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Transmission Line Phase Shifter

Field of the Invention

[0001] The disclosure relates to phase shifters and transmission line phase shifters

and methods for fabricating the same.

Background

[0002] Microwave and other electronic signal processing equipment such as radars
and active electronically scanned array (AESA) systems, also known as active phased
array radars, require modifications or changes to the signals flowing through them.
Frequently this requires the signal to be shifted in phase to be 180 degrees out of phase
with the original signal phase. Current solutions are expensive, do not perform well, are
too large to fit the available space, and have limited operating bandwidth. A need

therefore exists for improved phase shifters.

Summary

[0003] Phase shifting techniques are used to make electronic signals travelling
through a transmission line arrive at a destination at a predetermined time. Approaches
described herein achieve this effect without requiring an increase in the transmission line
length which typically requires additional layout or packaging space to accommodate. In
radar systems, the approaches described can be used to control, for example, beam
steering in AESA systems. AESA systems can be used to identify properties (e.g.,
altitude, velocity, direction, physical geometry, or range) of objects such as aircraft,

ground vehicles, or ground or building structures.

[0004] One approach to a transmission line phase shifter that switches signal and
ground conductors to reverse electromagnetic fields in a transmission line structure
includes a first grounded coplanar transmission line having a first end and a second end.
The phase shifter also includes a first microstrip transmission line having a first end and a
second end, wherein the first end of the first microstrip transmission line is coupled to the
second end of the first grounded coplanar transmission line. The phase shifter also
includes a twin lead line having a first end, a second end, a ground conductor and a signal
conductor, wherein the first end of the twin lead line is coupled to the second end of the

first microstrip transmission line. The phase shifter also includes a second microstrip
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transmission line having a first end and a second end, wherein the first end of the second
microstrip transmission line is coupled to the second end of the twin lead line. The phase
shifter also includes a second grounded coplanar transmission line having a first end and a
second end, wherein the first end of the second grounded coplanar transmission line is

coupled to the second end of the second microstrip transmission line.

[0005] In some embodiments, the first and second grounded coplanar transmission
lines, the first and second microstrip transmission lines, and the twin lead line are
integrated into an integrated circuit device. In some embodiments, the phase shifter
includes switching transistors integrated into the integrated circuit device to select between

a reference arm and phase delay arm of the transmission line phase shifter.

[0006] In some embodiments, integrating switching transistors into the integrated
circuit device reduces parasitic effects associated with the transmission line phase shifter.
In some embodiments, the grounded coplanar transmission lines, microstrip transmission
line, and twin lead line are created using a monolithic microwave integrated circuit

(MMIC) structure.

[0007] Another aspect includes a method for fabricating a transmission line phase
shifter that switches signal and ground conductors to reverse electromagnetic fields in a
transmission line structure. The method includes coupling an end of a first grounded
coplanar transmission line to a first end of a first microstrip transmission line and coupling
a first end of a twin lead line to a second end of the first microstrip transmission line,
wherein the twin lead line includes a second end, a ground conductor and a signal
conductor. The method includes coupling a first end of a second microstrip transmission
line to the second end of the twin lead line and coupling a first end of a second grounded

coplanar transmission line to the second end of the second microstrip transmission line.

[0008] In some embodiments, the method includes integrating the first and second
grounded coplanar transmission lines, the first and second microstrip transmission lines,
and the twin lead line into an integrated circuit device. In some embodiments, the method
includes integrating switching transistors into the integrated circuit device to select

between a reference arm and phase delay arm of the transmission line phase shifter.

[0009] In some embodiments, integrating switching transistors into the integrated

circuit device reduces parasitic effects associated with the transmission line phase shifter.
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In some embodiments, the method includes fabricating the grounded coplanar
transmission lines, microstrip transmission line, and twin lead line using a monolithic

microwave integrated circuit (MMIC) structure.

[0010] The phase shifter methods and systems described herein (hereinafter
“technology”) can provide one or more of the following advantages. One advantage of the
technology is that it creates a 180 degree phase shift in a transmission line by taking
advantage of multilayer fabrication techniques (in, for example, monolithic microwave
integrated circuit (MMIC) and integrated circuit (IC) semiconductor devices) to create a
compact, wide bandwidth transmission line phase shifter. Another advantage is that the
fabrication techniques enable direct integration of switching transistors into the circuitry,
thereby minimizing or compensating for parasitic effects. The technology provides for
distributed transmission line transformation, which maximizes operating frequency

bandwidth of the phase shifter.

[0011] Other aspects and advantages of the current invention will become apparent
from the following detailed description, taken in conjunction with the accompanying

drawings, illustrating the principles of the invention by way of example only.

Brief Description of the Drawings

[0012] The foregoing features of various embodiments of the invention will be
more readily understood by reference to the following detailed descriptions in the
accompanying drawings.

[0013] FIG. 1 is a schematic block diagram of a model for a transmission line
phase shifter, according to an illustrative embodiment.

[0014] FIG. 2 is a schematic illustration of a plan view of a transmission line phase
shifter, according to an illustrative embodiment.

[0015] FIG. 3 is a schematic illustration of a transmission line phase shifter and
cross sections of the phase shifter, according to an illustrative embodiment.

[0016] FIG. 4 is a schematic illustration of a perspective view of a portion of a

transmission line phase shifter, according to an illustrative embodiment.

Detailed Description of Illustrative Embodiments

[0017] The technology described herein takes advantage of the multiple metal and

dielectric layers available in semiconductor processing techniques, such as gallium



WO 2014/109796 PCT/US2013/055741

arsenide, gallium nitride, silicon/silicon-germanium BiCMOS (combination of bipolar
junction transistor technology and Complementary metal-oxide—semiconductor
technology, to introduce a reversal of electromagnetic fields in a transmission line
structure. The reversal provides a 180 degree phase shift that is low loss and effectively
independent of frequency. The structures produced are also compact and inexpensive.
[0018] FIG. 1 is schematic block diagram of a model for a transmission line phase
shifter 100, according to an illustrative embodiment. The transmission line phase shifter
100 receives a radar frequency (RF) signal at an input 104 of the phase shifter 100. The
RF signal can travel along two different paths 112 and 116 depending on the operating
states of four series switches 120a, 120b, 120c, and 120d (generally 120). When the two
switches 120 along a path are active, the RF signal travels along the activated path. For
example, when switches 120c¢ and 120d are active, the RF signal is able to travel along
path 116. Path 112 is a thru path that includes a thru line 124 that passes the RF signal
through from the input 104 to the RF signal output 108. Path 116 is an inverted path that
includes a line 128 that reverses the electromagnetic field in the signals passing through
the transmission line phase shifter 100. Reversing the electromagnetic field creates a 180
degree phase shift. Details of exemplary embodiments are described further below.
[0019] FIG. 2 is a schematic illustration of a plan view of a transmission line phase
shifter 200, according to an illustrative embodiment. The phase shifter 200 is constructed
using a monolithic microwave integrated circuit (MMIC) structure 204. Devices
constructed using a MMIC structure are integrated circuit devices that operate at typical
microwave frequencies (e.g., in the range of 0.3 GHz to 300 GHZ). Microwave devices
are typically designed such that the input and output characteristics are matched, having an
impedance of 50 ohms. Because the functionality of the device is captured in an
integrated circuit package, the devices tend to be relatively compact (e.g., in this
embodiment, having an area with respect to the plan view of FIG. 2 of less than 0.5 mm®).
[0020] The phase shifter 200 includes at least three different types of electrical
lines to create a 180 degree phase shift in RF signals input to the phase shifter 200:
grounded coplanar transmission lines, twin lead lines, and microstrip transmission lines
(described below with respect to shifter 300 in FIG. 3).

[0021] Section A-A of FIG. 3 is a cross section of a grounded coplanar
transmission line. Section B-B is a cross section of a microstrip transmission line. Section

C-C is a cross section of a first portion of a twin lead line. Section D-D is a cross section
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of a second portion of a twin lead line. Section E-E is a cross section of a third portion of
a twin lead line. Section F-F is a cross section of a vertical connect in shifter 300. The
cross sections are illustrated in the transverse plane of the shifter, perpendicular to the
direction of signal propagation. Transition 1 is a transition from a microstrip transmission
line to a twin lead line. Transition 2 is a transition from the twin lead line to a microstrip
transmission line. Transition 3 is identical to transition 2 but rotated by 180 degrees due to
the twin lead line inversion (TW Inversion). Portion 304 is a thru path for a twin lead line.
[0022] Referring to FIG. 2, the phase shifter 200 includes two paths 208 and 224.
Path 208 is a series line 212 that passes the RF signal through from the input 216 to the RF
signal output 220. Path 224 is a line that reverses the electromagnetic field in the signals
passing through the transmission line phase shifter 200 to create a 180 degree phase shift
in RF signals relative to the signals passed through path 208 of the phase shifter 200.
Signal leads and ground leads of a line are connected to respective signal leads and
grounds leads of adjacent lines except where described below regarding the twin lead line.
Path 224 begins with a first grounded coplanar transmission line 232 having a first end and
a second end. The first end is coupled to the RF input 216 and, the phase shifter 200
includes a series switch between the RF input 216and the first end of the first grounded
coplanar transmission line 232.

[0023] The second end of the grounded coplanar transmission line 232 is coupled
to the first end of a first microstrip transmission line 242. The second end of the
microstrip transmission line 242 is coupled to a first end of a twin lead line 248. The twin
lead line 248 has a ground conductor and a signal conductor. The signal conductor of the
first end of the twin lead line 248 is coupled to the signal conductor of the first microstrip
transmission line 242. The ground conductor of the first end of the twin lead line 248 is
coupled to the ground conductor of the microstrip transmission line 242.

100244 The phase shifter 200 also includes a second microstrip transmission line
260. The first end of the microstrip transmission line 260 is coupled to the second end of
the twin lead line 248. The signal conductor of the second end of the twin lead line 248 is
coupled to the ground conductor of the microstrip transmission line 260. The ground
conductor of the second end of the twin lead line 248 is coupled to the signal conductor of
the microstrip transmission line 260. By coupling the signal conductor of the microstrip
transmission line 242 to a ground conductor of the microstrip transmission line 260 (and

the ground conductor of the microstrip transmission line 242 to the signal conductor of the
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microstrip transmission line 260), the 180 degree phase shift is introduced in RF signals
relative to the signals passed through path 208 of the phase shifter 200 by the twin lead
line inversion (e.g., the twin lead line inversion of FIG. 3 (TW Inversion)). The phase
shifter 200 also includes a second grounded coplanar transmission line 266. The first end
of the grounded coplanar transmission line 266 is coupled to the second end of the
microstrip transmission line 260. The second end of the grounded coplanar transmission
line 266 is coupled to the RF signal output 220. In order to create a well matched
transition from the grounded coplanar transmission line to twin lead line, it was necessary
to use matched transitions from the grounded coplanar transmission line, to microstrip
transmission line, and to twin lead line.

[0025] In order to maintain phase and amplitude balance in the two paths (208 &
224), path 208 is constructed similarly to path 224, but does not include the twin lead
inversion. Path 208 is a thru line (e.g., thru line 124 of FIG. 1) that begins with a first
grounded coplanar transmission line 274 having a first end and a second end. The first
end is coupled to the RF input 216. The second end of the grounded coplanar transmission
line 274 is coupled to the first end of a microstrip transmission line 290. The second end
of the microstrip transmission line 290 is coupled to the first end of the grounded coplanar
transmission line 278. The second end of the grounded coplanar transmission line 278 is
coupled to the RF signal output 220.

[0026] FIG. 4 is a schematic illustration of a perspective view of a portion 400 of a
transmission line phase shifter (e.g., the portion corresponding to path 224 of FIG. 2). The
portion 400 of the phase shifter reverses the electromagnetic field in the signals passing
through the transmission line phase shifter 200 of FIG. 2 to create a 180 degree phase shift
in RF signals input to the phase shifter 200 of FIG. 2, relative to the signals passed through
path 208 of FIG. 2. This illustration more clearly depicts the three-dimensional layout of
one embodiment of an exemplary phase shifter. It includes 1%, two grounded coplanar
transmission lines 404 and 424, 2™, two lines 408 and 420 (e.g., Transition 1 of FIG3)
which consist of a matched grounded coplanar to microstrip transition, a short section of
microstrip transmission line, and a matched microstrip to offset twin lead transition, and
3rd, a twin lead inversion which consists of two vertical transitions 412 and 416. The
combination of the three different types of lines (i.e., grounded coplanar transmission

lines, microstrip transmission lines, and twin lead lines) configured in the three-



WO 2014/109796 PCT/US2013/055741

dimensional structure provided using the MMIC structure allows for the phase shifter to be
a compact and highly integrated, single device.

[0027] One skilled in the art will realize the invention may be embodied in other
specific forms without departing from the spirit or essential characteristics thercof. The
foregoing embodiments are therefore to be considered in all respects illustrative rather
than limiting of the invention described herein. Scope of the invention is thus indicated by
the appended claims, rather than by the foregoing description, and all changes that come
within the meaning and range of equivalency of the claims are therefore intended to be

embraced therein.
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CLAIMS

1. A transmission line phase shifter that switches signal and ground conductors to
reverse electromagnetic fields in a transmission line structure, comprising:

a first grounded coplanar transmission line having a first end and a second end;

a first microstrip transmission line having a first end and a second end, wherein
the first end of the first microstrip transmission line is coupled to the
second end of the first grounded coplanar transmission line;

a twin lead line having a first end, a second end, a ground conductor and a signal
conductor, wherein the first end of the twin lead line is coupled to the
second end of the first microstrip transmission line;

a second microstrip transmission line having a first end and a second end,
wherein the first end of the second microstrip transmission line is coupled
to the second end of the twin lead line; and

a second grounded coplanar transmission line having a first end and a second
end, wherein the first end of the second grounded coplanar transmission

line is coupled to the second end of the second microstrip transmission line.

2. The transmission line phase shifter of claim 1, wherein the first and second
grounded coplanar transmission lines, the first and second microstrip transmission lines,

and the twin lead line are integrated into an integrated circuit device.

3. The transmission line phase shifter of claim 2, comprising switching transistors
integrated into the integrated circuit device to select between a reference arm and phase

delay arm of the transmission line phase shifter.

4. The transmission line phase shifter of claim 3, wherein integrating switching
transistors into the integrated circuit device reduces parasitic effects associated with the

transmission line phase shifter.

5. The transmission line phase shifter of claim 1, wherein the grounded coplanar
transmission lines, microstrip transmission line, and twin lead line are created using a

monolithic microwave integrated circuit (MMIC) structure.

6. A method for fabricating a transmission line phase shifter that switches signal and
ground conductors to reverse electromagnetic fields in a transmission line structure,

comprising:
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coupling an end of a first grounded coplanar transmission line to a first end of a
first microstrip transmission line;

coupling a first end of a twin lead line to a second end of the first microstrip
transmission line, wherein the twin lead line includes a second end, a
ground conductor and a signal conductor;

coupling a first end of a second microstrip transmission line to the second end of
the twin lead line; and

coupling a first end of a second grounded coplanar transmission line to the

second end of the second microstrip transmission line.

7. The method of claim 6, comprising integrating the first and second grounded
coplanar transmission lines, the first and second microstrip transmission lines, and the

twin lead line into an integrated circuit device.

8. The method of claim 7, comprising integrating switching transistors into the
integrated circuit device to select between a reference arm and phase delay arm of the

transmission line phase shifter.

9. The method of claim 8, wherein integrating switching transistors into the
integrated circuit device reduces parasitic effects associated with the transmission line

phase shifter.

10.  The method of claim 6, comprising fabricating the grounded coplanar transmission
lines, microstrip transmission line , and twin lead line using a monolithic microwave

integrated circuit (MMIC) structure.
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