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varactors are typically biased around the center of the VCO’s frequency tuning range.
The frequency tuning characteristics of a typical varactor has two regions: a) a steep
capacitance versus voltage slope for certain voltages and b) a saturated capacitance for
other voltages. The steep capacitance versus voltage region of the curve may yield
increased output phase noise. For example, a small noise voltage at the controlled
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saturation region of the capacitance versus voltage curve may yield a limited frequency
tuning range such that voltages beyond a particular voltage threshold will have very
little effect in changing the total capacitance and therefore the VCO output frequency.

For example, in one typical design, the frequency tuning range of the VCO is
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[0008] It is understood that other embodiments of the present invention will
become readily apparent to those skilled in the art from the following detailed
description, wherein it is shown and described various embodiments of the invention by
way of illustration. As will be realized, the invention is capable of other and different

embodiments and its several details are capable of modification in various other

respects, all without departing from the spirit and scope of the present invention.
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circuit and output anplifier of the VCO ™ [0015] FIG 6
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showing the VCO tuning circuit and other circuits associated with the input current

circuit and output amplifier of the VCO.
- [0015] FIG. 6 is a block diagram of a VCO operating in a phase locked loop.
DETAILED DESCRIPTION

[0016] The detailed description set forth below in connection with the appended
drawings is intended as a description of various embodiments of the present invention
and is not intended to represent the only embodiments in which the present invention
may be practiced. Each embodiment described in this disclosure is provided merely as
an example or illustration of the present invention, and should not necessarily be
construed as preferred or advantageous over other embodiments. The detailed
description includes specific details for the purpose of providing a thorough

understznding cf the present inventicn. However, it will be apparent to those skilled in
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having its drain tied its source. Each of the varactor pairs 110, 120, may comprise two
MOSFETs connected in series at the drain-source connection. Each of the varactors
pairs 110, 120 may be biased by applying a voltage to the common drain-source
connection. The tuning voltage may be applied to the gate of each MOSFET through
respective input resistors 130, 135. Since the VCO frequency depends inversely on the
square root of the product of inductance and varactor capacitance, and since the

inductance of inductor 150 is fixed, then as the capacitance of the varactors (VC1, VC2,
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FIG. 1), their constituent linear characteristics at the lower tuning voltages and at the

higher tuning voltages are combined, resulting in a capacitance characteristic that is
linearly proportional to a wider tuning voltage range of 0.4 to 2.4 volts as illustrated in
graph 2b of FIG. 2. One skilled in the art would understand that the stated tuning
voltage values are presented for illustration only, and that other tuning voltage values

may be used without departing from the spirit of the invention.

[0021] FIG. 4 illustrates four graphs: graph 4a is a graph of the modulation sensitivity
K., of the conventional VCO; graph 4b and 4c are two similar graphs of the modulation
sensitivity K, of the two constituent VCO varactor pairs in accordance with the

embodiment of FIG. 1; graph 44 is a graph of the modulation sensitivity K, of the
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wider tuning voltage range than that of implementing two varactor pairs. Additionally,

multiple cascading varactor pairs may be implemented to keep the VCO susceptibility

to input noise at a minimum and thus minimizing the output phase noise.

[0024] FIG. 5 is a schematic diagram of the VCO 10 showing the VCO tuning circuit
100 and other circuits associated with the input current circuit 510 and output
amplifying circuit 580 of the VCO 10. The input current circuit 510 supplies current to
the VCO tuning circuit 100 of the VCO 10. In one embodiment, the input current

circuit 510 incluces a constant current source 520 and z pair of cress-coupled transisters
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ayrmheitymagloadrcwt 580 shown in FIG 5 anplifies a
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one embodiment, the divider 630 may be implemented with a programmable frequency

scale factor N which is the ratio of the desired VCO output frequency to the reference
frequency Fi,. For example, if the reference frequency Fi, is 100 MHz and the VCO 10
operates at 200 MHz, a divide-by-two divider 630 would be used. The phase detector
610 compares the reference waveform with reference frequency Fi, to the frequency-
scaled VCO output waveform to record their phase difference. The phase detector 610
generates a phase detector output signal with 2 DC component which is proportional to

the phase difference between the reference waveform and the Gequency-scaled VCO
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the ratio of the desired VCO output frequency to the
reference frequency Fjn. For exanple, if the reference
frequency Fjn is 100 MHz and the VCO 10 operates at
200 MHz, a divide-by-two divider 630 woul d be used.
The phase detector 610 conpares the reference wavef orm
with reference frequency Fjn to the frequencyscal ed
VCO out put waveformto record their phase difference.
The phase detector 610 generates a phase detector

out put signal with a DC conponent which is
proportional to the p se difference between the

ref erence waveform en the frequency-scal ed VCOout put
waveform 1In one enbodinment, the loop filter 620
filters out the other undesired noi se conponents of

t he phase detector output signal. The DC conponent,

whi ch nmay be referred to as an "error signal," may
then be applied to the tuning input of the VCO 10 to
adj ust the frequency of the VCO output waveformto the
desired integer nultiple of the reference frequency F
n. [0028] The previous description of the disclosed
enbodi nents is provided to enable any



person skilled in the art to nmake or use the present
i nvention. Various nodifications to these enbodi nents

wowmidsostas2r eadi | y apparent to those skill ed i npPChAasanos/006330

and the generic principles defined herein may be
applied to other enbodi nents W thout departing from
the spirit or scope of the invention. Thus, the
present invention is not igiexgsl to be limted to the
enbodi nents shown herein but is to be accorded the
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source connected to the drain, and wherein the first

node of the varactor conprises the gate and the second

node gf t h?hé’ EE%ClﬁQ[GF bf &8%n § %ef‘s‘i@bz{bh%f Qhegﬁiilﬁ&@rs comprises

connecti on. nabl e oscillator of claim?2

ﬁlMDIEET chravnpg |asg'atu;,] aglrdiny ad a serstoonnetedtodhe dminyaed wherein the

SRS 18 qlot oyttt comiissR e ht il S, 52050 Rodf i, 5 varactor
?ﬁsémnra%'s%@éc&ﬁié@ﬂi&ﬁ bet ween the tuning
vol '

age input and the first node of a second one of
the varactors in each of the varactor pairs. 5. The

tunable osci |l |.at |.ai m.2 furhrco risin

irarhs ootht ftdic, Sheifiadh Rrlahitl o Rruk? PRipTsRY, f firt resistor
copied Betwalfl thé &uﬁmg Soltagslenpat aadf the Sfirso ﬁ@deoﬁ)ftah €irst one of the
varactors in each of the varactor pairs, and a_ second

yageters i cagbeithe y axgetonpairs, and a senoad sesiorgoupled between the tuning
\'\/fgf? %gém%ﬂg tﬁéqﬁﬁ{ gécﬁ% %P;«'PQC%OI?({ of?e 8’@{%8 Q:Qra%‘é‘s ﬂlf eatcﬂ %f the varactor

n eac
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5. The tunable oscillator of claim 2 further comprising a first capacitor
coupled between a first node of the inductor and the first node of a first one of the
varactors in each of the varactor pairs, and a second capacitor coupled between a second
node of the inductor and the first node of a second one of the varactors in each of the

varactor pairs.

6. The tunable oscillator of claim 1 further comprising an input current

source to the inductor and the first and second varactor pairs.



varactor pairs. 6. The tunable oscillator of claim1
further conprising an input current source to the
woiznavsszaz and the first and second varact or p&CTaiSZo05/006330
The tunabl e oscillator of clajgn 6 wherein the input
current source conprises a constant current source

coupled to pair . of cross- led transistors. 8. The
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the first varactor pair is biased such that its

capaci tance varies substantially linearly with the

capaci t ance Subst __
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that its capaciuttenneadvari es substantially linearly

with the tyning voltage over a second, portjon of the
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varactors conprises a FET having a gate, a drain,

ahthedqurjograngeconnected to the drain, and wherein the

first node of the varactor conprises the gate and the

second node of the varactor conprises the drain and

sour cegconmae tirmble dsdillatdr@dftcliimbd evhestn tHeadadh o®theClahdtdr pairs

10 further conprising first and second resistors, the '
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kédond noddlef iafregpesvovatactere. of t he varactors in each of

the varactor pairs being configured to receive the

tuning voltage through the second resistor. 13. The
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comprises a MOSFET having a gate, a drain, and a source connected to the drain, and

wherein the first node of the varactor comprises the gate and the second node of the

varactor comprises the drain and source connection.

12.  The tunable oscillator of claim 10 further comprising first and second
resistors, the first node of a first one of the varactors in each of the varactor pairs being
configured to receive the tuning voltage through the first resistor, and the first node of a
second one of the varactors in each of the varactor pairs being configured to receive the

tuning voltage through the second resistor.

13.  The tunable oscillator of claim 10 further comprising a first capacitor

coupled between a first node of the inductor and the first node of a first one of the



coupl ed between a first node of the inductor and the
first node of a first one of thevaractors in each of

wot2hes/08a34act or pairs, and a second capacitor c@aplusdoos/006330

between a second node of the jnductor and the first

node of a second one of the J&ractors in each of the

varactaor pairs. 14. The tunable oscillator of claim9
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second varactor pair 1s biased at approxi mte

varbéter pdisn power i s applied. 15. The tunable

oscillator of claim9 wherein the first portion of the

tuning range is about 0.4 volts to about 1.4 volts

when ppwer Thé nﬁ‘lﬂﬂle 'o@@illat%f‘ of Elaﬁn SG‘legﬁ‘gn R Efs@ Oar‘ﬁfztoi Bﬁr is biased

tuning range is about 1.1 volts to about 2.

mrq:mmnely lsveippfﬂlmeuowmas Applicsis and dn@lse@nldc)@;ﬂctor palr is biased at
; t 9 h Eab QNgSC|IIator havi ng an i nductor,
ﬂl}aell AN QUL WREhRP S S P pai s arranged with the

|nductor to generate a signal having a frequency

responS|ve to a tuning voltage, each of the varactor

pai r s lhavi hbe am@blgsosv tor 9k C?mfiaﬂ whergin theyfirleportion of the tuning
o) : t
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generate an error signal representative of a phase

di fference between the scal ed signal frequency and a

referegce hraQLeReNed 1 8noPGRef I I ter configured to

filter the eﬁqor s]iyegna ,’ctﬁlg %i Ftered error signal

conpri si ngatthmablainsaildptemhavage an inductor, and first and second varactor

pairs arranged with the inductor to generate a signal having a frequency responsive to a
tuning voltage, each of the varactor pairs having a bias voltage input that may be‘
controlled independently of the other varactor pair;

a divider configured to scale the signal frequency from the tunable
oscillator;

a phase detector configured to generate an error signal representative of a
phase difference between the scaled signal frequency and a reference frequency; and

a loop filter configured to filter the error signal, the filtered error signal

comprising the tuning voltage.



