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(57) ABSTRACT

Embodiments provide a voltage controlled oscillator (VCO)
having reduced single-ended capacitance. In one embodi-
ment, the VCO may include a transformer, a capacitor bank,
and a gain stage. The transformer may include a primary
inductor and a secondary inductor, and the secondary induc-
tor may be inductively coupled to the primary inductor. The
capacitor bank may be coupled to the secondary inductor and
may provide a majority of a total capacitance ofthe VCO. The
gain stage may be coupled to the primary inductor and con-
figured to receive a supply signal and to drive a differential
current in the primary inductor, thereby inducing an output
signal across the secondary inductor having a frequency equal
to a resonant frequency of the VCO.
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VOLTAGE-CONTROLLED OSCILLATOR
WITH REDUCED SINGLE-ENDED
CAPACITANCE

TECHNICAL FIELD

[0001] Embodiments of the present disclosure relate gen-
erally to electronic circuits, and more particularly, to voltage-
controlled oscillators.

BACKGROUND

[0002] Inductance-capacitance voltage controlled oscilla-
tors (LC-VCOs) are critical building blocks in communica-
tion systems, such as wireless communication systems. One
of the main challenges in LC-VCO design is achieving low
phase noise while keeping power consumption low. Single-
ended parasitic capacitance is one of the biggest causes of
phase noise in LC-VCO circuits.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] Embodiments of the present disclosure will be
described by way of exemplary embodiments, but not limita-
tions, illustrated in the accompanying drawings in which like
references denote similar elements, and in which:

[0004] FIG. 1A is a circuit diagram of a voltage controlled
oscillator in accordance with various embodiments;

[0005] FIG. 1B is a circuit diagram of an alternative con-
figuration of a voltage controlled oscillator in accordance
with various embodiments; and

[0006] FIG.2 is ablock diagram of a wireless communica-
tions device including a voltage controlled oscillator in accor-
dance with various embodiments.

DETAILED DESCRIPTION

[0007] Illustrative embodiments of the present disclosure
include, but are not limited to, methods and apparatuses for
voltage controlled oscillators having reduced single-ended
capacitance.

[0008] Various aspects of the illustrative embodiments will
be described using terms commonly employed by those
skilled in the art to convey the substance of their work to
others skilled in the art. However, it will be apparent to those
skilled in the art that alternate embodiments may be practiced
with only some of the described aspects. For purposes of
explanation, specific numbers, materials, and configurations
are set forth in order to provide a thorough understanding of
the illustrative embodiments. However, it will be apparent to
one skilled in the art that alternate embodiments may be
practiced without the specific details. In other instances, well-
known features are omitted or simplified in order not to
obscure the illustrative embodiments.

[0009] Further, various operations will be described as
multiple discrete operations, in turn, in a manner that is most
helpful in understanding the illustrative embodiments; how-
ever, the order of description should not be construed as to
imply that these operations are necessarily order dependent.
In particular, these operations need not be performed in the
order of presentation.

[0010] The phrase “in some embodiments” is used repeat-
edly. The phrase generally does not refer to the same embodi-
ments; however, it may. The terms “comprising,” “having,”
and “including” are synonymous, unless the context dictates
otherwise. The phrase “A and/or B” means (A), (B), or (A and
B). The phrase “A/B” means (A), (B), or (A and B), similar to
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the phrase “A and/or B”. The phrase “at least one of A, B and
C”means (A), (B), (C), (Aand B), (Aand C), (Band C) or (A,
B and C). The phrase “(A) B” means (B) or (A and B), that is,
A is optional.

[0011] Although specific embodiments have been illus-
trated and described herein, it will be appreciated by those of
ordinary skill in the art that a wide variety of alternate and/or
equivalent implementations may be substituted for the spe-
cific embodiments shown and described, without departing
from the scope of the embodiments of the present disclosure.
This application is intended to cover any adaptations or varia-
tions of the embodiments discussed herein. Therefore, it is
manifestly intended that the embodiments of the present dis-
closure be limited only by the claims and the equivalents
thereof.

[0012] As used herein, the term “module” may refer to, be
part of, or include an Application Specific Integrated Circuit
(ASIC), an electronic circuit, a processor (shared, dedicated,
or group) and/or memory (shared, dedicated, or group) that
execute one or more software or firmware programs, a com-
binational logic circuit, and/or other suitable components that
provide the described functionality.

[0013] Various embodiments provide a voltage controlled
oscillator (VCO) having reduced single-ended capacitance.
In one embodiment, the VCO may include a transformer, a
capacitor bank, and a gain stage. The transformer may include
aprimary inductor and a secondary inductor, and the second-
ary inductor may be inductively coupled to the primary induc-
tor. The capacitor bank may be coupled to the secondary
inductor, and the capacitor bank may provide a majority of a
total capacitance of the VCO. The gain stage may be coupled
to the primary inductor and configured to receive a supply
signal and to drive a differential current in the primary induc-
tor, thereby inducing an output signal across the secondary
inductor having a frequency equal to a resonant frequency of
the VCO. In some embodiments, the VCO may further
include one or more varactors coupled to the gain stage in
parallel with the primary inductor. In one embodiment, the
varactors may receive the supply signal.

[0014] Inone embodiment, the VCO circuit may include a
gain stage including a first transistor and a second transistor,
the first transistor having a first drain terminal coupled to a
first node and the second transistor having a second drain
terminal coupled to a second node. The circuit may further
include a pair of varactors coupled between the first node and
the second node and configured to receive a supply signal at
a supply node between the pair of varactors. The circuit may
further include a first inductor coupled between the first node
and the second node, and a second inductor coupled between
a third node and a fourth node, the second inductor induc-
tively coupled to the first inductor. Additionally, the circuit
may include a capacitor bank coupled between the third node
and the fourth node, the capacitor bank including a plurality
of switched capacitors configured to be selectively coupled
between the third node and the fourth node when switched on.
The capacitor bank may provide a majority of a total capaci-
tance of the VCO.

[0015] FIG. 1A illustrates a VCO 100 in accordance with
various embodiments. VCO 100 may be an inductance-ca-
pacitance VCO (LC-VCO) 100. In various embodiments,
VCO 100 may include a transformer 102 having a primary
stage 103 and a secondary stage 105. Primary stage 103 may
include a primary inductor 104 and secondary stage 105 may
include a secondary inductor 106. The VCO 100 may further
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include a gain stage 108 and a capacitor bank 110. The gain
stage 108 may be coupled to the primary stage 103 and may
receive an input signal (e.g., a supply voltage/current) to drive
current in the primary inductor 104. The capacitor bank 110
may be coupled to the secondary stage 105 (e.g., coupled to
the secondary inductor 106) and may include a majority of a
total capacitance of the VCO 100.

[0016] In some embodiments, VCO 100 may receive the
input signal at a supply node 112 and produce an output signal
across output nodes 114a-b. The secondary inductor 106 may
be inductively coupled to the primary inductor 104, so that a
differential current (e.g., an alternating current (AC)) across
the primary inductor 104 induces a differential voltage across
the secondary inductor 106.

[0017] In various embodiments, the capacitor bank 110
may be coupled in parallel with the secondary inductor 106.
The capacitance (e.g., from capacitor bank 110) and the
inductance (e.g., from primary inductor 104 and/or secondary
inductor 106) of the VCO 100 may cause the VCO 100 to
convert a direct current (DC) input signal into an alternating
current (AC) output signal having a frequency equal to a
resonant frequency of the VCO 100. The gain stage 108 may
provide gain to drive the differential current in the primary
inductor 102, thereby sustaining the output signal.

[0018] In some embodiments, the capacitor bank 110 may
include a plurality of switched capacitors 118. As shown in
FIG. 1, in some embodiments, the switched capacitors 118
may be arranged in pairs with a switch 120 disposed between
respective pairs of capacitors 118. Alternatively, the capaci-
tors 118 may be arranged as single capacitors 118 and/or in
another arrangement. The capacitors 118 may be selectively
coupled in parallel with the second inductor 106 when the
respective switch 120 is switched on. The switches 120 may
be controlled on an individual basis, on a collective basis, or
on a subset basis (e.g., individual subsets of switches 120 are
controlled separately). The resonant frequency of the VCO
100 may be based on a quantity of switches 120 that are
switched on at a particular time. In some embodiments, the
VCO 100 may include any suitable number of switched
capacitors 118, such as about 2 to about 1,024 pairs of
switched capacitors 118.

[0019] Insomeembodiments, VCO 100 may include addi-
tional capacitive elements, such as one or more varactors 116.
The resonant frequency of the VCO 100 may be further
adjusted by changing a magnitude (e.g., voltage level) of the
input signal, which may alter the capacitance of the varactors
116. In some embodiments, as shown in FIG. 1A, a pair of
varactors 116 may be coupled to the gain stage 108 in parallel
with the primary inductor 104. The supply node 112 may be
disposed between the pair of varactors 116. In some embodi-
ments, the capacitor bank 110 may include one or more
varactors in addition to, or instead of varactors 116 coupled to
the primary inductor 104.

[0020] In various embodiments, the capacitor bank 110
may provide a majority of the total capacitance of the VCO
100. The capacitor bank 110 may be a significant source of
single-ended capacitance. As used herein, single-ended
capacitance may be defined as capacitance between an output
node 114a or 1145 and ground. Single-ended capacitance
may be distinguished from differential capacitance between
the pair of output nodes 114a-b. If the single-ended capaci-
tance is passed to the gain stage 108 (as may occur in VCO
topologies in which the gain stage directly drives the capaci-
tor bank), it may cause phase noise in the output signal.
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However, transformer 102 may prevent the single-ended
capacitance caused by capacitor bank 110 from passing to the
gain stage 108. Rather, only differential capacitance may pass
between secondary inductor 106 and primary inductor 104.
Accordingly, by having a majority of the total capacitance off
VCO 100 coupled to the secondary stage 105 (e.g., coupled to
secondary inductor 106), the single-ended capacitance of
VCO 100 may be substantially reduced. Accordingly, VCO
100 may have low phase noise. Additionally, the power con-
sumption of VCO 100 may be relatively small.

[0021] Inone experiment, a 58 GHz VCO with a switched
capacitor bank coupled to the secondary stage of a trans-
former exhibited a phase noise of about —110 dBc¢/Hz (deci-
bels below the carrier per Hertz of bandwidth) at 1 MHz offset
from carrier and a bandwidth of 2 GHz. These results dem-
onstrate a phase noise below that provided by other VCO
designs.

[0022] In some embodiments, substantially all of the total
capacitance of the VCO 100 may be coupled to the secondary
inductor 106. For example, all of the switched capacitors 118
in VCO 100 may be coupled to secondary inductor 106.
Primary inductor 104 may or may not be coupled to the pair
of varactors 116, which may account for a relatively small
portion of the total capacitance of the VCO 100. In other
embodiments, one or more switched capacitors 118 may be
coupled to the primary inductor 104.

[0023] In some embodiments, the gain stage 108 may
include a pair of cross-coupled transistors 122a-5 (e.g., a first
transistor 122q and a second transistor 1225). In one embodi-
ment, the gate of the second transistor 1225 may be coupled
to the drain of the first transistor 1224 at a first terminal 124 of
the primary inductor 104, and the gate of the first transistor
122a may be coupled to the drain of second transistor 1225 at
a second terminal 126 of the primary inductor 104. The
sources of first transistor 122a and second transistor 1225
may be coupled to a ground terminal 128.

[0024] FIG. 1B shows an alternate configuration of gain
stage 108 in VCO 100 in which the gates of the transistors
122a-b are coupled to the secondary stage 105. As shown in
FIG. 1B, the gate of the second transistor 1226 may be
coupled to a first terminal 130 of the secondary inductor 106,
and the gate of the first transistor 122¢ may be coupled to a
second terminal 132 of the secondary inductor 106. Transis-
tors 122a-b may still be cross-coupled in the configuration
shown in FIG. 1B, since the gate of each transistor 122a-b
may be coupled to the terminal o' 132 or 130, respectively, of
the secondary inductor 106 on the opposite side of VCO 100
from the terminal 124 or 126, respectively, to which the drain
of the transistor 122a-b is coupled.

[0025] Although the first and second transistors 122a and
1225, respectively, are shown in FIGS. 1A-B as n-type tran-
sistors (e.g., n-type metal-oxide-semiconductor (NMOS)
transistors), in other embodiments, the first and second tran-
sistors 122a and 1225 may be p-type transistors (e.g., p-type
metal-oxide-semiconductor (PMOS) transistors). Alterna-
tively, one of the first transistor 122a or second transistor
1225 may be an n-type transistor, and the other may be a
p-type transistor. Furthermore, embodiments may be include
any VCO topology having a transformer with the gain stage
driving the primary stage of the transformer, and a majority of
the total capacitance load of the VCO coupled to the second-
ary stage of the transformer.

[0026] In various embodiments, the input signal may be
provided by a supply source (not shown), such as a voltage
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source and/or a current source. In some embodiments, the
supply source may be coupled to the VCO 100 at the supply
node 112 as shown in FIGS. 1A-B. In other embodiments, the
supply source may be coupled to a different node from the
supply node 112 shown in FIGS. 1A-B, such as at the sources
of first transistor 122« and second transistor 1225.

[0027] In various embodiments, the primary inductor 104
and/or secondary inductor 106 may have any suitable number
of'turns. In some embodiments, the primary inductor 104 and
secondary inductor 106 may have the same number of turns.
In other embodiments, the primary inductor 104 may have
more turns or less turns than the secondary inductor 106.

[0028] The VCO 100 described herein may be incorporated
into a variety of systems. FIG. 2 illustrates, for one embodi-
ment, an example system 200 comprising one or more pro-
cessor(s) 204, system control logic 208 coupled to at least one
of the processor(s) 204, system memory 212 coupled to sys-
tem control logic 208, non-volatile memory (NVM)/storage
216 coupled to system control logic 208, and a network
interface 220 coupled to system control logic 208. In various
embodiments, the system 200 may be a wireless communi-
cation device.

[0029] The one or more processor(s) 204 may include one
or more single-core or multi-core processors. The one or
more processor(s) 204 may include any combination of gen-
eral-purpose processors and dedicated processors (e.g.,
graphics processors, application processors, etc.).

[0030] System control logic 208 for one embodiment may
include any suitable interface controllers to provide for any
suitable interface to at least one of the processor(s) 204 and/or
to any suitable device or component in communication with
system control logic 208.

[0031] System control logic 208 for one embodiment may
include one or more memory controller(s) to provide an inter-
face to system memory 212. System memory 212 may be
used to load and store data and/or instructions, for example,
for system 200. System memory 212 for one embodiment
may include any suitable volatile memory, such as suitable
dynamic random access memory (DRAM), for example.

[0032] NVM/storage 216 may include one or more tan-
gible, non-transitory computer-readable media used to store
data and/or instructions, for example. NV M/storage 216 may
include any suitable non-volatile memory, such as flash
memory, for example, and/or may include any suitable non-
volatile storage device(s), such as one or more hard disk
drive(s) (HDD(s)), one or more compact disk (CD) drive(s),
and/or one or more digital versatile disk (DVD) drive(s), for
example.

[0033] The NVM/storage 216 may include a storage
resource physically part of a device on which the system 200
is installed or it may be accessible by, but not necessarily a
part of, the device. For example, the NVM/storage 216 may
be accessed over a network via the network interface 220.

[0034] Network interface 220 may have a radio transceiver
222 to provide a radio interface for system 200 to communi-
cate over one or more network(s) and/or with any other suit-
able device. Network interface 220 may include any suitable
hardware and/or firmware. Network interface 220 may
include one or more antennas. For example, network interface
220 may include a plurality of antennas to provide a MIMO
radio interface. Network interface 220 for one embodiment
may include, for example, a network adapter, a wireless net-
work adapter, a telephone modem, and/or a wireless modem.
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[0035] In some embodiments, the transceiver 222 may be
configured to transmit and/or receive data signals over a wire-
less communications network. The data signals may be trans-
mitted and/or received with a carrier frequency. In other
embodiments, the transceiver 222 may send the data signals
over a wireline network and/or another communications
interface.

[0036] In various embodiments, the VCO 100 may be
coupled to the transceiver 222 to facilitate the transceiver 222
to send and/or receive the data signals. The VCO 100 may
provide the transceiver 222 with the output signal ofthe VCO
100, and the resonant frequency of the VCO 100 may be
adjusted (e.g., by controlling switches 120 and/or the input
signal and supply node 112) to produce an output signal
having a frequency equal to the carrier frequency. The trans-
ceiver 222 may use the output signal of the VCO 100 to
transmit and/or receive the data signals over the wireless
communication network.

[0037] Insome embodiments, the system 200 may be used
in wireless communication networks that employ orthogonal
frequency division multiple access (OFDMA) communica-
tions as used by multicarrier transmission schemes presented
in, e.g., the Institute of Electrical and Electronics Engineers
(IEEE) 802.16—2009, approved May 13, 2009, along with
any amendments, updates, and/or revisions, 3rd Generation
Partnership Project (3GPP) long-term evolution (LTE)
project, advanced LTE project, ultra mobile broadband
(UMB) project (also referred to as “3GPP2”), etc. In other
embodiments, communications may be compatible with
additional/alternative communication standards and/or speci-
fications.

[0038] Forone embodiment, at least one ofthe processor(s)
204 may be packaged together with logic for one or more
controller(s) of system control logic 208. For one embodi-
ment, at least one of the processor(s) 204 may be packaged
together with logic for one or more controllers of system
control logic 208 to form a System in Package (SiP). For one
embodiment, at least one of the processor(s) 204 may be
integrated on the same die with logic for one or more control-
ler(s) of system control logic 208. For one embodiment, at
least one of the processor(s) 204 may be integrated on the
same die with logic for one or more controller(s) of system
control logic 208 to form a System on Chip (SoC).

[0039] The system 200 may further include input/output
(I/0) devices 232. The /O devices 232 may include user
interfaces designed to enable user interaction with the system
200, peripheral component interfaces designed to enable
peripheral component interaction with the system 200, and/or
sensors designed to determine environmental conditions and/
or location information related to the system 200.

[0040] In various embodiments, the user interfaces could
include, but are not limited to, a display (e.g., a liquid crystal
display, a touch screen display, etc.), a speaker, a microphone,
one or more cameras (e.g., a still camera and/or a video
camera), a flashlight (e.g., a light emitting diode flash), and a
keyboard.

[0041] In various embodiments, the peripheral component
interfaces may include, but are not limited to, a non-volatile
memory port, an audio jack, and a power supply interface.

[0042] In various embodiments, the sensors may include,
but are not limited to, a gyro sensor, an accelerometer, a
proximity sensor, an ambient light sensor, and a positioning
unit. The positioning unit may also be part of, or interact with,
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the network interface 220 to communicate with components
of a positioning network, e.g., a global positioning system
(GPS) satellite.

[0043] In various embodiments, the system 200 may be a
mobile computing device such as, but not limited to, a laptop
computing device, a tablet computing device, a netbook, a
smartphone, etc. Additionally, or alternatively, the system
200 may be a desktop computing device (e.g., a personal
computer), a set-top box, and/or a wireless base station (e.g.,
an evolved NodeB (eNodeB), access point (AP), etc.). In
various embodiments, system 200 may have more or less
components, and/or different architectures.

[0044] In further embodiments, VCO 100 and/or VCO 200
may be incorporated into other devices and/or for other pur-
poses, such as to facilitate wireline communications between
devices, and/or to facilitate communications between differ-
ent components of the same device.

[0045] Although certain example methods, apparatus, and
articles of manufacture have been described herein, the scope
of'coverage of the present disclosure is not limited thereto. On
the contrary, the present disclosure covers all methods, appa-
ratus, and articles of manufacture fairly falling within the
scope of the appended claims either literally or under the
doctrine of equivalents. For example, although the above
discloses example systems including, among other compo-
nents, software or firmware executed on hardware, it should
be noted that such systems are merely illustrative and should
not be considered as limiting. In particular, it is contemplated
that any or all of the disclosed hardware, software, and/or
firmware components could be embodied exclusively in hard-
ware, exclusively in software, exclusively in firmware or in
some combination of hardware, software, and/or firmware.

1-20. (canceled)

21. A circuit comprising:

a radio transceiver to transmit or receive a wireless com-
munication signal with a carrier frequency via a wireless
communication network; and

a voltage controlled oscillator (VCO) coupled to the radio
transceiver, the VCO including:

a transformer including a primary inductor and a sec-
ondary inductor having a same number of turns,
wherein the secondary inductor is configured to be
inductively coupled to the primary inductor;

a capacitor bank coupled to the secondary inductor, the
capacitor bank to provide a majority of a total capaci-
tance of the VCO; and

a gain stage coupled to the primary inductor, the gain
stage to receive a supply signal and to drive a current
in the primary inductor to generate an output signal
across the secondary inductor having a frequency
substantially equal to a resonant frequency of the
VCO.

22. The circuit of claim 21, wherein the radio transceiver is
to transmit the wireless communication signal, and wherein
the frequency of the output signal corresponds to the carrier
frequency.

23. The circuit of claim 21, wherein the VCO further com-
prises one or more varactors coupled to the gain stage, the one
or more varactors coupled in parallel with the primary induc-
tor, and the one or more varactors to receive the supply signal.

24. The circuit of claim 21, wherein the capacitor bank
comprises a plurality of switches, wherein individual
switches within the plurality of switches are coupled to one or

Dec. 24, 2015

more capacitors of the capacitor bank to selectively couple
the one or more capacitors in parallel with the secondary
inductor.

25. The circuit of claim 21, wherein the primary inductor
includes a center tap.

26. The circuit of claim 21, wherein the primary inductor
includes a first terminal and a second terminal, and the gain
stage includes a first transistor having a first drain and a first
gate and a second transistor having a second drain and a
second gate, wherein:

the first drain is coupled to the first terminal;

the second drain is coupled to the second terminal;

the first gate is coupled to the second terminal; and

the second gate is coupled to the first terminal.

27. The circuit of claim 21, wherein the primary inductor
includes a first terminal and a second terminal, the secondary
inductor includes a third terminal and a fourth terminal, and
the gain stage includes a first transistor having a first drain and
a first gate and a second transistor having a second drain and
a second gate, wherein:

the first drain is coupled to the first terminal;

the second drain is coupled to the second terminal;

the first gate is coupled to the fourth terminal; and

the second gate is coupled to the third terminal.

28. The circuit of claim 21, wherein the capacitor bank is to
receive a control signal different from the supply signal, the
control signal to control a capacitance of the capacitor bank.

29. The circuit of claim 21, wherein the primary inductor
and the secondary inductor have two turns.

30. The circuit of claim 21, wherein the current driven by
the gain stage in the primary inductor is a differential current.

31. An integrated circuit, comprising:

a radio transceiver to transmit or receive a wireless com-
munication signal with a carrier frequency via a wireless
communication network; and

a voltage controlled oscillator (VCO) coupled to the trans-
ceiver to provide an output signal with an output fre-
quency wherein the frequency of the output signal cor-
responds to the carrier frequency, and the VCO
including:

a transformer including a primary inductor and a sec-
ondary inductor, wherein the secondary inductor con-
figured to be inductively coupled to the primary
inductor;

a gain stage coupled to the primary stage, the gain stage
to induce the output signal at output terminals of the
secondary stage; and

a capacitor bank coupled to the secondary inductor, the
capacitor bank to provide a majority of a total capaci-
tance of the VCO.

32. The integrated circuit of claim 31, wherein the gain
stage is to receive a supply signal and the capacitor bank is to
receive a control signal different from the supply signal, and
wherein the control signal is to control a capacitance of the
capacitor bank.

33. The integrated circuit of claim 31, further comprising
baseband circuitry to process the data signal.

34. The integrated circuit of claim 31, wherein the primary
inductor and secondary inductor have a same number of turns.

35. The integrated circuit of claim 31, wherein the primary
inductor includes a first terminal and a second terminal, and
the gain stage includes a first transistor having a first drain and
a first gate and a second transistor having a second drain and
a second gate, wherein:
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the first drain is coupled to the first terminal;

the second drain is coupled to the second terminal;

the first gate is coupled to the second terminal; and

the second gate is coupled to the first terminal.

36. The integrated circuit of claim 31, wherein the primary
inductor includes a first terminal and a second terminal, the
secondary inductor includes a third terminal and a fourth
terminal, and the gain stage includes a first transistor having
a first drain and a first gate and a second transistor having a
second drain and a second gate, wherein:

the first drain is coupled to the first terminal;

the second drain is coupled to the second terminal;

the first gate is coupled to the fourth terminal; and

the second gate is coupled to the third terminal.

37. The integrated circuit of claim 31, wherein the output
frequency is substantially equal to the carrier frequency.

38. The integrated circuit of claim 31, wherein the gain
stage includes a pair of cross-coupled transistors.

39. A device comprising:

a plurality of antennas;

a processor; and

a network interface coupled with the processor and the

plurality of antennas to provide a multiple input multiple

output (MIMO) interface, the network interface includ-

ing:

aradio transceiver to transmit or receive a wireless com-
munication signal with a carrier frequency via a wire-
less communication network using one or more of the
antennas; and

a voltage controlled oscillator (VCO) coupled to the
radio transceiver to provide an output signal with an
output frequency, wherein the frequency of the output
signal corresponds to the carrier frequency, the VCO
including:

a transformer including a primary inductor and a sec-
ondary inductor, wherein the secondary inductor is
configured to be inductively coupled to the primary
inductor;

a capacitor bank coupled to the secondary inductor,
the capacitor bank to provide a majority of a total
capacitance of the VCO, and the capacitor bank to
receive a control signal to control a capacitance of
the capacitor bank; and

a gain stage coupled to the primary inductor, the gain
stage to receive a supply signal different from the
control signal, and the gain stage to drive a differ-
ential current in the primary inductor to generate
the output signal across the secondary inductor.

40. The device of claim 39, further comprising a touch
screen display coupled to the processor.
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41. The device of claim 39, further comprising:

a battery coupled to the processor; and

a hard-disk drive (HDD) coupled to the processor.

42. The device of claim 39, further comprising:

a battery coupled to the processor; and

a non-volatile memory port coupled to the processor.

43. The device of claim 39, wherein the primary inductor
includes a first terminal and a second terminal, and the gain
stage includes a first transistor having a first drain and a first
gate and a second transistor having a second drain and a
second gate, wherein:

the first drain is coupled to the first terminal;

the second drain is coupled to the second terminal;

the first gate is coupled to the second terminal; and

the second gate is coupled to the first terminal.

44. The device of claim 39, wherein the output frequency is
substantially equal to the carrier frequency.

45. A system comprising:

a processor;

system memory coupled to the processor;

a power supply interface coupled to the processor;

an audio connector coupled to the processor;

a network interface coupled with the processor, the net-

work interface including:

aradio transceiver to transmit or receive a wireless com-
munication signal with a carrier frequency via a wire-
less communication network using the one or more
antennas; and

a voltage controlled oscillator (VCO) coupled to the
radio transceiver to provide an output signal with an
output frequency, wherein the frequency of the output
signal corresponds to the carrier frequency, the VCO
including:

a transformer including a primary inductor and a sec-
ondary inductor, wherein the secondary inductor is
configured to be inductively coupled to the primary
inductor;

a capacitor bank coupled to the secondary inductor,
the capacitor bank to provide a majority of a total
capacitance of the VCO, and the capacitor bank to
receive a control signal to control a capacitance of
the capacitor bank; and

a gain stage coupled to the primary inductor, the gain
stage to receive a supply signal diftferent from the
control signal, and the gain stage to drive a differ-
ential current in the primary inductor to generate
the output signal across the secondary inductor.

46. The system of claim 45, wherein the output frequency
is substantially equal to the carrier frequency.
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