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(57) ABSTRACT 

There is a manufacturing limit on hoW small ceramic coaxial 
resonators can be produced, Which leads to a limit on the 
frequency of resonance for these resonators. One technique 
to double the effective frequency of a ceramic coaxial 
resonator is to couple each end of a resonator to a Colpitts 
oscillator, the oscillators being balanced and out-of-phase by 
180°. During operation, the resonator is effectively divided 
in half With a virtual ground forming in the center. This 
alloWs a single resonator to operate as tWo resonators of half 
the original siZe. Hence, the oscillation frequency for each of 
these balanced oscillators is doubled When compared to the 
frequency of similar oscillators that have separate ceramic 
coaxial resonators of similar siZe. If this technique is further 
implemented Within a push-pull design tuned to the third 
harmonic, the output oscillation frequency becomes six 
times that of an oscillator using a separate ceramic coaxial 
resonator of similar siZe. This technique expands the range 
of use for a ceramic coaxial resonator so that, if used along 
side a subharmonically pumped mixer that alloWs for dou 
bling of the local oscillator frequency, the maximum oscil 
lation frequency is increased ideally to 60 GHZ. This fre 
quency range alloWs ceramic coaxial resonators to be used 
for high frequency applications such as LMDS. 
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OSCILLATION CIRCUITS FEATURING COAXIAL 
RESONATORS 

[0001] This application is a Continuation-in-Part of 
copending application serial No. 09/409989 entitled 
“Coaxial Resonators and Oscillation Circuits Featuring 
Coaxial Resonators”, ?led on Sep. 30, 1999 by the inventors 
of the present application and assigned to the assignee of the 
present application. 

FIELD OF THE INVENTION 

[0002] This invention relates generally to coaxial resona 
tors and more speci?cally to modi?cations Within coaxial 
resonator oscillation circuit designs. 

BACKGROUND OF THE INVENTION 

[0003] Oscillators are required Within many different tech 
nology areas, especially Within the expanding communica 
tion industry. In communication applications, oscillators are 
commonly used to generate carrier signals at speci?c fre 
quencies on Which information signals are subsequently 
modulated. For instance, a Voltage Controlled Oscillator 
(VCO) Within a Personal Communication System (PCS) 
Would typically be tuned around 1900 MHZ. 

[0004] FIG. 1 is a block diagram illustrating a typical 
Phase Locked Loop-Frequency SynthesiZer (PLL-FS) that is 
a standard implementation for a VCO Within a communi 
cation apparatus. In the case shoWn in FIG. 1, the PLL-FS 
includes a crystal reference oscillator 20, in this case oper 
ating at 8 MHZ, coupled in series With a ?rst frequency 
divider 22, a phase detector 24, a loop ?lter 26, a VCO in the 
form of a voltage Controlled-Coaxial Resonator Oscillator 
(VC-CRO) 28, a coupler 30 that generates a sample of the 
signal output from the VC-CRO 28, and an ampli?er 32 that 
outputs a signal SOUT Further, the PLL-FS includes a 
phase feedback path comprising a second frequency divider 
36 coupled betWeen the coupler 30 and the phase detector 
24. 

[0005] Within the block diagram of FIG. 1, the crystal 
reference oscillator 20 outputs a crystal reference signal at 8 
MHZ that is subsequently frequency divided doWn to 160 
KHZ by the ?rst frequency divider 22. The phase detector 24 
receives the divided crystal reference signal and compares 
its phase With a feedback signal, the generation of the 
feedback signal being described herein beloW. The output of 
the phase detector 24 is a baseband signal, the amplitude of 
Which is proportional to the phase difference betWeen the 
tWo signals input to the phase detector 24, along With 
comparison frequency spurs at integer multiples of 160 
KHZ. The loop ?lter 26 (that could be either passive or 
active) receives the output from the phase detector 24 and 
removes the spurs Within the signal by rejecting the com 
ponents at multiples (nx160 KHZ) of the comparison fre 
quency (160 KHZ), leaving only the baseband signal. This 
?ltered result is fed as a control voltage into a tuning port 34 
of the VC-CRO 28, the frequency of Which is controlled 
With a varactor diode arrangement (not shoWn). The VC 
CRO 28 in this case comprises a Colpitts oscillator stabi 
liZed With a ceramic coaxial resonator that creates a signal 
at an oscillation frequency based upon the frequency of 
resonance of the particular resonator used and the control 
voltage applied at the tuning port 34. The oscillation fre 
quency is normally slightly less than that of the frequency of 
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resonance (typically betWeen 200 MHZ and 5 GHZ). The 
high frequency signal output from the VC-CRO 28 is 
sampled by the coupler 30 and frequency divided by the 
second frequency divider 36 to generate the feedback signal 
input to the phase detector 24. One should understand that 
the amount the frequency of the feedback signal is divided 
Within the second frequency divider 36 determines the 
control voltage output from the phase detector 26. This 
voltage level subsequently determines the oscillation fre 
quency at Which the VC-CRO 28 is tuned, With changes in 
the division factor alloWing for step changes in the oscilla 
tion frequency. As depicted in FIG. 1, the output from the 
VC-CRO 28 is received at the ampli?er 32 Which ampli?es 
the signal and outputs the ampli?ed result as the signal SOUT 
(t). Overall, the PLL synthesiZer architecture enables digital 
control over the VC-CRO frequency, and also locks the 
VC-CRO to the reference crystal oscillator Which ensures 
the frequency stability of the source over all system condi 
tions such as temperature, ageing, and mechanical stress. 

[0006] There are a number of advantages of using a 
ceramic coaxial resonator to stabiliZe a VC-CRO Within a 
PLL-FS. These advantages relate to the physical design of a 
ceramic coaxial resonator. Typically, a ceramic coaxial reso 
nator comprises a ceramic dielectric material formed as a 
rectangular prism With a coaxial hole running lengthWise 
through the prism and a electrical connector connected to 
one end. The outer and inner surfaces of the prism, With the 
exception of the end connected to the electrical connector 
and possibly the opposite end, are coated in a metal such as 
copper or silver. A device formed in this manner essentially 
forms a resonant RF circuit, including capacitance, induc 
tance, and resistance, that oscillates When in the Transverse 
Electromagnetic (TEM) mode (as is the case When stabiliZ 
ing a Colpitts oscillator). The advantages gained With this 
design include a high Q value (typically approx 800) and 
therefore loW noise oscillations associated With the resonator 
as Well as temperature stability and resistance to micro 
phonics that characteriZe a ceramic coaxial resonator. These 
advantages result in a further important advantage, that 
being a loW cost; currently approximately 65 cents per 
resonator. 

[0007] Unfortunately, there is a signi?cant problem With 
the use of ceramic coaxial resonators as currently designed. 
The frequency of resonance for a ceramic coaxial resonator 
has a maximum frequency that can be output due to physical 
limitations. The frequency of resonance for a ceramic 
coaxial resonator is based upon the physical siZe and shape 
of the particular resonator. Generally, the smaller the siZe of 
the resonator, the higher is the frequency of resonance and 
vice versa. The problem is that ceramic coaxial resonators 
have a minimum siZe at Which they can be manufactured that 
limits the frequency of resonance equal to or beloW a 
maximum value. This is a physical limit that, as currently 
designed, limits the output of a typical Coaxial Resonator 
Oscillator (CRO) using a ceramic coaxial resonator to 
approximately 5 GHZ, Whether the CRO is voltage con 
trolled or not. 

[0008] Up until recently, this 5 GHZ limit has not signi? 
cantly affected the use of ceramic coaxial resonators Within 
VC-CROs or CROs since the frequency of operation of 
previous communication equipment Was typically beloW 
this level. For example, PCS equipment operate at approxi 
mately 1900 MHZ. Currently there are a number of different 
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communication standards that require VCOs With oscillation 
frequencies higher than 5 GHZ. For instance, OC-192 ?ber 
optic signals are transmitted at approximately 10 GHZ and 
the neWly developed Local Multi-point Distribution System 
(LMDS), slated to be used for the Internet over Wireless, is 
set to operate betWeen 28 to 30 GHZ. It can be assumed that 
further developments and standards Will be designed that 
require yet higher oscillation frequencies. 

[0009] One Well-knoWn technique to increase the oscilla 
tion frequency of signals Within a system using a standard 
VCO as depicted in FIG. 1 is to use a subharmonically 
pumped mixer that doubles the oscillation frequency at a 
stage after the VCO. Unfortunately, even With the use of a 
subharmonically pumped mixer, a system using the standard 
VCO that operates With a ceramic coaxial resonator is still 
limited to a maximum oscillation frequency of 10 GHZ 
Which is insuf?cient for LMDS applications. Hence, tech 
niques are required to increase the oscillation frequency 
Within the actual VCOS. 

[0010] One technique that has been tried to increase the 
oscillation frequency output from a PLL-FS as depicted in 
FIG. 1 beyond the 5 GHZ limit is to add a frequency 
multiplication stage after the ampli?er 32. An example of 
such a multiplication stage is illustrated Within FIG. 2. As 
can be seen, a frequency multiplier 38 is coupled to the 
output of the ampli?er 32 and further coupled in series With 
a ?rst ?lter 40, an ampli?er 42, and a second ?lter 44. In this 
design, the multiplier 38 increases the oscillation frequency 
of the signal by three times that of the frequency output from 
the ampli?er 32. Hence, if the original frequency of the VCO 
Was 5 GHZ, this Would alloW the resulting system frequency 
(after using a subharmonically pumped mixer) to be 30 GHZ. 
The ?lters 40, 44 and ampli?er 42 are used to reduce the 
noise spurs and other undesirable characteristics added to 
the signal as a result of the multiplier 38. One problem With 
this implementation is the inability of the ?lters 40, 44 and 
ampli?er 42 to completely remove the spurs and undesired 
mixing products output from the multiplier 38, hence pass 
ing on these non-ideal characteristics to further components 
Within the system that use the oscillating signal. Another 
problem is the typically loW ef?ciency of multipliers, such as 
multiplier 38, that can lead to high current consumption 
Within the circuit by the multiplier 38. Yet further, the added 
components 38, 40, 42, 44 also add to the component count 
and cost for the overall PLL-FS. 

[0011] Another technique that is used to increase the 
oscillation frequency being output from a VCO is to replace 
the standard VC-CRO 28 With an oscillator stabiliZed With 
an alternative resonate device to the ceramic coaxial reso 
nator. In one implementation, this alternate oscillator is a 
Dielectric Resonator Oscillator (DRO) Which can alloW for 
frequencies higher than 20 GHZ to be output. A DRO 
typically continues to use a Colpitts oscillator While using a 
dielectric resonator in place of the ceramic coaxial resonator. 
Dielectric resonators consist of a puck of dielectric material 
encased Within a cavity. The physical dimensions of the 
puck set the frequency range for a DRO While the placement 
of the puck Within the cavity is critical to the tuning of the 
center frequency. One of the key disadvantages of the DRO 
implementation is the cost of tuning the center frequency. 
Since the puck of a DRO is sensitive With respect to its 
location Within the cavity, the DRO as a Whole is susceptible 
to microphonics, that being mechanical vibration of the 
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resonator housing. Although the cost of actual parts used in 
a DRO are loW, the possible problems associated With 
microphonics and frequency centering adds considerable 
manufacturing costs to a DRO as specially engineered 
casings are required. This results in a DRO currently costing 
approximately 8500-600. On the other hand, a Well-knoWn 
CRO as described herein above can cost less than $10. 

[0012] Another alternative implementation for the VCO 
Within FIG. 1 is to replace the VC-CRO 28 stabiliZed With 
a ceramic coaxial resonator With a Yttrium Ion Garnet (YIG) 
stabiliZed oscillator. These oscillators can operate at suf? 
ciently high frequencies With loW noise throughout the 
tuning bandWidth. Unfortunately, there are a number of 
unacceptable disadvantages to their use. For one, the tuning 
of these YIG devices is relatively sloW (300 KHZ modula 
tion bandWidth versus a typical 2 MHZ modulation band 
Width for a VC-CRO) due to the use of an inductor Within 
the tuned circuit. Other disadvantages include the high 
current consumption of these oscillators and their relatively 
high cost When compared to the VC-CRO. Aminimum cost 
for a YIG stabiliZed oscillator is approximately $90. Due to 
these problems, YIG stabiliZed oscillators are used seldom 
in industry except Within measurement equipment. 

[0013] The advantages of using a ceramic coaxial resona 
tor to stabiliZe an oscillator Within a PLL frequency synthe 
siZer are especially apparent When compared to the alterna 
tive designs discussed above. The simple design of a 
ceramic coaxial resonator is not sensitive to microphonics as 
there are no placement or cavity requirement, unlike the 
dielectric resonator implementation. Further, the tuning of a 
VC-CRO is suf?ciently fast to be used Within a variety of 
applications, unlike the tuning of a YIG stabiliZed oscillator. 
Akey advantage, as a result of the other advantages, is the 
high performance quality With a loW cost. The disadvantage 
is, as discussed previously, the physical limitation to the siZe 
of a ceramic resonator that further causes a limitation to the 
achievable oscillation frequency. 

[0014] Another signi?cant limitation to the overall design 
of a CRO concerns the components used Within the PLL-FS, 
as Will be described herein beloW. Although the block 
diagrams of FIGS. 1 and 2 accurately depict typical block 
diagrams for PLL-FS designs, in reality, PLL-FS designs 
normally have the ?rst frequency divider 22, the phase 
detector 24 and at least a portion of the second frequency 
divider 36 combined Within a single component, hereinafter 
referred to as a PLL synthesiZer chip. FIG. 3 illustrates a 
modi?ed block diagram of FIG. 1 for the case that a PLL 
synthesiZer chip 45 incorporates the ?rst frequency divider 
22, the phase detector 24 and an internal frequency divider 
46. In this case, the second frequency divider 36 is the 
combination of the internal frequency divider 46 and an 
external frequency divider 47 coupled betWeen the coupler 
30 and the internal frequency divider 46. The main input/ 
outputs for this synthesiZer PLL chip 45 include a reference 
input from the crystal oscillator 20, a feedback input from 
the external frequency divider 47 and an output to the ?lter 
loop 26. 

[0015] One signi?cant problem for the overall PLL-FS 
design of FIG. 3 results from the frequency operating 
parameters With relation to the feedback input of the PLL 
synthesiZer chip 45, this operating parameter setting a maxi 
mum frequency level for the feedback input. Currently, this 
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maximum frequency level is limited to approximately 2.8 
GHZ. In the next couple of years, this value is expected to 
increase to such values as 4.0 or 6.0 GHZ due to advance 
ments in technology. Unfortunately, in traditional designs, 
this limitation restricts the output frequency of the CRO 28 
unless a frequency divider, like the external frequency 
divider 47, is implemented betWeen the CRO 28 and the PLL 
synthesiZer chip 45. The dif?culties With using external 
frequency dividers include the resulting increases in divider 
phase noise ?oor, cost and physical siZe for the overall 
PLL-FS. The increased divider phase noise is particularly 
troubling due to the external frequency divider being imple 
mented Within the feedback path, Where the PLL-FS is 
particularly sensitive to phase noise. 

[0016] Hence, an alternative implementation for a VCO is 
required that can satisfy high oscillation frequency require 
ments While maintaining the advantages gained With the use 
of ceramic coaxial resonators. Preferably, such a design 
Would further compensate for the limitations Within the PLL 
synthesiZer chips so that external frequency dividers Would 
not be necessary. 

SUMMARY OF THE INVENTION 

[0017] The present invention is a neW con?guration for an 
oscillator design that utiliZes a single coaxial resonator for 
tWo CROs. Typically, these tWo CROs Would utiliZe tWo 
separate coaxial resonators. In the present invention, rather 
than using tWo separate coaxial resonators, the present 
invention uses a single coaxial resonator With an electrical 
connector attached on both ends for coupling the ends to the 
respective oscillators. This results in the resonator being 
driven into differential mode, essentially creating a virtual 
ground in the middle of the resonator betWeen the connec 
tors. With the oscillator design of the present invention, the 
virtual ground generated in the middle of the resonator 
effectively divides the resonator device in half, doubling the 
possible resonance frequency for each half of the resonator. 
Further, the present invention utiliZes a push-pull oscillator 
design to further triple the oscillation frequency generated 
by the CRO circuit. Thus, the range of use for the advan 
tageous ceramic coaxial resonator can be expanded six fold 
With the use of this invention. 

[0018] The present invention, according to a ?rst broad 
aspect, is an oscillation circuit consisting of a coaxial 
resonator, ?rst and second negative resistance cells coupled 
to ?rst and second ends of the coaxial resonator respectively 
and a combination circuit coupled to each of the ?rst and 
second negative resistance cells. The combination circuit 
preferably being a resonant netWork consisting of reactive 
components tuned to a required output frequency and driven 
by outputs from both negative resistance cell. The ?rst and 
second negative resistance cells are out-of-phase by a phase 
angle approximately 180 degrees and generate respective 
?rst and second oscillation signals at a frequency approxi 
mately equal to a self-resonant frequency associated With 
another coaxial resonator half the siZe of the coaxial reso 
nator. The combination circuit operates in differential mode 
to combine the ?rst and second oscillation signals in order 
to generate an output oscillation signal. 

[0019] In embodiments of the present invention, the com 
bination circuit is tuned to an odd harmonic of the oscillation 
frequency of the ?rst and second oscillation signals so as to 
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mitigate the other odd harmonics Within the output oscilla 
tion signal. In one preferable embodiment, the combination 
circuit is tuned to the third harmonic of the oscillation 
frequency of the ?rst and second oscillation signals. In this 
case, the output oscillation signal has an oscillation fre 
quency approximately six times that of a self resonant 
frequency of a single resonator operated in an unbalanced 
oscillator. 

[0020] In further embodiments of the present invention, 
the combination circuit includes a resonant load inductor 
and a tuning capacitor coupled in parallel betWeen ?rst and 
second nodes that receive the ?rst and second oscillation 
signals respectively from the ?rst and second negative 
resistance cells respectively. In some embodiments, the 
combination circuit further includes an output terminal 
coupled via a coupling capacitor to one of the ?rst and 
second nodes and a Radio Frequency (RF) choke inductor 
coupled betWeen the center of the resonant load inductor and 
a poWer rail. In other embodiments, the combination circuit 
further includes a transformer inductor coupled electro 
magnetically to the resonant load inductor and further 
coupled betWeen an output terminal and a second load 
connected to ground, the second load being of equal value 
to the load on the output terminal. 

[0021] In yet further embodiments of the present inven 
tion, the oscillation circuit further includes a frequency 
adjustment apparatus coupled to the ?rst and second ends of 
the coaxial resonator, the frequency adjustment apparatus 
operating to receive a tuning signal and to adjust the load 
being applied to the coaxial resonator. In preferred embodi 
ments, coupling capacitors are inserted betWeen the ?rst and 
second ends of the resonator and the frequency adjustment 
apparatus. 

[0022] According to a second broad aspect, the present 
invention is an oscillation circuit consisting of a coaxial 
resonator With ?rst and second electrical connectors coupled 
at respective ?rst and second opposite ends of the coaxial 
resonator, ?rst and second coupling capacitors coupled 
betWeen the ?rst and second electrical connectors respec 
tively and ?rst and second coupling nodes respectively, ?rst 
and second negative resistance cells coupled to the ?rst and 
second coupling nodes respectively and a frequency adjust 
ment apparatus coupled to each of the ?rst and second 
coupling nodes. In this aspect, the ?rst and second negative 
resistance cells are out-of-phase by a phase angle approxi 
mately 180 degrees and the frequency adjustment apparatus 
operate to receive a tuning signal and to adjust the load being 
applied to the coaxial resonator. 

[0023] According to another broad aspect, the present 
invention is a Phase Locked Loop-Frequency Synthesizer 
(PLL-FS) that includes the oscillation circuit of the ?rst 
broad aspect. Preferably, this synthesiZer further comprises 
a crystal resonator, a Phase Locked Loop (PLL) synthesiZer 
component, an ampli?er, and an active or passive loop ?lter. 
Preferably, no frequency divider beyond What is included 
Within the PLL synthesiZer component is required. 

[0024] Other aspects and features of the present invention 
Will become apparent to those ordinarily skilled in the art 
upon revieW of the folloWing description of speci?c embodi 
ments of the invention in conjunction With the accompany 
ing ?gures. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] The preferred embodiment of the present invention 
is described With reference to the following ?gures, in 
Which: 

[0026] FIG. 1 is a block diagram illustrating a Well-knoWn 
Phase Locked Loop-Frequency Synthesizer (PLL-FS) con 
?guration; 
[0027] FIG. 2 is a block diagram illustrating the Well 
knoWn PLL-FS con?guration of FIG. 1 With an additional 
frequency multiplication stage; 

[0028] FIG. 3 is a block diagram illustrating the PLL-FS 
con?guration of FIG. 1 but With the composition of a PLL 
synthesiZer chip depicted; 
[0029] FIG. 4 is a detailed schematic diagram illustrating 
a Well-knoWn Colpitts oscillator using a ceramic coaxial 
resonator; 

[0030] FIG. 5A is a schematic diagram illustrating a 
balanced oscillator utiliZing a single resonator; 

[0031] FIG. 5B is the schematic diagram of FIG. 5A With 
an additional cascode transistor con?guration; 

[0032] FIGS. 6A and 6B are detailed diagrams illustrating 
respective cross-sectional and longitudinal vieWs of a 
ceramic coaxial resonator; 

[0033] FIGS. 6C and 6D are detailed diagrams illustrat 
ing longitudinal vieWs of the ceramic resonator of FIGS. 6A 
and 6B With respectively a Well-known single connector 
con?guration and a double connector con?guration accord 
ing to a preferred embodiment of the present invention; 

[0034] FIGS. 7A, 7B, 7C, 7D and 7E are schematic 
diagrams illustrating six possible implementations of a push 
pull oscillator according to the present invention; 

[0035] FIG. 8 is a block diagram illustrating the push-pull 
oscillator of one of FIGS. 7A through 7D being imple 
mented Within a PLL-FS con?guration, With the PLL syn 
thesiZer chip depicted; and 

[0036] FIG. 9 is a schematic diagram illustrating an 
alternative implementation to the frequency adjustment 
apparatus illustrated in FIGS. 5A, 5B and 7A through 7D. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0037] Embodiments of the present invention are directed 
to oscillator designs that alloW for high oscillation frequen 
cies While continuing to utiliZe ceramic coaxial resonators to 
stabiliZe the oscillators; hence, maintaining the bene?ts 
associated With these resonators. These oscillator designs 
preferably are such that When replacing the Well-knoWn 
VC-CRO 28 Within FIG. 1, the PLL-FS of FIG. 1 can be 
used for high frequency applications such as LMDS appli 
cations, In exemplary embodiments, the use of the oscillator 
designs does not require frequency dividers to loWer the 
frequency being input to the PLL synthesiZer chip or mul 
tipliers to raise the oscillation frequency to the LMDS target 
frequencies. 

[0038] The oscillator designs, illustrated in FIGS. 5A, 5B 
and 7A through 7D compensate for the minimum siZe 
requirement associated With ceramic coaxial resonators by 
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using a single resonator With an electrical connector on 
either end to stabiliZe tWo apparatuses that appear in opera 
tion to have negative resistances, hereinafter referred to as 
negative resistance cells. Essentially, as Will be described 
herein beloW in detail, this effectively results in a dividing 
of the ceramic coaxial resonator into tWo resonators While in 
operation. Hence, the resonator operates as tWo resonators 
half the siZe of the single resonator, resulting in a doubling 
of the frequency of resonance When compared to the typical 
self resonant frequency generated With a single ceramic 
coaxial resonator, to be referred to hereinafter as the self 
resonant frequency of a single resonator. 

[0039] To aid in the explanation concerning the operation 
of the oscillators according to embodiments of the present 
invention, the operation of a typical oscillator With a single 
negative resistance cell and a single coaxial resonator Will 
?rst be described in detail With reference to FIG. 4. In this 
case, the negative resistance cell is in a Colpitts design. 
Subsequently, descriptions of oscillators that have more than 
one oscillator using a single resonator Will be described With 
reference to FIGS. 5A, 5B and the embodiments of the 
present invention of FIGS. 7A through 7D. 

[0040] FIG. 4 illustrates a schematic diagram of a VC 
CRO comprising a negative resistance cell of the Colpitts 
type that is stabiliZed With use of a ceramic coaxial resona 
tor. As can be seen Within FIG. 4, the VC-CRO comprises 
a transistor 50 having a collector coupled to a poWer rail 
(Vcc) via an impedance controlling resistor 53, a base 
coupled to a node 52, and an emitter coupled to a node 56 
via a noise suppression resistor 54. The impedance control 
ling resistor 53 maintains a controlled impedance on the 
collector of the transistor 50. The noise suppression resistor 
54 increases the linearity of the transconductance corre 
sponding to the transistor 50 by reducing the up conversion 
of baseband ?icker noise present in the transistor 50, but also 
reduces the transistor’s gain. 

[0041] Also coupled to the node 56 is a ?rst feedback 
capacitor 58 coupled betWeen the nodes 52 and 56 and a 
second feedback capacitor 60 coupled betWeen the node 56 
and ground, Which together operate to produce a capacitor 
divider that determines the loop gain for the oscillator. It 
should be recogniZed that the transistor 50 and capacitors 58, 
60 in operation comprise the basic components required 
Within a negative resistance cell of the Colpitts type. 

[0042] Further included Within the negative resistance cell 
of FIG. 4 is a ?rst biasing resistor 68 coupled betWeen the 
node 52 and the poWer rail, a second biasing resistor 70 
coupled betWeen the node 52 and ground, a capacitor 72 
coupled betWeen the collector of transistor 50 and ground, a 
choke inductor 74 coupled to the node 56, a resistor 76 
coupled betWeen the choke inductor 74 and ground, and a 
coupling capacitor 78 coupled betWeen the node 56 and an 
output terminal 80 for the circuit. The ?rst and second 
biasing resistors 68, 70 are used to maintain a biasing 
voltage at the base of the transistor 50. The capacitor 72 
operates to ensure the poWer rail (Vcc) appears as a short 
circuit in terms of the RF spectrum. The resistor 76 sets the 
dc bias level While the choke inductor 74 essentially 
removes the resistor 76 from the circuit in terms of the RF 
spectrum. Overall, it should be recogniZed that the devices 
68, 70, 53, 54, 72, 74, 76 aid in the proper operation of the 
transistor 50 and capacitors 58, 60. 
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[0043] Also coupled to the node 52 is a ceramic coaxial 
resonator 62 and a frequency adjustment apparatus 150, via 
a coupling capacitor 64, and a phase noise optimiZation 
capacitor 66 coupled betWeen the node 52 and ground. The 
coupling capacitor 64 operates to align the impedance locus 
of the resonator 62 at resonance With that of the impedance 
in the remainder of the oscillator. The frequency adjustment 
apparatus, as described herein beloW, controls the tuning of 
the oscillation frequency for the overall circuit. 

[0044] There are tWo conditions that must be met for the 
circuit depicted in FIG. 4 to oscillate. Firstly, the overall 
loop gain of the feedback path for the transistor 50, com 
prising capacitors 58, 60, resistor 54, the losses correspond 
ing to the resonator 62, and the load on output node 80 must 
be greater than unity. Secondly, a ?rst reactance looking 
from arroW 82 must be the complex conjugate of a second 
reactance looking from arroW 84. This constraint indicates 
that the reactance resulting from the ceramic coaxial reso 
nator 62 and capacitors 64, 66 must be the complex conju 
gate of the reactance resulting from the transistor 50 and 
capacitors 58, 60 (the negative resistance cell). Since the 
reactance of these devices change With frequency, the oscil 
lation frequency Will occur When the frequency versus 
reactance characteristics of the ?rst and second reactance are 
equal and opposite. Since the reactance of the transistor 50 
?uctuates as a function of the transistor noise, the slope of 
the source frequency versus reactance characteristic for the 
resonator 62 (this slope representing the Q value for the 
resonator) should be high in order to reduce the effect the 
?uctuations of reactance Within the transistor 50 have on the 
oscillation frequency for the overall circuit. 

[0045] As mentioned previously, the VC-CRO of FIG. 4 
includes the frequency adjustment apparatus 150 that is used 
to adjust the oscillation frequency for the circuit. In the case 
shoWn in FIG. 4, the frequency adjustment apparatus 150 
comprises a coupling capacitor 152 coupled betWeen the 
electrical connector of the resonator 62 and a node 154, a 
varactor diode 156 With its cathode coupled to the node 154 
and its anode coupled to ground, a choke inductor 158 
coupled betWeen the node 154 and a node 160, and a 
capacitor 162 coupled betWeen the node 160 and ground. In 
this set-up, if a positive tuning voltage (VTUNE) is applied to 
the node 160, the diode 156 becomes reverse biased. This 
reverse biasing results in an increase in the depletion region 
of the device Which in turn results in a decrease in the 
capacitance of the diode 156. Since the varactor diode is 
coupled to the resonator 62 via the coupling capacitor 152, 
the adjustment in the capacitance of the diode alloWs for the 
regulating of the load on the resonator 62. Overall, by 
changing the tuning voltage (VTUNE) , it is possible to adjust 
the load impedance on the resonator 62 Which directly 
changes the frequency of oscillation. 

[0046] It is noted that Without the frequency adjustment 
apparatus 150, the VC-CRO of FIG. 4 Would not be voltage 
controlled. It also should be understood that other VC-CRO 
implementations may use other varactor diode con?gura 
tions or completely different techniques to adjust the oscil 
lation frequency of the VC-CRO. 

[0047] As discussed herein above, the oscillation fre 
quency corresponding to the VC-CRO of FIG. 4 is limited 
to less than or equal to 5 GHZ due to physical constraints on 
the ceramic coaxial resonator 62. 
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[0048] FIG. 5A illustrates a schematic diagram of an 
oscillator design that utiliZes a single resonator for tWo 
balanced oscillators. In this implementation, the oscillator 
design comprises ?rst and second negative resistance cells 
90a, 90b, in this case each being of the Colpitts oscillator 
type, that are coupled to electrical connectors at opposite 
ends of a single coaxial resonator 92, in this case a ceramic 
coaxial resonator. These ?rst and second negative resistance 
cells 90a, 90b combined With the resonator 92 create ?rst 
and second oscillators respectively that output ?rst and 
second oscillation signals SOscl (t), SOSC2 

[0049] Each of these negative resistance cells 90a, 90b in 
FIG. 5A is identical to the negative resistance cell depicted 
in FIG. 4. Effectively, the components Within these negative 
resistance cells operate in similar fashion to those previously 
described for the Well-knoWn negative resistance cell of 
FIG. 4. 

[0050] In FIG. 5A, the ?rst and second negative resistance 
cells 90a, 90b of FIG. 5A are balanced so that they operate 
in anti-phase, i.e. operating at the same frequency but 
approximately 1800 out-of-phase. This means that the cur 
rent traversing node 52 Within the ?rst negative resistance 
cell 90a Will be increasing When the current traversing node 
52 Within the second negative resistance cell 90b is decreas 
ing, and vice versa. This anti-phase operation Within the tWo 
negative resistance cells results in the ceramic coaxial 
resonator 92 operating in a differential mode. This differen 
tial mode operation effectively divides the resonator 92 into 
?rst and second halves 94a, 94b by the creation of a virtual 
ground 96 in the center of the resonator 92. 

[0051] The division of the ceramic coaxial resonator 92 
into tWo halves 94a, 94b during operation reduces the 
effective length by half of the resonator that is stabiliZing 
each negative resistance cell 90a, 90b. Since the physical 
siZe of a ceramic coaxial resonator is inversely proportional 
to the frequency of resonance, the end result is a doubling of 
the oscillation frequency Within the ?rst and second oscil 
lators. Hence, the resulting oscillation signals SOscl (t), 
SOSC2 (t) at the output terminals 80 of the ?rst and second 
oscillators respectively have an oscillation frequency 
approximately tWice the frequency of resonance normally 
achieved With the resonator 92 if implemented Within the 
VC-CRO of FIG. 4. 

[0052] One modi?cation betWeen the CRO of FIG. 4 and 
the particular implementation of the ?rst and second oscil 
lators depicted Within FIG. 5A is the removal of capacitor 
66. When the oscillation frequency is doubled using the 
present invention, the loss due to the capacitor 66 Will 
increase. Although this capacitor 66 can increase the Q value 
for the resonator 92 if coupled betWeen the node 52 and 
ground, it is not included in the design depicted in FIG. 5A 
due to the reduction in loop gain that the capacitor creates at 
high frequencies. Alternatively, a capacitor is included 
betWeen the node 52 and ground Within both the ?rst and 
second oscillators. The losses due to the capacitors could be 
deemed acceptable in these alternative implementations due 
to the particular design parameters, the characteristics of the 
devices used, and/or due to the oscillators being operated at 
loWer frequencies. 

[0053] It is noted that similar to FIG. 4, the ?rst and 
second oscillators Within FIG. 5A are voltage controlled 
oscillators. As depicted in FIG. 5A, a frequency adjustment 














