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(57) Abstract: Articles including oscillating units and methods for producing the same are disclosed. An example article includes one
or more oscillator units, where each oscillator unit comprises: a micro strip transmission line extending from a first end to a second
end. A first termination impedance is coupled to the first end and a second termination impedance is coupled to the second end. A first

transistor is coupled between the first end and the midpoint; and a second transistor is coupled between the midpoint and the second

end. The micro strip transmission line has a midpoint between the first end and the second end; and each oscillator unit generates a
standing wave having a predetermined wavelength in the micro strip transmission line.
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SCALABLE ARRAYS OF RADIATING OSCILLATING UNITS

CROSS-REFERENCE TO RELATED APPLICATIONS

0001} The application claims the benefit of United States Provisional Patent
Application 62/485,187, filed Aprd 13, 2017 and entitled “Standing Wave
Architecture for Scalable Wideband Millimeter Wave and Terahertz Radiator

Phased Arrays,” which 1s hereby mcorporated by reference in its entirety.

GOVERNMENT LICENSE RIGHTS

[6062] This invention was made with government support under Grant No.
1454732 awarded by National Science Foundation. The government has certain

rights 1 the invention,

TECHNICAL FIELD

[6003] The design generally relates to mtegrated circunts and more specifically

to scalable arrays of radiating oscillating units on an mtegrated circuit,

BACKGROUND

[0004] Independent free running harmonic osciliator units have been
mplemented for specific applications that do not impose a coherency requirement
between multiple oscillator units. Individual oscillators may be coupled together

through active or passive coupling circuits to implement coherent radiator arrays.

HEIRY Technologies for more efficiently coupling and synchronizing a coherent

array of oscillator units are desired.
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SUMMARY
[0006] Systems including oscillating units and methods for producing the same
are disclosed.
00067} An example system includes one or more oscillator units. Each oscillator

gnit comprises: a micro strip transmission line extending from a first end to a second
end. A first termination impedance ts coupled to the first end and a second
termination impedance is coupled to the second end A first transistor coupled
between the first end and the midpoint and a second transistor is coupled between
the midpoint and the second end. The micro strip transmission line has a midpoint
between the first end and the second end. Each oscillator unit generates a standing

wave having a predetermined wavelength in the micro strip transmission line.

[6008] The system, in some implementations, further comprises: one or more
radiating antenna units coupled to the one or more oscillator units. The one or more

radiating antenna units generate a radiating power from each oscillator unit.

0009 The one or more radiating antenna units, in some implementations,
generate the radiating power at a predetermined frequency. The predetermined
frequency 1s erther twice or four times a frequency associated with the

predetermined wavelength.

[0616] The first transistor, in some implementations, 1s biased to generate a first
negative resistance at the predeternined wavelength. The second transistor 1s biased
to generate a second negative resistance at the predetermined wavelength. The first
negative resistance and the second negative resistance compensate a resistance of

the micro strip transmission line and sustain the standing wave of the oscillator unit

at the predetermined wavelength.

[0011] The first negative resistance and the second negative resistance are, in

some implementations, narrow band.
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10012} A bias of the first and the second transistors s, in some implementations,
simultanesusly and simlarly adjusted to tune the predetermined wavelength in a

predetermined range.

06613} Locations of the first and second transistors are, in some
implementations, anti-nodes and the midpoint of the micro strip transmission line is

a virtual ground.

[0014] Two or more oscillator units are, in some implementations, coupled ina
1-dimensional structure to create a 1-dimensional array of oscillator units. The
second end of the micro strip transmission line of an oscillator unit 1s coupled and
matched to a first end of the micro strip transmission line of a neighboring
oscillating unit. The first termination impedance 1s used at the first end of the first
oscillating unit of the 1-dimensional array. The second termination impedance is
used at the second end of the last oscillating unit of the 1-dimensional array. The 1-
dimensional array can sustain a standing wave at the predetermined wavelength.
The first termination impedance and the second termination impedance may create a

complete reflection at two ends of the 1-dimensional array.

0615} A bias of the first and the second transistors in each one of the oscillator
units 1s simultaneously and uniformly adjusted according to a first predefined bias
adjustment pattern to tune the predetermined wavelength of the two or more
oscillator units in a predetermined range. The first predefined bias adjustment
pattern performs equal bias adjustment to each one of the two or more oscillating
units and generates a radiating power from the two or more oscillator units at the

adjusted wavelength.

[8016] A bias of the first and the second transistors in each one of the oscillator
units 1s simultaneously and umformly adjusted according to a first predefined bias
adjustment pattern to tune the predetermined wavelength of the two or more
oscillator units i a predetermuned range. The bias of the first and the second
transistors i each one of the oscillator units are simultaneously adjusted according
to a second predefined bias adjustment pattern to induce a different phase shift in

each one of the oscillating units and to cause a phase shift in a signal transferred to
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radiating antenna units to provide a beam steering of the radiated power. The first
and second predefined bias adjustment patterns generate a radiating power from the
two or more oscillator units at the tuned wavelength and steered at a predetermined

direction.

0617 In some implementations, four or more oscillator units are coupled in a
2-dimensional array having a two or more row by two or more column structure. In
each row the second end of a micro strip transmission line of an oscillator unit 1s
coupled and matched to a first end of the micro strip transmission line of a
neighboring oscillating unit. Also, in each row the first termination impedance is
coupled to the first end of a first oscillating unit at a beginning of the row and the
second termination impedance is coupled to the second end of a last oscillating unit
at an end of the row. Each rows 1s coupled to a neighboring row to communicate the
predetermined wavelength such that the 2-dimensional array can sustain a standing
wave at the predetermined wavelength. In some examples, the first termination
nnpedance and the second termination impedance create a complete reflection at

two ends of each row.

0018} The one or more oscillator units and the one or more radiating antenna

units are, in some implementations, on an integrated chip.

{0619} A length of each nucro strip transmission line 1s essentially the
predetermined wavelength of the oscillating unit, and wherein the predetermined
wavelength corresponds to a frequency of the oscillating unit that can generate the

fourth harmonic of the frequency which 1s above 300 GHz as the radiating power.

(0620} A method for producing an oscillator untt, in some implementations,
comprises: extending a micro strip transmission line from a first end to a second
end. The transmission line having a midpoint between the first end and the second
end. The method further comprises: coupling a first termination impedance to the
first end; coupling a second termunation impedance to the second end; coupling a
first transistor between the first end and the midpoint; biasing the first transistor to
generate a first negative resistance at a predeternuned wavelength; coupling a

second transistor between the midpoint and the second end; biasing the second

4
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transistor to generate a second negative resistance at a predetermined wavelength;
generating a standing wave having a predetermined wavelength in the micro strip

transmission line; configuring the first negative resistance and the second negative
resistance to compensate a resistance of the mucro strip transmisston line and to

sustain the standing wave of the oscillator unit at the predetermined wavelength.

(0021} The method, in some implementations, further comprises: coupling a
radiating antenna unit to the oscillator unit. The radiating antenna unit generates a

radiating power from the oscillator unit.

10022} The method, in some implementations, further comprises: applying a
first bias to the first transistor to generate a first narrow band negative resistance at
the predetermined wavelength; and applving a second bias to the second transistor
to generate a second narrow band negative resistance at the predetermined

wavelength.

0023} The method, in some implementations, further comprises: coupling one
or more oscillator units to create an array of oscillator units; and coupling one or
more radiating antenna unit to the one or more oscillator unit. The radiating antenna

units generate a radiating power from the one or more oscillator units.

0024} The one or more radiating antenna units are, in some implementations
generate the radiating power at a predetermined frequency, which is either twice or

four times a frequency associated with the predetermined wavelength.

[0025] The method, in some implementations, further comprises:
simultaneously and uniformly adjusting a hias of the first and the second transistors
in each one of the oscillator units to tune the predetermined wavelength of the one

or more oscillator units in a predetermined range.

10026} The method, in some implementations, further comprises:
simultaneously and uniformly adjusting a hias of the first and the second transistors
in each one of the oscillator units according to a first predefined bias adjustment
pattern to tune the predetermined wavelength of the one or more oscillator units i a
predetermined range; and simultaneously adjusting the bias of the first and the

second transistors in each one of the oscillator units according to a second
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predefined bias adjustment pattern to perform unequal bias adjustment to each one
of the one or more oscillating units and to induce a different phase shift in each one
of the oscillating units and to cause a phase shift in the radiating antenna units to

provide a beam steering of the radiated power.
BRIFF DESCRIPTION OF THE DRAWINGS

160271 FIG. 1 15 a block diagram illustrating an example osciliating unit,

according to some embodiments.

0028} FIG. 2 1s a graph illustrating an admittance of an example transistor of

the oscillating unit, according to some embodiments.

16629} FIG. 3A 15 a circuit diagram illustrating an example oscillating umt,

according to some embodiments.

16636} FIG. 3B 1s a diagram tilustrating an example oscillating unit, according

to some embodiments.

18031} FIG. 4A 15 a diagram illustrating an example oscillating unit, according

to some embodiments.

16632} FIG. 4B 1s a graph tilustrating example phase shifts, according to some
embodiments.

18033} FIG. 5A 15 a block diagram ilustrating an example four by two array
structure of oscillating units coupled to radiating antenna units, according to some

embodiments.

[8034] FIG. 5B 1s a block diagram illustrating an example oscillating unit and
an example radiating antenna unit, according to some embodiments.

[0035] FIG. 6 13 a block diagram illustrating an example two by one array
system of oscillating units coupled to radiating antenna units, according to some
embodiments.

(0036} FIG. 7 15 a block diagram dlustrating an example radiation pattern of an
array system of oscillating units coupled to radiating antenna units, according to

some embodiments.
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6037} FIG. B 13 a flowchart illustrating an example method of fabricating an

oscillating unit, according to some embodiments.

[0038] The implementations disclosed herein are illustrated by way of example,
and not by way of limitation, in the figures of the accompanying drawings. Like

reference numerals refer to corresponding parts throughout the drawings.

DETAILED DESCRIPTION

(0039} in emerging applications of millimeter wave and terahertz frequencies
such as spectroscopy, imaging, and high data rate communication, sufficient output
power and large frequency tune-ability is required to improve sensitivity, reschution,
and the high rates. Additionally, fully integrated circuit implementations to perform
the above mentioned applications demand sufficient output power and large
frequency tune-ability. Moving closer to the terahertz spectrum, integration of
radiating antennas on mtegrated circuit chips to implement antenna array systems
may be achueved. As a result, 1t is desirable to toplement oscillating unit arrays that
can easily be expanded without requiring extra elements while the arrays can
support wide tuning ranges as well as the oscillating units can be coupled to on-chip

radiating antenna units to transmit a radiating power in a controllable direction.

106040} Method and system of the disclosure relates to an on-~chip array of
coherent oscillating units that are coupled to on-chip radiating antenna units. The
oscillating wruts include a micro strip transmission line and one or more transistors
coupled to the micro strip transoussion line where the micro strip transmission hine
may have termination impedances at the two ends. The termination impedances can
be selected such that a standing wave of a predetermined frequency can be
supported i the micro strip transmission hine. The one or more transistors may be
biased such that they exhibit a negative resistance in the predetermined frequency
such that a power generated by the negative resistance 1s enough to compensate a
power loss, e.g., an chmic power loss, of the micro strip transmission line and the
standing wave at the predetermined frequency may be sustained. The on-chip
system that include the array of coherent oscillating units coupled to on-chip

7
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radiating antenna units can be expanded to provide sufficient radiated power in the
c-band between 300 GHz and 350 GHz. A biasing of the transistors of the
oscillating units can be adjusted such that the predetermined frequency of micro
strip transmission line can be tuned in the above frequency range. Also, a pattern of
phase shift can be generated for the tuned predetermined frequency such that the

radiating power can be steered.

(0041} FIG. 1 illustrates a diagram of an example oscillating unit according to
some embodiments. Oscillating unit 100 includes micro strip transmission line 110
that has two end points 142 and 144 as well as nudpoint 112 located between two
end points 142 and 144 Oscillating unit 100 also includes two termination
impedances 102 and 104 coupled to two end points 142 and 144 of the micro strip
transmussion line 110, Oscillating unit 100 further includes two transistors 106 and
108 each coupled between midpoint 112 and one of end points 142 and 144 of
micro strip transmission line 110, A collector of each one of transistors 106 and 108
are coupled to power supply voltage VDD via inductor 132 or 136; and an enutter
of each one of transistors 106 and 108 are coupled to the ground via capacitance 134
or 138, Additionally, a base of transistor 106 may be coupled to location point 114
of micro strip transmussion line 110 located between mudpoint 112 and end point
142 and a base of the transistor 108 may be coupled to location point 116 of nucro
strip transmission line 110 located between the midpoint 112 and end point 144. In
some examples, location pomnt 116 15 at midway between midpomnt 112 and end
point 144 and location point 114 1s at midway between mudpoint 112 and end point

142

[6042] In some embodiments, the emitter of each one of transistors 106 and 108
are also coupled to the ground via a muicro strip transmussion line segment, 124 or
122 where micro strip transnussion line segments 124 and 122 are separate from
micro strip transmission line 110 and are parallel to micro strip transmussion ling
110 and are grounded at the ends farther from the emitters of respective transistors
108 and 106. In some examples, as described, a transistor, e.g., transistor 106, is
coupled at location point 114 that is essentially midway between first end point 142

and midpoint 112 In some examples, as described, a transistor, e g, transistor 108,

8
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1s coupled at location point 116 that is essentially mudway between second end poimnt
144 and midpoint 112, In some examples, termination impedances 102 and 104 are
large capacitances that may provide a short circuit at first and second end points 142
and 144 and thus midpoint 112 1s a virtual ground. In some examples, by providing
the short circuits at two end points 142 and 144, micro strip transmussion line 110
may support a standing wave of a predetermined frequency and thus a length of
micro strip transmission line 110 is a multiple of a predetermined wavelength
associated with the predetermined frequency, e.g., one wavelength associated with
the predetermined frequency. In some examples, two end points 142 and 144 as well
as mudpoint 112 are nodes and location pomnts 114 and 116 of the first and second

transistors are anti-nodes.

[6043] In some embodiments, micro strip transmission line 110 has a length of a
single predetermined wavelength lambda associated with the predetermined
frequency in the micro strip transmission line. The two termination impedances 102
and 104 have zero mmpedance, e.g., very high capacitance or very low inductance, to
create a complete reflection at two end points 142 and 144 and to create a standing
wave with the wavelength lambda in micro strip transmission line 110. In some
examples, a length of line segment 124 and 122 15 a quarter wavelength, e g, a
quarter of lambda, and thus line segment 124 and 122 coupled to the emitters of

transistor 106 and 108 are essentially open curcuts.

18044} In some embodiments, oscillating unit 100 1s a scalable architecture for
radiator arrays in millimeter wave and terahertz spectrum based on standing wave
properties. This structure can be easily expanded as shown in FIG. 5A by replicating

the radiating unit cell without adding lossy and parasitic elements to the circuit,

[6045] FIG. 2 illustrates a graph of an admittance of an example transistor of the
oscillating unit, 10 some embodiments. Graph 200 shows a real part of the
admittance of one of transistors 106 or 108 of FIG. 1. Horizontal line 204 shows the
frequency in GHz and the vertical line 202 shows the real part of the adnuttance. As
shown in graph 200 the admittance and similarly the resistance of transistors 106 or
108 as viewed from the base of the transistor is a negative value in the range of 70
(GHz to 90 GHz In some embodiments, a negative imnedance {a neaoative

9
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resistance) is required to generate power to compensate a power 1088 in micro strip
transnmussion line 110 and to sustain a standing wave. Therefore, the standing wave
may be sustained in micro strip transnussion line 110 at frequencies in the range of
70 GHz to 90 GHz. In some examples, transistors 106 or 108 are coupled between
micro strip transmission line 110 and the radiating antenna units and transistors 106
and 108 may generate one of a second or fourth harmonic, e g., a fourth harmonic,
of the standing wave of micro strip transmission line 110 to generate a radiating
power at fourth harmonic frequency of the standing wave by the radiating antenna
untts coupled to the oscillating units. Thus, the radiating antenna units may transmit
the radiating power n the range of 280 GHz and 360 GHz. In some examples, the
negative conductance and thus the negative resistance is hmited 1n a narrow band of
frequencies around a frequency of operation to prevent oscillations in harmonic
frequencies of the frequency of operation or to prevent oscillation in a fraction of

the frequency of operation.

[0046] FIG. 3A illustrates a circuit diagram of an example oscillating urut 300,
in some embodiments. Oscillating unit 300 includes micro strip transmussion line
110 with length D, nudpoint 112, and two termunation impedances 102 and 104,
e.g., capacitances CT, coupled to two end points 142 and 144. Oscillating unit 300
mcludes simplified equivalent circuits 310 and 320 of transistors 106 and 108
fooking from the base of the transistors at the predetermined frequency as shown in
FIG. 1 which each include a capacitance Cin and a negative resistance - Rin.
Oscillating unit 300 also inchudes a resistance Rloss for each segment, a fourth of
length D of mucro strip transmussion line 110, In some examples, length D 15 the
predetermined wavelength lambda of the standing wave and each segment has a
length of a quarter wavelength D/4. In some examples, the negative resistance of the
transistors at the predetermined frequency can compensate the Rloss of micro strip
transmussion line 110 and thus a standing wave having wavelength D may be
sustained.

16647} FIG. 3B illustrates a diagram of an example oscillating unit, in some
embodiments. Oscillating umit 350 s a right half portion of oscillating unit 100 of
FIG. 1 that includes two micro strip transmission line segments 352 and 354 that are

10
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together consistent with a right half segment of micro strip transmission lines 110 of
FIG 1. Micro strip transmission line segments 352 and 354 each have a length of a
quarter of the predeternuned wavelength or have length 13/4. Oscillating unit 350
mcludes second end point 144 as shown in FIG. 1 that 1s coupled to termination
impedance 104, e.g., capacitor CT. Oscillating unit 350 also shows nudpoint 112 of
micro strip transnussion line 110, Node 360 1s consistent with node 116 of FIG. 1
that 1s coupled to transistor 108 and 1s located between midpoint 112 and second

end point 144,

[00438] As described, in some embodiments, the termination impedances are
large capacitances CT that make first end point 142 and second end point 144
essentially short circuited that make them essentially complete reflection points and
thus midpoint 112 becomes a virtual ground. Thus, in some embodiments the left
and right portions of circuit 100 of FIG 1 at the two sides of nudpoint 112 may be
considered mndependently. In some embodiments, segments 354 and 352 of micro
strip transnussion line 110 shown in FIG. 3B have a length of D/4 and thus are a
quarter wavelength of the standing wave of micro strip transnussion line 110,
Looking into node 358 to the left, the impedance of the quarter wavelength lambda
354 of FIG. 3B essentially becomes equivalent to an open circuit. Looking into the
base of the transistor at node 356, a reactive impedance of the capacitance Cin of the
equivalent circuit of the transistor 108 may be observed. Thus, looking from node
360 to the left capacitance Ux which 13 capacitance Cin m parallel with an
essentially open circuit may be observed and thus Cx 1s essentially capacitance Cin
Thus, looking from node 360 to the left the observed reactive impedance s
essentially capacitance Cx. Additionally, looking from node 360 to the right of a
reactive impedance which is inductance L and capacitance C per unit length of
micro strip transmission line 110 as well as termination impedance 104 which 1s
capacitance CT may be observed. In some embodiments, midpoint 112 being a
virtual ground and the right and left half of micro strip transmission line 110 being
similar, the oscillation may be sustained at frequencies that the total phase shiftina
round trip path in FIG. 3B 13 2 multiple of 2 time 7. Thus, 10 some examples, the

oscillation radial frequency w associated with the predetermined frequency i FIG.
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3B may be obtained from equation (1) shown below such that when the following
phase P 15 equal to a multiple of 7 a standing wave may be sustained. In equation
(1), Zy is a characteristic impedance of micro strip transmission line 110 and L and

C are the inductance and capacttance per length of micro strip transmission line 110

P= ~wViC /D>it~ “1( - }ta"“1< ! )—k- (1)
= —VLC (4 -tan wZGCT) n=H = 7o) i 13
[ 0049} As shown 1n equation (1), in some examples, the phase P depends on Cx

and thus the phase changes by changing a bias of transistor 108 and which changes
capacitance Cin and consequently changes capacitance Cx. Thus a frequency at
which the oscillation may be sustained can change by changing a bias of transistor
108. Alternatively and sinularly, by changing a bias of transistor 106, the frequency
at which the oscitlation may be sustained can change. Thus, in some embodiments,
by modifving a bias of transistor 108 and as well the bias of transistor 106 the

frequency of the oscillation of the standing wave changes.

[6050] FIG. 4A ilustrates a diagram of an example oscillating unit, in some
embodiments. Oscillating umit 400 of FIG. 4A 1s consistent with a left half portion
of oscillation unit 100 of FIG. 1. Additionally, FIG. 4A shows a circuit, e g,
variable resistor 404, for adjusting a bias of transistor 106. As discussed above, a
frequency of oscillation of the standing wave in oscillating unit 400 depends on the
mput capacitance, observed from base, of transistor 106. In some examples, by
modifying variable resistor 404 and thus by modifyving a bias point of transistor 106,
the input capacitance of transistor 106 may change, adjusting a frequency of
oscillation of the standing wave 11 micro strip transmussion line 402 that s

consistent with a portion of micro strip transnussion hine 110 as shown m FIG. 1.

86051} FIG. 4B illustrates example graphs of phase shifts, in some
embodiments. In some embodiments, phase shift 454 15 determined according to
equation {1) above. In graph 450, phase shift 454 associated with oscillating unit
100 of FIG. 1 according to equation (1) versus frequency 452 of operation {0 n
GHz is shown. Graph 450 shows three curves of phase shifts 462, 464, and 466
corresponding 1o three input capacitances Cx at the base of transistor 106 shown in

FIG. 4A that are respectively equal to 70 {F, 80 {F, gnd ON 7 Ao chnoem tha theaa

12
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curves 462, 464, and 466 may correspond to three different biases applied to
transistor 106, In each curve, the oscillation is sustained at a different frequency
where the phase shift for that frequency is zero, a zero multiple ofrt. As shown, for
curve 462 corresponding to Ux = 70 {F, the oscillation 1s sustained at point 468 that
corresponds to frequency 0 = 90.7 GHz of the oscillating umit. Also, for curves 464
and 466 that respectively correspond to Ux = 80 {F and 90 GHz, the oscillation 1s
sustained at points 470 and 472 that correspond to frequencies {0 = 86.2 GHz and
82.5 GHz of the oscillating umit. In some embodiments, one of a second or a fourth
harmonic of the standing wave is generated by transistor 106, transistor 108, or both
and one of the second or fourth harmonic is radiated by the on chip radiating

antenna units as the radiated power.

106652} In some examples, a tradeott controls the oscillation amplitude at the
base of transistor 106 and 108. A transistor may be biased at a higher base-emitter
voltage that may provide stronger loss compensation for the oscillator unit and
increases the amplitudes of the travelling waves. However, the phase difference
between these waves at the base terminal increases. On the other hand, as the base-
emitter voltage drops, the amplitudes of the travelling waves and their phase
difference drop at the same time. Therefore, in some examples, the tradeoff provides
a wider range of frequency tuning while keeping the same tuned frequency in each
oscillating unit and keeping the transnutted radiating power within a predefined

range as described with respect to FIG. 6.

8053} in some examples and regarding harmonic generation in transistors 106
and 108, a transistor bias may be decreased so that the oscillation frequency may be
mcreased, the fundamental signal amplitude goes up but the transistor harmonic
generation goes down. These two phenomena may affect the output power in

opposite directions.

[0054] FIG. 5A dlustrates a four by two example array structure of oscillating
units coupled to radiating antenna units, in some embodiments. Array structure 500
shows a 4 by 2 array of oscillating units 520 where each oscillating unit 520 1s
consistent with oscillating unit 100 of FIG. 1 and thus the oscillating units can
sustain a standing wave at a predeternmined frequency  Fach ncaillatino nnite 820 1a

13
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coupled to radiating antenna unit 530 such that radiating antenna unit 530 can
radiate a power. In some examples, radiating antenna units 530 radiate a power in a
frequency that is a second or fourth harmonic of the standing wave of oscillation
units S20. In some examples, by adjusting the a bias of the transistors of oscillating
untts 320, a frequency of the standing wave and consequently a frequency of the
radiated power can be tuned. As described, in the four by two array structure, the
oscillating units in each row as well as the oscillating units of different row are
couple to each other and to the first and second termination impedances such that
each one of the oscillator units of the four by two array generates a standing wave at

a same wavelength.

URRY FIG. 5B illustrates an example oscillating unit and an example radiating
antenna unit, in some embodiments. Diagram 550 shows a single oscillating unit
520 consistent with oscillating unit 100 of FIG. 1 as well as a single radiating
antenna unit 530, The radiating antenna unit 530 includes antenna 332 that can
generate a radiated power at a harmonic frequency of the frequency of the standing

wave of oscillating unit 520 that is coupled radiating antenna unit 530,

[060356] In some embodiments, on chip radiating antenna units 330 are used to
radiate the extracted fourth harmonic power from oscillating units 320 due to thewr
single feed architecture shown i FIG. S where they may have good efficiency and
directivity. In some examples, the radiation 1s only front side radiation and therefore

post processing of the substrate or having to use a silicon lens may be avoided.

0057} FIG. 6 dlustrates a two by one example array system of oscillating units
coupled to radiating antenna units, in some embodiments. Array system 600
mcludes two oscillating unuts 620, also referred 10 as Cell A and Cell B in FIG. 6,
which are consistent with the oscillating units 520 of FIG. 5. Each oscillating unit
620 has two transistors 106 and 108 where each oscillating unit 620 13 coupled to
via transistors 106 and 108 to radiating antenna units 630 that are consistent with the
radiating antenna units 330 of FIG. 5. In some embodiments, in each oscillating

units 620 there is a standing wave SW and a travelling wave TW.
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|0058] In some embodiments, as shown n FIG. 6, 1in addition to standing wave
640, traveling wave 650 of a same frequency is also formed to transfer the excess
power from one oscillating unit 620 to a neighboring oscillating unit 620. Thus, the
addition of the travelling wave to the existing standing way may result in phase
shifts between the base voltages of the transistors and consequently the radiated
signals fourth harmonics. The base voltages of transistors 106 and 108 of each
oscillating unit 620 may be used as control inputs to perform both frequency tuning
and beam steering, respectively. In some examples, the base voltages are uniformly
adjusted on all transistors 106 and 108 of each one of oscillating units 620 at the
same time to tune the frequency in each oscillating unit to a same adjusted
frequency. However, the base voltage of transistors 106 and 108 of each oscillating
unit 620 may independently be changed to create a phase shift for steering the beam.
In some examples, by controlling the base voltages of transistors 106 and 108 of
oscillating units 620, the beam radiation pattern can be steered in a 120 degrees
angle. In some examples, by controlling the base voltages of transistors 106 and 108
of oscillating units 620, an up to 15% tune-ability of the frequency of the
transmtted radiating power with less than 6 dB variation across the tuning range

can be achieved.

[6659] In some embodiments as shown m array system 600, by changing
voltage Vbe applied between the base and the emitter of transistors 106 and 108 of
each oscillating umt 620, an operating frequency O of the oscillating units may
change according to equation (1}, In some examples, Vir, Vstl, and Vst2 are used as
control mmputs to perform frequency tuning and beam steering, respectively.
Changing Vir changes Vbe of each one transistors 106 and 108 at the same time o
perform frequency tuning of each one of the oscillating units of array system 600,
whereas changing Vstl or Vst2 can be used to change Vbe of each one of oscillating
units 620 independently to create a different phase shift according to a predefined
pattern for each oscillating unit that consequently may be transferred to radiating

antenna untis 630 to be used to perform beam steering.

8060} F1G. 7 illustrates a radiation patiern of an example array system of

oscillating units coupled to radiating antenna units, in some embodiments. System
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700 shows a 3D radiation pattern 720 of a system that includes a number of units
710 that each include oscillating unit 520 and radiating antenna unit 530 as shown in
FIG. 5B. System 700 also shows antenna pattern 730 that displays a directivity of a
radiation patiern of the system. In some embodiments, an oscillating frequency of
each oscillating unit has a phase shift relative to the other oscillating units to

generate a predetermined directivity for the radiation pattern as discussed above.

(0061} In some embodiments, a bias of the first and the second transistors in
each one of the oscillator units are simultaneously and uniformly adjusted according
to a first predefined bias adjustment pattern to tune the predetermined wavelength of
the two or more oscillator units in a predetermined range. The first predefined bias
adjustment pattern may perform equal bias adjustment to each one of the two or
more oscillating units and thus the first predefined bias adjustment pattern may
generate a radiating power from the two or more oscillator units at a same adjusted

wavelength.

10062} In some embodiments, a bias of the first and the second transistors m
each one of the oscillator units are simultaneously and uniformly be adjusted
according to a first predefined bias adjustioent pattern to tune the predetermined
wavelength of the two or more oscitlator units in a predetermined range.
Concurrently with applying the first predefined bias adjustment pattern, the bias of
the first and the second transistors i each one of the oscillator units are
sumultanecusly adjusted according to a second predefined bias adjustment patiern to
mduce a different phase shift in each one of the oscillating units and to cause a
phase shift in a signal transferred to radiating antenna units to provide a beam
steering of the radiated power. The first and second predefined bias adjustment
patterns are configured to generate a radiating power from the two or more

oscillator units at a tuned wavelength and steered at a predetermined direction.

{8063} The second predefined bias adjustment pattern may perform unequal bias
adjustment to each one of the two or more oscillating units and to induce a different
phase shift in each one of the oscillating units and to cause a phase shift m signal
transferred to the radiating antenna units to provide a beam steering of the radiated
power. The second predefined bias adjustment pattern mav cenerate a radiatine
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power from the two or more oscillator units at the adjusted wavelength and steered a

predetermined direction.

[0064] In some examples and returning back to FIG. 1, a length of each micro
strip transmission fine 110 is essentially a predetermined wavelength that
corresponds to a frequency of above 75 GHz that can generate the fourth harmonic

which 1s above 300 GHz for the radiating power.

[0065] FIG. 8 illustrates a flow graph of an example method of fabricating an
oscillating unit, in some embodiments. Notably, one or more steps of method 800
described herein may be omitted, performed in a different sequence, and/or
combined with other methods for various types of applications contemplated herein.
The method 800 can be performed for creating an oscillating unit of FIG. 1. Also, as

shown in FIG. 5, an array of oscillator units may be created.

[8066] As shown in FIG. 8, at step 802, a micro strip transmission line having a
midpoint is extended from a first end point to a second end point. In some examples
micro strip transmission line 110 of FIG. 1 s created on an integrated circuit. The
micro strip transnussion line is extended between first end point 142 and second end

point 144 and has midpoint 112,

(8067} At step 804, a first termination tmpedance 1s coupled to the first end
point and a second transmission umpedance 15 coupled to the second end point. The
termination impedance may create a short circuit, an open circuit, or any other
mpedance at first and second end points142 and 144. In some examples, the first
and second end points are attached to large capacitances and a short circuit is
essentially created at the first and second end points and thus mudpoint 11215 a

virtaal ground.

[0068] At step 806, a first transistor 15 coupled between the first end point and
the mudpoint. The first transistor is based to generate a first negative resistance. In
some examples first transistor 106 1s coupled at mudway 114 between first end pomnt
142 the mudpoint 112, In some examples as shown i FIGS. 1 and 34, the micro
strip transmussion hine has a length of D and first transistor 106 1s coupled at D/4

distance from erther of midpoint 112 or first end pomt 142, First transistor 106 may
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be biased as shown in FIGS. 1 and 4A such that as shown in FIG. 2 the first
transistor shows a negative admittance, and thus negative resistance, at a frequency

of operation of the oscillation unit.

18669} At step 808, a second transistor 18 coupled between the second end point
and the midpoint. Second transistor 108 is biased to generate a second negative
resistance. In some examples second transistor 108 1s coupled at a midway between
second end point 144 mudpoint 112. In some examples the micro strip transmission
line as shown in FIGS. 1 and 3A has a length of D and second transistor 108 1s
coupled at D/4 distance from either of midpoint 112 or second end point 144,
Second transistor 108 may be biased as shown in FIGS. 1 and 3A such thatas
shown in FIG. 2 the second transistor shows a negative admittance, and thus

negative resistance, at a frequency of operation of the oscillation unit.

[0670) Atstep 810, a standing wave 1s generated in the micro strip transmission
hine. In some embodiments, the terminal impedance of the first and second end point
15 configured such that a standing wave can be created in micro strip fransmission
hine 110 of FIG. 1. In some examples, the nucro strip transmission line exhibits a
resistance and thus an energy loss, however, the first transistor the second transistor,
or both are biased such that they show a negative resistance and thus generate power

i the operating frequency of the standing wave.

[0671] At step 812, the first and second negative resistances are configured to
compensate a resistance of the micro strip transnussion line and to sustain a
standing wave. By adjusting the bias of the first and second transistors, the
transistors can exhibit a required negative resistance and thus enough power to
compensate the power loss of micro strip transmission hine 110 to create a

sustaining standing wave.

19972} Plural mstances may be provided for components, operations or
structures described herein as a single nstance. Finally, boundaries between
various components, operations, and data stores are somewhat arbitrary, and
particular operations are illustrated in the context of specific illustrative

configurations. Other allocations of functionality are envisioned and may fall
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within the scope of the implementation(s). In general, structures and functionality
presented as separate components in the example configurations may be
implemented as a combined structure or component. Similarly, structures and
functionality presented as a single component may be implemented as separate
components. These and other variations, modifications, additions, and

mprovements fall within the scope of the implementation(s).

[0673) It will also be understood that, although the terms “first,” “second,” etc.
may be used herein to describe various elements, these elements should not be
limited by these terms. These terms are only used to distinguish one element from
another. For example, a first termination impedance could be termed a second
termination mmpedance, and, similarly, a second termination impedance could be
termed a first termination impedance, without changing the meaning of the
description, so long as all occurrences of the “first ternuvation impedance” are
renamed consistently and all occurrences of the “second termination 1mapedance” are
renamed consistently. The first termunation impedance and the second termunation
mmpedance are both termination impedances, but they are not the same termination

mmpedance.

[6674] The terminology used herein 1s for the purpose of describing particular
mplementations only and is not mtended to be limiting of the claims. As used 1n
the description of the implementations and the appended claims, the singular forms
“a”, “an” and “the” are intended to mclude the plural forms as well, unless the
context clearly mdicates otherwise. It will also be understood that the term "and/or”
as used herein refers to and encompasses any and all possible combmations of one
or more of the associated listed items. It will be further understood that the terms
"comprises” and/or "comprising,” when used in this specification, specify the
presence of stated features, ntegers, steps, operations, elements, and/or components,
but do not preclude the presence or addition of one or more other features, integers,

steps, operations, elements, components, and/or groups thereof.

16675} As used herein, the term “if” may be construed to mean “when” or
“gpon” or “in response to determining” or “in accordance with a determination” or
“in response to detecting,” that a stated condition precedent ix trie denendine on
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the context. Similarly, the phrase “if it is determined (that a stated condition
precedent 1s true)” or “if (a stated condition precedent 1s true)” or “when (a stated
condition precedent is true)” may be construed to mean “upon determining” or “in
response to determining” or “mn accordance with a determunation” or “upon
detecting” or “in response to detecting” that the stated condition precedent is true,

depending on the context.

0676} The foregoing description included example systems, methods,
techniques, mstruction sequences, and computing machine program products that
embody illustrative implementations. For purposes of explanation, numerous
specific details were set forth in order to provide an understanding of various
implementations of the inventive subject matter. It will be evident, however, to
those skilled in the art that implementations of the inventive subject matter may be
practiced without these specific details. In general, well-known mstruction

mstances, protocols, structures and techniques have not been shown in detail.

16677} The foregoing description, for purpose of explanation, has been
described with reference to specific implementations. However, the illustrative
discusstons above are not intended to be exhaustive or to linut the implementations
to the precise forms disclosed. Many modifications and variations are possible in
view of the above teachings. The implementations were chosen and described in
order to best explain the principles and their practical applications, to thereby enable
others skilled m the art to best utilize the implementations and various
implementations with various modifications as are suited to the particular use

contemplated.

PCT/US2018/015689
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CLAIMS

What is claimed 1s:

1. A system comprising;
one or more oscillator units, each oscillator unit comprising:

a micro strip transmission line extending from a first end to a second
end, wherein the micro strip transmission line having a midpoint between the

first end and the second end;

a first termination impedance coupled to the first end and a second

termination impedance coupled to the second end;
a first transistor coupled between the first end and the midpoint; and

a second transistor coupled between the midpoint and the second

end;

wherein each oscillator unit 1s configured to generate a standing wave

having a predetermined wavelength in the micro strip transmission line.

2. The system of claim 1, further comprising:
one or more radiating antenna units coupled to the one or more oscillator
units, wherein the one or more radiating antenna units are configured to generate a

radiating power from each oscillator umit.

3. The system of claim 2, wherein the one or more radiating antenna units are
configure to generate the radiating power at a predetermined frequency, wherein
the predetermined frequency is either twice or four times a frequency associated

with the predetermined wavelength.

4, The system of claim 2, where in the one or more oscillator units and the one

or more radiating antenna units are on an integrated chip.

PCT/US2018/015689
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5. The system of claim 1, wherein the first transistor 1s configured to be biased
to generate a first negative resistance at the predetermined wavelength, wherein the
second transistor 1s configured to be biased to generate a second negative resistance
at the predetermined wavelength, and wherein the first negative resistance and the
second negative resistance are configured to compensate a resistance of the micro
strip transmission line and to sustain the standing wave of the oscillator unit at the

predetermined wavelength.

6. The system of claim S, wherein the first negative resistance and the second

negative resistance are narrow band.

7. The system of claim 1, wherein a bias of the first and the second transistors
are configured to be adjusted to tune the predetermined wavelength in a

predetermined range.

8. The system of claim 1, wherein locations of the first and second transistors
are configured to be anti-nodes and the midpoint of the micro strip transmission line

15 configured to be a virtual ground.

9. The system of claim 1, wherein two or more oscillator units are coupled in a
i-dimensional structure to create a 1-dimensional array of oscillator units, wherein
the second end of a micro strip transnussion hine of an oscillator unit 15 coupled and
matched to a first end of the micro strip transmussion line of a neighboring
oscillating unit, and wheremn the first termination impedance 1s coupled to the first
end of a first oscillating unit at a beginning of the 1-dimensional array and the
second termination impedance 1s coupled to the second end of a last oscillating umit

at an end of the 1-dimensional array.

[
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10. The system of claim 9, wherein a bias of the first and the second transistors
in each one of the two or more oscillator units are configured to be adjusted
according to a first predefined hias adjustment pattern to tune the predetermined
wavelength of the two or more oscillator units in a predetermined range, wherein the
first predefined bias adjustment pattern is configured to perform equal bias
adjustment to each one of the two or more oscillating units, and wherein the first
predefined bias adjustment pattern is configured to generate a radiating power from

the two or more oscillator units at the adjusted wavelength.

il The system of claim 9, wherein a bias of the first and the second transistors
in each one of the two or more oscillator units are configured to be unuformly
adjusted according to a fust predefined bias adjustment pattern to tune the
predetermined wavelength of the two or more oscillator units in a predetermined
range, wherein the bias of the first and the second transistors in each one of the two
or more oscillator units are configured to be adjusted according to a second
predefined bias adjustment pattern to induce a different phase shift in each one of
the two or more oscillating units and to cause a phase shift 1n a signal transferred to
radiating antenna units to provide a beam steering of the radiated power, and
wherein the first and second predefined bias adjustment patterns are configured to
generate a radiating power from the two or more oscillator units at the tuned

wavelength and steered at a predetermined direction.

12, The system of claim 1, wherein four or more oscillator units are coupled ina
2-dimensional array having a two or more row by two or more column stracture,
wherein in each row the second end of a micro strip transmission hine of an
oscillator unit is coupled and matched to a first end of the micro strip transnussion
hine of a neighboring oscillating unit, and wherein in each row the first termination
mnpedance is coupled to the first end of a first oscillating unit at a beginning of the
row and the second termination impedance is coupled to the second end of a last

oscillating unit at an end of the row,
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wherein each rows is coupled to a neighboring row to communicate the

predetermined wavelength.

13. The system of claim 1, wherein a length of each micro strip transmission line
is essentially the predetermined wavelength, and wherein the predetermined

wavelength corresponds to a frequency above 300 GHz for the radiating power.

14, A method of creating an oscillator unit, comprising:

extending a micro strip transmission line from a first end to a second end,
wherein the transmission line having a midpoint between the first end and the
second end;

coupling a first termination impedance to the first end;

coupling a second termunation impedance to the second end;

coupling a first transistor between the first end and the midpont;

biasing the first transistor to generate a first negative resistance at a
predetermined wavelength;

coupling a second transistor between the mudpoint and the second end;

biasing the second transistor to generate a second negative resistance at a
predetermined wavelength;

generating a standing wave having a predetermmed wavelength in the micro
strip transmussion hine; and

configuring the first negative resistance and the second negative resistance to
compensate a resistance of the micro strip transmission line and to sustain the

standing wave of the oscillator unit at the predetermined wavelength.

15, The method of claim 14, further comprising:

coupling a radiating antenna unit to the oscillator unit, wherein the radiating

antenna unit is configured to generate a radiating power from the oscillator unit.
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16. The method of claim 14, further comprising:

applying a first bias to the first transistor to generate a first narrow band

negative resistance at the predetermined wavelength; and

applying a second bias to the second transistor to generate a second narrow

[€a1

band negative resistance at the predetermined wavelength.

17. The method of claim 14, further comprising:
coupling one or more osciilator units to create an array of oscillator units;

coupling one or more radiating antenna unit to the one or more oscillator
10 unit, wherein the radiating antenna units are configured to generate a radiating

power from the one or more oscillator units.

18. The method of claim 17, wherein the one or more radiating antenna units are
configure to generate the radiating power at a predetermined frequency, wherein
15 the predetermined frequency is either twice or four times a frequency associated

with the predetermined wavelength.

19, The method of claim 17, further comprising:

uniformly adjusting a bias of the first and the second transistors in each one
20 of the oscillator units to tune the predetermined wavelength of the one or more

oscillator units in a predetermined range.

20, The method of claim 17, further comprising:

uniformly adjusting a bias of the first and the second transistors in each one
25 of the oscillator units according to a first predefined has adjustment pattern to tune
the predetermined wavelength of the one or more oscillator units in a predetermined

range; and
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adjusting the bias of the first and the second transistors in each one of the
oscillator units according to a second predefined bias adjustment pattern to perform
unequal bias adjustment to each one of the one or more oscillating units and to
mduce a different phase shift in each one of the oscillating units and to cause a
5  phase shift in the radiating antenna units to provide a beam steering of the radiated

power.
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Extend a micro strip transmission line having a midpoint from a first end to a
second end

I

Couple a first termination impedance to the first end and a second transmission
impedance to the second end

A 4

Couple a first transistor between the first end and the midpoint and bias the first
transistor to generate a first negative resistance

l

ouple a second transistor between the second end and the midpoint and bias thg
second transistor to generate a second negative resistance

!

Generate a standing wave in the micro strip transmission line

l

onfigure the first and second negative resistances to compensate a resistance o

the micro strip transmission line and to sustain a standing wave
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