be in communication
with the fourth port.

[0292] [n some embodiments, the first trace and the second trace may be
located relative to each other in the same horizontal plane.

[0293] For certain implementations, the first trace and the second trace can
be on different layers.

[0294] In a number of embodiments, the first trace may be located above the
second trace.

[0205] For other embodiments, the first trace may be located below the
second trace.

[0296] In a number of implementations, the coupler can include a dielectric
material between the first trace and the second trace.

[0297] In particular embodiments, the isolated port may be terminated.

[0298] In certain embodiments, a capacitance value of the capacitor may be
selected to reduce coupling factor variation for a pre-determined coupling factor at a
pre-determined set of frequencies. The coupling factor may be calculated using the
equation (4) above, and the coupling factor variation may be calculated using the
equation (5) above.

[0299] In accordance with some embodiments, the present disclosure relates
to a method of manufacturing a coupler with high-directivity and low coupler factor
variation that can be used with, for example, a 3 mm x 3 mm PAM. The method
includes forming a first trace associated with a first port and a second port. The first
port is configured substantially as an input port and the second port is configured
substantially as an output port. The method further includes forming a second trace
associated with a third port and a fourth port. The third port is configured substantially
as a coupled port and the fourth port is configured substantially as an isolated port. In
addition, the method includes connecting a first capacitor to the second port. The first
capacitor is configured to introduce a discontinuity to induce a mismatch in the coupler.

[0300] In a number of implementations, the first capacitor may be an
embedded capacitor.

[0301] In certain embodiments, the first capacitor can be a floating capacitor.
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[0302] For a number of embodiments, the method may include connecting a
second capacitor to the fourth port.

[0303] In some implementations, the first capacitor may be in communication
with the fourth port.

[0304] In some embodiments, the first trace and the second trace may be
located relative to each other in the same horizontal plane.

[0305] For certain implementations, the first trace and the second trace can
be on different layers.

[0306] In a number of embodiments, the first trace may be located above the
second trace.

[0307] For other embodiments, the first trace may be located below the
second tfrace.

[0308] In a number of implémentations, the method may include forming a
layer of dielectric material between the first trace and the second trace.

[0309] - In particular embodiments, the method may include terminating the
isolated port.

[0310] In certain embodiments, the method may include selecting a
capacitance value of the capacitor to reduce coupling factor variation for a pre-
determined coupling factor at a pre-determined set of frequencies. The coupling factor
may be calculated using the equation (4) above, and the coupling factor variation may

be calculated using the equation (5) above.

Terminology
[0311] Unless the context clearly requires otherwise, throughout the

description and the claims, the words “comprise,” “comprising,” and the like are to be
construed in an inclusive sense, as opposed to an exclusive or exhaustive sense; that is
to say, in the sense of “including, but not limited to.” The word “coupled”, as generally
used herein, can include a term relating to the distribution of power from one conductor,
such as a conducting trace to another conductor, such as a second conducting trace.
Where the term “coupled” is used to refer to the connection between two elements, the

term refers to two or more elements that may be either directly connected, or connected
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by way of one or more intermediate elements. Additionally, the words “herein,” “above,”
“pelow,” and words of similar import, when used in this application, shall refer to this
application as a whole and not to any particular portions of this application. Where the
context permits, words in the above Detailed Description using the singular or plural
- number may also include the plural or singular number respectively. The word “or” in
reference to a list of two or more items, that word covers all of the following
interpretations of the word: any of the items in the list, all of the items in the list, and any
combination of the items in the list.

[0312] The above detailed description of embodiments of the invention is not
intended to be exhaustive or to limit the invention to the precise form disclosed above.
While specific embodiments of, and examples for, the invention are described above for
illustrative purposes, various equivalent modifications are possible within the scope of
the invention, as those skilled in the relevant art will recognize. For example, while
processes or blocks are presented in a given order, alternative embodiments may
perform routines having steps, or employ systems having blocks, in a different order,
and some processes or blocks may be deleted, moved, added, subdivided, combined,
and/or modified. Each of these processes or blocks may be implemented in a variety of
different ways. Also, while processes or blocks are at times shown as being performed
in series, these processes or blocks may instead be performed in parallel, or may be
performed at different times.

[0313] The teachings of the invention provided herein can be applied to other
systems, not necessarily the system described above. The elements and acts of the
various embodiments described above can be combined to provide further
embodiments.

[0314] Conditional language used herein, such as, among others, "can,"

"o

"might," "may," “e.g.,” and the like, unless specifically stated otherwise, or otherwise
understood within the context as used, is generally intended to convey that certain
embodiments include, while other embodiments do not include, certain features,
elements and/or states. Thus, such conditional language is not generally intended to
imply that features, elements and/or states are in any way required for one or more

embodiments or that one or more embodiments necessarily include logic for deciding,
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with or without author input or prompting, whether these features, elements and/or
states are included or are to be performed in any particular embodiment.

[0315] While certain embodiments of the inventions have been described,
these embodiments have been presented by way of example only, and are not intended
to limit the scope of the disclosure. Indeed, the novel methods and systems described
herein may be embodied in a variety of other forms; furthermore, various omissions,
substitutions and changes in the form of the methods and systems described herein
may be made without departing from the spirit of the disclosure. The accompanying
claims and their equivalents are intended to cover such forms or modifications as would

fall within the scope and spirit of the disclosure.
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WHAT IS CLAIMED 1S:

1. A coupler, comprising:

a first trace associated with a first port and a second port, the first trace
including a first main arm, a first connecting trace connecting the first main arm to
the second port, and a non-zero angle between the first main arm and the first
connecting trace; and

a second trace associated with a third port and a fourth port, the second
trace including a second main arm.

2. The coupler of claim 1 wherein the non-zero angle between the first main
arm and the first connecting trace creates a discontinuity that induces mismatch at an
output port of the coupler thereby enabling a reduction in size of the coupler to fit in a 3
mm by 3 mm module.

3. The coupler of claim 1 wherein the non-zero angle is between

approximately 90 degrees and 165 degrees.

4, The coupler of claim 1 wherein the non-zero angle is approximately 145
degrees.
5. The coupler of claim 1 wherein the first main arm and the second main

arm are located relative to each other in the same horizontal plane.

6. The coupler of claim 1 wherein the width of the first main arm and the
width of the first connecting trace are substantially equal.

7. The coupler of claim 1 wherein the width of the first connecting trace
decreases as the first connecting trace extends from the first main arm to the second
port.

8. The coupler of claim 1 wherein the second main arm connects with the
fourth port through a via.

9. The coupler of claim 1 wherein the second trace includes a second
connecting trace connecting the second main arm to the fourth port.

10.  The coupler of claim 9 wherein an angle between the second main arm
and the second connecting trace is substantially zero.

11. The coupler of claim 1 wherein the first main arm and the second main

arm are substantially rectangular.
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12.  The coupler of claim 1 wherein the first main arm and the second main
arm are substantially the same size.

13.  The coupler of claim 1 wherein the first trace and the second trace are on
different layers.

14.  The coupler of claim 13 wherein the first trace is located above thé second
trace.

15.  The coupler of claim 13 wherein the first trace is located below the second
trace.

16.  The coupler of claim 13 further comprising a dielectric material between
the first trace and the second trace.

17.  The coupler of claim 13 wherein the first main arm and the second main
are different sizes.

18.  The coupler of claim 1 wherein the non-zero angle is selected to reduce
coupling factor variation for a pre-determined coupling factor at a pre-determined set of
frequencies,

the coupling factor calculated using the equation:
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19. A packaged chip, comprising:
a coupler, the coupler including:
a first trace associated with a first port and a second port, the first
trace including a first main arm, a first connecting trace connecting the first
main arm to the second port, and a non-zero angle between the first main

arm and the first connecting trace; and
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a second trace associated with a third port and a fourth port, the
second trace including a second main arm.

20.  The packaged chip of claim 19 wherein the first main arm and the second
main arm are located relative to each other in the same horizontal plane.

21.  The packaged chip of claim 19 wherein the second trace includes a
second connecting trace connecting the second main arm to the fourth port and wherein
an angle between the second main arm and the second connecting trace is
substantially zero.

22. The packaged chip of claim 19 wherein the first trace and thé second
trace are on different layers.

23. The packaged chip of claim 22 further comprising a dielectric material
between the first trace and the second trace.

24.  The packaged chip of claim 19 wherein the non-zero angle is selected to
reduce coupling factor variation for a pre-determined coupling factor at a pre-
determined set of frequencies,

the coupling factor calculated using the equation:
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25. A wireless device, comprising:
a coupler, the coupler including:
a first trace associated with a first port and a second port, the first
trace including a first main arm, a first connecting trace connecting the first
main arm to the second port, and a non-zero angle between the first main

arm and the first connecting trace; and
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a second trace associated with a third port and a fourth port, the
second trace including a second main arm.
26. The wireless device of claim 25 wherein the non-zero angle is selected to
reduce coupling factor variation for a pre-determined coupling factor at a pre-
determined set of frequencies,

the coupling factor calculated using the equation:

pout
)

S

S,.S
1+(”§—32_S22)FL

31

the coupling factor variation calculated using the equation:

S,.S
1+|(Z—2 =8,

31

85,55,
- s,

31

Pk _dB=20log,,

27. A strip coupler, comprising:

a first strip and a second strip positioned relative to each other, each strip
having an inner coupling edge and an outer edge;

the first strip including a connecting trace connecting a main arm of the
first strip to a second port, the connecting trace and the main arm joined at a
non-zero angle;

the second strip including a main arm communicating with a fourth port
without the main arm joined to a connecting trace at a non-zero angle;

a first port configured substantially as an input port, the first port
associated with the first strip;

the second port configured substantially as an output port, the second port
associated with the first strip;

a third port configured substantially as a coupled port, the third port
associated with the second strip; and

the fourth port configured substantially as an isolated port, the fourth port

associated with the second strip.
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28.  The strip coupler of claim 27 wherein the isolated port is terminated.
29. A method of manufacturing a coupler, the method comprising:
forming a first trace associated with a first port and a second port, the first
trace including a first main arm, a first connecting trace connecting the first main
arm to the second port, and a non-zero angle between the first main arm and the
first connecting trace; and
forming a second trace associated with a third port and a fourth port, the
second trace including a second main arm.
30.  The method of claim 29 further comprising selecting the non-zero angle to
reduce coupling factor variation for a pre-determined coupling factor at a pre-
determined set of frequencies,

the coupling factor calculated using the equation:

C _ |S21|\}(1_|FLI2) ; and

pout
)

[SHI(

S8
1+(%—S22)I“L

3

the coupling factor variation calculated using the equation:

S5
(—:‘“‘3‘2‘_5’22)11

31

5,85,
(:S,]—L_Szz)rL

31

1+

Pk _dB =20log,,
1—

31. A coupler, comprising:

a first trace, including: a first edge substantially parallel to a second edge,
the first edge substantially equal in length to the second edge; a third edge
substantially parallel to a fourth edge, the fourth edge divided into three
segments; a first segment and a third segment of the three segments a first
distance from the third edge; and a second segment located between the first
segment and the third segment a second distance from the third edge; and

a second tracé, including: a first edge substantially parallel to a second
edge, the first edge substantially equal in length to the second edge; a third edge
substantially parallel to a fourth edge, the fourth edge divided into three
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segments; a first segment and a third segment of the three segments a first
distance from the third edge; and a second segment located between the first
segment and the third segment a second distance from the third edge.

32.  The coupler of claim 31 wherein the three segments of the first trace and
. the three segments of the second trace create a discontinuity that induces mismatch at
an output port of the coupler thereby enabling a reduction in size of the coupler to fitin a
3 mm by 3 mm module.

33.  The coupler of claim 31 wherein the first trace and the second trace are
located relative to each other in the same horizontal plane.

34.  The coupler of claim 33 wherein the third edge of the first trace is aligned
along the third edge of the second trace.

35. The coupler of claim 34 wherein the third edge of the first trace is
separated at least a pre-determined minimum distance from the third edge of the
second trace.

36.  The coupler of claim 31 wherein the first distance of the first trace differs
from the second distance of the first trace and the first distance of the second trace
differs from the second distance of the second trace.

37.  The coupler of claim 36 wherein the first distance of the first trace is less
than the second distance of the first trace and the first distance of the second trace is
less than the second distance of the second trace.

38.  The coupler of claim 36 wherein the first distance of the first trace is
greater than the second distance of the first trace and the first distance of the second
trace is greater than the second distance of the second trace.

39.  The coupler of claim 31 wherein the first distance of the first trace is equal
to the first distance of the second trace and the second distance of the first trace is
equal to the second distance of the second trace.

40.  The coupler of claim 31 wherein the first trace is located above the second
trace.

41.  The coupler of claim 40 further comprising a dielectric material between

| the first trace and the second trace.

-61-



WO 2012/016087 PCT/US2011/045799

42.  The coupler of claim 40 wherein the third edge of the first trace is divided
into three segments and the third edge of the second trace is divided into three
segments.

43.  The coupler of claim 40 wherein the dimensions of the first trace and the
dimensions of the second trace are substantially equal.

44.  The coupler of claim 31 wherein the first segment and the third segment of
the first trace are of substantially equal length and the first segment and the third
segment of the second trace are of substantially equal length.

45.  The coupler of claim 31 wherein the first distance and the second distance
of the first trace and the first distance and the second distance of the second trace are
selected to reduce coupling factor variation for a pre-determined coupling factor at a
pre-determined set of frequencies,

the coupling factor calculated using the equation:

|S211V(1—|FL|2) ; and

SZ]S3Z )

C

pout

1S3 ]t+(

_Szz )PL

31
the coupling factor variation calculated using the equation:

1+ S21S32

( _Szz )FL

31

S5,
1“(%‘&2”)

31

Pk _dB=20log,,

46.  The coupler of claim 31 wherein the lengths of the three segments of the
first trace and the lengths of the three segments of the second trace are selected to
reduce coupling factor variation for a pre-determined coupling factor at a pre-
determined set of frequencies,

the coupling factor calculated using the equation:

|521|\/(l_|rL|2) : and

)

C

pout

1531

5,8
1+(—:S],‘£_Szz)rL

31

the coupling factor variation calculated using the equation:
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8,8
(=S,

31

1+

Pk _dB =20log,,

S,,S
1_ 2132 _S’) r
.

47. A packaged chip, comprising:

a coupler, the coupler including:

a first trace, including: a first edge subStantiaIIy parallel to a second
edge, the first edge substantially equal in length to the second edge; a
third edge substantially parallel to a fourth edge, the fourth edge divided
into three segments; a first segment and a third segment of the three
segments a first distance from the third edge; and é second segment
located between the first segment and the third segment a second
distance from the third edge; and

a second trace, including: a first edge substantially parallel to a
second edge, the first edge substantially equal in length to the second
edge; a third edge substantially parallel to a fourth edge, the fourth edge
divided into three segments; a first segment and a third segment of the
three segments a first distance from the third edge; and a second segment
located between the first segment and the third segment a second
distance from the third edge.

48. The packaged chip of claim 47 wherein the first trace and the second
trace are located relative to each other in the same horizontal plane.

49. The packaged chip of claim 47 wherein the first distance of the first trace
differs from the second distance of the first trace and the first distance of the second
trace differs from the second distance of the second trace.

50. The packaged chip of claim 47 wherein the first trace is located above the
second trace.

51.  The packaged chip of claim 50 wherein the third edge of the first trace is
divided into three segments and the third edge of the second trace is divided into three

segments.
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52. The packaged chip of claim 47 wherein the first distance and the second
distance of the first trace and the first distance and the second distance of the second
trace are selected to reduce coupling factor variation for a pre-determined coupling
factor at a pre-determined set of frequencies,

the coupling factor calculated using the equation:

C _ |S21l\}(1—!rL|2) ; and

pout —
R )

S,8
1+(—3§—£—S22)1’L

31

the coupling factor variation calculated using the equation:

.15
(2 -8,

31

1+

Pk _dB=20log,,

S, S
1_ 21%32 —S77 r
o,

53.  The packaged chip of claim 47 wherein the lengths of the three segments
of the first trace and the lengths of the three segments of the second trace are selected
to reduce coupling factor variation for a pre-determined coupling factor at a pre-
determined set of frequencies,

the coupling factor calculated using the equation:

c _ ISZIN(I_|FL|2) : and

1551 )

1+ (§§,—S32_S22 ),

31

the coupling factor variation calculated using the equation:‘

S?_l S32

31

S8,
(—‘_51,"‘3:“_5'22 ),

31

_Szz )FL

1+l(

Pk _dB=20log,,
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54. A wireless device, comprising:
a coupler, the coupler including:
a first trace, including: a first edge substantially parallel to a second

edge, the first edge substantially equal in length to the second edge; a
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55.

third edge substantially parallel to a fourth edge, the fourth edge divided
into three segments; a first segment and a third segment of the three
segments a first distance from the third edge; and a second segment
located between the first segment and the third segment a second
distance from the third edge; and

a second trace, including: a first edge substantially parallel to a
second edge, the first edge substantially equal in length to the second
edge; a third edge substantially parallel to a fourth edge, the fourth edge
divided into three segments; a first segment and a third segment of the
three segments a first distance from the third edge; and a second segment
located between the first segment and the third segment a second
distance from the third edge.

The wireless device of claim 54 wherein the first distance and the second

distance of the first trace and the first distance and the second distance of the second

trace are selected to reduce coupling factor variation for a pre-determined coupling

factor at a pre-determined set of frequencies,

56.

the coupling factor calculated using the equation:

c _ lSzll'\/(l_lrLr) : and

pout
)

14|

S,.S
1+(%_S22)r1.

31

the coupling factor variation calculated using the equation:

S21S32
S3l

S8,
(%_Szz)rl

31

1+‘( =S,

Pk _dB=20log,,

11—

The wireless device of claim 54 wherein the lengths of the three segments

of the first trace and the lengths of the three segments of the second trace are selected

~ to reduce coupling factor variation for a pre-determined coupling factor at a pre-

determined set of frequencies,

the coupling factor calculated using the equation:
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)
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pout =
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31

IS

the coupling factor variation calculated using the equation:

S21S32
31

S
1_‘(21—5’32“'322)11

1+i(

"“Szz)FL

Pk _dB=20log,,

31

57. A strip coupler, comprising:

a first strip and a second strip positioned relative to each other, each strip
having an inner coupling edge and an outer edge, the outer edge having one
segment where a width of the strip differs from one or more additional widths
associated with one or more additional segments of the strip;

a first port configured substantially as an input port, the first port
associated with the first strip;

a second port conﬁguredksubstantially as an output port, the second port
associated with the first strip;

a third port configured substantially as a coupled port, the third port
associated with the second strip; and

a fourth port configured substantially as an isolated port, the fourth port
associated with the second strip.

58. The strip couplér of claim 57 wherein the isolated port is terminated.
39. A method of manufacturing a coupler, the method comprising:

forming a first trace, the first trace including: a first edge substantially
parallel to a second edge, the first edge substantially equal in length to the
second edge; a third edge substantially parallel to a fourth edge, the fourth edge
divided into three segments; a first segment and a third segment of the three
segments a first distance from the third edge; and a second segment located
between the first segment and the third segment a second distance from the third

edge; and
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forming a second trace, including: a first edge substantially parallel to a

second edge, the first edge substantially equal in length to the second edge; a

third edge substantially parallel to a fourth edge, the fourth edge divided into

three segments; a first segment and a third segment of the three segments a first
distance from the third edge; and a second segment located between the first
segment and the third segment a second distance from the third edge.

60. The method of claim 59 further comprising selecting the first distance and
the second distance of the first trace and the first distance and the second distance of
the second trace to reduce coupling factor variation for a pre-determined coupling factor
at a pre-determined set of frequencies,

the coupling factor calculated using the equation:

C _ |S21|\/(1—|FL|2) : and

pout
Sy 222 )

31

- Szz )FL

the coupling factor variation calculated using the equation:

S2]S32
S31

AV
(%_SZZ)FL

31

1"“( =S,

Pk _dB=20log,,

1—

61. The method of claim 59 further comprising selecting the lengths of the
three segments of the first trace and the lengths of the three segments of the second
trace to reduce coupling factor variation for a pre-determined coupling factor at a pre—'
determined set of frequencies,

the coupling factor calculated using the equation:

C _ [S21|\}(1~|FL|2) , and

1S4l¢ )

S8
1"‘(‘%_'322)11

31

the coupling factor variation calculated using the equation:
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31
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31
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62. A coupler, comprising:

a first trace associated with a first port and a second port, the first port
configured substantially as an input port, the second port configured substantially
as an output port;

a second trace associated with a third port and a fourth port, the third port
configured substantially as a coupled port, the fourth port configured substantially
as an isolated port; and

a first capacitor configured to introduce a discontinuity to induce a

| mismatch in the coupler.

63. The coupler of claim 62 wherein the discontinuity created by the first
capacitor enables a reduction in size of the coupler to fit in a 3 mm by 3 mm module.

64. The coupler of claim 62 wherein the first capacitor is an embedded
capacitor.

65.  The coupler of claim 62 wherein the first capacitor is a floating capacitor.

66. The coupler of claim 62 wherein the first capacitor is in communication
with the second port.

67.  The coupler of claim 66 further comprising a second capacitor, the second
capacitor in communication with the fourth port.

68. The coupler of claim 62 wherein the first capacitor is in communication
with the fourth port.

69. The coupler of claim 62 wherein the first trace and the second trace are
located relative to each other in the same horizontal plane.

70.  The coupler of claim 62 wherein the first trace and the second trace are on
different layers.

71.  The coupler of claim 70 wherein the first trace is located above the second

trace.
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72.  The coupler of claim 70 wherein the first trace is located below the second
trace.

73.  The coupler of claim 70 further comprising a dielectric material between
the first trace and the second trace.

74.  The coupler of claim 62 wherein the isolated port is terminated.

75.  The coupler of claim 62 wherein a capacitance value of the capacitor is
selected to reduce coupling factor variation for a pre-determined coupling factor at a
pre-determined set of frequencies, ‘

the coupling factor calculated using the equation:

pout S S,,
IS:n](l"'( 2, = )

- Szz )rL

31

the coupling factor variation calculated using the equation:

(S21S32
S5

S,

(;51,‘3“2“‘522)11

31

1+ -S,,)1;

Pk _dB=20log,,

1—-

76.  The coupler of claim 75 wherein one or more of a geometry of the
capacitor and a placement of the capacitor is selected to reduce the coupling factor
variation.

7. A paékaged chip, comprising:

a coupler, the coupler including:

a first trace associated with a first port and a second port, the first
port configured substantially as an input port, the second port configured
substantially as an output port;‘

a second trace associated with a third port and a fourth port, the
third port configured substantially as a coupled port, the fourth port
configured substantially as an isolated port; and

a first capacitor configured to introduce a discontinuity to induce a

mismatch in the coupler.
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78. The packaged chip of claim 77 wherein the first capacitor is one of an
embedded capacitor and a floating capacitor.

79. The packaged chip of claim 77 wherein the first capacitor is in
communication with the second port.

80. The packaged chip of claim 79 further comprising a second capacitor, the
second capacitor in communication with the fourth port.

81. The packaged chip of claim 77 wherein the first capacitor is in
communication with the fourth port.

82. The packaged chip of claim 77 wherein the first trace and the second
trace are located relative to each other in the same horizontal plane.

83. The packaged chip of claim 77 wherein the first trace and the second
trace are on different layers.

84. The packaged chip of claim 83 further comprising a dielectric material
between the first trace and the second trace.

85. The packaged chip of claim 77 wherein a capacitance value of the
capacitor is selected to reduce coupling factor variation for a pre-determined coupling
factor at a pre-determined set of frequencies,

the coupling factor calculated using the equation:

C _ [S21|\}(1—'FLI2) ’ and

pout
S+ 222 -5,

- Szz )rL

31

the coupling factor variation calculated using the equation:

8,85,
S

S8
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31

- Szz )FL

1+)(

Pk _dB =20log,,

1-

86. A wireless device, comprising:

a coupler, the coupler including:
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a first trace associated with a first port and a second port, the first
port configured substantially as an input port, the second port configured
substantially as an output port;

a second trace associated with a third port and a fourth port, the
third port configured substantially as a coupled port, the fourth port
configured substantially as an isolated port; and

a first capacitor configured to introduce a discontinuity to induce a
mismatch in the coupler.

87. The wireless device of claim 86 wherein a capacitance value of the
capacitor is selected to reduce coupling factor variation for a pre-determined coupling
factor at a pre-determined set of frequencies,

the coupling factor calculated using the equation:

|S211V(1_|FL|2) ; and

)

C

pout
S8
IS31|(1+( 21’ = "Szz)rL

31

the coupling factor variation calculated using the equation:

S21S32
S31

S,
(%_522)1}

31

- Szz )FL

1+}(

Pk _dB=20log,,
1—

88. A method of manufacturing a coupler, the method comprising:

forming a first trace associated with a first port and a second port, the first
port configured substantially as an input port, the second port configured
substantially as an output port;

forming a second trace associated with a third port and a fourth port, the
third port configured substantially as a coupled port, the fourth port configured
substantially as an isolated port; and

connecting a first capacitor to the second port, the first capacitor

configured to introduce a discontinuity to induce a mismatch in the coupler.
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89.  The method of claim 88 further comprising selecting a capacitance value
of the capacitor to reduce coupling factor variation for a pre-determined coupling factor
at a pre-determined set of frequencies,

the coupling factor calculated using the equation:

C _ |SZI]V(1_IFL[2) ; and

pout
S, S
1S31|(1+( ?Sl, 2 _SZZ)FL)

3t

the coupling factor variation calculated using the equation:

S21S32
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