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including: a first pair of inductive loops driven in parallel in
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1
BROAD RANGE VOLTAGE-CONTROLLED
OSCILLATOR

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority benefit of U.S. provi-
sional application No. 62/837,113, which was filed on Apr.
22, 2019, and which is entirely incorporated by reference
herein.

TECHNICAL FIELD

This disclosure pertains generally to wireless communi-
cations and particularly to broad range voltage-controlled
oscillators (VCO).

BACKGROUND

Wi-Fi® circuits traditionally service frequency ranges up
to 6 GHz. With improvements in communication services,
however, Wi-Fi transmitters will increasingly be called upon
to operate at higher frequencies with minimal increases in
power consumption and phase noise. Thus, there is room for
improvement in the art.

SUMMARY

An example of this disclosure is an integrated circuit
comprising: a substrate; a configurable tank circuit on the
substrate, the configurable tank circuit including: a first pair
of inductive loops driven in parallel in each of a first
configuration and a second configuration, each of the induc-
tive loops in the first pair enclosing a corresponding capaci-
tive element connected in parallel with that inductive loop;
a second pair of inductive loops driven in parallel with the
first pair of loops in the second configuration, the second
pair of inductive loops undriven in the first configuration;
and a switch arrangement that alternately places the config-
urable tank circuit into either of the first and second con-
figurations; and an oscillation driver that drives the config-
urable tank circuit at a tunable resonance frequency.

An example of this disclosure is an integrated wireless
communications signal transmitter that comprises: a volt-
age-controlled oscillator producing a reference frequency; a
frequency divider that converts the reference frequency into
in-phase carrier signals and quadrature half-frequency car-
rier signals; a mixer that produces a transmit signal by
combining the in-phase carrier signals and the quadrature
half-frequency carrier signals with in-phase wireless modu-
lation signals and quadrature wireless modulation signals;
and an output pin that couples the transmit signal to an
antenna.

An example of this disclosure is a method for operating a
tank circuit, comprising: receiving a drive signal at a tank
circuit in a first configuration; driving the tank circuit in the
first configuration based on the drive signal, where driving
the tank circuit in the first configuration comprises driving a
first pair of inductive loops in parallel, and where each of the
inductive loops in the first pair encloses a corresponding
capacitive element connected in parallel with that inductive
loop; placing, using a switch arrangement, the tank circuit
into a second configuration; and driving, responsive to
placing the tank circuit into the second configuration, a
second pair of inductive loops in parallel with the first pair
of loops.
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An example of this disclosure is an integrated wireless
communication signal transmitter that comprises: a voltage-
controlled oscillator producing a reference signal having a
reference frequency; a first filter that derives an in-phase
reference signal and a quadrature phase reference signal
from the reference signal, the in-phase reference signal and
the quadrature phase reference signal having the reference
frequency; a first mixer that combines the in-phase reference
signal with the quadrature phase reference signal to produce
a double-frequency signal; a second filter that derives an
in-phase double-frequency signal and a quadrature phase
double-frequency signal from the double-frequency signal,
the in-phase double-frequency signal and the quadrature
phase double-frequency signal each having twice the refer-
ence frequency; and a mixer arrangement that combines the
reference signal and the quadrature phase reference signal
with the in-phase double-frequency signal and the quadra-
ture phase double-frequency signal to produce a triple-
frequency signal.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A illustrates an integrated circuit, in accordance
with an example of this disclosure;

FIG. 1B illustrates the integrated circuit of FIG. 1A
operating in a first configuration, in accordance with an
example of this disclosure;

FIG. 1C also illustrates the integrated circuit of FIG. 1A
operating in the first configuration, in accordance with an
example of this disclosure;

FIG. 1D illustrates the integrated circuit of FIG. 1A
operating in a second configuration, in accordance with an
example of this disclosure;

FIG. 1E also illustrates the integrated circuit of FIG. 1A
operating in the second configuration, in accordance with an
example of this disclosure;

FIG. 2 illustrates aspects of the integrated circuit of FIGS.
1A-1E, in accordance with an example of this disclosure;

FIG. 3A illustrates another integrated circuit, in accor-
dance with an example of this disclosure;

FIG. 3B illustrates the integrated circuit of FIG. 3A
operating in a first configuration, in accordance with an
example of this disclosure;

FIG. 3C also illustrates the integrated circuit of FIG. 3A
operating in the first configuration, in accordance with an
example of this disclosure;

FIG. 3D illustrates the integrated circuit of FIG. 3A
operating in an alternate configuration, in accordance with
an example of this disclosure;

FIG. 3E also illustrates the integrated circuit of FIG. 3A
operating in the alternate configuration, in accordance with
an example of this disclosure;

FIG. 4 illustrates aspects of the integrated circuit of FIGS.
3A-3E, in accordance with an example of this disclosure;

FIG. 5 illustrates a method of operating a tank circuit, in
accordance with an example of this disclosure;

FIG. 6 illustrates an integrated signal transmitter, in
accordance with an example of this disclosure; and

FIG. 7 illustrates another integrated signal transmitter, in
accordance with an example of this disclosure.

The figures and the following detailed description do not
limit the disclosure, but on the contrary, they provide the
foundation for understanding all modifications, equivalents,
and alternatives falling within the scope of the appended
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claims. Specific configurations, parameter values, and
examples are explanatory, not restrictive.

DETAILED DESCRIPTION

An example aspect of this disclosure includes one or more
example implementations that enable wireless communica-
tions (e.g., Wi-Fi®) in the 6 GHz band (5.925 GHz to 7.125
GHz) while maintaining backward compatibility with mul-
tiple frequency ranges (e.g., 5 GHz band). Another example
aspect of one or more example implementations enable
tripling of a frequency generated by a VCO. The capabili-
ties, as described herein, to triple the frequency received
from a VCO enable high communications frequencies to
function without requiring a higher frequency VCO.
Accordingly, example implementations can utilize lower
frequency VCOs that draw less power and create less phase
noise than a higher frequency VCO.

Another example aspect of one or more examples of this
disclosure is that the one or more examples enable tripling
of the (effective) bandwidth of a VCO. Further, one or more
examples of this disclosure provide an architecture which
not only triples input frequencies but also eliminates
unwanted tones from a transceiver (e.g., a DC component of
a signal) through exploitation of constructive/destructive
interference and mixing. Other examples of this disclosure
enable high operating frequencies and broad band widths
while consuming less power and occupying less space than
would be required for prior art solutions to allow for similar
operating frequencies and broad band widths.

FIG. 1A illustrates an integrated circuit 100, in accor-
dance with an example of this disclosure. The integrated
circuit 100 includes a configurable tank circuit 104 which
resides on a substrate 102. In one or more examples of this
disclosure the substrate 102 is composed of one or more
semi-conductive materials. Components of the tank circuit
104 are in signal communication with processor 124. In one
or more examples of this disclosure, the tank circuit 104 and
the processor 124 reside on different chips. In one or more
examples of this disclosure, the tank circuit 104 and the
processor 124 reside on the same chip. The configurable
tank circuit 104 includes a first inductive loop 106 and a
second inductive loop 108.

Inductive loop 106 and inductive loop 108 form a first pair
105 of inductive loops. Inductive loop 106 comprises an
inductor 1. Inductive loop 108 comprises inductor [.2.
Inductive loop 106 encloses a first capacitive element 114
(C1) and a negative resistive value (-R). In at least one
example of this disclosure, negative resistive value (-R)
may be provided by an active transistor (not shown). Such
active transistor may also provide bias current to the tank
circuit 104. In some examples of this disclosure, capacitive
element C1114 includes a bank of digitally controllable
capacitors (not shown). Capacitive element C1 114 is con-
nected to processor 124. Processor 124 can cause the capaci-
tance of capacitive element C1 114 to change. In one or more
examples of this disclosure, processor 124 controls capaci-
tive element C1 114 by varying the voltage across one or
more of the digitally controllable capacitors. Capacitive
element C1 114 is connected in parallel with inductive loop
106.

Inductive loop 108 encloses a second capacitive element
(C2) 116 and negative resistive value (-R). In some
examples of this disclosure, capacitive element C2 116
includes a bank of digitally controllable capacitors (not
shown). Capacitive element C2 116 is connected to proces-
sor 124. Processor 124 can cause the capacitance of capaci-
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tive element C2 116 to change. In one or more examples of
this disclosure, processor 124 controls capacitive element
C2 116 by varying the voltage across one or more of the
digitally controllable capacitors. Capacitive element C2 116
is connected in parallel with inductive loop 108.

The configurable tank circuit 104 also includes a third
inductive loop 118 and a fourth inductive loop 119. Induc-
tive loop 118 comprises inductor .3 and inductive loop 119
comprises inductor L4. Inductive loop 118 encloses induc-
tive loop 106 and inductive loop 119 encloses inductive loop
108. Integrated circuit 104 also includes a switch arrange-
ment 120. Switch arrangement 120 includes six switches,
switch S1, switch S2, switch S3, switch S4, switch S5, and
switch S6, each of which is controlled by processor 124. As
shown in FIG. 1A, inductive loop 106, inductive loop 108,
inductive loop 118, and inductive loop 119, and their con-
stituents connected to switch arrangement 120. Switch
arrangement 120 is controlled by processor 124 to place the
tank circuit 104 into either of two configurations (110, 112).
The tank circuit 104 includes an oscillation driver (see 202,
FIG. 2) that drives the tank circuit 104 at a resonance
frequency. The resonance frequency is tunable by operation
of the processor 124 on capacitive element C1 114, capaci-
tive element C2 116, and switch arrangement 120.

In at least one example of this disclosure, the inductance
of inductor L1 (106) is 150 pH, the inductance of inductor
L2 (108) is 150 pH, the inductance of inductor 1.3 (118) is
350 pH, the inductance of inductor 1.4 (119) is 350 pH, and
the capacitance of capacitive element C1 114 and capacitive
element C2 116 are adjustable over a range of 0.32 pF to
1.25 pF. The absolute value of —R is 50 Ohms.

FIG. 1B illustrates integrated circuit 100 operating in a
first configuration 110 at a first moment, in accordance with
an example of this disclosure. Switch arrangement 120 has
placed integrated circuit 100 into the first configuration 110.
In the first configuration 110, switch S1 and switch S2 are
closed, while switch S3, switch S4, switch S5, and switch S6
are open. When the tank circuit 104 is in the first configu-
ration 110, inductive loop 106 is driven in parallel with
inductive loop 108 in response to the frequency input from
the oscillation driver, (see 202, FIG. 2). Current il.1 is
induced in inductive loop 106 and flows in a clockwise
direction 125 as shown. Current iL.2 is induced in inductive
loop 108 and flows counterclockwise 126 as shown. When
the tank circuit 104 is in the first configuration 110, inductive
loop 118 and inductive loop 119 are not driven. In the first
configuration 110, the tank circuit 104 operates in a low
frequency mode. In the low frequency mode, the output
frequency of tank circuit 104 is expressible as:

1
27VLIZXC

Fvco(low) =

where L12=[L.1*L.2]/[L1+L2] and C=C1+C2.

FIG. 1C illustrates integrated circuit 100 operating in the
first configuration 110, but at a different moment from the
moment of FIG. 1B. In the moment illustrated in FIG. 1C,
induced current il.1 in inductive loop 106 flows in a coun-
terclockwise direction 126, whereas induced current iL.2 is
carried in a clockwise direction 125 in inductive loop 108.
The direction of current i1 and i[.2 depends on the polarity
of the input voltage from the oscillation driver, (see 202,
FIG. 2). During operation of the tank circuit 104 in the first
configuration 110, direction of current in tank circuit 104
will alternate between that shown in FIG. 1B and FIG. 1C.
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To recapitulate, when the tank circuit 104 is in the first
configuration 110, if current il.1 in loop 106 is flowing
clockwise, then current il.2 in loop 108 will be flowing
counterclockwise as shown in FIG. 1B. Similarly, if current
iL.2 in loop 108 is flowing clockwise, then current il1 is
flowing counterclockwise, as shown in FIG. 1C. Thus, in the
first configuration 110 of tank circuit 104, the inductive
loops 106, 108 of the first pair 105 carry current in opposing
directions, with one loop (e.g., 106) carrying current in a first
direction (e.g., clockwise 124), and the other loop (e.g., 108)
carrying current in an opposing direction (e.g., counter-
clockwise 126).

FIG. 1D illustrates integrated circuit 100 operating in a
second configuration 112 at a first moment, in accordance
with an example of this disclosure. Switch arrangement 120
has placed integrated circuit 100 into the second configura-
tion 112. In the second configuration 112, switch S1 and
switch S2 are open, while switch S3, switch S4, switch S5,
and switch S6 are closed. When the tank circuit 104 is in the
second configuration 112, inductive loop 106 is driven in
parallel with inductive loop 108 in response to the frequency
input from the oscillation driver, (see 202, FIG. 2). When the
tank circuit 104 is in the second configuration 112, inductive
loop 118 is driven in parallel with inductive loop 119. When
the tank circuit 104 is in the second configuration 112, the
first pair 105 of inductive loops (106, 108) is driven in
parallel with the second pair 115 of inductive loops (118,
119). Current i1 is induced in inductive loop 106, current
iL.2 is induced in inductive loop 108, current iL.3 is induced
in loop 118, and current il.4 is induced in loop 119. Currents
iL1, iL.2, iL.3, and iL.4 all flow in a clockwise direction 125.
In the second configuration 112, the tank circuit 104 operates
in a high frequency mode. In the high frequency mode, the
output frequency of tank circuit 104 is expressible as:

1

Fveolhigh) = ————,
2V L1234%x C

where 11234=1/[(1/L1)+(1/L2)+(1/L3)+(1/L4)] and C=C1+
C2. In at least one example, when operating in the high
frequency mode, the output signal of the tank circuit 104 has
a frequency of 14.125 GHz, which is 34 percent higher than
the 10 GHz frequency of the first (low frequency) operating
mode of FIGS. 1B-1C.

FIG. 1E illustrates integrated circuit 100 operating in the
second configuration 112, but at a different moment from
FIG. 1D. In the moment illustrated in FIG. 1E, induced
current iL.1 flows counterclockwise 126 in inductive loop
106, induced current iL.2 flows counterclockwise 126 in
inductive loop 108, induced current iL.3 flows counterclock-
wise 126 in inductive loop 118, and induced current il .4
flows counterclockwise 126 in inductive loop 119.

The direction of currents il.1, 1.2, iL.3, and i[.4 depends
on the polarity of the input voltage from the oscillation
driver, (see 202, FIG. 2). During operation of the tank circuit
104 in the second configuration 112, direction of current in
the tank circuit 104 will alternate between that shown in
FIG. 1D and that shown in FIG. 1E.

To sum up, when the tank circuit 104 is in the second
configuration 112, if current il.1 in loop 106 is flowing
clockwise, then current il.2 in loop 108 will be flowing
clockwise too (see FIG. 1D). Similarly, if current il.2 in loop
108 is flowing counterclockwise, then current il.1 is also
flowing counterclockwise (see FIG. 1D).
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Thus, in the second configuration 112, the inductive loops
106, 108 of the inner pair 105 carry currents in a shared
direction. For example, in the second configuration 112 of
tank circuit 104, both loops 106, 108 will carry current in a
clockwise direction 124 or in a counterclockwise direction
126. In the second configuration 112, (inner) loop 106
carries current in the same direction as (outer) loop 118,
while (inner) loop 108 carries current in the same direction
as (outer) loop 119. In the second configuration 112 currents
iL.1, iL.2, iL.3 and il.4 flow in the same (shared) direction
within their respective loop (106, 108, 118, 119).

FIG. 2 illustrates aspects of an integrated circuit 200 (e.g.,
100), in accordance with an example of this disclosure. In
accordance with one or more examples of this disclosure the
circuit 200 resides on a substrate. As noted in the discussion
of FIGS. 1A-1E, circuit 200 includes a first inductive loop
106 and a second inductive loop 108. Inductive loop 106 and
inductive loop 108 form a first pair of inductive loops.
Inductive loop 106 comprises inductor L1, and inductive
loop 108 comprises inductor [2. Inductive loop 106
encloses capacitive element C1 114 and negative resistive
value (-R). Capacitive element C1 114 is connected to
processor (124). Processor (124) can cause the capacitance
of capacitive element C1 114 to change. Capacitive element
C1 114 is connected in parallel with inductive loop 106.

Inductive loop 108 encloses a second capacitive element
(C2) 116 and negative resistive value (-R). Like capacitive
element C1 114, capacitive element C2 116 is connected to
processor (124). In one or more examples of this disclosure,
processor (124) controls capacitive element C2 116 by
varying the voltage across one or more components of the
capacitive element C2 116. As noted in the discussion of
FIGS. 1A-1E, capacitive element C2 116 is connected in
parallel with inductive loop 108. Circuit 200 includes a third
inductive loop 118 and a fourth inductive loop 119. Induc-
tive loop 118 comprises inductor .3 and inductive loop 119
comprises inductor L4. Inductive loop 118 encloses induc-
tive loop 106 and inductive loop 119 encloses inductive loop
108.

Circuit 200 includes an oscillation driver 202 that drives
the tank circuit 104 at a resonance frequency (making the
tank circuit 104 a voltage-controlled oscillator). In at least
one example of this disclosure, oscillator driver 202 pro-
vides negative resistance value (-R) and a voltage-con-
trolled capacitor (not shown) for tuning capacitive elements
C1 114 and C2 116. The resonance frequency is tunable by
operation of the processor (124) on capacitive element C1
114, capacitive element C2 116, and switch arrangement
(120, see FIGS. 1A-1E). The tank circuit 104 receives input
voltage (VDD) 208 and is connected to local ground (GND)
204. The input resonance frequency from driver 202 is
tunable as output 206 from the tank circuit 104. Tank circuit
104 is surrounded by an electromagnetic ring 201. In at least
one example, the electromagnetic ring 201 is composed of
solid metal and serves to minimize unwanted coupling by
circuit 200 components (e.g., tank circuit 104) with external
circuitry (not shown).

FIG. 3A illustrates an integrated circuit 300, in accor-
dance with an example of this disclosure. The integrated
circuit 300 includes a configurable tank circuit 304 which
resides on a substrate 302. In one or more examples of this
disclosure the substrate 302 is composed of one or more
semi-conductive materials. Components of the tank circuit
304 are in signal communication with processor 324. In one
or more examples of this disclosure, the tank circuit 304 and
the processor 324 reside on different chips. In one or more
examples of this disclosure, the tank circuit 304 and the
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processor 324 reside on the same chip. The configurable
tank circuit 304 includes a first inductive loop 306 and a
second inductive loop 308.

Inductive loop 306 and inductive loop 308 form a first pair
305 of inductive loops. Inductive loop 306 comprises an
inductor [1. Inductive loop 308 also comprises an inductor
L2. Inductive loop 306 encloses a first capacitive element
(C1) 314 and a negative resistive value (-R). In some
examples of this disclosure, capacitive element C1 314
includes a bank of digitally controllable capacitors (not
shown). Capacitive element C1 314 is connected to proces-
sor 324. Processor 324 can cause the capacitance of capaci-
tive element C1 314 to change. In one or more examples of
this disclosure, processor 324 controls capacitive element
C1 314 by varying the voltage across one or more of the
digitally controllable capacitors. Capacitive element C1 314
is connected in parallel with inductive loop 306.

Inductive loop 308 encloses a second capacitive element
(C2) 316 and a negative resistive value (-R). In some
examples of this disclosure, capacitive element C2 316
includes a bank of digitally controllable capacitors (not
shown). Capacitive element C2 316 is connected to proces-
sor 324. Processor 324 can cause the capacitance of capaci-
tive element C2 316 to change. In one or more examples of
this disclosure, processor 324 controls capacitive element
C2 316 by varying the voltage across one or more of the
digitally controllable capacitors. Capacitive element C2 316
is connected in parallel with inductive loop 308.

The configurable tank circuit 304 also includes a third
inductive loop 318 and a fourth inductive loop 319. Induc-
tive loop 318 comprises inductor .3 and inductive loop 319
comprises inductor [.4. Integrated circuit 300 also includes
a switch arrangement 320. Switch arrangement 320 includes
four switches, switch S1, switch S2, switch S3, and switch
S4, each of which is controlled by processor 324. As shown
in FIG. 3A, inductive loop 306, inductive loop 308, induc-
tive loop 318, and inductive loop 319, and their constituents
are connected to switch arrangement 320. Switch arrange-
ment 320 is controlled by processor 324 to place the tank
circuit 304 into either of two configurations (310, 312). The
tank circuit 304 includes an oscillation driver (see FIG. 4)
that drives the tank circuit 304 at a resonance frequency. The
resonance frequency is tunable by operation of the processor
324 on capacitive element C1314, capacitive element C2
316, and switch arrangement 320.

In at least one example of this disclosure, the inductance
of L1 (306), L.2 (308) L3 (318), and L4 (319) is 330 pH, the
capacitance of capacitive element C1 (314) and capacitive
element C2 (316) are adjustable over a range of 0.32 pF to
1.25 pF, and the absolute value of -R is 50 Ohms.

FIG. 3B illustrates integrated circuit 300 operating in a
first configuration 310 at a first moment, in accordance with
an example of this disclosure. Switch arrangement 320 has
placed integrated circuit 300 into the first configuration 310.
In the first configuration 310, switch S1 and switch S2 are
closed, while switch S3 and switch S4 are open. When the
tank circuit 304 is in the first configuration 310, inductive
loop 306 is driven in parallel with inductive loop 308 in
response to the frequency input from an oscillation driver,
(see 402, FIG. 4). Current i1 is induced in inductive loop
306 and flows in a clockwise direction 125 as shown.
Current i[.2 is induced in inductive loop 308 and flows
counterclockwise 126 as shown. Thus, in the first configu-
ration 310, the inductive loops (306, 308) of the first pair 305
carry currents in opposing directions. When the tank circuit
304 is in the first configuration 310, inductive loop 318 and
inductive loop 319 are not driven.
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8
In the first configuration 310 of the tank circuit 304, tank
circuit 304 operates in a low frequency mode. In the low
frequency mode, the output frequency of the tank circuit 304
is expressible as:

1
27VLIZXC

Fvco(low) =

where

L12=L12=[L1*L.2]/[L1+L2] and C=C1+C2.

FIG. 3C illustrates integrated circuit 300 operating in the
first configuration 310, but at a different moment from that
of FIG. 3B. In the moment illustrated in FIG. 3C, induced
current il.1 in inductive loop 306 flows in a counterclock-
wise direction 126, whereas induced current iL.2 is carried in
a clockwise direction 125. The direction of current iL.1 and
iL.2 depends on the polarity of the input voltage from the
oscillation driver, (see 402, FI1G. 4). During operation of the
tank circuit 304 in the first configuration 310, direction of
current in the tank circuit 304 will alternate between that
shown in FIG. 3B and FIG. 3C.

When the tank circuit 304 is in the first configuration 310,
if current il.1 in loop 306 is flowing clockwise 125, then
current iL.2 in loop 308 will be flowing counterclockwise
126, as in FIG. 3B. Similarly, if current il.2 in loop 308 is
flowing clockwise 125, then current il.1 is flowing counter-
clockwise 126, as in FIG. 3C. Thus, in the first configuration
310 of tank circuit 304, the inductive loops 306, 308 of the
first pair 305 carry current in opposing directions, with one
loop (e.g., 306) carrying current in a first direction (e.g.,
clockwise 125), and the other loop (e.g., 308) carrying
current in an opposing direction (e.g., counterclockwise
126).

FIG. 3D illustrates integrated circuit 300 operating in a
second configuration 312 at a first moment, in accordance
with an example of this disclosure. In FIG. 3D, switch
arrangement 320 has placed integrated circuit 300 into the
second configuration 312. In the second configuration 312,
switch S1 and switch S2 are open, while switch S3 and
switch S4 are closed. When the tank circuit 304 is in the
second configuration 312, inductive loop 306 is driven in
parallel with inductive loop 308 in response to the frequency
input from the oscillation driver, (see FIG. 4). When the tank
circuit 304 is in the second configuration 312, inductive loop
318 is driven in parallel with inductive loop 319. When the
tank circuit 304 is in the second configuration 312, the first
pair 305 of inductive loops (306, 308) is driven in parallel
with the second pair 315 of inductive loops (318, 319).

In the second configuration 312, the tank circuit 304
operates in a high frequency mode. In the high frequency
mode, the output frequency of tank circuit 304 is expressible
as:

Fvco(high) =

1
2aVII234%C

where L1234=1/[(1/L1)+(1/L2)+(1/L3)+(1/L4)] and C=C1+
C2. Current iLL1 is induced in inductive loop 306, current il.2
is induced in inductive loop 308, current il.3 is induced in
loop 318, and current iL.4 is induced in loop 319. As shown
in FIG. 3D, currents il.1 and iL.2 flow clockwise 125, while
currents 1.3 and iL4 counterclockwise 126. In at least one
example, when operating in the high frequency mode, the
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output signal of the tank circuit 304 has a frequency of 15.2
GHz, which is 43 percent higher than the 9.8 GHz frequency
of'the first (low frequency) operating mode of FIGS. 3B-3C.

FIG. 3E illustrates integrated circuit 300 operating in the
second configuration 312, but at a different moment from
that of FIG. 3D. In the moment illustrated in FIG. 3E,
induced current il.1 in inductive loop 306 flows in a coun-
terclockwise direction 126 and induced current iL.2 is also
carried in the counterclockwise direction 126. The direction
of current in the tank circuit 304 depends on the polarity of
the input voltage from the oscillation driver (see 402, FIG.
4). During operation of the tank circuit 304 in the second
configuration 312, direction of current in the tank circuit 304
will alternate between that shown in FIG. 3D and that shown
in FIG. 3E.

When the tank circuit 304 is in the second configuration
312, if current il.1 in loop 306 is flowing clockwise, then
current iL.2 in loop 308 will be flowing clockwise as well
(see FIG. 3D). Similarly, if current i[.2 in loop 308 is flowing
counterclockwise 125, then current il.1 is also flowing
counterclockwise (see FIG. 3E). Thus, in the second con-
figuration 312 of tank circuit 304, inductive loops 306, 308
of the first pair 305 always carry current in the same
direction as one another.

When the tank circuit 304 is in the second configuration
312, if current il.1 in loop 306 and current i[.2 in loop 308
are flowing clockwise, then current il.3 will flow counter-
clockwise 126 around loop 318 and current il.4 will flow
counterclockwise 126 around loop 319, (see FIG. 3D).
Similarly, when the tank circuit 304 is in the second con-
figuration 312, if current iL.1 in loop 306 and current iL.2 in
loop 308 are flowing counterclockwise 126, then current il.3
will flow clockwise 126 around loop 318 and current il.4
will flow clockwise 125 around loop 319, (see FIG. 3E).

Thus, when the tank circuit 304 is in the second configu-
ration 312, inductive loop 306 and inductive loop 308 carry
current in a shared direction. For example, current il.1 and
current iL.2 will both flow clockwise 125, as illustrated in
FIG. 3D, or current iLL1 and current iL.2 will both flow
counterclockwise, as illustrated in FIG. 3D.

In the second configuration 312, inductive loop 318 and
inductive loop 319 carry current in a shared direction, for
example, current iL.3 and current iL.4 will both flow coun-
terclockwise 126, as illustrated in FIG. 3D, or current il.3
and current iL.4 will both flow clockwise 125, as illustrated
in FIG. 3E.

Thus, in the second configuration 312 of the tank circuit
304, the inductive loops 306, 308 of the first pair 305 carry
currents in a shared direction (e.g., clockwise 125, see FIG.
3D) that is opposite the direction of current flow in the
inductive loops 318, 319 of the second pair 315 (e.g.,
counterclockwise 126, see FIG. 3D). The directional rela-
tionship of current flow in the tank circuit 304 is similarly
illustrated in FIG. 3E, in which inductive loops 306, 308 of
the first pair 305 carry currents in a shared direction (coun-
terclockwise 126) that is opposite the direction of current
flow (clockwise 125) in inductive loops 318, 319 of the
second pair 315.

FIG. 4 illustrates aspects of an integrated circuit 400 (e.g.,
300), in accordance with an example of this disclosure. In at
least one example of this disclosure, a tank circuit 304 of the
integrated circuit 400 resides on a substrate (302). Tank
circuit 304 is surrounded by an electromagnetic (EM) ring
401. The integrated circuit 400 includes a driver 402 which
drives components of the tank circuit 304. In at least one
example, the EM ring 401 is composed of solid metal and
serves to minimize unwanted coupling by circuit 400 com-
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ponents (e.g., tank circuit 304) with other circuitry (not
shown) The tank circuit 304 includes a first inductive loop
306 and a second inductive loop 308. Inductive loop 306 and
inductive loop 308 form a first pair 305 of inductive loops.
Inductive loop 306 comprises an inductor 1. Inductive loop
308 also comprises an inductor [2. Inductive loop 306
encloses a capacitive element (C1) 314 and a negative
resistive value (-R). In some examples of this disclosure,
capacitive element C1 314 is connected to a processor (e.g.,
324). The processor (324) can cause the capacitance of
capacitive element C1 314 to change. Capacitive element C1
314 is connected in parallel with inductive loop 306.

Inductive loop 308 encloses a second capacitive element
316 (C2) and the negative resistive value (-R). In some
examples of this disclosure, capacitive element C2 316 is
connected to a processor (e.g., 324) which can control the
capacitance of capacitive element C2 316. Capacitive ele-
ment C2 316 is connected in parallel with inductive loop
308.

Circuit 400 also includes a third inductive loop 318 and a
fourth inductive loop 319. Inductive loop 318 comprises
inductor [.3 and inductive loop 319 comprises inductor [.4.
In at least one example of this disclosure, circuit 400 is
connected to a switch arrangement (e.g., 320). Switch
arrangement (320) is controlled by processor (324) to place
the circuit 400 into either of two operating configurations
(310, 312). The circuit 400 includes an oscillation driver 402
that drives the tank circuit 304 at a resonance frequency. The
resonance frequency is tunable by operation of the processor
(324) on capacitive element C1 314, capacitive element C2
316, and switch arrangement (320, see FIGS. 3A-3D). The
circuit 400 receives input voltage 408 and is connected to
local ground 404. The input resonance frequency from
driver 402 is tunable as output 406 from the circuit 400,
(making the tank circuit 304 a voltage-controlled oscillator).

As shown in FIG. 4, the first pair 305 of inductive loops
is spaced apart along a first axis 410 and the second pair of
inductive loops 315 is spaced apart along a second axis 412
perpendicular to the first axis 410 so as to form a pattern 322
having four-fold symmetry.

FIG. 5 illustrates a method 500 for operating a tank circuit
(e.g., 104, 304), in accordance with an example of this
disclosure. The method 500 includes receiving 505 a drive
signal at a tank circuit (e.g., 104, 304) in a first configuration
(e.g., 110, 310). The drive signal may come from an oscil-
lation driver (e.g., 202, 402). The method 500 also includes
driving 507 the tank circuit (e.g., 104, 304) in the first
configuration (e.g., 110, 310) based on the drive signal. The
method 500 also includes placing 509 the tank circuit (e.g.,
104, 304) into a second configuration (e.g., 112, 312) using
a switch arrangement (120, 320).

In at least one example of this disclosure, driving 507 the
tank circuit (e.g., 104, 304) in the first configuration (e.g.,
110, 310) comprises driving the loops in the first pair (e.g.,
105, 305) in parallel. In some examples, each of the induc-
tive loops (e.g. 106, 108) in the first pair (e.g., 105) encloses
a corresponding capacitive element (e.g., 114, 116) con-
nected in parallel with that inductive loop (e.g., 105). The
method 500 also includes driving 511 a second pair (e.g.,
315) of inductive loops in parallel with the first pair (e.g.,
305) of loops, responsive to placing the tank circuit (e.g.,
104, 304) into the second configuration (e.g., 112, 312).

In some examples of this disclosure, in method 500,
driving the tank circuit (e.g., 104, 304) in the first configu-
ration (e.g., 110, 310) based on the drive signal comprises
causing the inductive loops of the first pair (e.g., 105, 305)
to carry currents in opposing directions (see e.g., FIGS.
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1B-1C, and FIGS. 3B-3C). In at least one example of this
disclosure, method 500 also includes causing—responsive
to placing the tank circuit (e.g., 104, 304) into the second
configuration (e.g., 112, 312)—the inductive loops of the
first pair (e.g., 105, 305) to carry currents in a shared
direction (see e.g., FIGS. 1D-1E, and FIGS. 3D-3E).

FIG. 6 illustrates an integrated signal transmitter 600, in
accordance with an example of this disclosure. Integrated
signal transmitter 600 may be an integrated Wi-Fi signal
transmitter. Integrated signal transmitter 600 includes a
voltage-controlled oscillator (VCO) 602 (e.g., 104, 304).
VCO 602 produces a signal 603 having a tunable reference
frequency. In at least one example of this disclosure, VCO
602 produces a signal 603 whose (reference) frequency is
tunable across a range of 9.8 GHz to 14.25 GHz. In some
examples, VCO 602 produces a signal 603 having a fre-
quency that is tunable across a range of at least 10 GHz to
14.125 GHz. VCO 602 may be used to produce signals 603
that are tunable across other ranges in accordance with this
disclosure. The transmitter 600 also includes a frequency
divider (M/D) 604 that converts the reference signal 603 into
in-phase carrier signal (I) 606 and quadrature half-frequency
carrier signal (Q) 608, each of which has a frequency which
is one half the frequency of reference signal 603. Thus, when
VCO 602 operates in a 9.8 GHz-14.25 GHz range, output
signals (I) 606 and (Q) 608 operate in a 4.9 GHz-7.125 GHz
range. The transmitter 600 also includes a mixer 610 that
produces a transmit signal (RFout) 612 by combining the
in-phase carrier signals (I) 606 and the quadrature half-
frequency carrier signals 606 with in-phase Wi-Fi modula-
tion signals (1) 614 and quadrature Wi-Fi modulation signals
(Q) 616. As shown in the example of FIG. 6, an output pin
618 couples the transmit signal (RFout) 612 to an antenna
620.

In accordance with one or more examples of this disclo-
sure, the VCO 602 comprises a configurable tank circuit
(e.g. 104, 304) on a substrate (e.g. 102, 302). The VCO 602
includes a first pair (e.g., 105, 305) of inductive loops (e.g.,
106, 108, 306, 308) driven in parallel in each of a first
configuration (e.g., 110, 310) and a second configuration
(e.g., 112, 312). In some examples, each of the inductive
loops in the first pair (105, 305) encloses a corresponding
capacitive element (e.g., 114, 116, 314, 316) connected in
parallel with that inductive loop (e.g., 106, 108, 306, 308).
The VCO 602 also includes a second pair (e.g., 115, 315) of
inductive loops which is driven in parallel with the first pair
of'loops in the second configuration and undriven in the first
configuration. The VCO 602 also includes a switch arrange-
ment (e.g., 120, 320) that selectively (alternatingly) places
the configurable tank circuit (e.g., 104, 304) into either of the
first configuration (e.g., 110, 310) or the second configura-
tion (e.g., 112, 312). The VCO 602 also includes an oscil-
lation driver (e.g., 202, 402) that drives the configurable tank
circuit (e.g., 104, 304) at a tunable resonance frequency.

FIG. 7 illustrates an integrated signal transmitter 700, in
accordance with an example of this disclosure. The inte-
grated signal transmitter 700 can be a Wi-Fi transmitter. The
integrated signal transmitter 700 includes a VCO 702, (e.g.,
104, 304) producing a reference signal S-1 having a fre-
quency (a) that is tunable across a range of at least 3.33 GHz
to 4.83 GHz. Signal S-1 is output to range expansion circuit
703. In at least one example of this disclosure, range
expansion circuit 703 produces a signal 722 based on signal
S-1 having a frequency which is three times greater than the
frequency of signal S-1. In accord with some examples of
this disclosure VCO 702 may produce a reference signal S-1
whose frequency (a) is tunable across other ranges. The
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value of signal S-1 corresponds to the trigonometric function
cos(a). Signal S-1 is received by range expansion circuit 703
at polyphase filter (PF1) 706. Polyphase filter PF1 706
produces a copy of S-1 (an in-phase reference signal 708)
and signal S-2. Signal S-2 is the same as signal S-1 except
that signal S-2 is 90 degrees out of phase with signal 5-1,
making signal S-2 a quadrature phase reference signal. The
in-phase reference signal 708 and the quadrature phase
reference signal S-2 have the same frequency (a) as the
reference signal S-1. Signal S-1 corresponds to a cos(a)
function and S-2 corresponds to a sin(a) function (because
S-2 is 90 degrees out of phase with signal S-1.) As shown,
transmitter 700 also includes a mixer (M1) 710. The mixer
M1 710 combines the reference signal S-1 with the quadra-
ture phase reference signal S-2 to produce signal S-3 having
a frequency which is twice that of reference signal S-1 (a
double frequency signal). That is, mixer M1 710 multiplies
cos(at) by sin(a) to produce signal S-3. As is known in
trigonometry, cos(a)*sin(a)=Y2*sin(2a)-"2*sin(0). Since
sin of zero is zero, the —-%4*sin(0) term is removed. Signal
S-3 therefore corresponds to the function %2*sin(2c) and has
no ‘direct current’ (DC) component. The frequency 2a) of
signal S-3 is twice that of signal S-1. Moreover, the fact that
signal S-3 is free of any DC component is advantageous to
the operation of transmitter 700. Signal S-3 is output from
mixer M1 710 to a second polyphase filter (PF2) 714.
Polyphase filter PF2 714 includes one or more amplifiers
(not shown) that double the amplitude of signal S-3
(2*0.5=1) to produce signal S-4 (cos(2a)) and signal S-5
(sin(2a)). Polyphase filter PF2 714 thus derives an in-phase
double-frequency signal, signal S-4, and a quadrature phase
double-frequency signal, signal S-5, from double-frequency
signal S-3. The in-phase double-frequency signal S-4 and
the quadrature phase double-frequency signal S-5 each have
a frequency (2a) which is double the frequency (o) of signal
S-1. The transmitter 700 also includes a mixer arrangement
720. Signals 5-1, S-2, S-4, and S-5 are fed to mixer arrange-
ment 720. Notably, by generating signals S-4 and S-5,
polyphase filter PF2 714 enables range expansion circuit 703
to separate wanted tones (sin(3ct)) and unwanted tones
(sin(a)), which enables mixer arrangement 720 to produce
signal S-8. Mixer arrangement 720 combines S-1 (in-phase
reference signal 708) and quadrature phase reference signal
S-2 with in-phase double-frequency signal S-4 and quadra-
ture phase double-frequency signal to produce signal 722
(S-8) whose frequency is three times that of the reference
signal S-1 (a triple-frequency signal). Within mixer arrange-
ment 720, mixer M2 738 multiplies signal S-2 (sin(a)) by
signal S-4 (cos(2a.)) to produce signal S-6. Since cos(2at)
*sin(a) equals Y2*sin(3a)-Y2%sin(ct), signal S-6 corre-
sponds to the function V2*sin(3a.)-Y4%sin(ct). Mixer M3 740
multiplies signal S-1 (cos(c)) by signal S-5 (sin2a)) to
produce signal S-7. Since cos(a)*sin(2a) equals ¥2%sin(3ct)
plus Y2*sin(ct), signal S-7 corresponds to the function 2*sin
Ba)+YA*sin(a).

Signal S-6 and signal S-7 are output to add-circuit 742.
Add-circuit 742 adds signal S-6 (V2%sin(3a)-2%sin(c)) and
signal S-7 (Y2*sin(3a)+Y2*sin(a)) to produce signal S-8.
Since the equation Y2%sin(3c)-Y4*sin(o)+%2*sin(30)+
Va*sin(a) reduces to Y2*sin(3a)+Y2*sin(3a), signal S-8 cor-
responds to the function sin(3a). The frequency of signal
S-8 (3a) is thus three times that of signal S-1 («) from VCO
702.

In at least one example of this disclosure, the transmitter
700 also includes output circuit 733 which receives signal
S-8 at frequency divider M/D 724. Frequency divider M/D
724 converts the triple-frequency signal S-8 (722) into
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half-triple-frequency in-phase carrier signals (I) 726 and
quadrature carrier signals (Q) 728. In at least one example,
the transmitter 700 further includes a modulation mixer M4
730 that produces transmit signal RFout 732 by combining
the half-triple-frequency in-phase carrier signals (I) 726 and
quadrature carrier signals (Q) 728 with in-phase Wi-Fi
modulation signals 734 and quadrature Wi-Fi modulation
signals 736. Normally, transmit signal RFout 732 is output
to one or more antennas (not shown).

Examples of this disclosure also include the following
enumerated examples:

1. An integrated circuit 300 includes a substrate 302; a
configurable tank circuit 304 on the substrate, the configur-
able tank circuit including: a first pair 305 of inductive loops
306, 308 driven in parallel in each of a first configuration
310 and a second configuration 312, each of the inductive
loops 306, 308 in the first pair 305 enclosing a correspond-
ing capacitive element 314, 316 connected in parallel with
that inductive loop 306, 308; a second pair 315 of inductive
loops 316, 318 driven in parallel with the first pair 305 of
loops in the second configuration 312 and undriven in the
first configuration 310; and a switch arrangement 320 that
selectively places the configurable tank circuit 304 into
either of the first and second configurations; and an oscil-
lation driver 202 that drives the configurable tank circuit at
a tunable resonance frequency.

2. The integrated circuit of example 1, wherein each
corresponding capacitive element 314, 116 is an interdigi-
tated capacitor.

3. The integrated circuit of example 1 or 2, wherein each
of the inductive loops in the first pair is an inner loop
enclosed within an outer loop, the outer loop being an
inductive loop of the second pair.

4. The integrated circuit of example 1 or 2 or 3, wherein
at least in the first configuration, the inductive loops of the
first pair carry currents in opposing directions.

5. The integrated circuit of example 1 or 2 or 3 or 4,
wherein in the second configuration, the inductive loops of
the first pair carry currents in a shared direction.

6. The integrated circuit of example 3, wherein in the
second configuration, each inner loop carries current in a
shared direction with its outer loop.

7. The integrated circuit of any of the preceding examples,
wherein the tunable resonance frequency is tunable across at
least a range of 10 GHz to 14.125 GHz.

8. The integrated circuit of example 2, wherein the first
pair 305 of inductive loops is spaced apart along a first axis
and the second pair of inductive loops 315 is spaced apart
along a second axis perpendicular to the first axis so as to
form a pattern having four-fold symmetry.

9. The integrated circuit of example 8, wherein at least in
the first configuration, the inductive loops of the first pair
carry currents in opposing directions.

10. The integrated circuit of example 8 or 9, wherein in
the second configuration, the inductive loops of the first pair
carry currents in a shared direction that is opposite a
direction of current flow in the inductive loops of the second
pair.

11. The integrated circuit of example 8 or 9 or 10, wherein
the tunable resonance frequency is tunable across at least a
range of 9.8 GHz to 15.2 GHz.

12. The integrated circuit of any of the preceding
examples, wherein the oscillation driver includes a voltage-
tunable capacitance that enables tuning of the tunable reso-
nance frequency.

13. An integrated Wi-Fi signal transmitter that comprises:
a voltage-controlled oscillator (VCO) 602 producing a ref-
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erence frequency 503 that is tunable across a range of at least
10 GHz to 14.125 GHz; a frequency divider 504 that
converts the reference frequency 603 into in-phase carrier
signals (I) 606 and quadrature half-frequency carrier signals
(Q) 608; a mixer 610 that produces a transmit signal (RFout)
612 by combining the in-phase carrier signals and the
quadrature half-frequency carrier signals with in-phase Wi-
Fi modulation signals (I) 614 and quadrature Wi-Fi modu-
lation signals (Q) 616; and an output pin 618 that couples the
transmit signal (RFout) 612 to an antenna.

14. The integrated Wi-Fi signal transmitter of example 13,
wherein the VCO includes: a configurable tank circuit on a
substrate, the configurable tank circuit including: a first pair
of inductive loops driven in parallel in each of a first
configuration and a second configuration, each of the induc-
tive loops in the first pair enclosing a corresponding capaci-
tive element connected in parallel with that inductive loop;
a second pair of inductive loops driven in parallel with the
first pair of loops in the second configuration and undriven
in the first configuration; and a switch arrangement that
selectively places the configurable tank circuit into either of
the first and second configurations; and an oscillation driver
that drives the configurable tank circuit at a tunable reso-
nance frequency.

15. The integrated Wi-Fi signal transmitter of example 13
or 14, wherein each of the inductive loops in the first pair is
an inner loop enclosed within an outer loop, the outer loop
being an inductive loop of the second pair.

16. The integrated Wi-Fi signal transmitter of example 13
or 14, wherein the first pair of inductive loops is spaced apart
along a first axis and the second pair of inductive loops is
spaced apart along a second axis perpendicular to the first
axis, thereby forming a pattern having four-fold symmetry.

17. A method of manufacturing an integrated circuit with
an on-chip voltage-controlled oscillator, the method com-
prising: providing a configurable tank circuit on an inte-
grated circuit substrate, the configurable tank circuit includ-
ing: a first pair of inductive loops driven in parallel in each
of a first configuration and a second configuration, each of
the inductive loops in the first pair enclosing a correspond-
ing capacitive element connected in parallel with that induc-
tive loop; a second pair of inductive loops driven in parallel
with the first pair of loops in the second configuration and
undriven in the first configuration; and a switch arrangement
that selectively places the configurable tank circuit into
either of the first and second configurations; and coupling an
oscillation driver to drive the configurable tank circuit at a
tunable resonance frequency, the oscillation driver including
avoltage-tunable capacitor that enables tuning of the tunable
resonance frequency.

18. The method of example 17, wherein each of the
inductive loops in the first pair is an inner loop enclosed
within an outer loop, the outer loop being an inductive loop
of the second pair.

19. The method of example 17 or 18, wherein the tunable
resonance frequency is tunable across at least a range of 10
GHz to 14.125 GHz.

20. The method of example 17, wherein the first pair of
inductive loops is spaced apart along a first axis and the
second pair of inductive loops is spaced apart along a second
axis perpendicular to the first axis, in a pattern having
four-fold symmetry.

21. The method of any one of examples 17-20, wherein
the tunable resonance frequency is tunable across at least a
range of 9.8 GHz to 15.2 GHz.

22. An integrated Wi-Fi signal transmitter 700 that com-
prises: a voltage-controlled oscillator (VCO) 702 producing
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a reference signal 704 having a reference frequency that is
tunable across a range of at least 3.33 GHz to 4.83 GHz; a
first filter 706 that derives an in-phase reference signal 708
and a quadrature phase reference signal 709 from the ref-
erence signal, the in-phase reference signal and the quadra-
ture phase reference signal having the reference frequency;
a first mixer M1710 that combines the in-phase reference
signal 704 with the quadrature phase reference signal 709 to
produce a double-frequency signal 712; a second filter 714
that derives an in-phase double-frequency signal 716 and a
quadrature phase double-frequency signal 718 from the
double-frequency signal 712, the in-phase double-frequency
signal and the quadrature phase double-frequency signal
each having twice the reference frequency; and a mixer 720
arrangement that combines the reference signal 704 and the
quadrature phase reference signal 709 with the in-phase
double-frequency signal 716 and the quadrature phase
double-frequency signal 718 to produce a triple-frequency
signal 722.

23. The integrated Wi-Fi signal transmitter of example 22,
further comprising: a frequency divider M/D 724 that con-
verts the triple-frequency signal into half-triple-frequency
in-phase carrier signals (I) 726 and quadrature carrier signals
(Q) 728; and a modulation mixer M4 730 that produces a
transmit signal RFout 732 by combining the half-triple-
frequency in-phase carrier signals and quadrature carrier
signals with in-phase Wi-Fi modulation signals (I) 734 and
quadrature Wi-Fi modulation signals (Q) 736.

24. The integrated Wi-Fi signal transmitter of example 22,
wherein the mixer arrangement comprises: a second mixer
that combines the in-phase reference signal with the quadra-
ture phase double-frequency signal to produce a first up-
converted signal with a positive harmonic; a third mixer that
combines the quadrature phase reference signal with the
in-phase double-frequency signal to produce a second up-
converted signal with a negative harmonic; and an add-
circuit that sums the first up-converted signal and the second
up-converted signal to produce the triple-frequency signal.

25. The integrated Wi-Fi signal transmitter of example 22,
wherein the mixer arrangement includes a mixer that com-
bines the in-phase reference signal with the quadrature phase
double-frequency signal to produce a first up-converted
signal. In at least one example, the first up-converted refer-
ence has a positive harmonic. The mixer arrangement also
includes a third mixer that combines the quadrature phase
reference signal with the in-phase double-frequency signal
to produce a second up-converted signal. In at least some
examples, the second up-converted signal is characterized
by a negative harmonic. The mixer arrangement also
includes an add-circuit that sums the first up-converted
signal and the second up-converted signal to produce the
triple-frequency signal.

Though the operations described herein may be set forth
sequentially for explanatory purposes, in practice the
method may be carried out by multiple components oper-
ating concurrently and perhaps even speculatively to enable
out-of-order operations. The sequential discussion is not
meant to be limiting. Modifications, equivalents, and alter-
natives, should be apparent to those skilled in the art. It is
intended that the following claims be interpreted to embrace
all such modifications, equivalents, and alternatives.

What is claimed is:

1. An integrated circuit comprising:

a substrate;

a configurable tank circuit on the substrate, the configur-
able tank circuit including:
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a first pair of inductive loops driven in parallel in each
of a first configuration and a second configuration,
each of the inductive loops in the first pair enclosing
a corresponding capacitive element connected in
parallel with that inductive loop;

a second pair of inductive loops driven in parallel with
the first pair of loops in the second configuration, the
second pair of inductive loops undriven in the first
configuration; and

a switch arrangement that alternately places the con-
figurable tank circuit into either the first configura-
tion or the second configuration; and

an oscillation driver that drives the configurable tank
circuit at a tunable resonance frequency.

2. The integrated circuit of claim 1, wherein each of the
inductive loops in the first pair is an inner loop enclosed
within an outer loop, the outer loop being an inductive loop
of the second pair.

3. The integrated circuit of claim 2, wherein at least in the
first configuration, the inductive loops of the first pair carry
currents in opposing directions.

4. The integrated circuit of claim 2, wherein in the second
configuration, each inner loop carries current in a shared
direction with its outer loop.

5. The integrated circuit of claim 2, wherein the tunable
resonance frequency is tunable across a range having a
width of at least 4.0 GHz.

6. The integrated circuit of claim 1, wherein each corre-
sponding capacitive element is an interdigitated capacitor.

7. The integrated circuit of claim 6, wherein the first pair
of inductive loops is spaced apart along a first axis and the
second pair of inductive loops is spaced apart along a second
axis perpendicular to the first axis so as to form a cloverleaf
pattern.

8. The integrated circuit of claim 7, wherein the tunable
resonance frequency is tunable across a range in accord with
a wireless protocol.

9. The integrated circuit of claim 7, wherein at least in the
first configuration, the inductive loops of the first pair carry
currents in opposing directions.

10. The integrated circuit of claim 9, wherein in the
second configuration, the inductive loops of the first pair
carry currents in a shared direction that is opposite a
direction of current flow in the inductive loops of the second
pair.

11. The integrated circuit of claim 1, wherein the oscil-
lation driver includes a voltage-tunable capacitance that
enables tuning of the tunable resonance frequency.

12. The integrated circuit of claim 1, wherein in the
second configuration, the inductive loops of the first pair
carry currents in a shared direction.

13. An integrated wireless communication signal trans-
mitter that comprises:

a voltage-controlled oscillator producing a reference fre-

quency;

a frequency divider that converts the reference frequency
into in-phase carrier signals and quadrature half-fre-
quency carrier signals;

a mixer that produces a transmit signal by combining the
in-phase carrier signals and the quadrature half-fre-
quency carrier signals with in-phase wireless modula-
tion signals and quadrature wireless modulation sig-
nals; and

an output pin that couples the transmit signal to an
antenna.
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14. The integrated wireless communication signal trans-
mitter of claim 13, wherein the voltage-controlled oscillator
includes:

a configurable tank circuit on a substrate, the configurable

tank circuit including:

a first pair of inductive loops driven in parallel in each
of a first configuration and a second configuration,
each of the inductive loops in the first pair enclosing
a corresponding capacitive element connected in
parallel with that inductive loop;

a second pair of inductive loops driven in parallel with
the first pair of loops in the second configuration, the
second pair of inductive loops undriven in the first
configuration; and

a switch arrangement that alternately places the con-
figurable tank circuit into either the first configura-
tion or the second configuration; and

an oscillation driver that drives the configurable tank

circuit at a tunable resonance frequency.

15. The integrated wireless communication signal trans-
mitter of claim 14, wherein each of the inductive loops in the
first pair is an inner loop enclosed within an outer loop, the
outer loop being an inductive loop of the second pair.

16. The integrated wireless communication signal trans-
mitter of claim 14, wherein the first pair of inductive loops
is spaced apart along a first axis and the second pair of
inductive loops is spaced apart along a second axis perpen-
dicular to the first axis, thereby forming a pattern having
four-fold symmetry.

17. A method of operating a tank circuit, comprising:

receiving a drive signal at a tank circuit in a first con-

figuration;

driving the tank circuit in the first configuration based on

the drive signal, wherein driving the tank circuit in the
first configuration comprises driving a first pair of
inductive loops in parallel, and wherein each of the
inductive loops in the first pair encloses a correspond-
ing capacitive element connected in parallel with that
inductive loop;

placing, using a switch arrangement, the tank circuit into

a second configuration; and

driving, responsive to placing the tank circuit into the

second configuration, a second pair of inductive loops

in parallel with the first pair of loops.

18. The method of claim 17, wherein driving the tank
circuit in the first configuration based on the drive signal
comprises causing the inductive loops of the first pair to
carry currents in opposing directions.
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19. The method of claim 17, further comprising causing,
responsive to placing the tank circuit into the second con-
figuration, the inductive loops of the first pair carry currents
in a shared direction.

20. An integrated wireless communication signal trans-
mitter, comprising:

a voltage-controlled oscillator producing a reference sig-

nal having a reference frequency;

a first filter that derives an in-phase reference signal and
a quadrature phase reference signal from the reference
signal, the in-phase reference signal and the quadrature
phase reference signal having the reference frequency;

a first mixer that combines the in-phase reference signal
with the quadrature phase reference signal to produce a
double-frequency signal;

a second filter that derives an in-phase double-frequency
signal and a quadrature phase double-frequency signal
from the double-frequency signal, the in-phase double-
frequency signal and the quadrature phase double-
frequency signal each having twice the reference fre-
quency; and

a mixer arrangement that combines the reference signal
and the quadrature phase reference signal with the
in-phase double-frequency signal and the quadrature
phase double-frequency signal to produce a triple-
frequency signal.

21. The integrated wireless communication signal trans-

mitter of claim 20, further comprising:

a frequency divider that converts the triple-frequency
signal into half-triple-frequency in-phase carrier sig-
nals and quadrature carrier signals; and

a modulation mixer that produces a transmit signal by
combining the half-triple-frequency in-phase carrier
signals and quadrature carrier signals with in-phase and
quadrature wireless modulation signals.

22. The integrated wireless communication signal trans-
mitter of claim 20, wherein the mixer arrangement com-
prises:

a second mixer that combines the in-phase reference
signal with the quadrature phase double-frequency sig-
nal to produce a first up-converted signal with a posi-
tive harmonic;

a third mixer that combines the quadrature phase refer-
ence signal with the in-phase double-frequency signal
to produce a second up-converted signal with a nega-
tive harmonic; and

an add-circuit that sums the first up-converted signal and
the second up-converted signal to produce the triple-
frequency signal.
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