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OSCILLATOR CIRCUIT AND METHOD FOR 
GENERATING AN OSCILLATION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of International 
Application No. PCT/EP2011/073823, filed on Dec. 22, 2011 
which is hereby incorporated by reference in its entirety. 

TECHNICAL FIELD 

[0002] The present invention relates to the field of an oscil­
lator, and in particular, to an oscillator circuit and a method 
for generating an oscillation. 

BACKGROUND 

[0003] In LC-oscillators, tank-passives are chosen with 
respect to the operating frequency, the available power budget 
and features offered by the technology-metallization and 
transistor behavior. Phase noise in the oscillator results from 
noise generated in the oscillator passives and the active 
devices used to sustain oscillations. 
[0004] Thermal noise generated by parasitic resistance 
present in the oscillator passives gets shaped by the frequency 
response of the tank. To minimize this noise, the selectivity of 
the filter may be increased. This coincides with the well­
established notion of maximizing the tank Q to improve the 
phase noise. This claim is quantified in Leeson's equation, 
where phase noise power is seen to reduce with the square of 
the tank quality factor. While operating at the lower end of the 
gigahertz spectrum, tank Q is dominated by the quality factor 
of the inductor. 
[0005] Series resistance is encountered due to the limited 
conductivity of metal traces; while losses to the substrate 
increasingly degrade inductor Q with frequency. To reduce 
the series resistance in monolithic inductors, one can increase 
both thickness and width of the metal trace. While intercon­
nect thickness is a fixed feature offered by the technology 
being used, increasing the width of metal traces trades quality 
factor for self-inductance and frequency of self-oscillation. 
Use of a lower metal to electrically shield the passive from the 
substrate has been shown to reduce quality factor degrada­
tion. A floating fishbone structure has been used to shield the 
octagonal laid-out interleaved transformers. Magnetically 
induced eddy current losses in the substrate continue to exist. 
For a targeted frequency of oscillation in a given technology, 
and a fixed power budget, the tank can be optimized by 
trading width of traces, self-inductance and bandwidth appro­
priately. Availability of a thicker metal can provide a greater 
Q. 
[0006] Conventionally, cross-coupled negative, i.e. -gm, 
oscillators usually form the basis for low-noise high-perfor­
mance oscillator designs. Moreover, tail-current shaping, 
operation in class-C mode and higher order oscillators may 
also be deployed. However, the known oscillators may suffer 
from the fact that the noise contribution may convert to phase­
noise. This may limit the lowest phase noise achievable. 

SUMMARY 

[0007] It is the object of the invention to provide a concept 
for a low phase noise oscillator. 
[0008] This object is achieved by the features of the inde­
pendent claims. Further implementation forms are apparent 
from the dependent claims, the description and the figures. 
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[0009] The invention is based on the finding that for mini­
mizing phase noise, mechanisms which affect noise to phase­
noise conversion, rather than only the noise itself may be 
targeted. A reduction of noise to phase-noise conversion is 
obtained by moderating the impulse sensitivity function 
(IS F). 
[0010] WithrespecttotheiSF, thelineartimevariant(LTV) 
model for phase noise defines the ISF which quantifies the 
sensitivity of the oscillating waveform to perturbation by a 
noise source at different time instances within one cycle. The 
ISF is a dimensionless function, and relates to the output 
waveform. It provides necessary insight into conversion of 
circuit noise to phase noise. 
[0011] The ISF of an oscillator defines the step change in 
output phase, for an input noise pulse at different time 
instances within 1 time-period of the waveform. The existing 
phase is insensitive to noise injected at the peak of the oscil­
lating waveform due to the restorative nature of the positive 
feedback-loop, as the devices approach compression. Noise 
injected at the peak causes amplitude-modulation and not 
phase-modulation, and the restorative nature of the active 
loop resists this change. During zero crossing, any noise 
injected in the oscillator directly perturbs the phase. In other 
words, the noise-to-phase noise conversion is maximum at 
zero crossing and minimum when the devices approach com­
pression. 
[0012] The ISF is obtained by tediously adding noise 
impulses at specified intervals into the oscillator tank and 
studying change in phase; or closely approximated by the 
time-derivative of the output waveform. Where the slope of 
the waveform is zero, noise injected in the oscillator does not 
perturb waveform phase. A clipped wave, as shown in FIG. 9, 
clipped for a time span Tc at node 'x' causes noise to be 
rejected in this time-window. In the corresponding ISF plot, 
the ISF equals zero during this span. This re-iterates the fact 
that the designed oscillator benefits from clipping provided 
the signal power and harmonic integrity is restored. 
[0013] The ISF quantifies the sensitivity of the oscillating 
waveform to perturbation by a noise source at different time 
instances within one cycle. The existing phase is insensitive 
to noise injected at the peak of the oscillating waveform due 
to the compressive nature of the active devices. Noise injected 
at the peak purports amplitude-modulation and not phase­
modulation, and the restorative nature of the active loop 
resists this change. During zero crossing, any noise injected in 
the oscillator directly perturbs the phase. In other words, the 
noise-to-phase noise conversion is maximum at zero crossing 
and minimum when the devices approach compression. 
[0014] The active devices used for energy restoration con­
tribute towards overall circuit noise as well. Be it in oscillators 
based on the negative ( -gm) principle or positive feedback, 
the active device adds considerable amount of noise. Lee­
son's model for phase noise incorporates this noise contribu­
tion by definition of the noise factor F. The cross-coupled 
negative -gm oscillator gives optimal phase noise perfor­
mance when operated at the edge of the current -limited mode 
where the circuit obtains maximum output swing for the 
given bias current. In the current-limited region, one has the 
flexibility to use the inductor and bias current as individual 
variables to increase the oscillation amplitude. Increase in 
output amplitude with bias current can be observed till the 
amplitude eventually gets limited by the supply voltage and 
begins to clip. Here, the oscillator transitions from current­
limited operation to voltage-limited operation. With further 
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increase in bias current the output noise power increases 
while signal power doesn't. This translates to a degradation in 
F. 
[0015] If the oscillating waveform were to exhibit a peak 
which spanned half the time-period, the amount of circuit 
noise converted to phase noise will reduce significantly. The 
only contribution phase noise would result from noise 
injected in the small time window, where the transition from 
peak to through (and vice versa) through zero-crossing 
occurs. Implementation forms of the oscillator circuit are 
designed to work on this principle and provide substantially 
lower phase noise when compared to the negative ( -gm) 
based oscillator. Operating the oscillator circuit in the previ­
ously discussed voltage-limited mode provides clipping and 
therefore noise insensitivity in the clipped region. Implemen­
tation forms of the oscillator circuit are designed being 
capable of preserving this advantage without degrading the 
noise factor as seen in negative -gm oscillators. 
[0016] In order to describe the invention in detail, the fol­
lowing terms, abbreviations and notations will be used: 
[0017] Q, Q factor: Quality factor. The Q factor is a wide­
spread measure used to characterise oscillators. It is defined 
as the peak energy stored in the circuit divided by the average 
energy dissipated in it per cycle at oscillation. Low Q circuits 
are therefore damped and lossy and high Q circuits are under­
damped. Q is related to bandwidth; low Q circuits are wide 
band and high Q circuits are narrow band. In fact, it happens 
that Q is roughly the inverse of fractional bandwidth: Q=l/ 
F 6 =w0 / llw ). Q factor is directly proportional to selectivity, as 
Q factor depends inversely on bandwidth. 
[0018] Tank Q: Quality factor of an oscillator. The energy 
in an oscillator oscillates back and forth between the capaci­
tor and the inductor until internal resistance makes the oscil­
lations die out. Its action is similar to water sloshing back and 
forth in a tank. For this reason the oscillator circuit is also 
called a tank circuit and the quality factor of the oscillator is 
called the tank Q. 
[0019] Leeson's equation: 

{ 
FkT l f, ( lf )

2

( f, )j} £(fm) = 10 log -- 1 + - + -- 1 + - , 
2Pa" fm 2fmQt fm 

where Q1 is the loaded Q of the circuit, fm is the frequency 
from the carrier, fc is the flicker noise corner frequency, fo is 
the carrier (oscillator) frequency, T is the temperature in 
Kelvin, P avs is the power through the oscillator, F is the noise 
factor of the active device, and k is the Boltzmann constant. 
[0020] ISF: impulse sensitivity function -gm oscillator:ne­
gative conductance oscillator. A negative conductance can be 
implemented, for example, by a tunnel diode. In the tunnel 
diode, the dopant concentration in the p and n layers are 
increased to the point where the reverse breakdown voltage 
becomes zero and the diode conducts in the reverse direction. 
However, when forward-biased, an odd effect occurs called 
"quantum mechanical tunneling" which gives rise to a region 
where an increase in forward voltage is accompanied by a 
decrease in forward current. This negative resistance region 
can be exploited in negative conductance oscillators. 
[0021] LTV model: linear time variant model 
[0022] FOM: Figure of merit. A figure of merit is a quantity 
used to characterize the performance of a device, system or 
method, relative to its alternatives. In engineering, figures of 
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merit are often defined for particular materials or devices in 
order to determine their relative utility for an application. For 
an oscillator, the FOM can be calculated, for example, 
according to the formula: 

FOM(dBF)~20 log(Delta_Jifreq)-PN-10 log(power), 

where "freq" designates the oscillation frequency, "Delta_f' 
designates the offset frequency from the average or expected 
oscillation frequency, "PN" the phase noise and "power" the 
oscillation power. 

[0023] According to a first aspect, the invention relates to 
an oscillator circuit, comprising a clipping element for gen­
erating a clipped signal, and a first amplification stage for 
amplifying and filtering the clipped signal to obtain a filtered 
signal, the filtered signal comprising an oscillation, wherein 
the clipping element is configured to generate the clipped 
signal upon the basis of the filtered signal. The filtered signal 
can be outputted by the oscillator circuit as oscillator signal. 
Moreover, the filtered signal can additionally be amplified 
prior to clipping. 

[0024] The oscillator circuit according to the first aspect 
may have a low phase noise within given power constraints, 
supports device and supply noise reduction and has a high 
output swing that is not limited by supply voltage. The oscil­
lator circuit is tailored for high power base-station applica­
tions, though the concept is readily applicable to ultra-low­
power oscillators intended for handset applications. 

[0025] In a first possible implementation form of the oscil­
lator circuit according to the first aspect, the first amplifica­
tion stage comprises an amplifier, in particular a passive 
amplifier, for amplifYing the clipped signal, and a filter for 
filtering the amplified clipped signal to obtain the filtered 
signal. 

[0026] In a second possible implementation form of the 
oscillator circuit according to the first aspect as such or 
according to the first implementation form of the first aspect, 
either the first amplification stage or the second amplification 
stage is configured to introduce a phase shift by 180°. 

[0027] In a third possible implementation form of the oscil­
lator circuit according to the first aspect as such or according 
to the any of the preceding implementation forms of the first 
aspect, the first amplification stage is configured for suppress­
ing frequency tones which are other, e.g. higher, than a fun­
damental tone in the clipped signal. 

[0028] In a fourth possible implementation form of the 
oscillator circuit according to the first aspect as such or 
according to the any of the preceding implementation forms 
of the first aspect, a step-up transformer is provided, with a 
primary winding and a secondary winding, wherein an output 
of the clipping element is coupled to the primary winding, and 
wherein a filter, in particular a capacitor, is coupled to the 
secondary winding. The step-up transformer can form an 
impedance transformer. 

[0029] In a fifth possible implementation form of the oscil­
lator circuit according to the first aspect as such or according 
to the any of the preceding implementation forms of the first 
aspect, the first amplification stage comprises a step-up trans­
former, in particular an impedance transformer, for amplifY­
ing the clipped signal, and a filter coupled to a secondary 
winding of first step-up transformer for filtering the amplified 
clipped signal to obtain the filtered signal, and the second 
amplification stage comprises a step-up transformer, and a 
secondary winding of the step-up transformer of the first 
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amplification stage is coupled to a primary winding of the 
step-up transformer of the second amplification stage. 
[0030] In a sixth possible implementation form of the oscil­
lator circuit according to the first aspect as such or according 
to the any of the preceding implementation forms of the first 
aspect, the oscillator circuit further comprises a second 
amplification stage for amplifYing the filtered signal to obtain 
an amplified filtered signal as the filtered signal. 
[0031] In an seventh possible implementation form of the 
oscillator circuit according to the first aspect as such or 
according to the any of the preceding implementation forms 
of the first aspect, an output of the second amplification stage 
is coupled to an input of the clipping element. 
[0032] In a eighth possible implementation form of the 
oscillator circuit according to one of the preceding implemen­
tation forms sixth or seventh of the first aspect, the clipping 
element comprises at least a transistor for clipping, in par­
ticular aMOS transistor, and an output of the second ampli­
fication stage is coupled to a gate terminal of the transistor. 
[0033] In a ninth possible implementation form of the oscil­
lator circuit according to one of the preceding implementa­
tion forms sixth or eighth of the first aspect, the clipping 
element comprises an amplifier. 
[0034] In a tenth possible implementation form of the oscil­
lator circuit according to the ninth implementation form, the 
clipping element comprises a clipping diode arranged down­
stream of the amplifier. 
[0035] In a eleventh possible implementation form of the 
oscillator circuit according to the ninth or tenth implementa­
tion form, the amplifier is configured to introduce a phase 
shift of 180°. 
[0036] In a twelfth possible implementation form of the 
oscillator circuit according to one of the preceding implemen­
tation forms sixth to eleven of the first aspect, the second 
amplification stage comprises a passive or an active amplifier. 
[0037] In a thirteenth possible implementation form of the 
oscillator circuit according to one of the preceding implemen­
tation forms sixth to twelve of the first aspect, the second 
amplification stage comprises a step-up transformer, and a 
secondary winding of the step-up transformer is coupled to 
the clipping element. 
[0038] In a fourteenth possible implementation form of the 
oscillator circuit according to one of the preceding implemen­
tation forms sixth to thirteen of the first aspect, at least one 
switchable frequency tuning circuit is coupled to an input of 
the second amplification stage. 
[0039] In a fifteenth possible implementation form of the 
oscillator circuit according to one of the preceding implemen­
tation forms sixth to fourteen of the first aspect, at least a 
transistor for clipping, in particular a MOS transistor, is pro­
vided, wherein an output of the second amplification stage is 
coupled to a gate terminal of the transistor. 
[0040] In a sixteenth possible implementation form of the 
oscillator circuit according to one of the preceding implemen­
tation forms sixth to fifteen of the first aspect, at least one 
switchable frequency tuning circuit is coupled to an input of 
the second amplification stage. 
[0041] In an seventeenth possible implementation form of 
the oscillator circuit according to the first aspect as such or 
according to the any of the preceding implementation forms 
of the first aspect, the oscillator circuit comprises a further 
clipping element for generating a further clipped signal; 
wherein the first amplification stage is configured for ampli­
fying and filtering the further clipped signal to obtain a further 
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filtered signal; and wherein the further clipping element is 
configured to generate the further clipped signal upon the 
basis of the further filtered signal. The further filtered signal 
can be output as a further filtered signal. 
[0042] In a eighteenth possible implementation form of the 
oscillator circuit according to the seventeenth implementa­
tion form of the first aspect, the oscillator circuit further 
comprises a second amplification stage for amplifying the 
further filtered signal to obtain a further amplified filtered 
signal as the further filtered signal. 
[0043] In a nineteenth possible implementation form of the 
oscillator circuit according to the eighteenth implementation 
form of the first aspect, at least one switchable frequency 
tuning circuit is coupled to an input of the second amplifica­
tion stage. 
[0044] In a twentieth possible implementation form of the 
oscillator circuit according to the first aspect as such or 
according to the any of the preceding implementation forms 
of the first aspect, a control input of the clipping element (101) 
is coupled to a desensitizing capacitor. 
[0045] According to a second aspect, the invention relates 
to method for generating an oscillation, the method compris­
ing generating a clipped signal, amplifying and filtering the 
clipped signal to obtain a filtered signal, the filtered signal 
comprising an oscillation; wherein the clipped signal is gen­
erated upon the basis of the filtered signal. 
[0046] In a possible implementation form of the method 
according to the second aspect, the method further comprises 
amplifying the filtered signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0047] Further embodiments of the invention will be 
described with respect to the following figures, in which: 
[0048] FIG. 1a, 1b show block diagrams of an oscillator 
circuit according to an implementation form; 
[0049] FIG. 2 shows a schematic diagram of a method for 
generating a filtered signal according to an implementation 
form; 
[0050] FIG. 3 shows a block diagram of an oscillator circuit 
according to an implementation form; 
[0051] FIG. 4 shows a blockdiagramofanoscillatorcircuit 
according to an implementation form; 
[0052] FIG. 5 shows a waveform diagram of a clipping 
signal according to an implementation form; 
[0053] FIG. 6 shows a waveform diagram of a clipping 
signal according to an implementation form; 
[0054] FIG. 7 shows a block diagram of an oscillator circuit 
according to an implementation form; 
[0055] FIG. 8 shows a waveform diagram of signals mea­
sured at different nodes in an oscillator circuit according to an 
implementation form; 
[0056] FIG. 9 shows a waveform diagram of a clipping 
signal and the associated impulse sensitivity function accord­
ing to an implementation form; 
[0057] FIG. 10 shows a block diagram of an oscillator 
circuit according to an implementation form; 
[0058] FIG. 11 shows a block diagram of an integrated 
circuit comprising an oscillator circuit according to an imple­
mentation form; 
[0059] FIG. 12 shows a block diagram of an oscillator 
circuit according to an implementation form; 
[0060] FIG. 13a shows a block diagram of a digital switch 
used in an oscillator circuit according to an implementation 
form; 
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[0061] FIG. 13b shows a block diagram of a digital switch 
used in an oscillator circuit according to an implementation 
form; 
[0062] FIG. 14 shows a block diagram of a dynamic fre­
quency divider used in an integrated circuit comprising an 
oscillator circuit according to an implementation form; 
[0063] FIG. 15 shows a block diagram of an output buffer 
used in an integrated circuit comprising an oscillator circuit 
according to an implementation form; 
[0064] FIG.16 shows a phase noise measurement at maxi­
mum current consumption of an oscillator circuit according 
to an implementation form; 
[0065] FIG. 17 shows a phase noise measurement at mini­
mum current consumption of an oscillator circuit according 
to an implementation form; 
[0066] FIG. 18 shows a phase noise measurement at low 
(16 rnA) and high (21 rnA) current consumption of an oscil­
lator circuit according to an implementation form; 
[0067] FIG. 19 shows a phase noise measurement for two 
different samples of an oscillator circuit according to an 
implementation form; 
[0068] FIG. 20 shows a phase noise measurement versus 
power consumption of an oscillator circuit according to an 
implementation form; 
[0069] FIG. 21 shows a graph depicting the figure of merit 
for a reference oscillator and for an oscillator circuit accord­
ing to an implementation form; 
[0070] FIG. 22 shows a spectral diagram of an output signal 
of an oscillator circuit according to an implementation form 
at high end of frequency tuning range; 
[0071] FIG. 23 shows a spectral diagramofanoutput signal 
of an oscillator circuit according to an implementation form 
at low end of frequency tuning range; 
[0072] FIG. 24 shows a graph depicting the variation of 
frequency with digital tuning bits for an oscillator circuit 
according to an implementation form; 
[0073] FIG. 25 shows a graph depicting the variation of 
frequency with analog and digital supply voltage for an oscil­
lator circuit according to an implementation form; 
[0074] FIG. 26 shows a graph depicting the variation of 
phase noise with temperature for an oscillator circuit accord­
ing to an implementation form; and 
[0075] FIG. 27 shows a graph depicting phase noise targets 
depending on the frequency offset of an oscillator circuit 
according to an implementation form. 

DETAILED DESCRIPTION 

[0076] FIGS. la and lb show block diagrams of an oscil­
lator circuit 100 comprising an oscillation according to an 
implementation form. The oscillator circuit 100 comprises a 
clipping element 101 for generating a clipped signal 121, a 
first amplification stage 103 for amplifYing and filtering the 
clipped signal121 to obtain a filtered signal123, and, option­
ally, a second amplification stage 105 for amplifying the 
filtered signal123 to amplify the filtered signal123 ob obtain 
an amplified filtered signal 125. The clipping element 101 
generates the clipped signal121 upon the basis of the filtered 
signal125. 
[0077] An output of the clipping element 101 is connected 
to an input of the first amplification stage 103. An output of 
the first amplification stage 103 is connected to an input of the 
second amplification stage 105. An output of the second 
amplification stage 105 whose output is an output of the 
oscillator circuit 100 is connected to an input of the clipping 
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element 101. It should be noted that the output of the oscil­
lator circuit 100 does not necessarily have to be the signal 
Vsin or 125. In another implementation form, it could be an 
internal signal of the amplification/filtering block 103/105 
after an adequate filtering of the clipped signal121. 

[0078] The clipping element 101 comprises a -gm stage 107 
forming an amplifier and a clipping stage 109 connected in 
series, according to an implementation form. 

[0079] According to another implementation form, the 
clipping operation can be implicit or explicit to the amplifier 
functionality. Also, explicit diodes could be used. The clip­
ping operation can be unidirectional as shown in FIG. 1 or 
bidirectional. The first amplification stage 103 comprises 
according to an implementation form an amplifier and a filter. 
The clipped signal121, the filtered signal123 and the filtered 
signal125 comprise two polarities + V sin and - V sin. 

[0080] FIG. 2 shows a schematic diagram of a method for 
generating a filtered signal according to an implementation 
form. The method 200 comprises: generating 201 a clipped 
signal; amplifying and filtering 203 the clipped signal to 
obtain a filtered signal; and amplifying 205 the filtered signal 
to obtain the filtered signal; wherein the clipped signal is 
generated upon the basis of the filtered signal. It should be 
noted that the 203 and 205 steps could be reversed in some 
implementation forms and even step 205 can be bypassed. 

[0081] FIG. 3 shows a blockdiagramofanoscillatorcircuit 
300 according to an implementation form. The oscillator 
circuit 300 corresponds to the oscillator circuit 100 depicted 
in FIG. 1. The clipping element 101 comprises a -gm stage 
107 forming an amplifier and an implicit clipping stage 109. 
The clipping element 101 may be realized by one of the 
possible clipping/clamping/voltage swing limiting modes: 

[0082] 1) Inherent clipping due to practical implementa­
tion of -gm stage 107 with PMOS device, provides 
clipping as will be provided by (i). 

[0083] 2) Inherent clipping due to practical implementa­
tion of -gm stage 107 with NMOS device, provides 
clipping as will be provided by (ii). 

[0084] 3) Inherent clipping due to practical implementa­
tion of -gm stage 107 with NMOS and/or PMOS device, 
provides clipping as will be provided by (iii). 

[0085] For an implementation according to (i), the wave­
form of the clipping signal121 is schematically represented 
in FIG. 5. For an implementation according to (ii), the second 
half instead of the first half of the waveform depicted in FIG. 
5 is clipped. For an implementation according to (iii), the 
waveform of the clipping signal 121 is schematically repre­
sented in FIG. 6. 

[0086] FIG. 4 shows a block diagram of an oscillator circuit 
400 according to an implementation form of the oscillator 
circuit 100 shown in FIGS. la and lb. The oscillator circuit 
400 comprises the clipping element 101 for generating the 
clipped signal121; a first amplification stage 401 for ampli­
fYing and filtering the clipped signal121 to obtain the filtered 
signal123; and a second amplification stage 411 for ampli­
fYing the filtered signal123 to obtain the filtered signal125. 
The clipping element 101 generates the clipped signal 121 
upon the basis of the filtered signal125. 

[0087] An output of the clipping element 101 is connected 
to an input of the first amplification stage 401. An output of 
the first amplification stage 401 is connected to an input of the 
second amplification stage 411. An output of the second 
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amplification stage 411, which output is an output of the 
oscillator circuit 400 is connected to an input of the clipping 
element 101. 

[0088] The clipping element 101 comprises a -gm stage 107 
forming an amplifier and a clipping stage 109. The clipping 
stage 109 is realized by a diode according to the PMOS device 
as described with respect to implementation (i) described in 
FIG. 3. The first amplification stage 401 comprises a parasitic 
resistance 403, a capacitance 405, an inductance 407 and a 
parasitic noise source 409 connected in parallel to ground 417 
and provides a first amplified signal 421 which is input to the 
second amplification stage 411. The second amplification 
stage 411 comprises a parasitic noise source 415 and an 
amplifier network A(s) 413 connected in parallel to ground 
417 and provides the filtered signal125. The clipped signal 
121, the filtered signal 123 and the filtered signal125 com­
prise two polarities, wherein the negative one is connected to 
ground417. 

[0089] Phase noise in tuned oscillators arises mainly due to 
noise from active devices and oscillator passives. This sets up 
a quest for maximum tank-Q and a trade-off between power 
consumption and phase noise. The oscillator circuit performs 
voltage waveform manipulation as a means to reduce phase 
noise. A 9 dB improvement in figure-of-merit (FOM) may be 
observed at 1 MHz offset, when compared to a reference 
cross-coupled oscillator prototyped on the same die. 

[0090] FIG. 5 shows a waveform diagram of a clipping 
signal according to an implementation form. 

[0091] In the following, the principle of an oscillation cir­
cuit according to implementation forms is explained by refer­
ring to FIG. 5. As the amplitude of the signal driving a PMOS 
gate increases, the device gets driven into strong-inversion 
accompanied by drop in IV nsl. The two simultaneous events 
expedite the transition of the device from the saturation to the 
triode region of operation. While operating in the triode 
region, gate control on channel charge reduces and the output 
current is seen to vary linearly with IV nsl. It is at this juncture 
that the output begins to clip. The lateral electric field drops 
with IV nsl thereby limiting the channel conductivity. The 
output finally clips at a minimum IV nsl which is a maximum 
voltage below V DD below which increase in channel current is 
not obtained. 

[0092] A clipped waveform, similar to a square wave, 
shows an increase in power at odd-harmonics. It can be inter­
preted that increasing the gate-driving signal causes the 
device to lose gain at the fundamental, and this gain gets 
distributed to the harmonics. The boost in third harmonic has 
a dominating effect on the output waveform as it is least 
attenuated by the LC-tank's frequency response. As a conse­
quence, though the amplitude is reduced, the time span of 
noise insensitivity is stretched across what can be alluded to 
as flattening of the amplitude around the peak. This is indi­
cated in FIG. 5 as Tc. It can be seen that noise-insensitivity 
obtained is dramatically increased from a single time instance 
to a sizable time window T c- Secondly, the slope around the 
zero crossing point steepens, thereby minimizing the time 
window available for noise to phase-noise conversion around 
the point of maximum sensitivity. This is indicated in FIG. 5 
as T R· The value ofT R can be interpreted as a rise or fall time, 
and can be reduced by increasing the amplitude of the voltage 
signal driving the input. 

[0093] According to implementation form, oscillator cir­
cuits according to implementation forms benefit from this 
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advantage, as the achievable signal swing is not limited by the 
supply voltage from which it is operated. 
[0094] During the second half of the cycle, when the circuit 
implementation has been done with PMOS transistors only, 
the oscillator is free to swing till a minimum voltage of-V dd 
in theory. In cross-coupled oscillators, it has been shown that 
increasing the biasing current of the transistor beyond its 
point of saturation, leads to degradation in the noise factor F. 
This can partly be ascribed to the impact of the MOS device's 
transition through different operating regions when driven by 
a large voltage swing; and to the fact that the gate is driven by 
the same waveform seen at the output, which is clipped and 
therefore, rich in harmonic content. 
[0095] According to the LTV phase noise model, circuit 
noise-to-phase noise conversion is maximum at zero-cross­
ing and minimum at the peak of the oscillating waveform. The 
oscillator circuit shown in FIG. 4 yields a clipped waveform 
with a peak, which spans a sizable time-window indicated in 
FIG. 5 as Tc. As can be inferred from the impulse-sensitivity­
function (IS F) as well, noise injected in this time span doesn't 
perturb the waveform phase and thus doesn't contribute to 
phase noise. Secondly, the slope around zero-crossing steep­
ens, thereby minimizing the time window available for noise 
to phase noise conversion around the point of maximum 
sensitivity. The roll-offtime indicated in FIG. 5 as TR can be 
reduced by increasing the amplitude of the voltage signal 
driving the input. 
[0096] Though a clipped waveform has a desirable 
impulse-sensitivity-function (ISF), the power at the funda­
mental tone drops, and gets distributed to the harmonics. 
Therefore, the oscillator circuit according to implementation 
forms inserts a feedback network capable filtering out the 
fundamental tone and stepping it up for an increased input 
drive for the gm stage, as can be seen from FIG. 3. A large 
input drive ensures smaller T R and a higher SNR from the 
active gm stage, which improves phase noise. 
[0097] In fact, in a theoretical scenario where T R equals 0, 
it can be claimed that the entire noise contribution coming 
from the active devices does not affect oscillator phase noise. 
While tank-Q and device noise are largely technology depen­
dent, the ISF of a clamped waveform isn't. 
[0098] FIG. 6 shows a waveform diagram of a clipping 
signal according to an implementation form. 
[0099] In an implementation form, the oscillator circuit is 
implemented with PMOS transistors only. This, as has been 
explained, results in waveform clipping only during have the 
oscillation cycle. In an alternative implementation form, an 
oscillator circuit describing a complementary oscillator is 
designed where the waveform can be clipped at both supply 
rails - V dd and ground. Such an implementation form is rep­
resented in FIG. 3 when the clipping element 101 is designed 
according to implementation (iii). This might prove a more 
useful solution when the circuit is intended for ultra-low 
power applications, since the maximum voltage swing at the 
oscillator output would be limited to V dd. An illustration of a 
double-clipped waveform is shown in FIG. 6. Here noise 
contribution can be suppressed in both half cycles of the 
periodic waveform. 
[0100] FIG. 7 shows a block diagram of an oscillator circuit 
700 according to an implementation form. 
[0101] The oscillator circuit 700 comprises a clipping ele­
ment 701 for generating a clipped signal X; a first amplifica­
tion stage 703 for amplifying and filtering the clipped signal 
X to obtain a filtered signal Y; and a second amplification 
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stage 705 for amplifying the filtered signal Y to obtain the 
filtered signal Z. The clipping element 701 generates the 
clipped signal X upon the basis of the filtered signal Z. 
[0102] An output of the implicit clipping element 701 is 
connected to an input of the first amplification stage 703. An 
output of the first amplification stage 703 is connected to an 
input of the second amplification stage 705. An output of the 
second amplification stage 705 whose output is an output of 
the oscillator circuit 700 is connected to an input of the 
clipping element 701. 
[01 03] The clipping element 701 comprises a -gm stage 707 
forming an amplifier and a clipping stage 709 connected in 
series. The first amplification stage 703 comprises a trans­
former 704 (TX1) for transforming the clipped signal X to 
obtain the filtered signal Y. The second amplification stage 
705 comprises a transformer 706 for transforming the filtered 
signal Y to obtain the filtered signal Z. The clipped signal X, 
the filtered signal Y and the filtered signal Z comprise two 
polarities depicted by (X, X'), (Y, Y') and (Z, Z'). 
[0104] FIG. 8 shows a waveform diagram of signals mea­
sured at different nodes in an oscillator circuit according to an 
implementation form. A first waveform x corresponds to the 
clipped signal X as described with respect to FIG. 7, a second 
waveform y corresponds to the filtered signal Y as described 
with respect to FIG. 7 and a third waveform z corresponds to 
the filtered signal Z as described with respect to FIG. 7. 
[0105] FIG. 9 shows a waveform diagram of a clipping 
signal and the associated impulse sensitivity function accord­
ing to an implementation form. The clipping signal Vx(V) 
corresponds to the signal x measured at node X as described 
with respect to FIG. 7. The ISF is zero within the clipping 
region T c and unequal to zero outside the clipping region. 
[0106] FIG. 10 shows a block diagram of an oscillator 
circuit 1000 according to an implementation form. 
[01 07] The oscillator circuit is symmetrically designed and 
comprises clipping elements 1001 and 1003 being formed by 
transistors. Outputs of the clipping elements 1001 and 1003 
are coupled to primary windings of a first step-up transformer 
(Tx1) 1005 forming a first amplification stage. Parallel to the 
primary windings of the first step-up transformer 1005, a 
capacitor CrM which can be variable, is arranged. The first 
step-up transformer 1005 has secondary windings to which 
capacitors CF1 and CF2 forming a filter are connected. The 
outputs of the secondary windings of the first step-up trans­
former 1005 are connected to inputs of primary windings of a 
second step-up transformer 1007 forming a second amplifi­
cation stage. Parallel to the primary windings, a capacitor 
CrM which can be variable, is connected. The secondary 
windings of the second step-up transformer are connected to 
control inputs of the clipping elements 1001, 1003, e.g. to 
gate inputs of transistors forming the clipping elements 1001, 
1003. The control inputs of the clipping elements 1001, 1003 
can respectively be connected to capacitors CFl. 
[0108] In the oscillator circuit 1000, the fundamental tone 
is recovered in the primary winding of the first step-up trans­
former 1005 as shown in FIG. 10, where the harmonic cur­
rents flow to ground in the parallel capacitors CF2. The gate 
of the transistors is driven by a stepped up version of the 
filtered waveform. This is used to deal with the second aspect, 
that of noise reduction in the active device itself. A larger gate 
drive ensures a larger SNR in the output current waveform of 
the MOS transistor, which in turn yields better phase noise. 
[0109] The first step-up transformer 1005 acts as an imped­
ance transformer and the loading due to the finite output 
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impedance and overlap capacitances of the MOS devices seen 
at the output port is attenuated by a factor of n-squared. Here 
n=2; the choice is partly motivated by the ease and accuracy 
of modeling an interleaved transformer with a turns ratio of2, 
compared to a greater number. This attenuation in impedance 
can be used to obtain fine tuning steps, as addition of any 
capacitance to the primary of the first step-up transformer 
1005 will be seen at the output port reduced by a factor of 
n-squared. Specifically, the finest capacitance step that the 
advanced CMOS lithography can readily deliver with high 
resolution is about 40 aF, which corresponds to about 12kHz 
at the 2 GHz RF output frequency. The down-scaling can be 
achieved through the transformer turns ratio, but other imped­
ance transformation methods could be used. 
[011 0] The oscillator circuit 1000 improves phase noise on 
the following basis according to an implementation form: The 
time span of noise-insensitivity is increased by subjecting the 
active devices to large driving signals, which forces the 
device to compress and, therefore, the output to clip. Further­
more, the clipped waveform is filtered in the secondary wind­
ing of the transformer to recover a sinusoidal signal which 
drives the gates. The swing of the signal driving the gate­
terminals of the active devices is not limited by V dd. The 
signal swing can exceed the 2 *V dd limitation of conventional 
cross-coupled negative ( -gm) oscillators. The 'rise time' of 
the output signal decreases with increase in input voltage 
amplitude. This reduces noise to phase-noise conversion as 
well. 
[0111] Removing the tail-current source eliminates its 
noise, but frequency-pushing due to supply variation 
increases. Desensitization capacitors Cn mitigate the bias 
dependency of parasitic capacitances, which causes change in 
oscillation frequency. This also mitigates frequency depen­
dence on bias voltage VB· The measured frequency pushing is 
<16 MHz, which is the best reported to date. The lowering 
effect that capacitances Cn have on the output swing, is 
compensated with power consumption. 
[0112] The output may be taken via a capacitive tap (Cx, 
Cy) to minimize loading from buffers interfacing the oscilla­
tor to a dynamic frequency divider. Four switched MOM­
capacitors (BO-B3) across the primary ofTx2 provide coarse 
frequency tuning. Control bits b0 -b 1 fine-tune the impedance 
seen at the secondary of Txl. Their impact on operating 
frequency results in fine-tuning, due to the attenuation in 
impedance by a factor of n-squared (here n=2) caused by 
transformerTxl. Similarly, any capacitance in parallel to Cn 
will appear magnified by a factor ofn-squared at the output 
and can be used for area-minimized coarse tuning. 
[0113] The impedance transformation can be exploited to 
obtain both fine and coarse frequency tuning. The oscillator is 
shown in FIG.10 along with the three tuning ports controlled 
with CTN, Cn and CT2. As discussed earlier CT2 provides fine 
tuning while CTN, provides the normal coarse tuning. Ampli­
fication of capacitance is observed at the output when Cn is 
varied. This provides an additional degree of coarse tuning, 
which allows us to maximize the frequency dynamic range 
while minimizing the capacitive dynamic range. A further 
benefit of the amplification of capacitance is, that a smaller 
capacitance (i.e., smaller geometry) with a lower series resis­
tance (i.e., a higher Q) degrades the phase noise less. 
[0114] FIG. 11 shows a block diagram of a part of an 
integrated circuit 1100 comprising an oscillator circuit 1101 
according to an implementation form. The integrated circuit 
could be an RF transceiver or it could be an RF-SoC (system 
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on a chip) for cellular handsets or base stations. The oscillator 
circuit 1101 is followed by a dynamic frequency divider 1103 
which generates quadrature outputs. Power matched buffers 
1105 and 1107 are implemented to drive the 50 ohm mea­
surement environment. 
[0115] FIG. 12 shows a block diagram of an oscillator 
circuit 1200 forming an implementation form of the oscillator 
circuit 1000 shown in FIG. 10. 
[0116] According to an implementation form, frequency 
tuning circuits (B0 -B3 ) are used across the primary winding 
of the second step-up transformer 1007, which may also form 
the output port, to accurately target the GSM-band after divi­
sion by a factor of 4. The tuning circuits are implemented by 
switches switching at least two capacitors (i.e., differential) in 
senes. 
[0117] According to an implementation form, further fre­
quency tuning circuits (b0 -b 1) may used to verifY impedance 
attenuation in the form of smaller tuning steps. The tuning 
circuits are implemented by switches switching at least two 
capacitors in series. The output is through a capacitive tap Cx, 
C y from the oscillator to minimize loading of the tank. Shunt­
feedback interface buffers A1, A2 set the output common­
mode to V dd/2, which ensures symmetric drive of the 
dynamic divider while amplifYing the signal as well. Bias 
control is obtained through VB· This node is sensitive to 
low-frequency noise, which gets up-converted to phase-noise 
around the RF carrier. According to an implementation form, 
the bias voltage is generated locally on a chip. 
[0118] PMOS devices have been preferred over NMOS 
devices for circuit design, since they demonstrate lower 1/f 
noise for the same bias current. 
[0119] According to an implementation form, the four tun­
ing bits (B0 -B3 ) can be used across the primary winding of 
Tx2, which is also the output port, to accurately target the 
GSM-band after division by a factor of e.g. 4. Secondary 
tuning (b0 -b 1 ), can be used to verify impedance attenuation in 
the form of smaller tuning steps. The output is through a 
capacitive tap (Cx, Cy) from the resonator to minimize load­
ing of the tank. Shunt-feedback interface buffers (A1, A2) set 
the output common-mode to Vdd/2, which ensures symmet­
ric drive of the dynamic divider while amplifying the signal as 
well. Bias control is obtained through VB· This node is sen­
sitive to low-frequency noise, which gets up-converted to 
phase-noise around the RF carrier. Care needs to be taken 
while designing the decoupling network for this node, and the 
cleanest available supply should be used. From a product 
point of view, the bias voltage should ideally be generated 
locally on chip itself. 
[0120] As explained in the previous section, an advantage 
of this topology is the high swing that can be obtained, which 
is not limited to 2*Vdd. The large signal drive at the gate 
ensures larger peak signal current and a faster rise time, which 
improves phase noise. 2.5V devices have been used in the 
circuit since they have a higher breakdown limit and can 
withstand the high voltage swing. Operated from a 1.2 V 
supply, the high V,h of 2.5 V devices (-550 mV) results in 
lower gm for a given bias current. Conversely, this expedites 
the clipping process we are targeting, which increases the 
time window of noise insensitivity. The role of the two step­
up transformers with regard to amplitude amplification and 
filtering gets re-iterated here, as device noise contribution 
depends on the amplitude signal driving the gate or the input 
amplitude, and not the amplitude seen at the drain or the 
output amplitude. 
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[0121] The step-up transformers Tx1 and Tx2, 1005, 1007, 
have according to an implementation form a tum ratio of 2. 
They have been designed by stacking the top 3 metal layers 
due to the unavailability of a thick metal. The top two copper 
metals are 0.9 nm thick, while the thickness of aluminum 
layer is 1.4 nm. 
[0122] FIGS. 13a and 13b show a block diagrams of digital 
switches 1301, 1303 used in an oscillator circuit according to 
an implementation form. 
[0123] Differential switching offers the benefit of an 
improved capacitor Q, since a single switch presents only a 
single ON -resistance in series with the capacitor. The use of a 
single switch can also be seen as an improvement in fre­
quency capability, as the parasitic capacitances are reduced. 
[0124] In the switch 1301 shown in FIG. 13a, Ms is the 
central switching element, while Md1 and Md2 are devices 
with a large gate length and short gate width, which set the DC 
voltage at the floating source and drain terminals ofMs, when 
the switch is ON. In the off-state the terminals remain float­
ing. Leakage currents through parasitic diodes might set the 
drain and source node voltage to 0 Volts. 
[0125] In the switch 1303 shown in FIG. 13b, the resistors 
pull down (or pull up) the source and drain nodes when the 
switch is turned ON (or OFF). The inverters do not consnme 
any static power and occupy little area. Along with the resis­
tors, they ensure that the transistor gate-source voltage is 
negative during OFF-state and maximnm in the ON-state. 
The drain bias during OFF-state is set to Vdd in this switch 
configuration. This provides better control over the capaci­
tance due to the reverse biased drain-bulkjunction. And also 
reduces signal leakage through the drain-bulkjunction. 
[0126] An alternate implementation form of the concept of 
the switch 1303 described in FIG. 13b is obtained by the 
addition of PMOS devices, similar to Md1 and Md2, to the 
structure in FIG. 13a, with their gate connected to Bin as well. 
In the off-state the PMOS devices pull up the source and drain 
node of the central switching element. The drawback is the 
additional capacitance introduced by the PMOS devices, and 
while the switch itself is OFF, the PMOS devices remain ON, 
resulting in signal leakage. 
[0127] With respect to FIGS. 13a and 13b, differential 
switching offers the benefit of an improved capacitor Q, since 
a single switch presents only a single ON-resistance in series 
with the capacitor. The use of a single switch can also be seen 
as an improvement in frequency capability, as the parasitic 
capacitances are reduced. 
[0128] As to FIG. 13a, Ms is the central switching element, 
while Md1 and Md2 are devices with a large gate-length and 
short gate width, which set the DC voltage at the floating 
source and drain terminals ofMs, when the switch is ON. In 
the off-state the terminals remain floating. Leakage currents 
through parasitic diodes might set the drain (and source) node 
voltage to 0 Volts. 
[0129] In the switch shown in FIG. 13b, the resistors pull 
down (or pull up) the source and drain nodes when the switch 
is turned ON (or OFF). The inverters do not consume any 
static power and occupy little area. Along with the resistors, 
they ensure that the transistor gate-source voltage is negative 
during OFF-state and maximnm in the ON-state. The drain 
bias during OFF-state is set to Vdd in this switch configura­
tion. This provides better control over the capacitance due to 
the reverse biased drain-bulkjunction. And also reduces sig­
nalleakage through the drain-bulkjunction which results in 
signal clipping. 
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[0130] FIG. 14 shows a block diagram of a dynamic fre­
quency divider 1400 with inverters 1401, 1403, 1405, 1407 
used in an integrated circuit comprising an oscillator circuit 
according to an implementation form. Compared to static 
dividers, dynamic dividers have a lower bandwidth. The 
advantage of dynamic dividers is their lower power consump­
tion and noise-floor. The dynamic divider that has been imple­
mented is shown in FIG. 14. 

[0131] The circuit can be driven differentially with an 
amplitude that is large enough to prevent self-oscillation. 
Cross coupled inverters are used to ensure opposite polarity in 
the respective nodes they connect. The gain of these cross 
coupled inverters can be designed to trade thermal noise floor, 
for edge alignment ability. 

[0132] FIG. 15 shows a block diagram of an output buffer 
1500 used in an integrated circuit comprising an oscillator 
circuit according to an implementation form. 

[0133] For phase noise measurement, the output buffer 
1500 consisting of a differential pair with a differential-to­
single-ended transformer load, as shown in FIG.15, is used to 
drive the 50Q measurement equipment. Biasing voltage 
V BIAs can be used to adjust the gain. The transformer provides 
impedance matching over a wide bandwidth, and can be 
tuned to the operating frequency by adjusting V VAR' trading 
bandwidth for s21" 

[0134] FIG.16 shows a phase noise measurement at maxi­
mum current consumption of an oscillator circuit according 
to an implementation form. A spectrum analyzer screenshot 
of phase noise measurement at the maximum (21 rnA) current 
consumption is shown. The carrier frequency after division 
by 2 is 3.95 GHz. 

[0135] From FIG. 16 we see that the phase noise at 1 MHz 
offset is -131.7 dBc/Hz and at 3 MHz offset is 142.12 dBc/ 
Hz. The corresponding figure of merit obtained at these offset 
frequencies is 189.55 dBc/Hz and 190.5 dBc/Hz. 

[ 013 6] FIG. 17 shows a phase noise measurement at mini­
mum current consumption of an oscillator circuit according 
to an implementation form. A spectrum analyzer screenshot 
of phase noise measurement at the minimum current con­
sumption, e.g. 16 rnA, is shown. The carrier frequency after 
division by 2 is 3.95 GHz. 

[0137] FIG. 18 shows a phase noise measurement at low 
(16 rnA) and high (21 rnA) current consumption of an oscil­
lator circuit according to an implementation form. For low 
current consumption, the phase noise is higher than for high 
current consumption. 

[0138] FIG. 19 shows a phase noise measurement for two 
different samples of an oscillator circuit according to an 
implementation form. As depicted in FIG. 19, there is no 
significant difference between the two samples. 

[0139] FIG. 20 shows a phase noise measurement versus 
power consumption of an oscillator circuit according to an 
implementation form. The phase noise of the circuit is seen to 
improve with increase in current consumption. 

[0140] FIG. 21 shows a graph depicting the figure of merit 
for a reference oscillator and for an oscillator circuit accord­
ing to an implementation form. 

[ 0141] For the negative ( -gm) cross coupled oscillator fab­
ricated for a reference oscillator, we see that its figure of merit 
(FOM) reduces when the oscillator transitions into the volt­
age-limited mode. The FOM of the designed oscillator cor­
responding to the oscillator circuit according to implementa-
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tion forms increases as the devices compress. Also, the 
designed oscillator obtains a phase noise which is 8 dB less 
than the reference oscillator. 

[0142] FIG. 22 shows a spectral diagram of an output signal 
of an oscillator circuit according to an implementation form 
at high end of frequency tuning range. The frequency marker 
is positioned at the main frequency peak at a frequency of 4 
GHz. 

[0143] FIG. 23 shows a spectral diagram of an output signal 
of an oscillator circuit according to an implementation form 
at low end of frequency tuning range. The frequency marker 
is positioned at the main frequency peak at a frequency of 
3.65 GHz. 

[0144] The measured tuning range is from 3.65 to 4.02 
GHz, which is 9.65%. The focal point of the test-chip was to 
obtain measured confirmation of the concept being targeted. 
The tuning range was not a targeted specification, though it 
can be extended by the addition of more tuning bits realized 
by tuning circuits as e.g. depicted in FIG. 12. 

[0145] FIG. 24 shows a graph depicting the variation of 
frequency with digital tuning bits for an oscillator circuit 
according to an implementation form. Depending on the tun­
ing bits, the oscillation frequency can be adjusted. 

[0146] FIG. 25 shows a graph depicting the variation of 
frequency with analog and digital supply voltage for an oscil­
lator circuit according to an implementation form. Depending 
on the analog and digital supply voltages, the oscillation 
frequency can be adjusted. The frequency pushing of the 
oscillator is plotted in FIG. 25. Separate analog and digital 
supply voltages have been used in the chip. The supply volt­
ages were varied from 1.1 to 2 V and the change in output 
frequency was measured. It can be seen that the variation in 
output frequency is 4 MHz with change in digital supply 
while a MHz variation is seen with the change in analog 
supply voltage. 

[0147] FIG. 26 shows a graph depicting the variation of 
phase noise with temperature for an oscillator circuit accord­
ing to an implementation form. Depending on temperature, 
different phase noise levels can be obtained. The lower the 
temperature the smaller the phase noise. 

[0148] FIG. 27 shows a graph depicting phase noise targets 
depending on the frequency offset of an oscillator circuit 
according to an implementation form. 

[0149] The specified phase noise targets and the measured 
results obtained according to an implementation form are 
listed in Table 1. 

TABLE 1 

specified phase noise targets and measured results 

MEASURED (NORMALIZED TO A 
PHASE NOISE TARGET 1 GHZ CARRIER) 

@ 600 KHZ -138 DBc/Hz -138.7 DBC/Hz 
@ 800 KHZ -148 DBC/HZ -142.7 DBC/HZ 

@ 10 MHZ -158 DBC/Hz -164.6 DBC/Hz 
@ 20 MHZ N/A **-169.2 DBC/Hz 

[0150] Measurements with a possible parameter set for the 
oscillation circuit are listed in Table 2. 
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TABLE2 

Measurements with a possible parameter set for the oscillation circuit 

Technology 
Supply Voltage 
Operating Frequency 
Measured frequency after 
frequency division 
Tuning range 
Phase noise @ 1 MHz offset 
(dBc/Hz) 
Phase noise @ 1 MHz 
normalized to 1 GHz carrier 
Phase noise @ 20 MHz 
normalized to 1 GHz carrier 
Maximum power consumption 
Frequency Pushing (dvdd) 
Frequency Pushing (avdd) 
FOM (dBc/Hz) 

65 run CMOS 
1.2 v 

8 GHz 
4 GHz 

3.65-4.03 GHz (9.7%) 
25.2 mW 19.2 mW 
-131.63 -125.2 

-143.63 dBc/Hz 

-169.2 dBc/Hz 

25.2 mW 
4 MHz/V 

14 MHz/V 
1 MHz 3 MHz 

189.55 190.5 

[0151] The present disclosure also supports a computer 
program product including computer executable code or 
computer executable instructions that, when executed, causes 
~t least one computer to execute the performing and comput­
mg steps described herein. 
[0152] The present disclosure also supports a system con­
figured to execute the performing and computing steps 
described herein. 
[0153] Many alternatives, modifications, and variations 
will b_e apparent to those skilled in the art in light of the above 
teachmgs. Of course, those skilled in the art readily recognize 
that there are numerous applications of the invention beyond 
those described herein. While the present inventions has been 
described with reference to one or more particular embodi­
ments, those skilled in the art recognize that many changes 
may be made thereto without departing from the scope of the 
present invention. It is therefore to be understood that within 
~he sc~pe of the appended claims and their equivalents, the 
mventJons may be practiced otherwise than as specifically 
described herein. 

What is claimed is: 
1. An oscillator circuit, comprising: 
a clipping element for generating a clipped signal; and 
a first amplification stage for amplifYing and filtering the 

c!ipped signal to obtain a filtered signal, the filtered 
s1gnal comprising an oscillation; wherein 

t~e clipping eleme~t is configured to generate the clipped 
s1gnal upon the bas1s of the filtered signal. 

2. _The oscillator circuit of claim 1, wherein the first ampli­
ficatJo~ stage _comprises a passive amplifier for amplifying 
th~ chpp_ed s1gnal and a filter for filtering the amplified 
cl1pped s1gnal to obtain the filtered signal. 

3. The oscillator circuit of claim 1, wherein either the first 
amplification stage or a second amplification stage is config­
ured to introduce a phase shift by 180°. 

4. _The oscil!ator circuit of claim 1, wherein the first ampli­
fi~atJon stage 1s configured for suppressing frequency tones 
d1fferent from a fundamental tone in the clipped signal. 

5. _The oscillator circuit of claim 1, wherein the first ampli­
ficatJon stage comprises an impedance step-up transformer 
with a primary winding and a secondary winding, wherein an 
o~tp~t of the clipping element is coupled to the primary 
wmdmg. 

6. _The oscillator circuit of claim 1, wherein the first ampli­
ficatJon stage comprises an impedance step-up transformer 
for amplifYing the clipped signal and a filter coupled to a 
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secondary winding of the impedance step-up transformer for 
filtering the amplified clipped signal to obtain the filtered 
signal, wherein the oscillator circuit further comprises: a sec­
ond amplification stage, comprising: a step-up transformer 
and wherein the secondary winding of the impedance step-u~ 
transformer of the first amplification stage is coupled to a 
primary winding of the step-up transformer of the second 
amplification stage. 

7. The oscillator circuit of claim 1, further comprising a 
second_ amplificat~on stage for amplifYing the filtered signal 
to obtam an amphfied filtered signal as the filtered signal. 

8. The oscillator circuit of claim 7, wherein an output of the 
second amplification stage is coupled to an input of the clip­
ping element. 

9. The oscil!ator circuit of claim 7, wherein the clipping 
eleme~t compnses at least aMOS transistor for clipping, and 
wherem an output of the second amplification stage is 
coupled to a gate terminal of the MOS transistor. 

10. The oscillator circuit of claim 7, wherein the clipping 
element comprises an amplifier and a clipping diode arranged 
downstream of the amplifier. 

11. The oscillator circuit of claim 10, wherein the clipping 
element comprises a clipping diode arranged downstream of 
the amplifier. 
. 12. The oscill~tor circuit of claim 10, wherein the amplifier 
1s configured to mtroduce a phase shift of 180°. 

13. The oscillator circuit of claim 7, wherein the second 
amplification stage comprises a passive or an active amplifier. 

14. The oscillator circuit of claim 7, wherein the second 
amplification stage comprises a step-up transformer and 
wherein a secondary winding of the step-up transfo~er is 
coupled to the clipping element. 

15. The oscillator circuit of claim 7, wherein at least one 
switchable frequency tuning circuit is coupled to an input of 
the second amplification stage. 

16. The oscillator circuit of claim 1, comprising 
a further clipping element for generating a further clipped 

signal; wherein 
the first am_plification stage is configured for amplifying 

and filtenng the further clipped signal to obtain a further 
filtered signal; wherein 

the further clipping element is configured to generate the 
further clipped signal upon the basis of the further fil­
tered signal. 

17. The os_cillat_or circuit of claim 16, further comprising a 
second amphficatJon stage for amplifYing the further filtered 
signal to obtain a further amplified filtered signal as the fur­
ther filtered signal. 

18. The oscillator circuit of claim 1, wherein at least one 
switchable frequency tuning circuit is coupled to an input of 
the first amplification stage. 

19. T~e ~scillator cir~uit of claim 1, wherein a control input 
of the chppmg element 1s coupled to a desensitizing capacitor. 

20. A method for generating an oscillation, the method 
comprising: 

generating a clipped signal; 
amplifYing and filtering the clipped signal to obtain a fil­

tered signal, the filtered signal comprising an oscilla­
tion; wherein 

the clipped signal is generated upon the basis of the filtered 
signal. 

21. The method of claim 20, further comprising amplifying 
the filtered signal. 

* * * * * 


