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(57) ABSTRACT

An oscillator includes an oscillator circuit and a voltage
circuit. The oscillator circuit includes a first transistor. The
voltage circuit is configured to, in a small signal mode,
provide a voltage swing at a source of the first transistor, a
gate-to-source voltage of the first transistor being associated
with whether the oscillator is able to generate an oscillator
signal.
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1
OSCILLATOR AND CLOCK GENERATOR

PRIORITY CLAIM AND CROSS-REFERENCE

This application claims the benefit of provisional appli-
cation Ser. 62/427,717 filed on Nov. 29, 2016, entitled
“OSCILLATOR AND CLOCK GENERATOR?” the disclo-
sure of which is hereby incorporated by reference in its
entirety.

BACKGROUND

All-digital PLLs (ADPLL) are widely used in advanced
CMOS where they exploit the naturally fine resolution of
digitally-controlled oscillators (DCO). Compared with the
analog PLL, the ADPLL is area efficient and has relatively
low power dissipation.

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of the present disclosure are best understood from
the following detailed description when read with the
accompanying figures. It is noted that, in accordance with
the standard practice in the industry, various features are not
drawn to scale. In fact, the dimensions of the various
features may be arbitrarily increased or reduced for clarity of
discussion.

FIG. 1 is a circuit diagram of an oscillator, in accordance
with some embodiments of the present disclosure.

FIG. 2 is a circuit diagram of another oscillator, in
accordance with some embodiments of the present disclo-
sure.

FIG. 3 is a circuit diagram of still another oscillator, in
accordance with some embodiments of the present disclo-
sure.

FIG. 4 is a circuit diagram of yet another oscillator, in
accordance with some embodiments of the present disclo-
sure.

FIG. 5 is a circuit diagram of still yet another oscillator,
in accordance with some embodiments of the present dis-
closure.

FIG. 6 is a circuit diagram of still yet further another
oscillator, in accordance with some embodiments of the
present disclosure.

FIGS. 7(a) to 7(d) illustrate waveforms associated with
the first transistor shown in FIG. 6, in accordance with some
embodiments of the present disclosure.

FIG. 8 is a circuit diagram of a half circuit of the oscillator
shown in FIG. 6, in accordance with some embodiments of
the present disclosure.

FIG. 9 is a circuit diagram of the half circuit, in a
small-signal mode, shown in FIG. 8, in accordance with
some embodiments of the present disclosure.

FIG. 10 is a circuit diagram of a clock generator, in
accordance with some embodiments of the present disclo-
sure.

FIG. 11 illustrates waveforms generated by the clock
generator shown in FIG. 10, in accordance with some
embodiments of the present disclosure.

DETAILED DESCRIPTION

It is to be understood that the following disclosure pro-
vides many different embodiments or examples, for imple-
menting different features of various embodiments. Specific
examples of components and arrangements are described
below to simplify the present disclosure. An inventive
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concept may, however, be embodied in many different forms
and should not be construed as being limited to the embodi-
ments set forth herein; rather, these embodiments are pro-
vided so that this description will be thorough and complete,
and will fully convey an inventive concept to those of
ordinary skill in the art. It will be apparent, however, that
one or more embodiments may be practiced without these
specific details. In addition, the present disclosure may
repeat reference numerals and/or letters in the various
examples. This repetition is for the purpose of simplicity and
clarity and does not in itself dictate a relationship between
the various embodiments and/or configurations discussed.

It will be understood that when an element or layer is
referred to as being “on,” “connected to” or “coupled to”
another element or layer, it can be directly on, or connected
or coupled to the other element or layer or intervening
dements or layers may be present. In contrast, when an
element is referred to as being “directly on,” “directly
connected to” or “directly coupled to” another element or
layer, there are no intervening elements or layers present.

As used herein, the terms such as “first”, “second” and
“third” describe various elements, components, regions,
layers and/or sections, these elements, components, regions,
layers and/or sections should not be limited by these terms.
These terms may be only used to distinguish one element,
component, region, layer or section from another. The terms
such as “first”, “second” and “‘third” when used herein do
not imply a sequence or order unless clearly indicated by the
context.

FIG. 1 is a circuit diagram of an oscillator 10, in accor-
dance with some embodiments of the present disclosure.
Referring to FIG. 1, the oscillator 10 operates in a power
domain defined by a supply voltage VDD and a reference
voltage GND. The oscillator 10 includes an oscillator circuit
12 and a voltage circuit 14. The oscillator circuit 12 func-
tions to generate an oscillator signal at a gate G1 of a first
transistor M1 of the oscillator 10 and at a gate G2 of a
second transistor M2 of the oscillator 10. The oscillator
signal at the gate G1 is opposite to the oscillator signal at the
gate G2 in voltage polarity. In the present embodiment, each
of the first transistor M1 and the second transistor M2
includes a metal-oxide semiconductor (MOS) transistor. The
first transistor M1 in the present embodiment includes an
N-type metal-oxide semiconductor (NMOS) transistor. Also,
the second transistor M2 in the present embodiment includes
an N-type metal-oxide semiconductor (NMOS) transistor. In
other embodiments, each of the first transistor M1 and the
second transistor M2 includes a metal-oxide-semiconductor
field-effect transistor (MOSFET).

The oscillator circuit 12 includes a transformer including
a first inductor LG1 and a second inductor LD1. A mutual
inductance exists between the first inductor LG1 and the
second inductor LD1. The first inductor LG1 in polarity is
opposite to the second inductor LD1. The first inductor LG1,
coupled between a bias voltage VB and the gate of the first
transistor M1, functions to, in a small signal mode, provide
a voltage swing at the gate G1 of the first transistor M1. The
second inductor LLD1, coupled between a supply voltage
VDD and a drain D1 of the first transistor M1, functions to,
in a small signal mode, provide a voltage swing at a drain D1
of the first transistor M1. A turn ratio of the first inductor
LG1 to the second inductor LD1 is N:1, wherein N is an
integer larger than 1.

The voltage circuit 14, coupled between a source S1 of the
first transistor M1 and the reference voltage GND, functions
to, in a small signal mode, provide a voltage swing at the
source S1 of the first transistor M1. A phase of the voltage
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swing provided by the voltage circuit 14 at the source S1 of
the first transistor M1 is opposite to that at the gate G1 of the
first transistor M1, which will be described in detail with
reference to FIGS. 2 and 7.

As shown in FIG. 1, the oscillator 10, in circuit structure,
is symmetric. As such, an inductor LG2 can be called a third
inductor, and an inductor LD2 can be called a fourth
inductor. Moreover, due to symmetric circuit structure, a
voltage at the source S1 of the first transistor M1 is sub-
stantially opposite to that at the source S2 of the second
transistor M2; a voltage at the drain D1 of the first transistor
M1 is substantially opposite to that at a drain D2 of the
second transistor M2; and a voltage at the gate G1 of the first
transistor M1 is substantially opposite to that at the gate G2
of the second transistor M2. Additionally, due to symmetric
circuit structure, an operation among the first inductor LG1,
the second inductor LD1, the first transistor M1 and the
voltage circuit 14 is substantially the same as another
operation among the third inductor the fourth inductor LD2,
the second transistor M2 and the voltage circuit 14. For the
sake of simplicity, the other operation will be omitted herein.

In operation, a gate-to-source voltage (Vgs), in a small
signal mode, of the first transistor M1 may determine
whether the oscillator 10 is able to generate an oscillator
signal. Specifically, a relatively high gate-to-source voltage
of the first transistor M1 facilitates the oscillator 10 to
generate an oscillator signal. In the present disclosure, with
the voltage circuit 14, the voltage, in a small signal mode, at
the source S1 of the first transistor M1 is a voltage swing
rather than zero. Therefore, it is easier to generate an
oscillator signal.

In some existing approaches, a source of a transistor (such
as the transistor M1 and the transistor M2) is directly
coupled to a reference ground without other components
therebetween. A voltage of the reference ground is substan-
tially equal to zero. As a result, in a small signal mode, a
voltage at the source of the transistor is substantially equal
to zero, which may be disadvantageous to the generation of
an oscillator signal.

FIG. 2 is a circuit diagram of an oscillator 20, in accor-
dance with some embodiments of the present disclosure.
Referring to FIG. 2, the oscillator 20 is similar to the
oscillator 10 described and illustrated with reference to FIG.
1 except that, for example, the oscillator 20 includes a first
inductive device 24. The first inductive device 24 functions
to provide a voltage swing at the source S1 of the first
transistor M1. A mutual inductance exists between the first
inductor LG1 and the first inductive device 24, and the first
inductor L.G1 in polarity is opposite to the first inductive
device 24. Accordingly, a phase of the voltage swing pro-
vided by the first inductive device 24 at the source S1 of the
first transistor M1 is opposite to that at the gate G1 of the
first transistor M1. As a result, the gate-to-source voltage of
the first transistor M1 is relatively high, and therefore
facilitates the oscillator 20 to generate an oscillator signal.

In an embodiment, the first inductive device 24 includes
a first additional inductor .1 coupled between the source S1
of the first transistor M1 and the reference ground GND, and
a second additional inductor [.2 coupled between the source
S2 of the second transistor M2 and the reference ground
GND. A mutual inductance exists between the first inductor
LG1 and the first additional inductor L1, and the first
inductor .G1 in polarity is opposite to the first additional
inductor L1. Accordingly, a phase of the voltage swing
provided by the first additional inductor L1 at the source S1
of the first transistor M1 is opposite to that at the gate G1 of
the first transistor M1. As a result, the gate-to-source voltage
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of the first transistor M1 is relatively high, and therefore
facilitates the oscillator 20 to generate an oscillator signal.

In operation, the oscillator 20, in a small signal mode,
operates under a condition in which a gate-to-source voltage
(Vgs) of the first transistor M1 is smaller than a threshold
voltage Vth. Such condition is satisfied when the first
transistor M1 operates in a sub-threshold region. In the
sub-threshold region, less phase noise of the Vigs may occur.

Generally, a square waveform has relatively high immu-
nity to noise in rising and falling edges of a Vgs of a
transistor and prevents the oscillator signal from frequency
modulation due to flicker noise and thermal noise, and
therefore can alleviate phase noise. When an impedance
seen from an inductive device (such as the first inductive
device 24) at an odd harmonic frequency (such as the 1%
harmonic frequency, the 3" harmonic frequency, etc.) of the
Vgs is higher than that at an even harmonic frequency (such
as the 2"¢ harmonic frequency, the 4” harmonic frequency,
etc.) of the Vgs, the waveform of the Vgs behaves as a
square-like waveform.

In the present disclosure, a turn ratio of the first additional
inductor L1 to the first inductor LG1 is associated with a
waveform of a gate-to-source voltage (Vgs) of the first
transistor M1. Alternatively, the turn ratio is associated with
impedance at the 3" harmonic frequency of the source
voltage Vs of the first transistor M1. When a first turn ratio
of the first additional inductor L1 to the first inductor LG1
satisfies 4N:1, wherein N is a positive integer, the magnitude
of impedance seen from the first inductive device 24 (asso-
ciated with the source S1 of the first transistor M1) at the 3"
harmonic frequency of the source voltage Vs (the voltage
swing at the source S1) of the first transistor M1 is relatively
high. Therefore, a waveform of the Vgs behaves as a
square-like waveform, which is shown in FIG. 7(d). As a
result, phase noise can be alleviated.

FIG. 3 is a circuit diagram of an oscillator 30, in accor-
dance with some embodiments of the present disclosure.
Referring to FIG. 3, the oscillator 30 is similar to the
oscillator 10 described and illustrated with reference to FIG.
1 except that, for example, the oscillator 30 further includes
a frequency adjustment circuit 32.

The frequency adjustment circuit 32, coupled between the
source S1 of the first transistor M1 and the source S2 of the
second transistor M2, functions to, in response to a control
signal, adjust a capacitance associated with the source S1 of
the first transistor M1 from a first capacitance to a second
capacitance. The capacitance associated with the source S1
of the first transistor. M1 affects a frequency of an oscillator
signal generated by the oscillator 30, which will be
described in detail with reference to FIG. 4.

With the voltage circuit 14 and the frequency adjustment
circuit 32, not only it is relatively easier to generate an
oscillator signal, but also it is able to adjust the frequency of
the oscillator signal.

FIG. 4 is a circuit diagram of an oscillator 40, in accor-
dance with some embodiments of the present disclosure.
Referring to FIG. 4, the oscillator 40 is similar to the
oscillator 20 described and illustrated with reference to FIG.
2 except that, for example, the oscillator 40 further includes
a frequency adjustment circuit 42. The frequency adjustment
circuit 42 is similar to the frequency adjustment circuit 32
described and illustrated with reference to FIG. 3 except
that, for example, the frequency adjustment circuit 42
includes a first capacitor CS1, a second capacitor CS2 and
a first switch SW1 connected in series with each other. The
serially-connected first capacitor CS1, second capacitor CS2
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and first switch SW1 are coupled between the source S1 of
the first transistor M1 and the source S2 of the second
transistor M2.

The first switch SW1 is controlled by the control signal.
In operation, when the first switch SW1 is conducted, due to
the symmetric circuit structure, a tap between the first
capacitor CS1 and the second capacitor CS2 can be deemed
as the reference ground GND. As such, the first capacitor
CS1 is coupled between the source S1 of the first transistor
M1 and the reference ground GND. Accordingly, when the
first switch SW1 is conducted, the capacitance associated
with the source S1 of the first transistor M1 is referred to as
a first capacitance, which includes a capacitance of the first
capacitor CS1. Since it takes time to charge or discharge the
first capacitor CS1, in such scenario the frequency of the
oscillator signal is relatively low. As a result, with the
conducted first switch SW1 and the first capacitor CS1, the
capacitance associated with the source S1 of the fires
transistor M1 is relatively high. In contrast, when the first
switch SW1 is not conducted, the capacitance associated
with the source S1 of the first transistor M1 is not affected
by the capacitance of the first capacitor CS1. Accordingly,
when the first switch SW1 is not conducted, since there is no
need to charge or discharge the first capacitor CS1, the
frequency of the oscillator signal is relatively high. The
frequency adjustment circuit 42 functions to adjust the
frequency by a first scale ranging, for example, from 1 to 2
KHz, by way of adjusting the capacitance associated with
the source S1 of the first transistor M1.

With the first inductive device 24 and the frequency
adjustment circuit 42, not only it is relatively easier to
generate an oscillator signal, but also it is able to adjust
frequency of the oscillator signal.

FIG. 5 is a circuit diagram of an oscillator 50, in accor-
dance with some embodiments of the present disclosure.
Referring to FIG. 5, the oscillator 50 is similar to the
oscillator 30 described and illustrated with reference to FIG.
3 except that, for example, the oscillator 50 includes an
oscillator circuit 52. The oscillator 52 is similar to the
oscillator 12 described and illustrated with reference to FIG.
1, except that, for example, the oscillator 52 includes a first
local circuit 54 and a second local circuit 56.

The first local circuit 54 includes a capacitor CG1, a
capacitor CG2 and a switch SW2. The first local circuit 52
functions to adjust the frequency by a second scale ranging,
for example, from 1 to 2 MHz, by way of adjusting a
capacitance associated with the gate G1 of the first transistor
M1. Connection and operation of those components in the
first local circuit circuits 54 are similar to those in the
frequency adjustment circuit 42 shown in FIG. 4. Therefore,
the detailed operation is omitted herein. In contrast, as
mentioned above, the frequency adjustment circuit 42 func-
tions to adjust the frequency by the first scale. Since the
second scale is larger than the first scale, the frequency of the
oscillator signal is subject to a fine tune when adjusted by the
first scale, while subject to a coarse tune when adjusted by
the second scale. In this way, a fine tune on the frequency of
the oscillator signal can be implemented.

The second local circuit 56 includes a capacitor CD1, a
capacitor CD2 and a switch SW3. The second local circuit
56 functions to adjust the frequency by a third scale by way
of adjusting a capacitance associated with the drain D1 of
the first transistor M1. The third scale is larger than the first
scale. In this way, a fine tune on the frequency of the
oscillator signal can be implemented. In an embodiment, the
third scale is different from the second scale. In another
embodiment, the third scale is same as the second scale.
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FIG. 6 is a circuit diagram of an oscillator 60, in accor-
dance with some embodiments of the present disclosure.
Referring to FIG. 6, the oscillator 60 is similar to the
oscillator 50 described and illustrated with reference to FIG.
5 except that, for example, the oscillator 60 includes the first
inductive device 24 shown in FIG. 2 and the frequency
adjustment circuit 42 shown in FIG. 4. For the similar
reasons as mentioned above, with the first inductive device
24 and the frequency adjustment circuit 42, not only it is
relatively easier to generate an oscillator signal, but also it
is able to adjust frequency of the oscillator signal. Moreover,
a fine tune on the frequency of the oscillator signal can be
implemented.

FIGS. 7(a) to 7(d) illustrate waveforms associated with
the first transistor M1 shown in FIG. 6, in accordance with
some embodiments of the present disclosure. Comparing
waveforms shown in FIGS. 7(a) and 7(b), since the turn ratio
of the first inductor LG1 to the second inductor LD1 is N:1
(wherein N is positive integer and larger than 1), a peal-to-
peak of a gate voltage Vg of the first transistor M1 is larger
than that of a drain voltage Vd of the first transistor M1.

Referring to FIG. 7(c), with the voltage circuit 14 of the
present disclosure, there is a voltage swing, in a small signal
mode, on a source voltage Vs of the first transistor M1.
Moreover, a direct-current (DC) level is about zero. Since
the first inductor LG1 in polarity is opposite to the first
inductive device 24, a phase of the source voltage Vs (the
voltage swing) provided by the voltage circuit 14 is opposite
to that of the gate voltage Vg of the first transistor M1. In this
way, referring to FIG. 7(d), the gate-to-source voltage Vgs
is relatively high.

In some existing oscillators, a source of a transistor (such
as the transistor M1 and the transistor M2) is directly
coupled to a reference ground, and therefore in a small
signal mode, a voltage at the source of the transistor is
substantially equal to zero. Accordingly, a gate-to-source
voltage of the transistor is substantially equal to a voltage at
the gate of the transistor, for example, referring to FIG. 7(b).
Comparing FIGS. 7(d) and 7(b), there is a difference AVgs
between a peak of Vgs and a peak of Vg. Therefore, for the
existing oscillators, it is disadvantageous to the generation
of an oscillator signal.

FIG. 8 is a circuit diagram of a half circuit of the oscillator
60 shown in FIG. 6, in accordance with some embodiments
of the present disclosure. Referring to FIG. 8, when the
switch SW3 is conducted, the capacitor CD1 can be deemed
as being coupled between the drain D1 of the first transistor
M1 and the reference ground GND. However, in a small
signal mode, both the reference ground GND and the supply
voltage VDD are deemed as the reference ground GND.
That is, the reference ground GND is replaceable by the
supply voltage VDD. Referring back to FIG. 8, for simpli-
fying the circuit analysis, one end of the capacitor CD1 is
coupled to the supply voltage VDD rather than the reference
ground GND. For the similar reasons, one end of the
capacitor CG1 is coupled to the bias voltage VB rather than
the reference ground. GND.

FIG. 9 is a circuit diagram of an equivalent circuit 90 in
a small-signal mode of the half circuit 80 shown in FIG. 8,
in accordance with some embodiments of the present dis-
closure. Referring also to FIG. 8, a dependent current source
(labeled gmVgs in FI1G. 9), is coupled between the source S1
and the drain D1 of the first transistor M1. However, for
simplifying circuit analysis, referring back to FIG. 9, the
dependent current source gmVgs is coupled between the
drain D1 and the reference ground GND. Similarly, for
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simplifying circuit analysis, a parasitic resistor Ro is
coupled between drain D1 and the reference ground GND.

To determine whether an oscillator is able to generate an
oscillator signal, a Barkhausen Criterion is used. According
to Barkhausen Criterion, a break point of a circuit is
required. In the following analysis, the Vgs of the transistor
M1 serves as a break point. The loop gain of the half circuit
80 in a small-signal mode can be expressed as follows.

__m = gm(Ro [/ Zin(s)) x (KIN1 + K2N2)
Vin

S}LD1 x LG1 X CG1 x LS1 X CS1(1 — K1%)) + SLD1
SHLD1 X LG1 xCD1 xCG1(1 — K12K22)) +
SZ(LD1 XCD1 + LG1 X CG1 + LS1 xCS1) + 1

Zin(s) =

Where Vin is the Vgs in the term (gmVgs), Vout is the Vgs
between the capacitor CG1 and the capacitor CS1, Zin is an
input resistance seen from the capacitor CD1, K1 is a
coupling coefficient between the inductor L.D1 and the
inductor LG1, N1 is a turn ratio of the inductor LD1 to the
inductor L.G1, K2 is a coupling coefficient between the
inductor LG and the inductor LS and N2 is a turn ratio of the
inductor LG1 to the inductor LS1.

The first term gm(Ro//Zin(s)) of the loop gain is an active
voltage gain of the loop gain of the oscillator 60, and is
provided by the first transistor M1. The second term (K1N1+
K2N2) is a passive voltage gain of the loop gain of the
oscillator 60. Since, referring to FIG. 6, the first additional
inductor L1 is coupled to the source S1 of the first transistor
M1, a first portion (K2N2) of the passive voltage gain is
provided. The first portion of the passive voltage gain
includes a product of the first turn ration K2 and the first
coupling efficient N2.

In other words, since a mutual inductance exists between
the first additional inductor L1 of the voltage circuit 14 and
the first inductor LG1, the first additional inductor L1 of the
voltage circuit 14 and the first inductor LG1 provide a first
portion of a passive voltage gain of the loop gain of the
oscillator 60. The first portion of the passive voltage gain is
derivative from the mutual inductance. Moreover, the first
portion of the passive voltage gain includes a first turn ratio
of the first additional inductor L1 to the first inductor LG1,
and the first coupling efficient K2 of the first additional
inductor L1 to the first inductor L.G1. The loop gain of the
oscillator 60 is a function of the first turn ratio N2 and the
first coupling efficient K2. Similarly, the second inductor
LD1 and the first inductor L.S1 provides a second portion
(KIN1) of the passive voltage gain. The second portion
KIN1 of the passive voltage gain is derivative from the
mutual inductance between the first inductor LS1 and the
second inductor LD1. With the first additional inductor L1,
the loop gain is enhanced. According to Barkhausen Crite-
rion, the relatively high loop gain facilitates generating an
oscillator signal.

FIG. 10 is a circuit diagram of a clock generator 100, in
accordance with some embodiments of the present disclo-
sure. Referring to FIG. 10, the clock generator 100 includes
a ring oscillator 102 and a clock circuit 104 including a first
circuit 106 and a second circuit 108.

The ring oscillator 102 includes a plurality of delay cells
101. In the present embodiment, there are seven delay cells
101 in the ring oscillator 102. However, the disclosure is not
limited thereto. The ring oscillator 102 of the present dis-
closure includes, for example, three to seven such delay cells
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101. Alternatively, the ring oscillator 102 may include more
than seven delay cells 101. In an embodiment, the delay cell
101 includes an inverter.

The ring oscillator 102 functions to provide a first delay
signal, a second delay signal, a third delay signal and a
fourth delay signal. Each of the first to fourth delay signals
has one of a first logic state and a second logic state. The first
logic state, for example, a logically low state, is opposite to
the second logic state, a logically high state. The first delay
signal, for example, is output at an output B of the second
delay cell 101. The second delay signal, for example, is
output at an output G of the seventh delay cell 101. The third
delay signal is output at an output A of the first delay cell
101. The fourth delay signal, for example, is output at an
output F of the sixth delay cell 101. Waveforms of the delay
signals are shown in FIG. 11.

The first circuit 106 includes a first transistor M12 and a
second transistor M11. The first transistor M12 and the
second transistor M11 are cascode connected between the
supply voltage VDD and a reference ground GND. The first
transistor M12 functions to pull up a voltage at an output
outl of the first circuit 106 toward the supply voltage VDD.
A gate of the first transistor M12 is coupled to the output B,
and therefore the first transistor M12 is operated in response
to the first delay signal. The second transistor M11 functions
to pull down the voltage at the output outl of the first circuit
106 toward the reference ground GND. A gate of the second
transistor M11 is coupled to the output G, and therefore the
second transistor M11 operates in response to the second
delay signal. The voltage CLK at the output outl of the first
circuit 106 serves as a first input signal of a voltage doubler.

The second circuit 108 includes a third transistor M22 and
a fourth transistor M21. The third transistor M22 and the
fourth transistor M21 are cascade connected between the
supply voltage VDD and a reference ground GND. The third
transistor M22 functions to pull up a voltage CLKB at an
output out2 of the second circuit 108 toward the supply
voltage VDD. A gate of the third transistor M22 is coupled
to the third delay signal, and therefore the third transistor
M22 operates in response to the third delay signal. The
fourth transistor M21 functions to pull down the voltage
CLKB at the output out2 of the second circuit 108 toward
the reference ground GND. A gate of the fourth transistor
M21 is coupled to the fourth delay signal, and therefore the
fourth transistor M21 operates in response to the fourth
delay signal. The voltage CLKB at the output out2 of the
second circuit 108 serves as a second input signal of a
voltage doubler. For being used by the voltage doubler, the
voltage CLKB and the voltage CLK are not overlapped in
active state (logically high).

FIG. 11 illustrates waveforms generated by the clock
generator shown in FIG. 10, in accordance with some
embodiments of the present disclosure. A falling edge of the
first delay signal ds1 occurs at a first timing t3, at which the
second delay signal ds2 is logically low. A rising edge of the
second delay signal ds2 occurs at a second timing t4, at
which the first delay signal dsl is logically low. Such first
delay signal ds1 and second delay signal ds2 determine a
rising edge and a falling edge of the voltage CLK. Moreover,
a falling edge of the third delay signal ds3 occurs at a third
timing t3, at which the fourth delay signal ds4 is logically
low. A rising edge of the fourth delay signal ds4 occurs at a
third timing t4, at which the third delay signal ds3 is
logically low. Such third delay signal ds3 and fourth delay
signal ds4 determines a rising edge and a falling edge of the
voltage CLKB. As shown in FIG. 11, a first period between
the first timing t3 and the second timing t4 staggers with a
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second period between the third timing t1 and the fourth
timing t2. Therefore, the voltage CLK and the voltage
CLKB are not overlapped, and therefore can be used by the
voltage doubler.

In some existing circuits which provide two non-over-
lapped input signals to a voltage doubler, the existing
circuits include a NOR gate. The NOR gate is a three stages
casecode connected circuit. since the more number of stages
exists, the high supply voltage is required, given a prede-
termined supply voltage VDD, the existing circuits are not
able to work under a relatively low supply voltage. How-
ever, in the present disclosure, both the ring oscillator 102
and the clock circuit 104 include two stages casecode circuit.
Therefore, the ring oscillator 102 and the clock circuit 104
can work normally under a relatively low supply voltage.

Some embodiments have one or a combination of the
following features and/or advantages. In some embodi-
ments, an oscillator includes an oscillator circuit and a
voltage circuit. The oscillator circuit includes a first transis-
tor. The voltage circuit is configured to, in a small signal
mode, provide a voltage swing at a source of the first
transistor, a gate-to-source voltage of the first transistor
being associated with whether the oscillator is able to
generate an oscillator signal.

In some embodiments, an oscillator includes an oscillator
circuit and a voltage circuit. The oscillator circuit includes a
first transistor configured to, in a small signal mode, provide
an active voltage gain of an loop gain of the oscillator, and
a first inductor configured to provide, in a small signal mode,
a voltage swing at a gate of the first transistor. The voltage
circuit is configured to, in a small signal mode, provide a
voltage swing at a source of the first transistor, wherein a
mutual inductance exists between the voltage circuit and the
first inductor, and the voltage circuit and the first inductor
provides a first portion of a passive voltage gain of the loop
gain of the oscillator; the first portion of the passive voltage
gain being derivative from the mutual inductance.

In some embodiments, a clock generator includes a ring
oscillator and a signal generation circuit. The ring oscillator
is configured to provide a first delay signal, a second delay
signal, a third delay signal and a fourth delay signal, each of
them including a first logic state and a second logic state,
wherein a falling edge of the first delay signal and the first
logic state of the second delay signal occurs at a first timing,
and the first logic state of the first delay signal and a rising
edge of the second delay signal occurs at a second timing,
wherein a falling edge of the third delay signal and the first
logic state of the third delay signal occurs at a third timing,
and the first logic state of the third delay signal and a rising
edge of the fourth delay signal occurs at a third timing,
wherein a first period between the first timing and the second
timing staggers with a second period between the third
timing and the fourth timing. The signal generation circuit
includes a first circuit and a second circuit. The first circuit
includes a first transistor configured to pull up a voltage at
an output of the first circuit toward a supply voltage, and to
be operated in response to the first delay signal; and a second
transistor configured to pull down the voltage at the output
of the first circuit toward a reference ground, and to be
operated in response to the second delay signal. The second
circuit includes a third transistor configured to pull up a
voltage at an output of the second circuit toward the supply
voltage, and to be operated in response to the third delay
signal; and a fourth transistor configured to pull down the
voltage at the output of the second circuit toward a reference
ground, and to be operated in response to the fourth delay
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signal. The voltage at the output of the first circuit and the
voltage at the output of the second circuit serve as input
signals of a voltage doubler.

The foregoing outlines features of several embodiments
so that those skilled in the art may better understand the
aspects of the present disclosure. Those skilled in the art
should appreciate that they may readily use the present
disclosure as a basis for designing or modifying other
operations and structures for carrying out the same purposes
and/or achieving the same advantages of the embodiments
introduced herein. Those skilled in the art should also realize
that such equivalent constructions do not depart from the
spirit and scope of the present disclosure, and that they may
make various changes, substitutions, and alterations herein
without departing from the spirit and scope of the present
disclosure.

What is claimed is:

1. An oscillator comprising:

a first transistor;

an oscillator circuit including a first inductor coupled to a
bias voltage and operatively connected to provide, in a
small signal mode, a first voltage swing at a gate of the
first transistor, and a second inductor coupled to a
supply voltage and operatively connected to provide, in
a small signal mode, a second voltage swing at a drain
of the first transistor, the first inductor and the second
inductor being operatively connected to have a first
mutual inductance with each other; and

a voltage circuit configured to, in a small signal mode,
provide a third voltage swing at a source of the first
transistor, wherein a gate-to-source voltage of the first
transistor is in response to the oscillator circuit gener-
ating an oscillator signal, wherein the voltage circuit
includes a first inductive device configured to provide
the voltage swing at the source of the first transistor,
and to have a second mutual inductance between the
first inductor and the first inductive device.

2. The oscillator of claim 1, wherein a phase of the voltage
swing provided by the voltage circuit at the source of the
first transistor is opposite to that at a gate of the first
transistor.

3. The oscillator of claim 1, wherein the oscillator circuit
further includes a second transistor, a voltage at the source
of the first transistor being substantially opposite to that at
the source of the second transistor, a voltage at a drain of the
first transistor being substantially opposite to that at a drain
of the second transistor, and a voltage at a gate of the first
transistor being substantially opposite to that at a gate of the
second transistor.

4. The oscillator of claim 1, wherein the first inductor in
polarity is opposite to the first inductive device.

5. The oscillator of claim 4, wherein the first inductive
device includes a first additional inductor coupled between
the source of the first transistor and a reference ground.

6. The oscillator of claim 1, further comprising:

a frequency adjustment circuit configured to, in response
to a signal, adjust a capacitance present at the source of
the first transistor from a first capacitance to a second
capacitance, wherein the capacitance is in response to
a frequency of the oscillator signal.

7. The oscillator of claim 6, wherein the frequency
adjustment circuit includes a first capacitor, a second capaci-
tor and a first switch coupled in series, the coupled first
capacitor, second capacitor and first switch are coupled
between the source of the first transistor and the source of
the second transistor.
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8. The oscillator of claim 7, wherein the first capacitance
includes a capacitance of the first capacitor.

9. The oscillator of claim 6, wherein the frequency circuit
adjustment is configured to adjust the frequency by a first
scale by adjusting the capacitance present at the source of
the first transistor, the oscillator circuit further comprising:

a first local circuit configured to adjust the frequency by
a second scale by adjusting a capacitance present at a
gate of the first transistor, wherein the second scale is
larger than the first scale.

10. An oscillator, comprising:

an oscillator circuit including:

a first transistor configured to, in a small signal mode,
provide an active voltage gain of a loop gain of the
oscillator,

a first inductor configured to provide, in a small signal
mode, a first voltage swing at a gate of the first
transistor, and

a second inductor coupled to a supply voltage and opera-
tively connected to provide, in a small signal mode, a
second voltage swing at a drain of the first transistor,
the first inductor and the second inductor being opera-
tively connected to have a first mutual inductance with
each other; and

a voltage circuit configured to, in a small signal mode,
provide a third voltage swing at a source of the first
transistor, wherein a mutual inductance exists between
the voltage circuit and the first inductor, and the voltage
circuit and the first inductor provides a first portion of
a passive voltage gain of the loop gain of the oscillator;
the first portion of the passive voltage gain being
derivative from the mutual inductance, wherein the
voltage circuit includes a first inductive device config-
ured to provide the voltage swing at the source of the
first transistor, and to have a second mutual inductance
between the first inductor and the first inductive device.

11. The oscillator of claim 10, wherein the first inductive
device includes a first additional inductor, the first portion of
the passive voltage gain including a first turn ratio of the first
additional inductor to the first inductor, and a first coupling
efficient of the first additional inductor to the first inductor.

12. The oscillator of claim 11, wherein the loop gain of the
oscillator is a function of the first turn ratio and the first
coupling efficient.

13. The oscillator of claim 12, wherein the first portion of
the passive voltage gain includes a product of the first turn
ration and the first coupling efficient.

14. The oscillator of claim 11, wherein the second induc-
tor and the first inductor provide a second portion of the
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passive voltage gain, the second portion of the passive
voltage gain being derivative from the mutual inductance
between first inductor and the second inductor.

15. The oscillator of claim 10, wherein a phase of the
voltage swing provided by the voltage circuit at the source
of'the first transistor is opposite to that at the gate of the first
transistor.

16. The oscillator of claim 10, wherein the voltage circuit
includes a first inductive device including a first additional
inductor, the first additional inductor and the first inductor
configured to provide an impedance present at the source of
the first transistor in a third harmonic frequency of the
voltage swing at the source of the first transistor.

17. The oscillator of claim 10, further comprising:

a frequency adjustment circuit configured to, in response
to a signal, adjust a capacitance present at the source of
the first transistor from a first capacitance to a second
capacitance, wherein the capacitance is in response to
a frequency of the oscillator signal.

18. The oscillator of claim 17, wherein the frequency
adjustment circuit includes a first capacitor, a second capaci-
tor and a first switch coupled in series, the coupled first
capacitor, second capacitor and first switch are coupled
between the source of the first transistor and the source of
the second transistor.

19. An oscillator, comprising:

a transistor;

an oscillator circuit including a first inductor coupled to a
bias voltage and operatively connected to provide, in a
small signal mode, a first voltage swing at a gate of the
first transistor, and a second inductor coupled to a
supply voltage and operatively connected to provide, in
a small signal mode, a second voltage swing at a drain
of the first transistor, the first inductor and the second
inductor being operatively connected to have a first
mutual inductance with each other, wherein an oscil-
lation signal generated by the oscillator circuit is gen-
erated at a gate of the transistor, and in a small signal
mode, a voltage at a source of the transistor is free of
being zero;

an additional inductor coupled between the source of the
transistor and a reference ground; and

an inductor coupled between a bias voltage and the gate
of the transistor, wherein a second mutual inductance is
formed between the inductor and the additional induc-
tor.



