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(57) ABSTRACT 

In an example embodiment, an apparatus includes an LC 
circuit having a capacitive circuit and an inductive circuit 
connected in a circuit loop. The inductive circuit includes one 
or more inductive elements and a switching circuit. In a first 
mode, the switching circuit provides a direct-current charge 
voltage across the LC circuit and prevents oscillation of 
energy between the capacitive circuit and the inductive circuit 
by opening a switch in the circuit loop of the LC circuit. In a 
second mode, the switching circuit enables oscillation of 
energy between the capacitive circuit and the inductive circuit 
by closing the switch in the circuit loop. 
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OSCILLATOR WITH FAVORABLE STARTUP 

OVERVIEW 

2 
prevented by opening a switch in the circuit loop of the LC 
circuit. The capacitive circuit is also charged in the first mode 
by providing a charge voltage across the LC circuit. The 
charge in the capacitive circuit causes the LC circuit to oscil-

Aspects of various embodiments relate generally to elec
tronic systems and methods for operating the electronic sys
tems and, more particularly, to oscillator architectures and 
methods for operating the oscillator architectures. 

5 late with a single-ended peak-to-peak amplitude that equals 
the pre-charged voltage of the capacitive circuit nearly instan
taneously once the oscillation of the LC circuit is enabled. In 
a second mode, the oscillation of the LC circuit is enabled by 

Impulse Radio Ultra Wide-Band (IR-UWB) is an increas
ingly popular technique for radio frequency (RF) communi- 10 

cation. In IR-UWB radios, signals can be transmitted in the 
form of short pulses ( or short bursts consisting of several 
back-to-back pulses grouped closely together in time for each 
burst), where the burst duration is on the order of nanoseconds 
while the pulse repetition rate is on the order of microseconds. 15 

Data can be encoded by changing either the phase, the ampli
tude, the frequency or the position of pulses realizing respec
tively the well-known modulation schemes of phase shift 
keying (PSK), amplitude shift keying (ASK) such as pulse 
amplitude modulation (PAM) or on-off keying (OOK), fre- 20 

quency shift keying (FSK), or pulse-position modulation 
(PPM). 

IR-UWB transmitters and/or receivers may reduce energy 
use by duty-cycling oscillators and/or other components in 
the transmitter and/or receiver. Duty-cycling places the oscil- 25 

lator or other components in an inactive or powered down 
state for a significant fraction of the time in use ( e.g., between 
transmitted pulses). However, oscillator circuits require a 
certain time period to start-up before the generated signal 
may be used for applications requiring high accuracy. In 30 

applications that duty-cycle circuits including oscillators, this 
startup time becomes an important component in the total 
power consumption of the electrical system. In some appli
cations, the start-up time dictates whether the chip can power 
down fully, or must remain powered on in order to respond 35 

quickly to interruptions or other events. 
Applications that duty-cycle oscillators typically utilize 

ring-oscillators. Ring oscillators are known to be less energy 
efficient than LC oscillators, in the sense that they require 
more power for a given phase noise level. However, ring- 40 

oscillators can be made in such a way that they suit instanta
neous startup. While LC oscillators are energy efficient, LC 
oscillators typically start from a random phase and need many 
cycles to reach steady-state amplitude and frequency. 

These and other matters have presented challenges to effi- 45 

ciencies of frequency synthesizer implementations, for a vari
ety of applications. 

closing the switch in the circuit loop. 
The above discussion/summary is not intended to describe 

each embodiment or every implementation of the present 
disclosure. The figures and detailed description that follow 
also exemplify various embodiments. 

BRIEF DESCRIPTION OF FIGURES 

Various example embodiments may be more completely 
understood in consideration of the following detailed descrip
tion in connection with the accompanying drawings, in 
which: 

FIG. 1 shows a block diagram for an oscillator circuit, 
consistent with one or more embodiments of the present 
disclosure; 

FIG. 2 shows a block diagram for an oscillator circuit that 
includes an amplifier circuit, consistent with one or more 
embodiments of the present disclosure; 

FIG. 3 shows a flow diagram for operating an oscillator 
circuit, consistent with one or more embodiments of the 
present disclosure; 

FIG. 4 shows an oscillator circuit with switching circuits, 
consistent with one or more embodiments of the present 
disclosure; 

FIG. 5 shows a first set of waveforms illustrating startup of 
an oscillator circuit without pre-charging, consistent with one 
or more embodiments of the present disclosure; 

FIG. 6 shows a second set of waveforms illustrating startup 
of an oscillator circuit with pre-charging, consistent with one 
or more embodiments of the present disclosure; 

FIG. 7 shows an oscillator circuit with auxiliary core cir
cuits, consistent with one or more embodiments of the present 
disclosure; 

FIG. 8 shows a communication system configured for 
duty-cycled operation, consistent with one or more embodi
ments of the present disclosure; 

FIG. 9 depicts a physical layout of a split two-tum inductor 
with center switch, consistent with embodiments of the 
present disclosure; and 

SUMMARY 

Various example embodiments are directed to apparatuses 
and methods for generating oscillating signals. According to 

FIG. 10 shows a simulated quality factor of the conductor 
arrangement shown in FIG. 9 in comparison to an inductor 

50 arrangement of similar dimensions without a switch in 
between the two inductors loops. 

an example embodiment, an apparatus includes an LC circuit 
having a capacitive circuit and an inductive circuit connected 
in a circuit loop. The inductive circuit includes one or more 
inductive elements and a switching circuit. In a first mode, the 
switching circuit provides a direct-current (DC) charge volt
age across the LC circuit and prevents oscillation of energy 
between the capacitive circuit and the inductive circuit by 
opening a switch in the circuit loop of the LC resonant circuit. 
In a second mode, the switching circuit enables oscillation of 
energy between the capacitive circuit and the inductive circuit 
by closing the switch in the circuit loop. 

While various embodiments discussed herein are ame
nable to modifications and alternative forms, aspects thereof 
have been shown by way of example in the drawings and will 

55 be described in detail. It should be understood, however, that 
the intention is not to limit the invention to the particular 
embodiments described. On the contrary, the intention is to 
cover all modifications, equivalents, and alternatives falling 
within the scope of the disclosure including aspects defined in 

60 the claims. In addition, the term "example" as used through
out this application is only by way of illustration, and not 
limitation. 

According to another example embodiment, a method is 
provided for operating an oscillator circuit including a 65 

capacitive circuit and an inductive circuit connected in a 
circuit loop. In a first mode, the oscillation of the LC circuit is 

DETAILED DESCRIPTION 

Aspects of the present disclosure are believed to be appli
cable to a variety of different types of apparatuses, systems, 
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oscillator with comparable power consumption, by one or 
even over two orders of magnitude, and for lower sensitivity 
to supply variations. Consistent with embodiments and in 
addition to reduced power in the oscillator circuit itself, 

and methods involving oscillator circuits. In certain imple
mentations, aspects of the present disclosure have been 
shown to be beneficial when used in the context of applica
tions involving duty-cycled operation of oscillator circuits. 
While not necessarily so limited, various aspects may be 
appreciated through a discussion of examples using such 
exemplary contexts. 

5 power can be saved in subsequent circuits that receive the RF 
signal from the oscillator circuit. 

The frequency of oscillation is primarily determined by the 
inductance and capacitance provided by the inductive and 
capacitive circuits. In various implementations, the capaci-

Various example embodiments are directed to energy-effi
cient oscillator circuits that exhibit near instantaneous star
tup. According to an example embodiment, an apparatus 
includes an LC circuit coupled to a first output node and a 
second output node. The LC circuit includes a capacitive 
circuit and an inductive circuit connected in a circuit loop. 
The inductive circuit includes one or more inductive elements 
(e.g., inductor coils) and a switching circuit. In a first mode, 
the switching circuit prevents oscillation of energy between 
the capacitive circuit and the inductive circuit by opening a 
switch in the circuit loop of the LC circuit and provides a DC 
charge voltage across the LC circuit-thereby charging the 
capacitive circuit. In a second mode, the switching circuit 
enables oscillation of energy between the capacitive circuit 
and the inductive circuit by closing the switch in the circuit 
loop. In some implementations, the apparatus also includes 

10 tive circuit may provide a fixed capacitance between the first 
and second output nodes or may be programmable to adjust 
the capacitance and thereby tune a self-resonant frequency of 
the LC circuit. Similarly, in various implementations, the 
inductive circuit may provide a fixed inductance or may be 

15 configured to provide a programmable inductance. 
The disclosed oscillator circuits may be adapted for use in 

various duty-cycled applications. As an illustrative example, 
in some applications, the oscillator circuit can be used for 
wireless transmission ofimpulse RF signals. For instance, the 

20 RF signal from the oscillator circuit can be selectively pre
sented, in an enabled state, to an antenna to produce impulses. 
The oscillator circuit can be transitioned from the enabled 
state to a disabled state between the pulses to save power. 
Particular embodiments relate to an IR-UWB communication an amplifier circuit configured to reinforce and control oscil

lation of the LC circuit. The amplifier circuit may include, for 25 

example, a pair of cross-coupled inverter circuits. A first 
inverter circuit of the pair has an input coupled to the first 
output node and an output coupled to the second output node. 
A second inverter circuit of the pair has an input coupled to 
the output of the first inverter circuit, and an output coupled to 30 

the input of the first inverter circuit. 
The LC circuit may be implemented using various induc

tive and capacitive circuit arrangements. In some embodi
ments, the inductive circuit includes first and second mag
netically coupled inductor coils. The first inductor coil has a 35 

first end coupled to the first output node and a second end 
coupled to the switching circuit. The first inductor coil has a 
first end coupled to the second output node and a second end 
coupled to the switching circuit. 

In the first mode, the switching circuit uncouples the sec- 40 

ond end of the first inductor coil from the second end of the 

system (e.g., a transmitter or a receiver) that may include an 
oscillator circuit that is configured for fast startup to corre
spond to duty cycling for the pulses of the IR-UWB commu
nications, consistent with one or more disclosed embodi
ments. The IR-UWB transmitter or receiver can include a 
duty-cycle control circuit that is configured to disable, or 
power down, the oscillator circuit between pulses of a com
municated RF signal. Prior to enabling the oscillator circuit, 
the duty cycle control circuit can pre-charge the capacitive 
circuit using a switching circuit, consistent with various 
embodiments discussed herein. An example IR-UWB com
munication system is described in more detail with reference 
to FIG. 8. 

Turning to the figures, FIG. 1 shows a block diagram for an 
oscillator circuit, consistent with one or more embodiments 
of the present disclosure. In this example, the oscillator circuit 
includes a capacitive circuit 102 and an inductive circuit 104 
connected in a circuit loop to form an LC circuit. When the 
circuit loop is closed, energy transfers back and forth between 
the capacitive circuit 102 and/or the inductive circuit 104-

second inductor coil-thereby opening the circuit loop of the 
LC circuit and preventing oscillation. In the first mode, the 
switching circuit also couples the second end of the first 
inductor coil to a first power terminal ( e.g., a node providing 
a supply voltage), and couples the second end of the second 
inductor coil to a second power terminal ( e.g., a node provid
ing ground). After an initial charging period, node RF+ is 
pulled up to V dd and node RF- is pulled down to Ground. As 

45 thereby generating an oscillating signal at outputs RF+ and 
RF-. The inductive circuit 104 includes one or more inductive 

a result, a voltage difference is provided across the capacitive 50 

circuit. In the second mode, the switching circuit uncouples 
the second end of the first inductor coil from the first power 
terminal and uncouples the second end of the second inductor 
coil from the second power terminal. The switching circuit 
also couples the second end of the first inductor coil to the 55 

second end of the second inductor coil-thereby closing the 
circuit loop of the LC circuit and enabling oscillation. 

It is recognized that a significant component of power 
consumption in a PLL can be from the RF oscillator circuit. 
Embodiments of the present disclosure are directed toward 60 

the use of LC oscillator circuits, which can require less power 
for a given phase noise level, when compared to other oscil
lator circuits, such as inverter-based ring oscillator circuits. 
Various aspects also recognize that LC oscillators can start 
from a random phase and may need many cycles to reach a 65 

steady-state amplitude and frequency. Various embodiments 
allow for the reduction of phase noise, relative to a ring 

elements 108 and a switching circuit 106. In a first mode, a 
switching circuit 106 prevents oscillation of energy between 
the capacitive circuit 102 and the inductive circuit 104 by 
opening a switch (not shown) in the circuit loop of the LC 
circuit. In the first mode, the switching circuit 106 also 
charges the capacitive circuit 102 by providing a DC charge 
voltage across the LC circuit. In a second mode, the switching 
circuit 106 closes the switch in the circuit loop to enable the 
oscillation of energy between the capacitive circuit and the 
inductive circuit. 

Consistent with embodiments, the inductive elements 108 
can include two separate inductive elements and the switch
ing circuit 106 can include a switch connected in between the 
two inductor elements. Various aspects are based upon the 
recognition that the AC voltage swing across an LC circuit 
decreases towards the center of the inductor circuit. Accord
ingly, enabling/preventing oscillation using a switch in-be
tween two inductive elements limits influence of the switch 
on the tuning range of the LC circuit. 

FIG. 2 shows a block diagram for an oscillator circuit that 
includes an amplifier circuit, consistent with one or more 
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embodiments of the present disclosure. The oscillator circuit 
includes a capacitive circuit 102 and an inductive circuit 104 
connected in a circuit loop as described with reference to FIG. 

6 
ments 442 and 444 and a switching circuit 430 configured as 
discussed with reference to the capacitive circuit 102 and 
inductive circuit 104 showninFIGS.1 and 2. In this example, 
the oscillator also includes an amplifier having a pair of 1. In this example, the oscillator also includes an amplifier 

circuit 202 configured to reinforce and control the oscillation 
of the LC circuit so that the oscillation may be sustained. In 
some implementations, the amplifier includes a pair of cross 
coupled inverters. Each inverter of the pair has an input 
coupled to an output of the other inverter. Switching by the 
inverters prevents dampening of the oscillation signal. Con
sistent with embodiments, the switching circuit 106 can be 
configured to break the circuit loop in the LC circuit formed 

5 cross-coupled inverters 410 and 420 as described with refer
ence to amplifier 202 shown in FIG. 2. In this example, each 
of the inverters 410 and 420 includes a P-type pull-up tran
sistor 412 and 422 having a source coupled to a first power 
terminal (V dd) and a drain coupled to a respective one of the 

by the adjustable capacitive circuit 102 and the inductive 
circuit 104 such that oscillation is prevented and the adjust
able capacitive circuit 102 is pre-charged to a steady-state 
voltage. 

1 o output nodes: RF+ and RF - . Each of the inverters 410 and 420 
also includes an N-type pull-down transistor 414 and 424 
having a source coupled to a second power terminal (Ground) 
and a drain coupled to the respective one of the output nodes 
of the oscillator circuit (indicated by nodes RF+ and RF-). 

FIG. 3 shows a flow diagram for operating an oscillator 
circuit, consistent with one or more embodiments of the 
present disclosure. At system startup, the oscillator enters an 
inactive mode beginning at block 302.At block 302, a switch
ing circuit is configured to prevent oscillation of an LC cir
cuit, for example, by opening a circuit loop in the LC circuit. 

15 Node RF+ is connected to an output of the inverter 410 and 
RF- is connected to an output ofinverter 420. The input of the 
inverter 410 is connected to the gates of transistors 412 and 
414. The input of the inverter 410 is coupled to the output 
node (RF-). Gates of transistors 422 and 424 form an input 

20 node of the inverter 420, which is coupled to the output node 
(RF+) of the inverter 410. 

As previously described, the inverters 410 and 420 are 
configured to sustain oscillation of the LC circuit. For 
instance, when the voltage of the node RF+ rises above a first 

As described in more detail with reference to FIG. 4, a circuit 
loop may be opened by a switch in response to setting an 
enable signal (e.g., EN) to logic O and closed in response to 
setting the enable signal to logic 1. Also at block 302, the 
switching circuit configured to initiate charging of a capaci
tive circuit in the LC circuit. 

In some implementations, a power supply may be enabled 

25 threshold voltage, transistor 424 reinforces the oscillation 
signal by pulling the node RF- down to the voltage of the 
second power terminal (Ground), which causes and transistor 
412 to pull the node RF+up to the voltage of the first power 
terminal (Vdd). Conversely, when voltage of node RF- rises 

at block 306 (if disabled). For example, a power supply used 30 above the first threshold voltage, transistor 414 reinforces the 
oscillation signal by pulling the node RF+ down to the voltage 
of the second power terminal (Ground), which causes tran
sistor 422 to pull the node RF- up to the voltage of the first 

to power the oscillator may be powered down or disabled, 
when the oscillator is inactive. In some other embodiments, 
the power supply may remain powered up and/or enabled, 
when the oscillator is inactive. A small ramp-up time may be 
needed by the power supply to transition from a disabled/ 35 

powered down to an enabled/powered up state ( e.g., to drive 

power terminal (V dd). 
As previously discussed, the oscillator circuits may be 

implemented using various inductive and capacitive circuits. 
In this example, the inductive circuit includes two magneti
cally-coupled inductor coils 442 and 444. The magnetic cou
pling of the inductor coils 442 and 444 is illustrated using dot 

a supply terminal from O volts to V dd). During the ramp-up of 
the power supply, the configuration of the switching circuit at 
block 302 causes a charge voltage to be presented across the 
adjustable capacitive circuit of the LC circuit. 40 notation in FIG. 4. A first one of the inductors 442 has a first 

In response to a command to operate the oscillator in an 
active mode, decision block 306 directs the process to block 
308. At block 308, the switching circuit is configured to 
enable the oscillation of the LC circuit ( e.g., by closing the 
circuit loop of the LC circuit). Due to the charge on the 45 

capacitor provided at block 302 and/or block 304, full ampli
tude oscillation is induced in the LC circuit nearly instanta
neously (e.g., within one oscillation cycle). The oscillation 
continues until a command is received to operate the oscilla-

end coupled to a first output node RF+ and a second end 
coupled to the switching circuit 430. A second one of the 
inductor coils 444 has a first end coupled to a second output 
node RF- and a second end coupled to the switching circuit 
430. 

The switching circuit 430 includes a switch 434 configured 
to couple the second end of the inductor coil 442 to the second 
end of the inductor coil 444 when closed. A second switch 
432 is configured to couple inductor coil 442 to the first power 
terminal (V dd) when closed. A third switch 436 is configured 
to couple inductor coil 444 to the second power terminal 
(Ground) when closed. 

In this example, the switching circuit 430 operates in a first 
mode in response to a first control signal ( e.g., En) and in a 

tor in an inactive mode. In response to a command to operate 50 

the oscillator in an inactive mode, decision block 310 directs 
the process to configure the switching circuit to prevent oscil
lation of the LC circuit at block 302. In some embodiments, 
the process may disable a power supply at block 314 before 
proceeding to block 302. 55 second mode in response to a second control signal ( e.g., En). 

When a single-ended peak amplitude is used, the ideal 
amplitude of the oscillator can be equal to half of the supply 
voltage, which is used to drive the oscillator circuit. If a 
differential peak amplitude or a single-ended peak-to-peak 
amplitude is used, the ideal amplitude can be equal to the full 60 

supply voltage. For a differential peak-to-peak amplitude, the 
ideal amplitude can be equal to double the full supply voltage. 
It is recognized that the exact amplitude of oscillation can be 
slightly less than the ideal amplitude.100351 FIG. 4 shows an 
oscillator circuit, consistent with one or more embodiments 65 

of the present disclosure. The oscillator includes a capacitive 
circuit 446 and an inductive circuit including inductive ele-

The En control signal is the logical inverse of the En control 
signal. In the first mode, switch 434 is opened and the LC 
circuit loop formed by the inductive circuit 442 and 444 and 
capacitive circuit 446 is opened. As a result, oscillation of 
energy between the inductive circuit 442 and 444 and the 
capacitive circuit 446 is prevented. In the first mode, switches 
432 and 436 are closed, thereby coupling the second end of 
inductor 442 to the first power terminal (V dd) and the second 
end of inductor 444 to the second power terminal (Ground). 
When a voltage difference (e.g., Vdd-Ground) is applied to 
the power terminals, current flows through the inductor coils, 
which pulls output node RF +up to V dd and pulls output node 
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RF- down to Ground. As a result, inverters 410 and 420 are 
set to respectively hold output nodes RF+ and RF- at V dd and 
Ground and capacitive circuit 446 is charged. 

In the second mode, switches 432 and 436 are opened and 
switch 434 is closed. As a result, the LC circuit loop formed 5 

by the inductive circuit 442 and 444 and capacitive circuit 446 
is closed. When the LC circuit loop is closed, oscillation of 
energy is induced between the inductive circuit 442 and 444 
and capacitive circuit 446, thereby generating an oscillation 
signal at the output nodes RF+ and RF-. Due to the energy 10 

stored in the capacitive circuit while in the first mode, the 
oscillation signal oscillates at full amplitude nearly instanta
neously (e.g., within the first oscillation cycle). 

8 
allow for the use of the oscillator circuit in connection with a 
PLL or frequency synthesizer that aligns the En signal with a 
reference clock by the PLL or frequency synthesizer. This 
allows for the first edge of the RF signal from the oscillator 
circuit to have a phase that is set relative to the reference 
signal at the initial startup conditions. 

FIG. 7 shows a fourth example oscillator circuit, consistent 
with one or more embodiments of the present disclosure. The 
oscillator includes a capacitive circuit 746, an inductive cir
cuit having inductive elements 742 and 744, a switching 
circuit 730, and cross-coupled inverter circuits 710 and 720 
configured and arranged as described with reference to the 
capacitive circuit 446, the inductive elements 442 and 444, 
the switching circuit 430, and the cross-coupled inverter cir
cuits 410 and 420 shown in FIG. 4. 

The circuit depicted in FIG. 4 is consistent with a comple
mentary class-B LC oscillator. However, various embodi- 15 

ments are not necessarily limited to the specific configuration 
depicted in FIG. 4. For example, different embodiments are 
contemplated in which variations can be made to the specific 
configuration of the circuit configured to reinforce oscillation 
(e.g., inverter circuits 410 and 420). 

FIG. 5 shows a first set of waveforms illustrating startup of 

As previously described, the self-resonant frequency of a 
LC circuit formed by the capacitive circuit 7 46 and the induc
tive elements 742 and 744 is primarily determined by the 
amount of capacitance provided by capacitive circuit 7 46 and 

20 the inductance provided by the inductive circuit 742 and 744. 

an oscillator circuit that does not include a switching circuit to 
facilitate instantaneous startup. A first waveform (vl) shows 
voltage difference between the output nodes ( e.g., node RF+ 
and node RF-) as a function of time. A second waveform (il) 25 

shows current flow in an LC circuit loop as a function of time. 
In this example, startup of the oscillator occurs at time 0. At 
startup of the oscillator, the voltage begins to oscillate in 
response to random noise or other non-deterministic starting 
conditions. The amplitude of the oscillating voltage gradually 30 

increases over time until full amplitude (steady-state condi
tion) is achieved at time tO. Similarly, the frequency is shown 
as varying until the steady-state condition is reached. For 
applications requiring a highly accurate oscillating signal, the 
oscillator may be powered and started up for a period of time, 35 

from O to tO, before the oscillation signal is used by the 
system. 

FIG. 6 shows a second set of waveforms illustrating the 
startup of an oscillator circuit with pre-charging, consistent 
with one or more embodiments of the present disclosure. A 40 

first waveform (v2) shows the differential voltage of an oscil
lation signal generated at the output nodes ( e.g., node RF+ 
and node RF-) as a function of time. A second waveform (i2) 
shows the current flow in an LC circuit loop as a function of 
time. In this example, the oscillator circuit is started up at time 45 

tO. 

Specifically, the self-resonant frequency fO of the LC circuit 
in Hertz is given by: 

1 
fo=-

m'1Lc 

where L is the inductance provided by the inductive circuit 
and C is the capacitance provided by the capacitive circuit. 
The oscillating frequency of the oscillator may be adjusted by 
adjusting L, C, or both. In this example, the oscillator circuit 
includes a variable capacitance circuit 746 that may be pro
grammed to provide various different capacitance values, 
such as through the use of switched capacitive banks. In this 
manner, the variable capacitance circuit 7 46 may be adjusted 
to configure the oscillator circuit to operate at various differ
ent frequencies. Additionally or alternatively, the oscillator 
circuit may include a variable inductive circuit that may be 
programmed to provide a variable inductance. 

As previously described, the inverters formed by transis
tors 712, 714, 722, and 724 are configured to follow and 
reinforce the oscillation of the LC circuit. Reinforcing of the 
oscillation signal by the inverters helps to maintain the oscil
lation and amplitude when using the oscillation signal to drive 
load circuits. Various embodiments recognize that the RF 
signal amplitude at steady state may not correspond to the 
pre-charged voltage for the capacitive circuit 746. For 
instance, assuming that the pre-charged voltage remains 

By charging the capacitive circuit, the oscillator circuit can 
be made to oscillate at full amplitude nearly instantaneously 
when started up. Due to the fact that an LC circuit is a second 
order system, its state has two degrees of freedom, i.e., its 
state can be fully characterized by either the current of the 
inductor and the voltage across the capacitor, or the current 
and its derivate of the inductor, or the voltage and its derivate 
of the capacitor. At the same time, the next state of the LC 
circuit is only dependent on its previous state. Accordingly, 
by charging the capacitive circuit prior to enabling the oscil
lation, the LC circuit is placed in the same state the LC circuit 
attimetO in FIG. 5.Ataresult, when oscillation begins at time 
tO in FIG. 6, the waveform matches the steady waveform in 
FIG. 5. Accordingly, the oscillator can be operated in an idle 
or powered down state until right before the oscillation signal 
is needed. Accordingly, the oscillator circuit can significantly 
reduce power use in applications that duty-cycle oscillator 
circuits relative to an oscillator circuit that requires a longer 
startup period. 

50 fixed, changes to the oscillation frequency will result in the 
differences between the pre-charged voltage and the ampli
tude of oscillation at different frequencies. This can result in 
a difference between the amplitude at startup and the steady
state amplitude of the RF signal. Accordingly, a plurality of 

As discussed herein, the time tO can correspond to the 
transition of the signal En. Various embodiments therefore 

55 auxiliary circuits can be provided to compensate for this 
mismatch by increasing the reinforce current. For example, 
enabling more cores has the effect of increasing the effective 
transistor widths of the main core, therefore increasing the 
reinforcement of the current during oscillation. This has a 

60 similar effect as increasing the biasing current for designs that 
include a biasing transistor. Thus, more auxiliary cores can be 
enabled to compensate for a reduction in oscillator amplitude 
due to a decrease in frequency. In the example shown in FIG. 
7, the circuit includes a plurality of auxiliary circuits 750. 

65 Each of the auxiliary circuits 750 is configured to provide 
voltage biasing, in response to being enabled ( e.g., in 
response to control signal D aux), that adjusts the transconduc-
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The duty-cycle control circuit may alternate between oper
ating the oscillator circuit 820 in a first inactive state and a 
second active state, for example, using the process shown in 
FIG. 3. For instance, the duty-cycle control circuit 810 may 

tance provided to the LC circuit. In this example, each aux
iliary circuit 750 includes a set of transistors 752, 754, 756, 
and 758 configured to adjust transconductance provided to 
the LC circuit, relative to transconductance provided only by 
transistors 712, 714, 722, and 724, when the auxiliary circuit 
750 is enabled. 

The auxiliary circuit 750 includes a first set of switches 
772,774, 776, and 778 configured to electrically connect each 
of the transistors 752, 754, 756, and 758 in parallel with 
respective transistors 712, 714, 722, and 724 when the aux
iliary circuit 750 is enabled. When the auxiliary circuit 750 is 
disabled, the first set of switches 772, 774, 776, and 778 
disconnect the transistors 752, 754, 756, and 758 from the 
transistors 712, 714, 722, and 724. The auxiliary circuit 750 
includes a second set of switches 762, 764, 766, and 768 
configured to couple the source of each of the transistors 752, 
754, 756, and 758 to the drain of the transistors when the 
auxiliary circuit 750 is disabled. When the auxiliary circuit 
750 is enabled, the 762, 764, 766, and 768 uncouple the 
source of each of the transistors 752, 754, 756, and 758 from 
the drain of the transistors. 

5 power down the LC circuit and inverter circuits of the oscil
lator 820 during a time when the RF signal is not used (e.g., 
between pulses of the RF signal). The duty-cycle control 
circuit 810 may power down the LC circuit and inverter 
circuits, for example, by disabling the power supply 840. The 

10 duty-cycle control circuit 810 can power up an LC circuit and 
inverter circuits of the oscillator 820 during a time when the 
RF signal is used to generate data pulses for transmission. As 
described with reference to FIG. 3, powering up the LC 
circuit and inverter circuits may include setting a switching 

15 circuit included in an inductive circuit of the LC circuit to 
operate in the first mode that prevents oscillation and charges 
the LC circuit after the power supply 840 is enabled. After 
charging the LC circuit and in response to a request to power 
up the oscillator, for example, the switching circuit is set to 

20 operate in the second mode. 
FIG. 9 depicts a physical layout of a split two-tum inductor 

with center switch, consistent with embodiments of the 
present disclosure. Contact points 906 and 908 represent 
respective ends of two turns, or inductive elements, of the 

The disclosed examples and embodiments may be adapted 
for use in a variety of applications utilizing oscillator circuits. 
As previously indicated, the examples and embodiments may 
be particularly applicable to applications that duty-cycle 
oscillator circuits. 

As an illustrative example, FIG. 8 shows a communication 
system configured for duty-cycled operation. The communi
cation system 800 includes a transceiver circuit 830 config
ured to transmit and receive RF signals using an oscillation 
signal derived from an oscillator circuit 820. For instance, the 
transceiver circuit 830 may utilize the oscillation signal to 
control the sampling of a transmission medium or to generate 

25 inductive circuit shown in FIG. 9. The opposing ends of the 
two inductive elements can be selectively connected to one 
another through a switching circuit 902. Location 904 shows 
a portion of one of the inductive elements that can be located 
on a different layer of the IC backend metallization for the 

30 circuit. The particular shape, dimensions and configuration 
for the inductive circuit shown in FIG. 9 can be modified 

an RF signal for transmission over the transmission medium. 35 

The oscillator circuit may be implemented, for example, 
using circuits shown in FIGS. 1, 2, 4, and/or 7. In this 
example, the oscillation signal is depicted as being generated 
directly from the oscillator circuit 820. In some implementa
tions, the communication system may include various addi- 40 

tional circuits for processing the oscillation signal output by 
the oscillator circuit 820 before it is provided to the trans
ceiver 830. As one example, the communication system 800 
may include a phase-locked loop (PLL) (not shown) config
ured to prevent phase drift in the oscillation signal. As another 45 

example, the communication system 800 may include a fre
quency divider configured to generate a second signal oscil
lating at a lower frequency. 

The communication system 800 includes a duty-cycle con
trol circuit 810 configured to duty-cycle the oscillator circuit 50 

820 when the transceiver circuit 830 is idle. In some embodi
ments, the transceiver circuit 830 may include a pulse-based 
transmitter (e.g., an IR-UWB transmitter) configured to 
transmit data using short pulses. An IR-UWB transmitter may 
encode data using various modulation schemes including, for 55 

example, PSK, ASK, FSK, or PPM. Similarly, the transceiver 
circuit 830 may include a pulse-based receiver (e.g., an IR
UWB receiver) configured to receive data encoded in pulses 
of a RF signal. 

The duty-cycle control circuit 810 may be configured to 60 

operate the oscillator circuit 820 in an inactive or powered
down state when the pulse-based transmitter is inactive ( e.g., 
between transmitted pulses). In some embodiments, the duty
cycle control circuit 810 may also duty-cycle operation of 
various other circuits including, for example, a power supply 65 

840 used to power the oscillator circuit 820 and/or transceiver 
circuits 830. 

according to parameters of the desired application ( e.g., oper
ating frequency range, desired quality factor, physical space 
considerations, and other considerations). 

FIG. 10 shows a simulated quality factor of the conductor 
arrangement shown in FIG. 9 in comparison to an inductor 
arrangement of similar dimensions without a switch in 
between the two inductor loops. Curve 1002 shows the qual
ity factor of the inductor arrangement shown in FIG. 9 having 
a switch in between the two inductor loops. Curve 1004 
shows quality factor of an inductor arrangement without a 
switch in between the two inductor loops. Simulation results, 
shown in TABLE 1, of a complementary class-B LC oscilla
tor used with the two-tum inductor of FIG. 9 suggest that 
quality factor is not significantly affected by the inclusion of 
the switch circuit 902. The simulation results also suggest that 
the phase noise is over 30 dB lower than a comparable ring 
oscillator at frequencies around 5 GHz. The following table 
shows a s=ary of the simulation results relative to power 
and phase noise (PN): 

Power(µW) 
PN (dBc/Hz) 

TABLE 1 

Frequency (GHz) 

4.94 

1290 (auxiliary: 571) 
-109.4@ 1 MHz 
-130.4@ 10 MHz 

7.09 

643 
-105.3@ 1 MHz 
-127.3@ 10 MHz 

Various blocks, modules or other circuits may be imple
mented to carry out one or more of the operations and activi
ties described herein and/or shown in the figures. In these 
contexts, a "block" (also sometimes "logic circuitry" or 
"module") is a circuit that carries out one or more of these or 
related operations/activities (e.g., enabling/preventing oscil
lation, charging capacitive circuits, or controlling duty-
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cycled operation of circuits). For example, in certain of the 
above-discussed embodiments, one or more modules are dis
crete logic circuits or programmable logic circuits that are 
configured and arranged for implementing these operations/ 
activities, as in the circuit modules shown in FIGS. 1-4 and 5 

7-8. In certain embodiments, such a programmable circuit is 
one or more computer circuits programmed to execute a set 
(or sets) of instructions (and/or configuration data). The 
instructions ( and/or configuration data) can be in the form of 
firmware or software stored in and accessible from a memory 10 

( circuit). As an example, first and second modules include a 
combination of a CPU hardware-based circuit and a set of 
instructions in the form of firmware, where the first module 
includes a first CPU hardware circuit with one set of instruc
tions and the second module includes a second CPU hardware 15 

circuit with another set of instructions. Certain embodiments 
are directed to a computer program product ( e.g., nonvolatile 
memory device), which includes a machine or computer
readable medium having stored thereon instructions which 
may be executed by a computer, system-on-chip, program- 20 

mable IC, or other electronic device to perform these opera
tions/activities. 

Based upon the above discussion and illustrations, those 
skilled in the art will readily recognize that various modifi
cations and changes may be made to the various embodiments 25 

without strictly following the exemplary embodiments and 
applications illustrated and described herein. For instance, 
although aspects and features may in some cases be described 
in individual figures, it will be appreciated that features from 
one figure can be combined with features of another figure 30 

even though the combination is not explicitly shown or 
explicitly described as a combination. Such modifications do 
not depart from the true spirit and scope of various aspects of 
the invention, including aspects set forth in the claims. 

35 

What is claimed is: 
1. An apparatus, comprising: 
an LC circuit including a capacitive circuit and an inductive 

circuit connected in a circuit loop with a first end of the 
capacitive circuit coupled to a first node and a second 40 

end of the capacitive circuit coupled to a second node; 
and 

wherein the inductive circuit includes 
one or more inductive elements including a first inductor 

coil and a second inductor coil, and 45 

a switching circuit coupled to the inductive circuits and 
configured and arranged to 

in a first mode, provide a direct-current (DC) charge 
voltage across the LC circuit and prevent oscillation 
of energy between the capacitive circuit and the 50 

inductive circuit by opening a switch in the circuit 
loop of the LC circuit, and 

in a second mode, enable oscillation of energy between 
the capacitive circuit and the inductive circuit by clos-
ing the switch in the circuit loop, 55 

wherein the switching circuit includes a first switch to 
couple the first inductor coil element and the second 
inductor coil, a second switch to couple the first 
inductor coil to a power terminal and a third switch to 
couple the second inductor coil to a ground terminal. 60 

2. The apparatus of claim 1, further comprising an ampli
fier circuit coupled to the LC circuit and configured and 
arranged to sustain the oscillation of the LC circuit. 

3. The apparatus of claim 2, wherein the amplifier circuit 
includes: 65 

a first inverter circuit having a first input coupled to the first 
node and a first output coupled to the second node; and 

12 
a second inverter circuit having a second input coupled to 

the first output and a second output coupled to the first 
input. 

4. The apparatus of claim 2, wherein: 
the first inductor coil having a first end coupled to the first 

node and a second end coupled to the switching circuit, 
and 

the second inductor coil magnetically coupled with the first 
inductor coil and having a first end coupled to the second 
node and a second end coupled to the switching circuit; 
and 

the switching circuit is further configured and arranged to: 
in the first mode, uncouple a second end of the first inductor 

coil from the second end of the second inductor coil, 
couple the second end of the first inductor coil to a first 
power terminal, and couple the second end of the second 
inductor coil to a second power terminal; and 
in the second mode, uncouple the second end of the first 

inductor coil from the first power terminal, uncouple 
the second end of the second inductor coil from the 
second power terminal, and couple the second end of 
the first inductor coil to the second end of the second 
inductor coil. 

5. The apparatus of claim 4, wherein: 
the switching circuit is configured and arranged to operate 

in the first mode in response to a first control signal and 
operate in the second mode in response to a second 
control signal; and 

the switching circuit includes 
the first switch configured and arranged to couple to the 

second end of the first inductor coil to the second end of 
the second inductor coil in response to the second con
trol and to uncouple the second end of the first inductor 
coil from to the second end of the second inductor coil in 
response to the first control signal; 

second switch configured to couple the second end of the 
first inductor coil to the first power terminal in response 
to the first control signal and to uncouple the second end 
of the first inductor coil from the first power terminal in 
response to the second control signal; and 

the third switch configured to couple the second end of the 
second inductor coil to the second power terminal in 
response to the first control signal and to uncouple the 
second end of the second inductor coil from the second 
power terminal in response to the second control signal. 

6. The apparatus of claim 4, further comprising 
a communication circuit coupled to the first and second 

nodes and configured and arranged to generate an 
impulse radio frequency (RF) signal; and 
a duty-cycle control circuit coupled to the switching 

circuit and configured and arranged to: 
power down the LC circuit and the amplifier circuit 

when RF impulses of the impulse RF signal are not 
being communicated; and 

power up the LC circuit and the amplifier circuit during 
communication of RF impulses of the impulse RF 
signal. 

7. The apparatus of claim 6, further comprising 
a power supply configured to provide a voltage to the first 

power terminal when enabled; 
wherein the duty-cycle control circuit is configured and 

arranged to: 
power down the LC circuit and the amplifier circuit by 

disabling the power supply; and 
power up the LC circuit and the amplifier circuit by 
setting the switching circuit to operate in the first mode, 

enabling the power supply, and 
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after enabling the power supply, setting the switching cir
cuit to operate in the second mode. 

8. The apparatus of claim 6, wherein: 
the RF signal is a pulse-based data signal that encodes a set 

of input data using an impulse radio ultra wide band 5 

modulation. 
9. The apparatus of claim 3, wherein 
each of the first and second inverter circuits includes a 

P-type transistor having a source coupled to a first power 
terminal, and an N-type transistor having a drain 10 

coupled to a drain of the P-type transistor and a source 
coupled to a second power terminal; and 

further comprising an auxiliary circuit configured to 
increase the transconductance relative to of each of the 
inverter circuits. 

15 

10. The apparatus of claim 9, wherein the auxiliary circuit 
includes a plurality of stages, each stage having 

a respective set of transistors including two p-type transis
tors and two N-type transistors; and 

a respective first set of switches configured to 
20 

when enabled, electrically connect each N-type transis
tor of the set of transistors in parallel with the N-type 
transistor of a respective one of the first and second 
inverter circuits and electrically connect each P-type 25 

transistor of the set of transistors in parallel with the 
P-type transistor of a respective one of the first and 
second inverter circuits; and 

when disabled, electrically disconnect the set of transis
tors from the first and second inverter circuits. 

11. The apparatus of claim 10, wherein 
each of the plurality of stages includes a respective second 

30 

set of switches including, for each of the set of transis
tors, a respective switch configured to couple a source of 
the transistor to a drain of the transistor when enabled 35 

and uncouple the source of the transistor from the drain 
of the transistor when disabled. 

12. The apparatus of claim 1, wherein the capacitive circuit 
includes a switched capacitor bank configured and arranged 
to adjust a self-resonant frequency of the LC circuit. 

13. A method, comprising: 
in a first mode, 

preventing oscillation of an LC circuit, including a 
capacitive circuit and an inductive circuit connected 

40 

in a circuit loop, by opening a switch in the circuit 45 

loop of the LC circuit, and 
using a first switch, a second switch and a third switch 
coupled to the inductive circuit, charging the capacitive 
circuit by providing a charge voltage across the LC 
circuit; and 

in a second mode, enabling oscillation of the LC circuit by 
closing the switch in the circuit loop, wherein the charge 
on the capacitive circuit causes the LC circuit to oscillate 

50 

14 
an output of a second inverter circuit of the pair and an 
output coupled to an input of the second inverter circuit 
of the pair. 

15. The method of claim 14, further comprising: 
magnetically coupling a first inductor coil in the inductive 

circuit to a second inductor coil in the inductive circuit 
the first inductor coil having a first end coupled to th~ 
first node and a second end coupled to the switch in the 
circuit loop, and the second inductor coil having a first 
end coupled to the second node and a second end 

. coupled to the switch in the circuit loop; 
m the first mode, 
uncoupling a second end of the first inductor coil from the 

second end of the second inductor coil 
coupling the second end of the first indu~tor coil to a first 

power terminal, and 
coupling the second end of the second inductor coil to a 

second power terminal; and 
in the second mode, 
uncoupling the second end of the first inductor coil from 

the first power terminal, 
uncouple the second end of the second inductor coil from 

the second power terminal, and 
coupling the second end of the first inductor coil to the 

second end of the second inductor coil. 
16. The method of claim 15, further comprising 
powering down, in response to a first control signal, the LC 

circuit, the first inverter circuit, and the second inverter 
circuit by disabling a power supply configured to pro
vide a regulated voltage difference between the first and 
second power terminals; and 

powering up, in response to a second control signal, the LC 
circuit, the first inverter circuit, and the second inverter 
circuit by 

operating in the first mode, and 
enabling the power supply; and 

after enabling the power supply, operating in the second 
mode. 

17. The method of claim 14, further comprising 
transmitting a radio frequency (RF) signal having a first 

portion that includes the oscillating signal and having a 
second portion in which the oscillating signal is absent; 
powering down the LC circuit, the first inverter circuit, 

and the second inverter circuit, during the transmit
ting of the second portion; and 

powering up the LC circuit, the first inverter circuit, and the 
second inverter circuit, during the transmitting of the 
first portion. 

18. The method of claim 17, wherein the RF signal is an 
impulse radio ultra wide band signal. 

19. The method of claim 14, further comprising 
receiving an radio frequency (RF) signal by sampling a 

transmission medium using the oscillating signal; 
powering down the LC circuit, the first inverter circuit and 

the second inverter circuit, in a first time period whe~ the 
RF is absent on the transmission medium· and 

powering up the LC circuit, the first inverter ;ircuit, and the 

at a single-ended peak-to-peak amplitude that equals the 
pre-charged voltage of the capacitive circuit nearly 55 

instantaneously. 
second inverter circuit, in a second time period in which 
the RF signal is present on the transmission medium. 

20. The method of claim 14, further comprising: using an 

60 auxiliary circuit coupled to the first and second inverter cir
cuits, adjusting a transconductance provided to the LC cir
cuit. 

14. The method of claim 13, wherein 
the _oscillation of the LC circuit generates an oscillating 

signal at first and second nodes coupled to respective 
ends of the capacitive circuit; and 

further comprising, using the oscillating signal, driving the 
oscillation of a pair of cross-coupled inverter circuits, a 
first inverter circuit of the pair having an input coupled to * * * * * 


