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Transistor Oscillators with Impedance
Noise Matching

Giinter Braun, Member, IEEE, and Heinz Lindenmeier, Member, IEEE

Ahsfract —In the past noise optimization of HF and mi-

crowave transistor oscillators has usually been achieved experi-
mentally. In this work a theory is derived which makes it
possible to predict the carrier-to-noise ratio of a transistor

oscillator with real components depending on parameters of the
active element and the oscillator circuit which can be easily
measured. The theory leads to new aspects of low-noise osciUa-

tor design which include the use of a multiple-stage active
element and an impedance condition for noise matching. In this
context the conditions for the use of GUAS FET’s in low-noise
oscillators are investigated. A consequent application of this
theory in the design of oscillators can improve the carrier-to-
noise ratio substantially. According to examples shown in this

paper, an improvement of more than 50 dB may be reached over

a nonoptimized oscillator. A verification by measurement has

been made for seven single-transistor oscillators around 150
MHz. The measured values of the carrier-to-noise ratio show

very good agreement with the values derived from theory. The

differences between measured and calculated values are smaller
than the measurement uncertainty of 3 dB.

I. INTRODUCTION

SINCE the introduction of a nonlinear amplitude con-

trol characteristic into oscillator theory by Van der

Pol [1] in 1920, an increasing number of papers have been

presented on the theory of oscillator operation. In paral-

lel many papers have been published on the amplitude

and frequency stability of oscillators. The few early publi-

cations on oscillator noise are mainly theoretical and

describe basic properties of the noise of feedback systems.

For example, Spalti [2] investigates the FM noise spec-

trum of a feedback tube oscillator, and Mullen [3] derives

the spectral density of AM and FM noise of arbitrary LC

oscillators with a Van der Pol control characteristic,

During the 1960’s and 1970’s, research on oscillator

noise was concentrated on the noise properties of diode

oscillators, while the advancing development of bipolar

transistors with high power and transit frequency allowed

their increasing application in HF and microwave oscilla-

tors. The noise optimization of transistor oscillators, how-

ever, was mainly achieved experimentally, with good noise

properties often being obtained. Finally Leeson [4] de-

scribed the oscillator noise by an empirically determined
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theory that requires an estimation of the “noise figure” of

the active element.

Important breakthroughs in the calculation of transis-

tor oscillator noise were achieved by Lindenmeier [5], [6]

in 1974 and 1980. His calculations are based on a gener-

ally applicable derivation of spectral densities of AM and

FM noise [5] similar to that of Mullen [3] but without

Mullen’s confinement to a Van der Pol control character-

istic. The noise sources of a transistor which is fed back

via an ideal transformer are transformed into a Iossy

parallel resonant circuit. In this way a calculation of

carrier-to-noise ratio becomes possible, depending only

on parameters of the active element and the oscillator

circuit [6].

In this work the oscillator noise theory derived in [5]

and [6] is extended to oscillators with real components.

The resulting possibility of predicting the carrier-to-noise

ratio depending only on transistor and circuit parameters

is verified experimentally with seven different single-

bipolar-transistor oscillators in the frequency range

around 150 MHz. Their circuit parameters are selected

such that the impact of every parameter on the carrier-

to-noise ratio can be independently verified by measure-

ment. A consequent noise optimization of these oscilla-

tors is deliberately not performed to permit more

accurate measurements. Their carrier-to-noise ratios are

in the range of – 90 to – 110 dBc for a frequency devia-

tion from the carrier of 10 kHz.

The differences between calculated and measured val-

ues of the carrier-to-noise ratio are smaller than the

measurement uncertainty of less than 3 dB, while a dy-

namic range of the test setup of more than 140 dB,

related to 1 Hz bandwidth, is reached [7].

11, BASIC THEORY

For a theoretical study of oscillator noise, a simple

equivalent circuit of the oscillator is chosen. According to

Mullen [3] and Lindenmeier [5], a comprehensive descrip-

tion of oscillator noise is possible with the noise equiva-

lent circuit of Fig. 1.

The effective resonant circuit elements L and C repre-

sent the circuit inductance and capacitance including par-

asitic reactance in the circuit. Capacitances of the tran-

sistor which have influence on the resonant frequency of

the circuit are also included in the value of C. The value
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Fig. 1. Noise equivalent circuit of an oscillator.

of G comprkes all losses in the oscillator and the external

load transformed into the circuit. The nonlinear control

characteristic of the active element is described by the

current source X u), The noise current source i, comprises

all noise phenomena of the oscillator. The noise current

i, consists of the thermal noise of the conductance G and

the noise contribution of the active element.

In the following derivations i, will be considered as the

noise current of a fictitious equivalent noise conductance

G. at room temperature TO:

~=4”kTo. Ge. B. (1)

The spectral power density of i, is then

~,=:= 4.kTo” Ge. (2)

The oscillator operation can be described by the differen-

tial equation (3), which can be derived from Fig. 1:

C.~+G. u+~. /.vdt+i(u) +ir(t)=O. (3)

First, consider the oscillator function without distur-

bance, i.e., i,(r) = O; the terms C“ du\dt and (1/L)Judt

cause an oscillation by periodically shifting the energy

between inductance and capacitance. The oscillation is

damped by the term G” U. In the case of a steady oscilla-

tion the current source i(u) which represents the active

element in the circuit has to replace exactly the electrical

energy which is consumed in the conductance G:

i(u) =–a”u+p”u2+~”u3+ -.”. (4)

The source i(u) can be represented by this power series

expansion, whose coefficients have to fulfill two condi-

tions. First, the value of a must be larger than that of the

conductance G to allow a buildup of the oscillation out of

the nonoscillating state. Second, the coefficients of the

higher powers of u have to ensure an amplitude limita-

tion at higher voltages. Only then will a steady oscillation

of the circuit with a defined voltage amplitude be pos-

sible.

Analyzing the oscillator operation including the noise

current source i,, the amplitude as well as the phase of

the oscillator voltage shows fluctuations around the values

obtained in the undisturbed case. Considering the ampli-

tude and phase of the voltage as a function of time, (3)

may be split into three separate equations. These describe

the steady oscillation, the time-dependent amplitude

which is responsible for the AM noise, and the time-

dependent phase which is responsible for the FM noise.

The equations were first solved by Mullen [3] in 1960

using a Van der Pol control characteristic (only a # O and

y + O) of the alctive element. The following derivation is

based on a solution by Lindenmeier [5] obtained in 1974

which considers an arbitrary control characteristic and

contains only values which can be measured with real

oscillators.

111. COMPARISON OF AM AND FM NOISE

It is well known that the spectrum of an undisturbed

oscillation with amplitude VO can be described by tlhe

IDirac function. It consists of a single spectral line at t’he

frequency ~0 in which all the oscillator power is con-

tained. In the following derivations the square of the

RMS voltage, i e., (1/2). V?, will be considered represen-

tative for the cmcillator power.

When a noise current source i, is introduced, the

oscillator pow(er is no longer concentrated at the fre-

quency ~0 but rather is distributed in a frequency range

around ~0. Th,e carrier-to-noise ratio may be used as a

measure of the widening of the spectral line. It is deter-

mined as the ratio between the total power of the carrier

(1/2)” V; and the noise power in a bandwidth B at a

frequency deviation A f from the carrier frequency fo.
The carrier-to-noise ratio aAMFM is usually given with

relation to a bandwidth B = 1 Hz. It is

I(WAM+W’FM)”13
aAMFM = 10”log ~ . (5)

~’v;

In this equation WA~ and W~~ describe the spectral

power densities of the amplitude and phase noise, respec-

tively. The FM noise spectrum is, according to [6],

1 1
WFV[= ~ “

Af 2’
(6)

2 m-”AfFM

()
1+ —

‘f FM

Half of the total power in the spectrum is concentrated

between the frequencies f. – A f FM and f. + A fFM.Thus,

A f FMis defined as

(7)

The quantity A f FM as a function of the equivalent circuit

elements of Fig. 1 was calculated in [5]. After appropriate

modification it can be rewritten as

~“kTo.Ge. f:
A f FM =

P. G.QO “
(8)

QO is the quality factor of the resonant circuit, which is

determined by the conductance G. P is the oscillator

power:

(9)
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The AM noise spectrum maybe derived from [5]

wAM= &’”
1 I ‘fAIvt )

(lo)
m-”AfFM

()Af 2
1+ —

A fm

where AfA~ is defined as the frequency deviation from

~. at which WAM( f ) has dropped to half its maximum

value, i.e.,

‘AM(fO – ‘fAM) = ‘AM(fo + AfM) = ‘~;fo) . (11)

The quantity A fAMcan be obtained from [5]

fo
‘fAM = ~~o.~

with

dV/ V.

‘= dG/G “

(12)

(13)

Here E describes the relative dependence of the oscillator

amplitude on the load (amplitude load control). It has a

strong influence on the AM noise and can have values

between O and 1. For the (theoretical) case of a linear

oscillator whose open-loop gain is exactly 1, the value of E

will be E = 1. Such an oscillator, however, will not be able

to build up an oscillation; nor will it be able to sustain a

stable oscillation when it is only slightly disturbed.

Oscillator measurements conducted within this work

showed that a sufficiently stable oscillation, even with

external disturbances and small temperature variations,

was obtained up to a maximum of E~~X= 0.8. Approach-

ing the linear operation case (e = 1) even further leads to

a dramatic decrease in oscillator stability.

With growing feedback the active element is increas-

ingly driven into the nonlinear region and the value of E

becomes smaller. In this case the amplitude noise is

decreased as long as other parameters such as G. and Qo,

which are also changed by a growing feedback, do not

show adverse effects. This may happen in the case of an

extremely overdriven active element, which also results in

an increase in the phase noise.

T~ical curves for the carrier-to-noise ratios of AM

noise and FM noise are shown in Fig. 2. They belong to

an oscillator with ● = 0.76 which oscillates at f. = 144

MHz. Because of the large value of e, the AM noise has

almost reached its maximum compared with FM noise.

For increasingly nonlinear operation and, therefore,

smaller e, the AM noise could be significantly reduced.

Fig. 3 shows the contribution of the AM noise to the

carrier-to-noise ratio of the described “worst case” oscil-

lator.

A significant contribution of AM noise to the overall

oscillator noise generally occurs only at relatively large

frequency deviations from the carrier and, consequently,

very low oscillator noise levels. Therefore, AM noise is

1C!amicr-rc-noi. mio/ m
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Fig. 2. Carrier-to-noise ratios of AM and FM noise.
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Fig. 3. Contnbution of AM noise to the carrier-to-noise ratio.

usually of no practical importance and is neglected in the

following considerations.

By neglecting the AM noise, (5) can be simplified. With

the assumption (A f \A f FM) >>1, which is usually ful-

filled, the carrier-to-noise ratio is

[

BAfFM 1
aFM = 10.log ._ 1Af2 “

(14)
z-

Considering the dependence of A f FM on the oscillator

parameters (eq. (8)), the carrier-to-noise ratio can be

written as

[

BkTo . ff Ge 1 1
aFM = 10”log

P “—” 1(j~“~“ (15)

For very small frequency deviations A f, the influence of

the transistor’s 1/f noise, which is up-converted into the

frequency range around fo, may lead to a l/A f 3 depen-

dence of the carrier-to-noise ratio. The effect can be

minimized by a suitable choice of the active element as

well as by the oscillator design. For all bipolar transistor

oscillators which were investigated experimentally during

this work no such influence could be detected measuring

for frequency deviations A f >10 kHz.
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Fig. 4. AC equivalent circuit of a Meissner oscillator.
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Fig. 5. Nois~equivalent circuit ofa Meissner oscillator.

IV. DETERMINATION OF G,/G

The dependence of the signal-to-noise ratio on oscilla-

tor parameters was investigated for the Meissner oscilla-

tor (Fig. 4). The Meissner oscillator was chosen because

its circuit parameters can be varied easily in the experi-

ment. The derivation of the theory as well as the results,

however, can also be applied to oscillators with other

feedback mechanisms.

The noise equivalent circuit of the Meissner oscillator

(Fig. 5) contains in the upper part the four-pole equiva-

lent circuit of the active element with its short-circuit

transconductance ~~. A possible partial coupling to the

resonant circuits is already contained in the values of the

transistor parameters. It is well known that any real noisy

amplifier can be replaced by a noiseless four-pole with

partially correlated noise sources in and v. at its input [8].

The quantity y = yR + j. yI is the related complex corre-

lation coefficient.

In the lower part of Fig. 5 the paralIel resonant circuit

which determines the frequency of oscillation is displayed.

Its inductance is at the same time the primary inductance

of the transformer which feeds back a part of the oscilla-

tion voltage to the input of the active element. The

no-load voltage transformation ratio, t, of the transformer

determines the strength of the feedback.

The load conductance, G, can be determined out of the

quality factor, QO, of the resonant circuit excluding the

transistor. It contains all losses of the resonant circuit and

the external load transformed into the circuit. The

thermal noise of G is represented by the noise current

source in~.

1605

The noise ec~uivalent circuit of Fig. 5 will now be trans-

ferred into the simple noise equivalent circuit of Fig, 1,

in which all noise sources are combined into one noise

current source i, parallel to the resonant circuit. To [do

this, “the noise sources of the transistor have to be trans-

formed into a noise current source in~ parallel to the

resonant circuit. The noise current source i,,~ of the load

conductance G is already situated at the appropriate

location. The noise current source iv

noise sources. The equivalent noise

(1) is then

i~~+i~~
Ge =

4“kTo. B

is composed of both

conductance, G~, in

(16)

To transform the noise sources v. and in into in~, the

oscillator is shorted at the terminals 2 – 2’. For the trans-

formations, it is assumed that the principle of linear

superposition is applicable. Then, a transformation of the

noise sources independent of each other is possible. The

very go’od agreement between theory and measurement

shows that the principle of linear superposition can still

be applied when the active element is overdriven as lcmg

as the biasing remains unchanged.

Both partially correlated noise sources v. and in have

to be transformed into short-circuit noise currents be-

tween the terminals 2 – 2’. Each of them has to be trans-

formed in two ways, via the active element and via 1he

feedback circuit. For the transformation, the noise cur-

rent in is split into a part in... that is fully correlated with
~,1,and a part in ~n that is not correlated with v.. Thus, a

total of six transformations have to be considered. Hc)w-

ever, depending on the oscillator circuit, the resulting

short-circuit noise currents may be negligible for one or

more ways of transformation. For examp~e, in this case

the transformation of v. via the feedback circuit will

result in a negligible noise current owing to the very small

short-circuit input admittance Yll of the active element.

Considering further the correlation between v. amd

inCo, and the fact that all short-circuit noise currents

which come form the same original noise source are fully

correlated wit h each other, a resulting noise current in~

can be calculated. For the oscillator circuit of Fig. 5, the

equivalent noise current in~ of the transistor between the

terminals 2 – 2’ is

—.
i:,r=i;un”lt’12+(gm”l+ + incor”t’)2 ~(17)

with

“=’+gm[’oL1-’oM“8)
The additional noise figure F~ = F – 1 of the transistor

relative, to the terminals 2 – 2’ can be expressed for
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To = 290 K as

T

F~= ‘nT
4.kTo” G”B”

(19)

The following equation denotes the minimum additional

noise figure of the noise matched active element that can

be measured in an amplifier circuit:

F ‘Z”z (h+ J-)‘m’”= 2“kTo” B
(20)

The absolute value of the optimum source admittance YOPt

for which the transistor exhibits its minimum noise figure

is

/

zin
Yopt= Ikoptl = ~“

n

(21)

Inserting (17) and further using (20) and (21) for simplifi-

cation, (19) becomes

The equivalent noise conductance G, is

G,= G(l+FT)=G”F. (23)

The noise figure F = Ge / G describes the size of the

complete noise source between the terminals 2 – 2’ rela-

tive to the thermal noise of the resonant circuit with load

only. For special cases, e.g. the theoretical case of a

Meissner oscillator with an ideal transformer for feed-

back, the ways of transforming v., in ~or, and in U= into inT

are reduced to one each. Then, F is exactly the noise

figure that the transistor with uncorrelated noise sources

would show in an amplifier if it were connected to the

source admittance which is present at the input of the

transistor in the oscillator circuit in the non-oscillating

state (g~ = O).

The condition of a steady oscillation is

gm- t = Gtot (24)

with

G,ot = G + Re{Yzz}. (25)

For the calculation of GtOt, the real part of the input

admittance of the active element transformed into the

resonant circuit would have to be added to the right-hand

side of (25). Generally, however, its value is so small

compared with G or Re {Yzz} that it can be neglected.

Using the oscillation condition, the noise figure F be-

comes

F
F=:=l+

T mm

2“(7R + J=)

(G Yopt )(? G“l’’l’+&”+“ (2’)
._

To achieve maximum signal-to-noise ratio (eq. (15)), F

must be minimized. This can be done by minimizing

F Tm,n, GtOt, and the expression in parentheses. The latter

can be minimized by choosing an optimum voltage trans-

formation ratio t = topt. For the Meissner oscillator, a

nonnumerical solution for fOPt can be obtained in two

special cases. For a transformer with high leakage, we get

and with that

‘0pt=lG+2L’+a(27)

The achievable minimum noise figure is then

(28)

For the theoretical case of an ideal transformer without

leakage, t’= t and

f-7T-’-

/-

G
t

tot
opt= Y“opt

(29)

The achievable minimum noise figure is

Ge()77 ~,n “’+(,R:j)”% (30)

The minimum is achieved when the conductance G “. tot 1s

transformed via the feedback circuit into the optimum

source admittance YOpt at the input of the transistor.

Although impedances cannot be measured in an operat-

ing oscillator, the oscillator can be optimized with respect

to its signal-to-noise ratio by impedance noise matching.

Using an active element with high input and output

impedances compared with G and uncorrelated noise

sources, we get GtOt = G and y = O. Then, the absolute

minimum noise figure can be obtained:

Ge(-) =1 + FTmin = Fmln.
G min

(31)

The signal-to-noise ratio of a Meissner oscillator includ-
ing a transformer with a low coupling coefficient is shown

in Fig. 6. The numbers along the curve denote the loca-

tion of oscillators with circuit parameter sets as used in

the experiment but with the assumption of a constant

resonant circuit quality factor (Q. = 157) and constant

amplitude (V. = 9 V). It can be seen that by an appropri-

ate impedance noise matching the signal-to-noise ratio

may be improved by as much as 30 dB.
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m dBc B=l Hz
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Fig. 6. Oscillator carrier-to-noise ratio for small transformer coupling

coefficient. QO = const., VO = const.

V. CONDITIONS FOR A LOW-NOISE OSCILLATOR

AND THEIR REALIZATION

A. Conditions

Now that F = G, / G has been determined all parame-

ters in (15) which have an influence on the signal-to-noise

F

I

m,.

Itnear

1,3

1,2

1>1

Fig. 7. Optimum active element.

‘yA

ratio of the oscillator are known. Therefore, all aspects
; t~

“
which have, according to (15), (9), (25) or (33), and (26), to

be considered for the design of a low-noise oscillator can

be listed:

a) Choice of a transistor with

s small noise figure F~ ~i~ combined with a small

correlation coefficient y,

● high output voltage VO,

● high output current 10,

● small output conduct ante Re {Y22} or G,4j

● reasonably high input impedance.

b) Meeting an impedance condition at the input of the

active element which can be reached by optimization

of the feedback factor and which leads to optimum

impedance noise matching.

c) High quality factor QO of the resonant circuit.

d) High transformer coupling coefficient in the case of

a Meissner oscillator.

Depending on the oscillator type, it may be possible that

not all the conditions a)–d) can be met at the same time.

In such cases the best signal-to-noise ratio can be achieved

by optimization of the interdependent parameters.

B. Realization of an Optimum Actiue Element

Considering the criteria for the choice of an optimum

active element it was not possible to find a single transis-

tor that meets all requirements. Instead, it is much more

promising to combine the active element out of two or

more suitable transistors. Required is a low-noise input

stage with reasonably high input impedance and a final

stage with high output power capability and a high output

impedance. One active element that can fulfill these

requirements is shown in Fig. 7.

The final stage consists of a bipolar transistor with high

output power capability in a common-base configuration.

Compared with other configurations the transistor in the

(a)

Fm,”
I

A vD~=2V

1
Ihnear

1,4

1,3
1

1,1
t
+--
0 D

(b)

Fig. 8. Minimum noise figure of GaAs FET’s at f= 100 MHz:
(a) GAT l\Olti (b) NE 244.

common-base configuration shows the highest output

impedance for almost linear operation as well as in satu-

ration,

For the input stage, a field-effect transistor with a high

input impedance and a low noise figure is used. Especially

with GaAs FIET’s even at frequencies in the VHF range

small amplifier noise figures can be obtained, e.g. at 100
MHz tjpically 0.6 dB or less, which, however, is combined

with correlation coefficients y = j” 0.85 [7].

On the other hand there are also limitations to the use

of a GaAs FIET in oscillators which depend on its noise

properties. One of those properties is the strong depend-

ence of the minimum noise figure of the GaAs FET on

its bias. In Fig. 8 this dependence of Fro,. is displayed in a
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linear scale (not in dB!) for two GaAs FET’s which have

often been used in recent years. The qualitative depen-

dence of the minimum noise figure on bias shown in Fig.

8(a) is typical for low-frequency JFET’s and a few HF

GaAs FET’s such as the GAT 1/010. All microwave

GaAs FET’s used today show a dependence of the mini-

mum noise figure on bias that qualitatively resembles the

graphs in Fig. 8(b).

It is obvious that a small minimum noise figure is

reached only in a small bias range. Especially for the

transistor type of Fig. 8(b) the minimum noise figure in

other parts of the bias characteristics can be much larger

and surpass even values of F~i~ = 10. The characteristic

dependence of the minimum noise figure of microwave

GaAs FET’s on biasing can also explain why the design of

low-noise oscillators with only one microwave GaAs FET

is hardly possible even though the active element has a

small noise figure for small-signal amplifier operation.

That is, when using only one microwave GaAs FET as the

active element in an oscillator because of the need for a

nonlinear characteristic large-signal operation cannot be

avoided. In this way regions with large noise figures are

also touched and the advantage of a small noise figure in

a small bias range is more than compensated. Thus, in the

case of a dual-stage active element as in Fig, 7, a possible

GaAs FET input stage has to operate under small-signal

conditions in the bias range best suited for minimum

noise figure. In this case the small amplifier noise of a

GaAs FET can also be used to minimize oscillator noise.

Another problem encountered with the use of GaAs

FET’s in oscillators is a result of their relatively large l/~

noise. This can be up-converted into the frequency range

around ~0 and at very small frequency deviations from

the carrier it can lead to a large deterioration of the

signal-to-noise ratio. Even today, the quantity of the l/~

noise can hardly be predicted by theory. Also noise mea-

surements show large differences in the quantity of the

l/~ noise for different GaAs FET’s [7]. Since a nonlinear

transfer characteristic is required for up-conversion of

the l/~ noise, its influence on the signal-to-noise ratio of

the oscillator may be kept small by a proper choice of

the GaAs FET and also by a nearly linear operation

of the GaAs FET in the oscillator.

Theoretically, the oscillator signal-to-noise ratio can be

improved using a two-stage active element as in Fig, 7

(input stage with GAT 1/010) by up to 15 dB relative to a
single bipolar transistor oscillator. Obviously, as semicon-

ductor technology advances, other solutions for the active

element which fulfill the conditions in subsection V-A

may become even more attractive.

C. Partial Coupling of the Active Element

to the Resonant Circuit

The oscillator signal-to-noise ratio (eq. (15)) is related

to the power of the carrier:

(32)

Therefore, it is proposed to use an active element with

high output power capability. However, the capability

provided must also be used to its full extent. The high

quality factor of the resonant circuit required and the

consequent small conductance G mean that a large volt-

age amplitude VO is necessary.

Connecting the active element directly to the terminals

of the resonant circuit in the case of a large load

impedance leads to a limitation of the voltage amplitude

by the maximum voltage of the final amplifier stage

without taking full advantage of its output power capabil-

ity. By a partial coupling of the active element to the

resonant circuit, however, it is possible to use its full

output power capability to generate oscillator power. In

Fig. 9 the output part of the active element is replaced by

an equivalent circuit with a current source 10 and an

output admittance YA which is coupled only to a part of

the resonant circuit’s inductance. The coupling factor is

calculated as the relation between L. and the total induc-

tance: L = L. + Lb. In Fig. 10 the oscillator voltage am-

plitude V is shown as a function of the coupling factor

L./L for the bipolar transistor BFW 92. The graph is

related to the maximum voltage and current capability of

the transistor and the given conductance G =60 pS. The

shape of the curve, however, will also be similar for other

components.

Besides an enlargement of the oscillator voltage ampli-

tude, the partial coupling of the active element to the

resonant circuit reduces the effective output admittance

of the active element on the resonant circuit. The value of

GtOt which has influence on the signal-to-noise ratio via

Gc in (15) is then

()
2

Gtot=G+ ; “GA. (33)

In this case the improvement of the signal-to-noise ratio

by appropriate partial coupling is 14 dB, compared with

full coupling to the resonant circuit. For final stage tran-

sistors with higher current limitations the potential im-

provement by partial coupling may be considerably larger.

VI. OPTIMUM OSCILLATOR DESIGN

AND EXPECTED RESULTS

Based on the previous considerations, a theoretical

approach to an optimally designed oscillator is made. The

limits of the achievable carrier-to-noise ratio are pre-

dicted using performance parameters of currently avail-

able components. Results are shown for an optimally

designed Meissner oscillator whose high-frequency equiv-

alent circuit is shown in Fig. 11.

When coupling the external load to the magnetic field

of the resonant circuit’s inductance the signal-to-noise

ratio in the load at a large frequency deviation from the

carrier is limited to a maximum value. That value is

determined by the ratio of the power output POU, con-

sumed in the load to the thermal noise power generated

by the load itself.
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lator.

Varying the power output ~OUt to the load leads to the

curves in Fig. 12, which are based on an oscillator with

Qom= = 300 for pOu, = – 24 dBm and VO= 35 V. Its active

element is directly connected to the terminals of the
resonant circuit (no optimum partial coupling). The feed-

back factor was optimized for a 10SSYfeedback circuit.
In this context it has to be considered that AM and FM

noise contribute equally to the thermal noise floor.

Therefore, in Fig. 12 the contribution of the AM noise is

included. Fig, 12 shows that far away from the carrier the

carrier-to-noise ratio is determined only by the power

Otqm Pout to the load. Therefore> reducing ~..t ‘0

improve the signal-to-noise ratio near the carrier makes

sense only as long as a considerable improvement of the

quality factor and thereby of the signal-to-noise ratio can

be obtained.

Let us now assume a lossless feedback circuit and

optimize ~OUt and the feedback factor t at the same time.

Then, for a 150 MHz oscillator with available transistors
(final stage ~,= 35 V, 10=60 mA) and an LC resom@nt

circuit with Q. = 300, a signal-to-noise ratio of 166 dBc

for a frequency deviation from the carrier of 10 kHz can
be reached in a 500 external load (Fig. 13). When nf~ise

matching is achieved (t = tOpt) the noise sources Of the

active element contribute less than 20% to the tlotal

oscillator noise power. For an external load with a far
higher impedance or in the case of coupling the external

load to the resonant circuit with an ideal transformer, a

still better signal-to-noise ratio could be achieved. Its

absolute maximum is determined by the ratio of the

available oscillator power to the thermal noise power in

bandwidth B multiplied by the noise figure of the active
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element. Using the same components as for the oscillator

in Fig. 13, this leads to a theoretical limit for the signal-

to-noise ratio of more than 190 dBc. A further increase of

that limit is dependent only on the output power capabil-

ity of the final stage transistor, which is determined by

semiconductor technology.

VII. CONCLUSIONS

An oscillator noise theory has been presented which

makes it possible to predict the carrier-to-noise ratio of a

real transistor oscillator on the basis of parameters of the

active element and the oscillator circuit which can be

easily measured. Based on this theory, conditions for the

noise minimization of transistor oscillators have been

derived and applied to oscillators with real components.

The selection of, preferably, a multistage amplifying ele-

ment with a low minimum noise figure, the adjustment of

the optimum source impedance for that active element,

and driving it to its maximum output power have been

shown to be important conditions for reaching low oscilla-

tor noise. An improvement of the carrier-to-noise ratio by

more than 50 dB compared with a nonoptimized oscilla-

tor may thus be obtained.
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