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The invention relates to an oscillator including a resonator which is
coupled to an amplifier s;t-a'é; comprising an amplifier transistor and a load transistor, a
load signal path from a collector of the amplifier transistor to an emitter of the load
transistor, to which load signal path the resonator is coupled, and a bootstrap signal
transfer from the load signal path to the base of the load transistor, which base is

coupled to a reference voltage conductor vig a bias resistor.

An oscillator of this type is known per se from Japanese Patent
publication Kokai 2-21708. Fig. | shows the known oscillator. An amplifier stage of the
type described in the opening paragraph comprises Q2 as an amplifier transistor and Q5
as a load transistor. The base of the load transistor QS5 is coupled to the positive power
supply voltage via bias resistor R7. The load signal path from the collector of Q2 to the
emitter of Q5 comprises a load resistor R2. Resonator 15 is coupled to the load signal
path. The bootstrap signal transfer from the load signal path to the base of QS (point

. 17) is effected from the collector of Q2 (point 11) and proceeds via transistor Q4,

emitter resistors R6 and RS and transistor Q3 which constitute a differential stage.
Together with transistor Q5 and load resistor R2, this differential stage constitutes a
local positive feedback loop. Resonator 15, coupling capacitors C2 and C3, driver
transistor Q1 and the amplifier stage form part of an oscillation loop.

The known oscillator can start oscillating at a frequency determined by the
resonator. To this end, the amplifier stage is to compensate for the signal losses whicly
occur in the resonator 15 and the coupling capacitors C2 and C3 so that the loop gain in
the oscillation loop is larger than one.

A practical resonator generally has different resonance frequencies, for
example, because the elements of the resonator comprise unwanted reactances such as a
self- inductance caused by the connection terminals in a capacitor, or, for example as a

result of inductive and capacitive couplings between two different conductors. An
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The .imvention relates to an oscillator incl (Jdlcng’ a- ﬁeSdneﬁtor \Mm,ch S

coupl ed to an anplifier stage conprising an-anp|d.fier -transistof ‘and a | oad
transistor, a load signal path froma collector of the anpllfler transi stor
to an eMttmf14t31m | oad transistor, to which | oad signal path th@6.07.1994
resonator is coupled, and a bootstrap signal transfer fromthe | oad signal

path to the base of the | oad transistor, which base is coupled to a

reference v VioldeRing! trd?tszi edffuct tituting a capacitifce of
osci |l I at or ‘?1?&&1%' ;E%%gﬁ{egg an§m r?g p%?n from Jé‘ﬁé’rﬁe"s"gs E’atlegnt p%blll cation

Kokai 2-217@pproximately 8.5cpisoFdred Itma\pm:omtel ¢omtluetor.An anplifier stage of the
type described 11 the Rel 1% PaF A R QRll ey e 2For BhafpRl e L circui
provided with varicap diodes, used in a UHF television tuner. Fig. 2a illustrates the
5 attenuation T(R) of the positive feedback network in the known oscillator constituted by
such a resonator 15 and coupling capacitors C2 and C3. Resonator 15 has three
resonance frequencxesﬂ&'l— f2 and f3) at which the resonator has a maximum impedance
and the attenuation T(R) is consequently minimal. The desired resonance frequency is
) f2, and f1 and f3 are parasitic resonance frequencies. Fig. 2b shows the gain T(A) of
10 the amplifier stage with driver transistor Q1. Fig. 2c shows the resultant loop gain of
the oscillation loop T(L).

Outside frequency f2, the known oscillator may also start oscillating at
frequency fl or f3 because the loop gain of the oscillation loop at these frequencies is
larger than one. Moreover, the known oscillator may have an unwanted relaxation

15 oscillation. If resonator 15 is removed from the oscillator shown in Fig. 1, the latter
will function as a relaxation oscillator. In this case the coupling capacitors C2 and C3
are periodically charged and discharged by the amplifier stage which behaves as a
current switch. If resonator 15 is incorporated in the oscillator circuit, as is shown in
Fig. 1, the relaxation oscillation may still occur. This risk notably exists when the loop
¥ 20 gain in the oscillation loop at the relaxation oscillation frequency is approximately equal
to or larger than that at the desired resonance frequency.

In the known oscillator the voltage difference between the collector of
amplifier transistor Q2 and the power supply voltage is comparatively large.
Comparatively large direct currents flow through the load resistor R2 in the load signal

25_ Path as well as through the bias resistor R7 which couples the base of transistor Q5 to
the power supply voltage. To prevent saturation of transistor Q2, the known oscillator
requires a comparatively high power supply voltage.

The difference between available power supply voltage and the minimally
required oscillator power supply voltage may be so small that the oscillator power ‘

30 supply voltage cannot be taken from a voltage stabiliser. Generally, this is desired.
First, an unwanted detuning of the oscillation frequency due to a change of the available

power supply voltage is thereby reduced. Secondly, a voltage stabiliser suppresses the
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as a-load transistor. The base of the |oad transi étforf'(}%fifs’reft).upl ed to the
positive power supply voltage via bias resistor R7. ‘The-l oad-si gnal path

from‘t he c%{_&ilgrgagf Q@ to the emtter of3QB conprises a | oad re?ﬁgﬁ)bﬁz'

Resonat or led to the | oad signal” path. The bootstrap si
transfer fromthe |oad signal path to the base of & (point 17) is effected
fromthe collector of @ (point 11) and Froceeds via transistor Q4, emtter

resistors REASRT ¢faliereptingyplRgesoln the aypiiable BoweR Jupalyeveltagete élﬂ"e?%ci‘%mf I
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capaci tors fiddalatt 6id oscillatoerin bnamsiastedrmdgheansd thhethenquitpdtisignab Wilp eothprise
part of an oscill tiog_é{qoop. The known oscillator can start
osci | | at i ngt&Yanied sREGHanEY PRI ned by the resonator. To this end, the
anplifierg stage is to conpensate for the signal |osses which occur in the
resonator 15 and the coupling capacitors C2 and C3 so that the |loop gain in
the oscillation | oop Itss mpbject oftha iovention to provide an oscillator of the type

described in the opening paragraph, which oscillator inhibits oscillation at an unwanted
frequency and for which a lower power supply voltage than that for the known
oscillator is sufficient.

10 To this end the oscillator according to the invention is characterized in
that the bootstrap signal transfer is mainly determined by a passive capacitive coupling
of the base of the load transistor to the load signal path. Such a passive capacitive
coupling comprises at least the emitter-base capacitance of the load transistor.

The invention is based on the recognition that the amplifier stage thereby

15 acquires a bandpass character which is determined, inter alia by the passive capacitive
coupling. Unwanted oscillations are inhibited by adjusting the passband of the amplifier
stage near the desired oscillation frequency. The loop gain of the oscillation loop at
parasitic resonance frequencies may therefore be considerably smaller in the oscillator
according to the invention than in the known oscillator. By decreasing the loop gain

20 outside the band of desired oscillation frequencies, unwanted relaxation oscillations can

Wy

also be prevented. A relaxation ostillation frequency is generally an order of magnitude
smaller than a desired oscillation frequency determined by the resonator.
Figs. 3a, 3b and 3c illustrate this. Fig. 3a shows the signal transfer T(R)
of a practical resonator with coupling capacitors, identical to Fig. 2a. Fig. 3b shows the
25 signal transfer T(A’) of the other elements of the oscillation loop in an oscillator
according to the invention. Fig. 3c shows the loop gain T(L") of the oscillation loop of
an oscillator according to the invention. According to Fig. 3¢, an oscillation can only
occur at frequency f2; at frequencies f1 and f3 the loop gain of the loop transfer will
remain smaller than one.
30 The invention utilizes, inter alia the fact that the gain of an amplifier
stage of the type described in the opening paragraph is determined to a considerable

extent by the amplitude and phase of the bootstrap signal transfer. The ampliﬁer
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A practlcal resonator generally has di fferentf resonancé frequéhcl es, for
exanpl e, because the elements of the resonat.or conpr.i.se,.anwant ed react ances
such- as a sel f- inductance caused by the connection termnals in a

capaci tor, ®HNfldtSHXxanple as a result of #nductive and capaciti ve06.07.1994
couplings between two different conductors. An

transistor converts an input voltage of the amplifier stage into a collector output current,
with a conversion factor to be indicated as amplifier transadmittance. The gain of the
amplifier stage is approximately equal to the product of this amplifier transadmittance
‘and the load impedance at the collector of the amplifier transistor. As the amplitude of
5 the bootstrap signal transfer approximates the value of one and the phase approximates
the value of zero, this load impedance increases, and thus the gain increases as well.

In the l?n'o’w'v“n oscillator the bootstrap signal transfer is substantially
frequency-independent and consequently the gain of the amplifier stage is frequency-
independent as well. In the oscillator according to the invention the bootstrap signal

10 transfer is frequency-dependent to a considerable extent, so that the amplifier acquires a
bandpass character.

The high-pass slope of the bandpass characteristic is produced in that the
bias resistor mentioned in the opening paragraph and the passive capacitive coupling
constitute a passive high-pass filter at comparatively low frequencies. Fig. 4a illustrates

15 this, in which Figure transistor 120 is the load transistor of the amplifier stage
mentioned in the opening paragraph, resistor 130 is the bias resistor mentioned in the
‘opening paragraph and the capacitor denoted by "Cy," ensures the capacitive bootstrap
signal transfer from the load signal path 180. At an increasing frequency the attenuation
of the bootstrap signal transfer across the passive capacitive coupling decreases and

) 20 consequently the gain of the amplifier stage increases.

The passband of the amplifier stage is located in a bootstrap frequency
band at which the impedance of the collector-base capacitance of the load transistor
appraximates the impedance of the afore-mentioned bias resistor. In the bootstrap
frequency band the attenuation across the passive capacitive coupling is substantially

25 frequency-independent and comparatively small. This is because the bootstrap signal
transfer is mainly determined by the afore-mentioned collector-base capacitance and the
passive capacitive signal coupling which jointly constitute a capacitive voltage divider as
is shown in Fig. 4b in which the collector-base capacitance is denoted by "Cgc".

The low-pass slope is determined, inter alia by the finite cut-off freé;uency

30 of the transistors of the amplifier stage. If the emitter-base capacitance of the load
transistor mainly constitutes the passive capacitive coupling, the low-pass slope is

almost completely determined by the finite cut-off frequency.
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capaci tance of approximtely 0.5 picoFarad to a: prow mate - conductor
Resaonat or 15 of the known oscillator may be, for exanple an LC circuit

provi-ded W pAN/§4 5g@p di odes, used in a UHF television tuner. Fig.06437.1994
illustrates the attenuation T(R) of the positive feedback network in the
known oscillator constituted by such a resonator 15 and coupling capacitors

C2 and C3. Resonator g RsqddH RFuRRS0 9&%nftﬁ@?éé%gﬁm%ﬁ thitlan it f3) at

whi ch the resonator has a maxi nmum | npedance and attenuation T(R) is
consequent | gesigned fat masheradiasiiore dnttheas pmwee:apawmnebmgtstrap fignal dragisfiet requires 3
are parasitic r?sonance frequencies. Fi

Fig.. 2b sho ain T f. the
anplifier stagalch powef upply Y‘ﬁﬁ’ﬁgi S 8yPREyIng Igfegamgﬁﬁ hs(%é tf9hET| oop

gai n of the,Qaeddohals @hdaf@Pwithlthe known oscxllator whxc@‘&ﬁh;ﬁ’ﬁse& 'R e BVE Bodtstrap he
known osci | ?at or may aI 0 start osm? | ating at
5 signal transfer. As the amplitude of the bootstrap signal transfer approximates the value
of one, the gain of the amplifier stage increases. However, if the amplitude of the
bootstrap signal transfe‘;:s' larger than one, the oscillator may reach an unwanted state.

The bootstrap signal transfer produces a local positive feedback loop
which comprises the load transistor. The loop gain of this positive feedback loop, in

10 which the load transistor can be considered as an emitter-follower, is approximately
equal to the amplitude of the bootstrap signal transfer. If this loop gain is larger than
one, for example driver transistor' Q1 or amplifier transistor Q2 may be turned off in
the known oscillator; the bias current from current source 11 flows completely through
Q2 and QI, respectively. Oscillation at the frequency determined by the resonator is

15 then no longer possible because the oscillation loop is interrupted, as it were.

In the known oscillator there is a risk that the loop gain in the local
positive feedback loop will become larger than one due to a spread of the characteristics
of the components. As the amplitude of the active bootstrap signal transfer at nominal

- component characteristics is smaller, there is a decreasing risk that a mass-produced
3 20 oscillator can reach an unwanted state at the expense of the gain of the amplifier stage.
In order to obtain the gain required for the desired osciilation, a load resistor having a
sufficiently large value is to be incorporated in the load signal path, for example load
resistor R2 in Fig. 1.

In a mass-produced oscillator according to the invention, having a passive

25 capacitive boc;tstrap signal transfer, the loop gain of the local positive feedback loop
remains smaller than one. The passive capacitive coupling constitutes a voltage divider
which can only attenuate the signal to be transmitted from the load signal path to the
base of the load transistor. At nominal component characteristics, the amplitude of the
bootstrap signal transfer can approximate the value of one comparatively closely to a

30  desired resonance freduency. As compared with the known oscillator, an oscillator
according to the invention requires a smaller load resistance for obtaining an amplifier

stage gain required for an oscillation. Consequently, the voltage drop across the load
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frequency f1 or f3 because the | oop gain of* the:osci IH'"at_{forf,IEde, at these
frequencies is larger than one. Mreover, the knewi osci-[l"ator fray have an
unwant ed rel axation oscillation. If resonator 15 is renmoved fromthe

oscill ator PHNw4i5T0Fig. 1, the latter wilé function as a rel axatiGn07.1994
oscillator. In this case the coupling capacitors C2 and C3 are periodically
charged and di scharged by the anplifier stage which behaves as a current

switch. |If rsedieiay béInialer ko€t RGhRLIE poWwet ippDSeoltdgatthan that for the kawhs
shown in Fig. 1, the relaxation oscillation mai/ still occur. This risk
%

not abl y exi gsaillatpeis sufBcientoior 4ke escillatemaccording foathedAvENSiOB. at t he rel axati on
oscillation frequency,l.S =Nelef |t er QFCP ; t}ﬁh% t the
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power supply voltage is conparatively | arge. nparatively |ar di rect
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considerably lower than the cut-off frequency of the transistors. Moreover, a
comparatively small passband can be obtained, within which passband the amplifier
stage has a comparatively large gain.

10 This embodiment is based on the recognition that the phase of the
bootstrap signal transfer in the previously mentioned bootstrap frequency band varies to
a comparatively large extent with such a bootstrap capacitor, due to a base resistor
between the base terminal and the physical base of the load transistor. The afore-
mentioned phase may then be substantially zero through a comparatively small

15 frequency band. In this frequency band the gain of the amplifier stage peaks, which
constitutes the passband of the amplifier stage. Above this frequency band, the
amplitude of the bootstrap signal transfer remains substantially constant but the phase
differs to a greater extent from the value of zero. Consequently, the gain of the
amplifier stage decreases with an increasing frequency, which results in a low-pass

20 edge.

As is shown in Fig. 4c, the passive capacitive coupling in this
embodiment comprises at least two signal paths: signal path "A" which comprises the
emitter-base capacitance denoted by "Cge" and signal path "B" which comprises
bootstrap capacitor 140. In signal path “B" this capacitor is arranged in series with the

25 base resistor "Rgs". Consequently, signal path "B" has a resonance frequency above
which this signal path has a mainly resistive character. This is in contrast to signal path
"A" which has a capacitive character, also for comparatively higher frequencies than the
afore-mentioned resonance frequency. Consequently, the phase of the bootstrap signal
transfer in the bootstrap frequency band may vary to a comparatively large extent. The

30 frequency at which the phase approximates the value of zero most closely and hence the

location of the passband is determined, inter alia by the bootstrap capacitor.

A further embodiment of the oscillator according to the invention is
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t he power supply voltage. To prevent saturatlon of tran5| stbr QZ» t he known
oscillator requires a conparatively high power s*uppl y vol'tage.

The difference_between avail abl e power supply voltage and the m ni néal I ){
requi red os®HNd#eY’O0power supply vol tage my be so small that the 0 994
oscill ator power supply voltage cannot be taken froma voltage stabiliser.
Cenerally, this is desired. First, an unwanted detuning of the oscillation
frequency dgbaracterizeshimtpat aff least@na\bapistibp caproiter issadpypntabley by traepas iof at her eby

reduced. Se??egger}ldy conYr%l sxggﬁ. Srthgtfocalnggrof M’ B gasnec:isofI trﬂcea amplifier stage can thereby
be adapted to the desired resonance frequency of a‘resonator tunable with a frequency
control signal. |
5 A further embodiment of the oscillator according to the invention is
characterized in that a device for DC biasing of the amplifier stage is adjustable by
means of a frequency “tontrol signal. The gain of the amplifier stage can thereby be
adapted so as to compensate for variations of the attenuation of the positive feedback
network at the desired resonance frequency upon detuning of the resonator. This
10 embodiment utilizes the fact that the gain depends on the bias current of the amplifier
transistor and the load transistor. _
A further embodiment is characterized in that the collector of the load
transistor is coupled to an output terminal of the oscillator, which collector is coupled to
a reference voltage conductor via a read resistor. A read voltage is produced by causing
15 the oscillator signal-modulated collector current of the load transistor to flow through
the afore-mentioned read resistor. The load transistor then also functions as a buffer
stage, which inhibits an unwanted influence of the oscillator by the circuits coupled to
the read resistor. An oscillator in which a read resistor is arranged between the collector
of the load transistor and the reference voltage conductor does not require a higher
} 20 power supply voltage than an oscillator without such a resistor. By incorporating a read
resistor, the collector voltage of the load transistor decreases, but the collector voltage
of the amplifier transistor remains substantially equal because the base voltage of the
load transistor is substantially not influenced thereby.

25 These and other aspects of the invention will be apparent from and
elucidated with reference to the embodiments described hereinafter.
In the drawings
Fig. 1 shows the known oscillator.
Fig. 2 shows signal transfers in the oscillation loop of the known
30 oscillator,

Fig. 3 shows signal transfers in the oscillation loop of an oscillator
according to the invention.

This Sheet Has Been R eplaced

T




3 transfer of alternating voltages in the avaifable {power ‘sappl.y vo tage
to the oscillator power supply voltage supplied-by the voltagé stabiliser.
Such-alternating voltages nmay nodul ate the oscillator in an unwanted
manner, so tPEN 14&87Qutput signal will conptise unwanted spectral 06.07.1994
conponents. ‘It is an object of the invention to provide an
oscillator of the type described in the opening paragraph, which oscillator
inhibits oscillation dafigad showmsnetsobrk moiebnioyelacidate ohe wvestiora | ower power
supply voltage than that for the kn . . .
PRTY J Falg. 5 shows an emob\ggiment of an oscillator according to the invention.
Fig. 6 shows the load impedance in the amplifier stages in the
embodiment.
S Fig. 7 shows a first modification of the embodiment of an oscillator
according to the invention.
Fig. 8 “sﬁ}J’;v_s a second modification of the embodiment of an oscillator
according to the invention.
Fig. 9 shows a third modification of the embodiment of an oscillator

10 according to the invention.

The embodiment of an oscillator according to the invention, shown in Fig.
5, will hereinafter be described to elucidate the invention. In Fig. 5 the components
which are not important for understanding the invention have been omitted, for example
15 components for DC biasing of the bases of amplifier transistors 110 and 210.
Fig. 5 shows an oscillator in which the oscillation loop comprises two
amplifier stages in a balanced or differential configuration. Amplifier transistors 110
and 210 constitute a differential pair, Resonator 100 and coupling capacitors 150, 160,
250 and 260 constitutes a differential positive feedback network. The balanced amplifier
\ 20 stages amplify a differential voltage between the bases of amplifier transistors 110 and
210 to a differential collector voltage. This differential collector voltage is fed back to
the base terminals of the amplifier transistors via the positive feedback network.
Oscillation is possible at frequencies at which the differential base voltage thus fed back
is in phase with the original differential base voltage. The loop gain in the oscillation
25 loop, the product of the gain by the balanced amplifier stages and the attenuation of the
differential positive feedback network, should then be larger than one.
The oscillator further comprises a differential output amplifier which
applies the differential oscillator signal available between the read resistors 170 and 270
to the output terminals 350 and 360. Read resistors 170 and 270 are chosen to be such
30 that the differential oscillator signal available between these resistors has a sufficiently
large amplitude without the load transistors 120 and 220 being driven into satura_tion. A

voltage drop across the read resistors of approximately 0.2 volt in an oscillator with
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oscillator is sufficient. To this iend:'t he. oscil fator
according to the invention is characterized i-n that the-Hootstrap signal
transfer is mainly determ ned by a passive capacitive coupling of the base
of t'he | oadPEHNIN4i550or to the |oad signal Path. Such a passive cap¥cdi.194
coupling conprises at |least the emtter-base capacitance of the | oad
transi stor. The invention is based on the recognition that
the anplifi efpotdrapsd tlassistoys RAEakiblesThe biffedamias ootpar amphifiendumprises the
determ ned, inter alia by the passjive capacitive coupling. Ujwant eg
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| oop at parasitic resonance frequenclies nmay theréefore be consi derably
smal | er in tifing saigel adtdthe dreqoertyrsiabilitytdse comperatively ihdependent tofi@ dircoitn
oscillator. By decreasing the ]Joop gain outside the band of desired

osci | | at i dn CPRRIEE & e PYRERIBY- 1 el axation oscillations can al so be

prevented. A rel axati g cgafist tHehoWnSSUaRtE, ke 88 SRA YafifloPtder Of

magni t ude J—
embodiment shown in Fig. 5 do not incorporate load resistors. The collectors of the

amplifier transistors 110 and 210 are connected substantially without any resistance to
the emitters of the respective load transistors 120 and 220. Consequently, the oscillator

10 according to the invention, shown in Fig. 5, is particularly suitable for low power
supply voltage operation, for example at 2.3 volt.

Referring to Fig. 5, the bootstrap signal transfer in each of the balanced
amplifier stages is determined by a bias resistor 130 or 230 and a passive capacitive
coupling between the base of the load transistor and the collector of the amplifier

15 transistor. This passive capacitive coupling comprises the internal emitter-base
capacitance of the load transistor and a bootstrap capacitor (140 or 240) arranged
between the emitter terminal and the base terminal. Since the bootstrap signal transfer is
realised without active components, the current consumption as well as the
manufacturing cost may turn out to be lower than those of the known oscillator.

! 20 The load impedance at the collectors of the amplifier transistors is very
much dependent on the frequency. At comparatively low frequencies, the passive
capacitive couplings have a very large impedance as compared with the impedance of
the bias resistors 130 and 230. The signal voltage at the bases of load transistors 120
and 220 is then substantially zero. The load impedance is then approximately equal to

25 the emitter differential resistance of transistors 120 and 220 so that the gain of the
balanced amplifier stages is approximately one.

At an increasing frequency the load impedance increases at which the gain
reaches a peak value at a frequency determined, inrer alia by the bias resistors and the
bootstrap capacitors. The (theoretical) case of the amplitude of the bootstrap signal

30 transfer becoming exactly “1" and the phase becoming "0" at the last-mentioned
frequency will hereinafter be illustrated. The signal voltage at the base of load transistor
120 (220) is then identical to the signal voltage at the collector of the amplifier
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smaller than a desired oscillation frequency determined by:the :resonator.
Figs. 3a, 3b and 3c illustrate this. Fig. 3a.shoixs the si'ghal-‘transfer T(R)
of a-practical resonator with coupling capacitors, identical to Fig. 2a.

Fi g.” 3b shovegnhet.st@nal transfer T(A' ) of i@he ot her el enents of t106.07.1994
oscillation loop in an oscillator according to the invention. Fig. 3c shows
the loop gain T(L') of the oscillation [oop of an oscillator according to
the inventi QpansAesOl W 290§.95ihtd thei?& is xﬁﬂslgﬁaldoh@ge giffez@iteqittoss ARE Yinitlir-base
frequency f2; at frequencies fl and | oop gain of the |oop transfer
will remain jenetidneof load wraspistor 120 (220), no sigmuheunreniesaniflaw thrpugh es load er

alia the fact th I eof ed in

t he. openi ng tﬁ%{q ’a?ﬁaﬂg‘%ﬂé‘?g’r n!?ﬁe(gﬁ@ tlh Agénsiglgermbfnef} nét% eprétpgebgﬁé aﬁeEu &

anpl i tude and phase Of A iphgtieioérmbodimeni Gk os¢ifla®E Show e Fagls,| fot @te in a
5 UHF television tuner, has been realised in a 5 GHz "Subilo-N" Philips IC process.

Resonator 100 was a known LC circuit provided with varicap diodes and tunable to a
frequency control s1gﬂ;11:pphed to terminal 103 and denoted in Fig. 5 by "Vtune"
between 470 and 900 MHz. In addition to the desired resonance this resonator had two
unwanted resonances, as is shown in Fig. 3a. At a desired resonance frequency f2 of
10 600 MHz the unwanted resonance frequency f1 was at approximately 300 MHz and {3
was at approximately 3 GHz. Near these resonance frequencies the resonator impedance
between the terminals 101 and 102 of the resonator 100 peaked to a local maximum
value and consequently the positive feedback network attenuation fell to a local
minimum. The loop gain in the oscillation loop consequently shéwed local maxima near
15 resonance frequencies fl, f2 and f3.

Due to the bandpass characteristic of the balanced amplifier stages, the
loop gain in the oscillation loop was larger than one near resonance frequency 2 and
simultaneously smaller than one near.the unwanted resonance frequencies f1 and f3, as
is shown in Fig. 3. Fig. 6 shows the load impedance formed by the load transistors as a

\ 20 function of the frequency at a bootstrap capacitor value of 0, 1, 1.5 and 2 picoFarad in
the oscillator described above. It will be evident from this Figure that the bandpass
characteristic of the balanced amplifier stages can be detuned by the bootstrap
capacitors. Such a detuning is also possible by means of the bias resistors 130 and 230.

The gain in the passband can be varied by means of the bias current

25 source 190. The differential pair transadmittance is substantially equal to the
conductances of the amplifier transistors which increase with an increasing bias current.
At an increasing bias current, the load impedancé decreases only to a lesser extent so
that, overall, the gain of the balanced amplifier stages increases.

Figs. 7, 8 and 9 show further embodiments making use of the foregoing.

30 Fig. 7 shows an embodiment in which the value of the bootstrap capacitors 140 and 240
depends on the frequency control signal in order to adapt the location of the passband to

the oscillation frequency.
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4 transistor converts an input voltage of the arrpllf'ler »sfagé 4-nto a
cof fecror output current, with a conversion factor to be indi-cated as

amplifier th%ﬁ&rsg‘ggz t ance. ~The gain of thzhanpl ifier stage is app(rgg?a.ﬂ’%tggl y

equal to t of this anplifier transadmttance and the |lo
| npedance at the collector of the anplifier transistor. As the anplitude of

the bootstrap signal franstel RRROLIPA SISy Hahds: Hurld Fod M hepleadhl 3
the frequency control signal. The impedance between terminals 101 and 102 at the
desired resonance frequency will not be constant in the desired oscillation frequency
range when a practical tunable resonator is used. In order to inhibit a loop gain

5 variation caused thereby, the gain of the balanced amplifier stages, which can be
influenced vig the current source 190, compensates such a variation of the resonator
impedance. It is also possible to adapt the bias current from current source 190 as a
function of the ambient temperature in order to compensate for the temperature
dependence of components.

10 In the embodiment shown in Fig. 8 collector voltages of the amplifier
transistors 110 and 210 vary to a comparatively small extent at a change of the bias
current from current source 190. This bias current is consequently controllable in a
relatively large range without the relevant oscillator reaching an unwanted state. This is
in contrast to the known oscillator shown in Fig. 1. Dependent on the value of th¢ load
15 resistor R2 and resistor R1, amplifier transistor Q2 and driver transistor Q1 may be
driven into saturation at a comparatively small increase of the bias current flowing from
current source I1.
Fig. 9 shows an embodiment in which DC biasing means 400 are coupled
to the load signal paths for removing a portion of the DC collector currents provided by
) 20 the amplifier transistors 110 and 210. Accordingly, the load transistors 120 and 220 are
biased at a lower current than said amplifier transistors. Advantageously, the load
impedance provided by the load transistors 120 and 220 can be increased without
simultaneously decreasing the transadmittance provided by the differential pair as in the
embodiment shown in figure 8. At the same current consumption a higher gain of the
25 balanced amplifier stages can be obtained than that in the embodiments previously
discussed. Moreover, the gain can be varied by adapting the portion of the DC collector
currents that is removed by DC biasing means 400, for example, by means of the
frequency control signal as shown in figure 9.
Referring to figure 5, said DC biasing means may comprise resistors, not
30 shown, between the positive supply voltage rail and the collectors of the amplifier
transistors 110 and 210, respectively. By varying the voltage at said collectors the DC

bias current of the load transistors 120 and 220 can be varied. The collector voltages
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t he val.ue of zero, this |oad inpedance i ncreases; and ?t?h,tis;t';héfgai n

I ncreases as wel |. In the known'oscil I at'or.‘the .boat strap
S|gna1 transfer is substantially frequency-independent and consequently the
gain of thePHNpl4.57@r stage is frequency- 12ndependent as wel | . |n06/d.1994

oscillator according to the invention the bootstrap signal transfer is
frequency-dependent to a considerable extent, so that the anplifier

acquires a &aﬁpmaa&m;imrmmed by applying a controll heltdgegb-tha daseslofjeadf t he
bandpass characteristic is oduced in that the bias resistor mentioned in

t he opemh nofransistays 43 aaﬁ@ZPhéorp%m% lb’a%‘é‘éﬁ"ﬂ‘??&!‘gc@ﬁ peimigals ofdhe bigte a
P st rat e SRR 130 aid 230 o BRSNS bpl MU ARMBINNE Said Foftrol dolizge o0

the anplif ithesesthﬂgmalxemﬂieﬂmdelyn theheormyud vohggepesudd) bapppliedat the baseb 3T | s t he

bi as resi_stor ntioned in the openin ar h and the.c i,tor denpot ed
by "Cler NE r FEANSSILS, Y PY"P!F/)(‘-Y gﬁag??%p‘r@&&%ls cgg Qﬁéf‘%?%eg o5HYsERLNE oad
signal pat lhStherAtandfltdr§ ShERR 108d HAGYBRCYnd, N8 ALK SEMiBHIeRart of the load

- p— -
o

signal path.
This disclosure will enable those skilled in the art to conceive many
alternative embodiments within the scope of the invention. For example, an oscillator
10 according to the invention may be provided with additional amplifier stages, be it in
balanced configuration or in series with the amplifier stage mentioned in the opening
paragraph. Like the known oscillator shown in Fig. 1, said amplifier stage may be
coupled to a driver transistor whose base is coupled to the resonator and whose emitter
is coupled to the emitter of the amplifier transistor of said amplifier stage. A load signal
15 path in the oscillator according to the invention may also comprise load resistors or
other components, which is not the éase in the embodiments shown in Figs. 5, 7, 8 and
9.
It is not necessary that an oscillation signal generated in the oscillator is
read in the manner as shown in Figs. 5, 7, 8 and 9. For example a differential amplifier
fi 20 may read the oscillation signal by coupling a first and a second input thereof to the base
terminals of amplifier transistor 110 and amplifier transistor 210, respectively, or to
other symmetrical points in the oscillation loop. In this alternative embodiment the
collectors of load transistors 120 and 220 may be connected directly to the power
supply terminal so that read resistors 170 and 270 are dispensed with. Said differential
25 amplifier may comprise, for example, two balanced amplifier stages similar to those of
the oscillator shown in fig. 5.

The passive capacitive cdupling in the oscillator according to the invention
can be realised in numerous different ways. For example, in the oscillator shown in
figure 5 a further resistor can be inserted between the base terminal of transistor 120
and the common node of resistor 130 and bootstrap capacitor 140, together with an
additional bootstrap capacitor across the base-emitter terminals of transistor 120. The

same holds for transistor 220. Such a coupling then comprises three capacitive signal
SRR

30
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of the ‘bootstrap signal transfer across the ;jas_?si-’vé @épé_icﬁ ‘t-ir\}é,;‘coupl I ng
decreases and consequently the gain of the anplifier stage <-ncreases.

The passb f e anplifier stage is lpcated in a bootstrap fr

band at mﬁﬂﬁﬂqﬁrﬂ npedance of the coll eg{;or-base capaci tance ofgé!ﬂzq%%d
transi stor approxi mates the i npedance of the afore-nentioned bias resistor.
In the bootstrap freguency band the attenuation across the passive

capaci t i veathspem e load signal path; tg) the basecfudRdgad Harsierd ORe Viththe emitter-
conparat i ThiS,i ' | S

mai nly de;f)g%ér/ncaﬁ%g%%fe’t E'}aég{fl gar Q?&ngﬁﬁlégélgga%gﬁf’i%{i%&%g@e% Lceac%g%:gﬁ éﬁéa and the
passi ve czppavitor.VR is hlgo possitslend ian@ngda absijior i beries avitt 2 bobdstrap capeior, iore
voltage divider as is shown in Fig. 4b in which the collector-base

capaci t and® RN AR CEER BIPactpp ppteen the base and the colggior| ¢fia 1oad dragsisior i s

et e SEC) 7L Johe iy ) gl e MOREI R DR

transi st orD@uwiasl qandensinirbiled se¢dropass derived fearn tthey frequanpy icogtrol $igndl ow- pass

slope is applied to the resonator.”If the oscillation frequency is adjustable by means of a

synthesizer circuit, the data for the frequency adjustment applied thereto may

alternatively be used for adapting the bootstrap capacitance or the bias currents of the

10 oscillator. This modification of the embodiment is notably interesting when the

oscillator and the synthesizer circuit can be jointly arranged on one integrated circuit.
Finally it is to be noted that the bipolar transistors shown in the

embodiments can be replaced by field effect transistors, in which emitter, collector and
base terminals correspond to source, drain and gate terminals, respectively. Although

15 the transistors shown in the Figures are of the NPN type, it is possible to use bipolar
PNP transistors or P-channel field effect transistors. When a field effect load transistor
is used, it is preferable to arrange a resistor between the gate terminal and a bootstrap
capacitor so as to obtain the previously described effect caused by the base resistance of
a load transistor.

i 20 In summary, what has been proposed is an oscillator which inhibits
unwanted oscillations and requires a comparatively small power supply voltage. The
oscillator comprises an amplifier transistor 110 (220), an outpﬁt current of which flows
into the emitter of a load transistor 120 (220) vie a load signal path. The amplifier stage
acquires a bandpass characteristic by means of a passive capacitive bootstrap signal

25 transfer from this signal path to the base of the load transistor. The oscillator thus
preferably oscillates within the passband of the amplifier stage. The amplifier stage has
a comparatively large gain within the passband, even without a load resistor in the load

signal path. Such a load resistor would cause a voltage drop and, hence, increase the
required power supply voltage.
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The invention is further based oh the recognition that an
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Claims:
This Sheet Has Been Replaced
1. An oscillator including a resonator which is coupled to an amplifier stage

comprising an amplifier transistor and a load transistor, a load signal path from a
collector of the amplifier transistor to an emitter of the load transistor, to which load
signal path the resonator is coupled, and a bootstrap signal transfer from the load signal
path to the base of the load transistor, which base is coupled to a reference voltage
conductor vig a bias resistor, characterized in that the bootstrap signal transfer is mainly
determined by a passive capacitive coupling of the base of the load transistor to the load
signal path.

2, An oscillator as claimed in Claim 1, characterized in that a bootstrap
capacitor is arranged between the base terminal and the emitter terminal of the load
transistor.

3. An oscillator as claimed in Claim 2, characterized in that at least one
bootstrap capacitor is adjustable by means of a frequency control signal.

4, An oscillator as claim;d in Claim 1, 2 or 3, characterized in that a device
for DC biasing of the amplifier stage is adjustable by means of a frequency control
signal,

5. An oscillator as claimed in Claim 1, 2 or 3, characterized in that DC
biasing means are coupled to the load signal path for removing a poi'tion of the DC
collector current of the amplifier transistor such as to bias the load transistor at a lower
current than the amplifier transistor.

6. An oscillator as claimed in any one of the preceding Claims, characterized
in that the collector of the load transistor is coupled to a reference voltage conductor via
a read resistor and is further coupled to an output terminal of the oscillator.

7. An oscillator as claimed in any one of the preceding Claims, characterized
in that it comprises two amplifier stages arranged in a balanced configuration, the

emitters of the amplifier transistors being interconnected such that said amplifiers
transistors constitute a differential pair.
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a smal | er power supply vol tage for supplying the a'rrpflfl-el’ 5% agé gain
required for an oscillation as conpared with t e kriown ‘osciliator which
conprises an active bootstrap signal transfer., As the anplitude of the
bootstrap si grBHNtia3& er approxi mates the vl ue of one, the gain of 06.88.1994
anplifier stage increases. However, if the anplitude of the bootstrap

si gnal transfer is larger than one, the oscillator may reach an unwanted

st at e. The\rbmplsﬁerraq@gg QpmRATisingaans a@phﬁmmmoxaand)c &ad

of "thi & posi t ac% Gl ] Do T A APl s B, |8 o of

consi dered as tpeR@l t}irﬁfstérohh@\ﬂﬂiootstrﬁ? @@%Pii-hméxefrﬁmembl%ad Siphd1 a8 thewdse
of the bootstrap signal transfer p gain is larger than one, for

exanpl e dri veroftthalr@dmmtgx which hpsei rmcenp!ted amsu refasenagpvaliage lgendugiarada aftfias

compl ot oy EnABUURH QB aEiee e 1 Siandti bGThges REMSS A MR sbermicbiha e

det ermi ned by paléve egpRivecolipliigeNtha®akd B e 1088 SHahtistoP & iesiead Bignal path.
oscillation loop is i nterrupt_,ed as it were.
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In the known oscillator there is a risk that theoop gainin thé-local
positive feedback |oop will beconme |arger than orie due to a spread of the
characteri st f,}he conponents. As the anplitude of the active bootstrap
si gnal tranﬁ!‘ﬁ lgts Qomi nal conponent chara&eristics is smaller, tHPE1P4 4
decreasing risk that a mass-produced oscillator can reach an unwanted state
at the expense of the gain of the anplifier stage. In order to obtain the
gai n requir&siagt: t he desired oscillation, a |oad resistor having a
sufficientlﬁklﬁﬁ&) value is to be incorporated in the |oad signal path, for
exanpl e | oa Fe€Ctor R2 in Fig. 1. In a mass- produced
oscillator according to the invention, having a passive capacitive
bootstrap signal transfer, the | oop gain of the |ocal positive feedback

| oop remains small er than one. The passive capacitive coupling constitutes
a vol tagesdi vider which can only attenuate the signal to be transmtted
fromthe Foad signal path to the base of the load transistor. At nom na
conponent charact er i sincascillatie valiiph idhibles @iwaéd oscillations and requires a

comparatively small-p6Wer supply voltage is described. The oscillator comprises an
amplifier transistor 110 (220), an output current of which flows into the emitter of a
load transistor 120 (220) via a load signal path. The amplifier stage acquires a bandpass
5 characteristic by means of a passive capacitive bootstrap signal transfer from this signal

path to the base of the load transistor. The oscillator thus preferably oscillates within the
passband of the amplifier stage. The amplifier stage has a comparatively large gain
within the passband even without a load resistor in the load signal vath. Such a load
resistor would cause a voltage drop and, hence, increase the required power supply

10 voltage.

Fig. 5.
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bootstrap signal transfer can approxi mate the val ue-pof.’one Conparatlvely C]
closely to a desired resonance frequency. As conpased Wi t-he t he - knowns -

oscillator, an oscillator according to the invention reqU|res a snﬁrlef

| oad resistance for obtaining an anplifier stage gain required for an ~
oscillation. Consequently, the voltage drop across the | oad
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resistor

may be smaller so that a smaller pomer suppl y. volfage Lhaﬁ that'

for the known oscillator is sufficient for the oscil[fator accordvng {or:the

i nventi on

An enbodi nent of the oscilator according to the

inveation is further characterized in that a bootstrap capacitor is

arranged between the base term nal
Consequently, the Iom#pass&?ﬁ
of the anplifier st?ge may extend througy

transi stor.

and the emtter termnal of the |oad-

e of the bandpass characteristic

frequenci es which are
consi der abl y T{8Wer lttham the—cut=off—fTequency-of"The transi stors. Moreover,
a conparativelly smal|/l passband can be obtai ned, wi thin which passband the
anplifier stage hasfa conparatively large gain. . Thi s
enbodi ment i s based|on thhe recognifjion that the phase of the bootstrap
signal transfer in tijhe pRevi ously nti oned boogfstrap frequency band varies
to a conparatively Iargelextent wif\h such a boofpstrap capacitor, due to a
base resistor 1 { |
| } |
I | |
l ! }
| | |
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i | |
| | o)
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bet ween the base term na

and t he physi cal

base of - the | odd t'ransi'Stor.

af ore- nentioned phase may then be substantially zefo: through ar
In this frequency ‘band*t he galﬁ of t he

conparatively small

frequency band.

anplifier stage peaks,

st age.
transfer
extent fromthe va
st age decreaseS\Mﬂ

edge.

inthis enbo Lent
whi ch conprlsEs t he
path "B" which cony
capacitor is arrang
Consequent |y, signa

T(A)

T(L)
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re r("'

whi ch constitutes the passband of the anplifier
t he anplitude of the bootstrap signa

t er - base

bootstra

series
ha

Above this frequency band,
remai ns substantially const agt ?

ue of zero.

h—-ah-iHereastprg—H-eqguency Wi ch results in a | ow pass

t he passive capacitive coupling

path "A"

Conseque

As is shown in Fig. 4c,

conpyrises at | east two signa

ly,

ut the phase differs to a greater

the gain of the anplifier
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whi ch this signal path has a mainly resistive character. Thi's.is in*.:
coritrast to signal path "A" which has a capacitive:cHharactér, "aliso’ f@r -
conparatively higher frequencies than the aforenentioned réesonance °¢
frequency. Consequently, the phase of the bootstrap signal transfer in the
boot strap frequency band may vary to a conparatively |arge extent. The
frequency at which the phase approxinatgzgthe val ue of zero nost closely
and hence the | ocation of the passband determ ned, inter alia by the

boot strap capacitor. Ai further enbodi ment of the oscillator
according to the invention is
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7 characterized in that at |east one boot strap capaC|tor .S adjustable by
means” of &g frequency control signal. The location of ‘tte passband of fhe

lllll

anpl.ifier stage can thereby be adapted to the desired resonanca'ﬁrequency

of a. resonator tunable with a frequency control signal. A
further epbodi ment of the oscillator according to the invention is
characterized in that a device for DC hiasging of the anplifier stage is
adj ust ablle by neans of a frequency cont signal. The gain of the

anplifier; stage can thereby be adapted so as to conpensate for variations
of the attenuation of the positive feedback network at the desired
resonance frequency upon detuning of the resonator. This enbodi nent
utilizes!the fact that the gain depends on the hi,as current of the
anmplifier
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transi stor d the |l oad transistor. A further enbodinent is
characterizgd in that the collector of the |oad tranS|'stor'|s c0upr,l ed:to an
output ternifnal of the oscillator, which collector-js goupled tora - """
reference vgltage conductor via a read resistor. A ‘read vol tage is produced
by causing fhe oscillator signal-nodul ated collector current of the | oad
transistor to flow through the afore- rr%flgoned read resistor. The | oad

transi stor jthen al so functions as a bu stage, which inhibits an

unwant ed i nfluence of the oscillator by the circuits coupled to the read
resistor. An oscillator in which a read resistor is arranged between the
collector pf the load transistor and the reference voltage conductor does
not requirfe a higher power supply voltage than an oscillator w thout such a
resistor. (By incorporating a read resistor, the collector voltage of the

| oad trangi stor decreases, but the collector voltage of the anplifier

transi stof remains substantially equal because the base voltage of the | oad
transistof is substantially not influenced thereby. o
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These and ot her aspects of the invention will be apparent fromand,, .

el uci‘dated with reference to the enbodi nents descr [ bed’}he;rei nafter?
Fig. 1 shows the known‘osgilFatorl: - ''¢

In the draw ngs
Fig..2 shows signal transfers in the oscillation | oop of the known
oscillator/ Fig. 3 shows signal transfers in the oscillation
| oop of an/oscillator according to the ﬁqention.
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8 - Fig. 4 shows network nodels to el ucidate . the- |nv,en110n
Fig. -5 ghows an enbodi nent of an oscillator accor di ng to:the: i-ayentd on.
Fig. 6 $hows the | oad i npedance in the anplifier stages-in  the- embodi rrent
Fig.. 7 ghows a first nodification of the enbodi nent of an oscill ator
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nodi fffcati on

Fig.
accor.
accor
to el
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shows
ing to
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ant for understanding the inve
nents for DC biasing of the bases of anplifier transistors 110 and

conpr

Anplifler transi stors 110

the invention. Fig. 8-shows a.rsecond .
of the enbodi nent of an oscill ator accordlﬂg-{o therrﬂventlon
a third nodification of the enbodirnent -of an- osci [l ator -
the invention. The enbodi nent of an oscillator
the invention, shown in Fig. 5 wll hereinafter be described
the invention. In Fig. ﬁg}%e conponents which are not

n have been onitted, for exanple

Fig. 5 shows an oscillator in which the oscillation |oop

ses two anplifier stages in a balanced or differential configuration.
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, .
.and 210 constitute a differential pair. Resonator 100 and coupli ’ngo gf}’y

capacitors 150, 160, 250 and 260 constitutes a differenti al

p03| ive

Po<

f eedback network. The bal anced anplifier stages anmplify
vol t age between the bases of amplifier trdnsistors 110 g
differential collector voltage. This differential colleqg
back to the base termnals of the anplifier transistors
f eedback n‘i?s\égfalfor.@(:i | lation is possible at frequenci es
differential base voltage thus fed back is in phase wth
differential base voltage. The loop gain in the oscilla

35 nt
=} UIIICI\,lu:a

nSREBLACEMENT SHEET

VUl Lagc =S

fed

1’ ] Bem;ggvve

the-orTgrmat
i on | oop, the

product of the gain by the balanced anplifier stages and {hé attremuatton—o

f

the differential positive feedback network, should then be |arger than one.
The oscillator further conprises a differential output anplifier which
applies the differential oscillator signal avail able between the read

resistors 170 and 270 to the output termnals 350 and 360. Read resistors

170 and 270 are choseﬁ, vé)n% %gﬁt%qgtagtégyg#%rlgﬁﬁfﬁ&haal reSGtdd Fhith is1 gnal

avai | abl e bet ween thes eS|s ors

coupled to an amplifier stage comprising an amplifier transistor and a load transistor, a

load signal path from a collector of the amplifier transistor to an emitter of the load

transistor, to which load signal path the resonator is coupled, and a bootstrap signal

transfer from the load signal path to the base of the load transistor, which base is

coupled to a reference voltage conductor via a bias resistor.

An oscillator of this type is known per se from Japanese Patent

publication Kokai 2-21708. Fig. 1 shows the known oscillator. An amplifier stage of the

type described in the opening paragraph comprises Q2 as an amplifier transistor and QS

as a load transistor. The base of the load transistor Q5 is coupled to the positive power

supply voltage via bias resistor R7. The load signal path from the collector of Q2 to the

emitter of Q5 comprises a load resistor R2. Resonator 15 is coupled to the load signal

path. The bootstrap signal transfer from the load signal path to the base of Q5 (point

17) is effected from the collector of Q2 (point 11) and proceeds via transistor Q4,

emitter resistors R6 and RS and transistor Q3 which constitute a differential stage.

Together with transistor Q5 and load resistor R2, this differential stage constitutes a

local positive feedback loop. Resonator 15, coupling capacitors C2 and C3, driver

transistor Q1 and the amplifier stage form part of an oscillation loop.

The known oscillator can start oscillating at a frequency determined by the

resonator. To this end, the amplifier stage is to compensate for the signal losses which

occur in the resonator 15 and the coupling capacitors C2 and C3 so that the loop gain in

the oscillation loop is larger than one.

A practical resonator generally has different resonance frequencies, for

example, because the elements of the resonator comprise unwanted reactances such as a

self- inductance caused by the connection terminals in a capacitor, or, for example as a

result of inductive and capacitive couplings between two different conductors. An



| arge anplitude without the load transistors 120 and 226—bet+rg—drver—tat

sat uration.

volt in an oscillator with
9 bi pol ar
conprises the

—

A vol tage drop across the read resistars of{ RhPLACEMENTEISHEBT 2

load transistors is feasible. TRe differentli a QlﬂtWR mli.fi

illustrative example is a soldering point on a conductor cons}ituting a capacitance of

approximately 0.5 picoFarad to a proximate conductor.

Resonator 15 of the known oscillator may be, for example an LC circuit
provided with varicap diodes, used in a UHF television tuner. Fig. 2a illustrates the -
attenuation T(R) of the positive feedback network in the known oscillator constituted by
such a resonator 15 and coupling capacitors C2 and C3. Resonator 15 has three
resonance frequencieas?ﬁ-,hﬁ and f3) at which the resonator has a maximum impedance
and the attenuation T(R) is consequently minimal. The desired resonance frequency is

f2, and f1 and f3 are parasitic resonance frequencies. Fig. 2b shows the gain T(A) of

- the amplifier stage with driver transistor Ql. Fig. 2c shows the resultant loop gain of

the oscillation loop T(L).

Outside frequency 2, the known oscillator may also start oscillating at
frequency fl1 or f3 because the loop gain of the oscillation loop at these frequencies is
larger than one. Moreover, the known oscillator may have an unwanted relaxation
oscillation. If resonator 15 is removed from the oscillator shown in Fig. 1,_the latter
will function as a relaxation oscillator. In this case the coupling capacitors C2 and C3
are periodically charged and discharged by the amplifier stage which behaves as a
current switch. If resonator 15 is incorporated in the oscillator circuit, as is shown in
Fig. 1, the relaxation oscillation may still occur. This risk notably exists when the loop
gain in the oscillation loop at the relaxation oscillation frequency is approximately equal
to or larger than that at the desired resonance frequency.

In the known oscillator the voltage difference between the collector of
amplifier transistor Q2 and the power supply voltage is comparatively large.
Comparatively large direct currents flow through the load resistor R2 in the load signal
path as well as through the bias resistor R7 which couples the base of transistor Q5 to
the power supply voltage. To prevent saturation of transistor Q2, the known oscillator
requires a comparatively high power supply voltage.

The difference between available power supply voltage and the minimally
required oscillator power supply voltage may be so small that the oscillator power
supply voltége cannot be taken from a voltage stabiliser. Generally, this is desired.
First, an unwanted detuning of the oscillation frequency due to a change of the available

‘power supply voltage is thereby reduced. Secondly, a voltage stabiliser suppresses the



-

transi stors 310 and 320 arranged as an emtter-follower ‘
and 340. Also due to the buffer effect of the |oad transi sﬁEPhA(%EMENTuéHEET
differential output amplifier, the tuning range and the fjre Mt y.
are conparatively independent of a circuit 3coupled to thdg o tpat Mg mgyalls.
In contrast to the known oscillator, the | oad signal patHs pf the

enbodi nrent shown in Fig. 5 do not incorporate | oad resi stior 57 THE

col I ectors dfansfee of rgbteitfatiag vbtcagbsiiatthnr svaitablwpnjvﬂmpphyevaftagn@Q:tlmdoscdlator

substantially w t hout an reS| ceto ter e T'Ees i ve Toa
transistors SHRPLY )'I the VP Lfeét gPahéltéWﬁﬁ‘ 9&%‘%5‘”
invention, shofiatk 'lhé:bﬁbﬂléor ir§ aP Bhivhcted f?x'iin&ﬁexs Wottakt e foREput %;gfnapmr

vol tage operation, for exanple at 2.3 vol eferring to Fig.
5, the boot sinwantesi speatiralt compoinentsi n each of t he bal anced anplifier stages
I's determ ned by a bias resistor 130 or 230 and a passive capacitive
coupling between the base of the | oad transistor and the collector of the

anplifier It is an object of the invention to provide an oscillator of the type

described in the opening paragraph, which oscillator inhibits oscillation at an unwanted
frequency and for which a lower power éupply voltage than that for the known
oscillator is sufficient.

To this end the oscillator according to the invention is characterized in
that the bootstrap signal transfer is mainly determined by a passive capacitive coupling
of the base of the load transistor to the load signal path. Such a passive capacitive
coupling comprises at least the emitter-base capacitance of the load transistor.

The invention is based on the recognition that the amplifier stage thereby
acquires a bandpass character which is determined, inter alia by the passive capacitive
coupling. Unwanted oscillations are inhibited by adjusting the passband of the amplifier
stage near the desired oscillation frequency. The loop gain of the oscillation loop at

" parasitic resonance frequencies may therefore be considerably smaller in the oscillator
according to the invention than in. the known oscillator. By decreasing the loop gain
outside the band of desired oscillation frequencies, unwanted relaxation oscillations can
also be prevented. A relaxation oscillation frequency is generally an order of magnitude
smaller than a desired oscillation frequency determined by the resonator.

Figs. 3a, 3b and 3c illustrate this. Fig. 3a shows the signal transfer T(R)
of a practical resonator with coupling capacitors, identical to Fig. 2a. Fig. 3b shows the
signal transfer T(A’) of the other elements of the oscillation loop in an oscillator
according to the invention. Fig. 3c shows the loop gain T(L') of the oscillation loop of
an oscillator according to the invention. According to Fig. 3c, an oscillation can only
occur at frequenéy f2; at frequencies f1 and f3 the loop gain of the loop transfer will
remain smaller than one. | .

The invention utilizes, inter alia the fact that the gain of an amplifier
stage of the type described in the opening paragraph is determined to a considerable

extent by the amplitude and phase of the bootstrap signal transfer. The amplifier
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frequency-independent and consequently the gain of the amplifier stage is frequency-
independent as well. In the oscillator according to the invention the bootstrap signal
transfer is frequency-dependent to a considerable extent, so that.the amplifier acquires a
bandpass character.

The high-pass slope of the bandpass characteristic is produced in that the
bias resistor mentioned in the opening paragraph and the passive capacitive coupling
constitute a passive high-pass filter at comparatively low frequencies. Fig. 4a illustrates
this, in which Figure transistor 120 is the load transistor of the amplifier stage
mentioned in the opening paragraph, resistor- 130 is the bias resistor mentioned in the
opening paragraph and the capacitor denoted by "C," ensures the capacitive bootstrap
signal transfer from the load signal path 180. At an increasing frequency the attenuation
of the bootstrap signal transfer across the passive capacitive coupling decreases and
consequently the gain of the amplifier stage increases.

The passband of the amplifier stage is located in a bootstrap frequency
band at which the impedance of the collector-base capacitance of the load transistor
approximates the impedance of the afore-mentioned bias resistor. In the bootstrap
frequency band the attenuation across the passive capacitive coupling is substantially
frequency-independent and comparatively small. This is because the bootstrap signal
transfer is mainly determined by the afore-mentioned collector-base capaéitance and the
passive capacitive signal coupling which jointly constitute a capacitive voltage divider as
is shown in Fig. 4b in which the collector-base capacitance is denoted by "Cgc".

The low-pass slope is determined, inter alia by the finite cut-off frequency
of the transistors of the amplifier stage. If the emitter-base capacitance of the load
transistor mainly constitutes the passive capacitive coupling, the low-pass slope is

almost completely determined by the finite cut-off frequency.
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The invention is further based on the recoghition ithat-an.oscillator |
designed for mass production with a passive capacitive bootstrap signal transfer requires
a smaller power supply voltage for supplying the amplifier stage gain required for an
oscillation as compared with the known oscillator which comprises an active bootstrap
signal transfer. As the amplitude of the bootstrap signal transfer approximates the value
of one, the gain of the amplifier stage increases. However, if the amplitude of the
bootstrap signal tmns'f‘e‘;’g; larger than one, the oscillator may reach an unwanted state.

The bootstrap signal transfer produces a local positive feedback loop
which comprises the load transistor. The loop gain of this positive feedback loop, in
which the load transistor can be considered as an emitter-follower, is approximately
equal to the amplitude of the bootstrap signal transfer. If this loop gain is larger than
one, for example driver transistor Q1 or amplifier transistor Q2 may be turned off in
the known oscillator; the bias current from current source I1 flows completely through
Q2 and Q1, respectively. Oscillation at the frequency determined by the resonator is
then no longer possible because the oscillation loop is interrupted, as it were.

* In the known oscillator there is a risk that the loop gain in the local
positive feedback loop will become larger than one due to a spread of the characteristics
of the components. As the amplitude of the active bootstrap signal transfer at nominal
component characteristics is smaller, there is a decreasing risk that a mass-produced
oscillator can reach an unwanted state at the expense of the gain of the amplifier stage.
In order to obtain the gain required for the desired oscillation, a load resistor having a
sufficiently large value is to be incorporated in the load signal path, for example load
resistor R2 in Fig. 1.

In a mass-produced oscillator according to the invention, having a passive
capacitive bootstrap signal transfer, the loop gain of the local positive feedback loop
remains smaller than one. The passive capacitive coupling constitutes a voltage divider

which can only attenuate the signal to be transmitted from the load signal path to the

. base of the load transistor. At nominal component characteristics, the amplitude of the

bootstrap signal transfer can approximate the value of one comparatively closely to a
desired resonance frequency. As compared with the known oscillator, an-oscillator
according to the invention requires a smaller load resistance for obtaining an amplifier

Stage gain required for an oscillation. Consequently, the voltage drop across the load
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characteristic of the amplifier stage may extend through frequencies which are
considerably lower thﬁr;—t}Te- cut-off frequency of the transistors. Moreover, a
comparatively small passband can be obtained, within which passband the amplifier
stage has a comparatively large gain.

This embodiment is based on the recognition that the phase of the
bootstrap signal transfer in the previously mentioned bootstrap frequency band varies to
a comparatively large extent with such a bootstrap capacitor, due to a base resistor
between the base terminal and the physical base of the load transistor. The afore-
mentioned phase may then be substantially zero through a comparatively small
frequency band. In this frequency band the gain of the amplifier stage peaks, which
constitutes the passband of the amplifier stage. Above this frequency band, the
amplitude of the bootstrap signal transfer remains substantially constant but the phase
differs to a greater extent from the value of zero. Consequently, the gain of the
amplifier stage decreases with an increasing frequency, which results in a low-pass
edge.

As is shown in Fig. 4c, the passive capacitive coupling in this
embodiment comprises at least two signal paths: signal path “A" which comprises the -
emitter-base capacitance denoted by “Cye" and signal path "B" which comprises |
bootstrap capacitor 140. In signal path "B" this capacitor is arranged in series with the
base resistor "Ryp". Consequently, signal path "B" has a resonance frequency above
which this signal path has a mainly resistive character. This is in contrast to signal path
"A" which has a capacitive character, also for comparatively higher frequencies than the
afore-mentioned resonance frequency. Consequently, the phase of the bootstrap signal
transfer in the bootstrap frequency band may vary to'a comparatively large extent. The
frequency at which the phase approximates the value of zero most closely and hence the
location of the passband is determined, incer alia by the bootstrap capacitor.

A further embodiment of the oscillator according to the invention is



-

between the termnals 101 and 102 of the resonator 100 peaked to a | ocal
maXi mum val ue and consequently the positive feedback netwpk—at-t-eruation—
fell to a local minimum The loop gain in the oscillation]l RERLADEMEATUSHEET
showed | ocal naxima near resonance frequenc7es fl, f2 andjf 3
Due to the bandpass characteristic of the balanced anplifije g
bresﬁgaﬁ@g Bg?
&

| oop gain in the oscillation I oop was |arger than one neal
frequency f 2charactsrizad inathatoatdesst onebbetstragh aapagiter iscsdjustapds

resonance frequencies fl. and . f s i.s shown in Fi,g.. 3. Fiig. 6 shows the
| oad i rrpedan?1'3‘1\“?5‘:"'9‘%"8“559I yigeal; gﬁﬁ%‘?ﬁﬂ% PE I%Eﬁ gasgganggqfdﬁggmﬁﬁ&%m_&s@x_
frequency at pa 88065 td R deshed 'résahaﬂé_elfk&lgeﬁcﬁ@r d resbn@to ifhaBleP R Nt dfhendy
the oscillator described above. It will be évident fromthis Figure that

t he bandpasscemealsignal.i stic of the bal anced anplifier stages can be detuned
by the bootstrap capacitors. Such.a d ing I siQle: s of
the bias resistors 130Aaﬁ8?'.§r36m8°dlmen%y&e o%m'll%?g ag(g?rﬁﬁ%ntot’hg 1%&\%@% can
be varied bychaaserigdd inhatd devies/ f6r€DC biasing of the amplifier stage is adjustable by

means of a frequency Tontrol signal. The gain of the amplifier stage can thereby be

adapted so as to compensate for variations of the attenuation of the positive feedback
network at the desired resonance frequency upon detuning of the resonator. This
embodiment utilizes the fact that the gain depends on the bias current of the amplifier
transistor and the load transistor.

A further embodiment is characterized in that the collector of the load
transistor is coupled to an output terminal of the oscillator, which collector is coupled to
a reference voltage conductor via a read resistor. A read voltage is produced by causing
the oscillator signal-modulated collector current of the load transistor to flow through
the afore-mentioned read resistor. The load transistor then also functions as a buffer
stage, which inhibits an unwanted influence of the oscillator by the circuits coupled to
the read resistor. An oscillator in which a read resistor is arranged between the collector
of the load transistor and the reference voltage conductor does not require a higher
power supply voltage than an oscillator without such a resistor. By incorporating a read
resistor, the collector voltage of the load transistor decreases, but the collector voltage
of the amplifier transistor remains substantially equal because the base voltage of the
load transistor is substantially not influenced thereby.

These and other aspects of the invention will be apparent from and
elucidated with reference to the embodiments described hereinafter.

In the drawings

Fig. 1 shows the known oscillator.

Fig. 2 shows signal transfers in the oscillation loop of the known

osciilator.

Fig. 3 shows signal transfers in the oscillation loop of an oscillator
according to the invention.
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i ncreasing bias current. At an increasing bias current, the{l §ad 1 npedance
decreases only to a | esser extent so that, dverall, the gai h ¢f (heMAR 1997
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Fig. 6 shows the load impedance in the amplifier stages in the
embodiment.

Fig. 7 shows a first modification of the embodiment of an oscillator
according to the invention.

Fig. 8 Shows a second modification of the embodiment of an oscillator
according to the invention.

Fig. 9 shows a third modification of the embodiment of an oscillator

according to the invention.

The embodiment of an oscillator according to the invention, shown in Fig.
5, will hereinafter be described to elucidate the invention. In Fig. 5 the components
which are not important for understanding the invention have been omitted, for example
components for DC biasing of the bases of amplifier transistors 110 and 210.

Fig. 5 shows an oscillator in which the oscillation loop comprises two
amplifier stages in a balanced or differential configuration. Amplifier transistors 110
and 210 constitute a differential pair, Resonator 100 and coupling capacitors 150, 160,
250 and 260 constitutes a differential positive feedback network. The balanced amplifier
stages amplify a differential voltage between the bases of amplifier transistors 110 and
210 to a differential collector voltage. This differential collector voltage is fed back to
the base terminals of the amplifier transistors via the positive feedback network.
Oscillation is possible at frequencies at which the differential base voltage thus fed back
is in phase with the original differential base voltage. The loop gain in the oscillation
loop, the product of the gain by the balanced amplifier stages and the attenuation of the
differential positive feedback network, should then be larger than one.

The oscillator further comprises a differential output amplifier which
applies the differential oscillator signal available between the read resistors 170 and 270
to the output terminals 350 and 360. Read resistors 170 and 270 are chosen to be such
that the differentié.l oscillator signal available between these resistors has a sufficiently
large amplitude without the load transistors 120 and 220 being driven into saturation. A

voltage drop across the read resistors of approximately 0.2 volt in an oscillator with
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tuning range and the frequency stability are comparatively independent of a circuit
coupled to the output terminals.

In contrast to the known oscillator, the load signal paths of the
embodiment shown in F;;- 5 do not incorporate load resistors. The collectors of the
amplifier transistors 110 and 210 are connected substantially without any resistance to
the emitters of the respective load transistors 120 and 220. Consequently, the oscillator
according to the invention, shown in Fig. 3, is particularly suitable for low power
supply voltage operation, for example at 2.3 volt.

Referring to Fig. 5, the bootstrap signal transfer in each of the balanced
amplifier stages 1s determined by a bias resistor 130 or 230 and a passive capacitive
coupling between the base of the load transistor and the collector of the amplifier
transistor. This passive capacitive coupling comprises the internal emitter-base
capacitance of the load transistor and a bootstrap capacitor (140 or 240) arranged
between the emitter terminal and the base terminal. Since the bootstrap signal transfer is
realised without active components, the current consumption as well as the
manufacturing cost may turn out to be lower than those of the known oscillator.

The load impedance at the collectors of the amplifier transistors is very
much dependent on the frequency. At comparatively-low frequencies, the passive
capacitive couplings have a very large impedance as compared with the impedance of
the bias resistors 130 and 230. The signal voltage at the bases of load transistors 120
and 220 is then substantially zero. The load impedance is then approximately equal to
the emitter differential resistance of transistors 120 and 220 so that the gain of the
balanced amplifier stages is approximately one.

At an increasing frequency the load impedance increases at which the gain
reaches a peak value at a frequency determined, inrer alia by the bias resistoés and the
bootstrap capacitors. The (theoretical) case of the amplitude of the bootstrap signal
transfer becoming exactly "1* and the phase becoming "0 at the last-mentioned
frequency will hereinafter be illustrated. The signal voltage at the base of load transistor
120 (220) is then identical to the signal voltage at the collector of the amplifier
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frequency control sxgnal applied to terminal 103 and denoted in Fig. S by "Vtune"
between 470 and 900 MHz. In addition to the desired resonance this resonator had two

unwanted resonances, as is shown in Fig. 3a. At a desired resonance frequency f2 of
600 MHz the unwanted resonance frequency fl was at approximately 300 MHz and 3
was at approximately 3 GHz. Near these resonance frequencies the resonator impedance
between the terminals 101 and 102 of the resonator 100 peaked to a local maximum
value and consequently the positive feedback network attenuation fell to a local
minimum. The loop gain in the oscillation loop consequently showed local maxima near
resonance frequencies fl, f2 and 3.

Due to the bandpass characteristic of the balanced amplifier stages, the
160p gain in the oscillation loop was larger than one near resonance frequency f2 and
simultaneously smaller than one near the unwanted resonance frequencies f1 and f3, as
is shown in Fig. 3. Fig. 6 shows the load impedance formed by the load transistors as a
function of the frequency at a bootstrap capacitor value of 0, 1, 1.5 and 2 picoFarad in
the oscillator described above. It will be evident from this Figure that the bandpass
characteristic of the balanced amplifier stages can be detuned by the bootstrap
capacitors. Such a detuning is also possible by means of the bias resistors 130 and 230.

The gain in the passband can be varied by means of the bias current
source 190. The differential pair transadmittance is substantially equal to the
conductances of the amplifier transistors which increase with an increasing bias current.
At an ilicreasing bias current, the load impedance decreases only to a lesser extent so
that, overall, the gain of the balanced amplifier stages increases.

Figs. 7, 8 and 9 show further embodiments making use of the foregoing.
Fig. 7 shows an embodiment in which the value of the bootstrap capacitors 140 and 240
depends on the frequency control signal in order to adapt the location of the passband to

the oscillation frequency.
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variation caused thereby, the gain of the balanced amplifier stages, which can be
influenced viag the current source 190, compensates such a variation of the resonator
- impedance. It is also posSible to adapt the bias current from current source 190 as a
function of the ambient temperature in order to compensate for the temperature
dependence of components.

In the embodiment shown in Fig. 8 collector voltages of the amplifier
transistors 110 and 210 vary to a comparatively small extent at a change of the bias
current from current source 190. This bias current is consequently controllable in a
relatively large range without the relevant oscillator reaching an unwanted state. This is
in contrast to the known oscillator shown in Fig. 1. Dependent on the value of thé load
resistor R2 and resistor R1, amplifier transistor Q2 and driver transistor Q1 may be
driven into saturation at a comparatively small increase of the bias current flowing from
cufrent source I1.

Fig. 9 shows an embodiment in which DC biasing means 400 are coupled
to the load signal paths for removing a portion of the DC collector currents provided by
the amplifier transistors 110 and 210. Accordingly, the load transistors 120 and 220 are
biased at a lower current than said amplifier transistors. Advantageously, the load

- impedance provided by the load transistors 120 and 220 can be increased without
simultaneously decreasing the transadmittance provided by the differential pair as in the
embodiment shown in figure 8. At the same current consumption a higher gain of the
balanced amplifier stages can be obtained than that in the embodiments previously
discussed. Moreover, the gain can be varied by adapting the portion of the DC collector
currents that is removed by DC biasing means 400, for example, by means of the
frequency control signal as shown in figure 9.

Referring to figure 5, said DC biasing means may comprise resistors, not
shown, between the positive supply voltage rail and the collectors of the amplifier

transistors 110 and 210, respectively. By varying the voltage at said collectors the DC

bias current of the load transistors 120 and 220 can be varied. The collector voltages
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transistors 120 and 220, for example, by disconnecting the terminals of the bias
resistors 130 and 230 from the positive supply rail and applying said control voltage to
these terminals. Alternatively, the control voltage could be applied at the bases of

cascode transistors, not shown, which cascode transistors can be inserted between the
amplifier transistors and the load transistors and, as such, become part of the load -
signal path.

This disclosure will enable those skilled in the art to conceive many
alternative embodiments within the scope of the invention. For example, an oscillator
according to the invention may be provided with additional amplifier stages, be it in
balanced configuration or in series with the amplifier stage mentioned in the opening
paragraph. Like the known oscillator shown in Fig. 1, said amplifier stage may be
coupled to a driver transistor whose base is coupled to the resonator and whose emitter
is coupled to the emitter of the amplifier transistor of said amplifier stage. A load signal
path in the oscillator according to the invention may also comprise load resistors or
other components, which is not the case in the embodiments shown in Figs. 5, 7, 8 and
9.

It is not necessary that an oscillation signal generated in the oscillator is
read in the manner as shown in Figs. g, 7, 8 and 9. For example a differential amplifier
may read the oscillation signal by coupling a first and a second input thereof to the base
terminals of amplifier transistor 110 and amplifier transistor 210, respectively, or to
other symmetrical points in the oscillation loop. In this alternative embodiment the
collectors of load transistors 120 and 220 may be connected directly to the power
supply terminal so that read resistors 170 and 270 are dispensed with. Said differential
amplifier may comprise, for example, two balanced amplifier stages similar to those of
the oscillator shown in fig. 5.

The passive capacitive coupling in the oscillator according to the invention
can be realised in numerous different ways. For example, in the oscillator shown in
figure 5 a further resistor can be inserted between the base terminal of transistor 120
and the common node of resistor 130 and bootstrap capacitor 140, together with an
additional bootstrap capacitor across the base-emitter terminals of transistor 120. The

same holds for transistor 220. Such a coupling then comprises three capacitive signal
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differential anplifier
DC bias can be controlled need not to be derived from the frequency control signal
applied to the resonator.If the oscillation frequency is adjustable by means of a
synthesizer circuit, the data for the frequency adjustment applied thereto may
alternatively be used for adapting the bootstrap capacitance or the bias currents of the
oscillator. This modification of the embodiment is notably interesting when the
oscillator and the synthesizer circuit can be jointly arranged on one integrated circuit.

Finally it is to be noted that the bipolar transistors shown in the
embodiments can be replaced by field effect transistors, in which emitter, collector and
base terminals correspond to source, drain and gate terminals, respectively. Although
the transistors shown in the Figures are of the NPN type, it is possible to use bipolar
PNP transistors or P-channel field effect transistors. When a field effect load transistor
is used, it is preferable to arrange a resistor between the gate terminal and a bootstrap
capacitor 5o as to obtain the previously described effect caused by the base resistance of
a load transistor.

In summary, what has been proposed is an oscillator which inhibits
unwanted oscillations and requires a comparatively small power supply voltage. The
oscillator comprises an amplifier transistor 110 (220), an outpﬁt current of which flows
into the emitter of a load transistor 120 (220) viz a load signal path. The amplifier stage
acquires a bandpass characteristic by means of a passive capacitive bootstrap signal
transfer from this signal path to the base of the load transistor. The oscillator thus
preferably oscillates within the passband of the amplifier stage. The amplifier stage has
a comparatively large gain within the passband, even without a load resistor in the load

signal path. Such a load resistor would cause a voltage drop and, hence, increase the
required power supply voltage,
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For exanple, in the oscillator
can be inserted between the base

of transistor 120 and the comon node of resistor 130 and

140, together with an additional bootstrap capacitor
120. . The sane hol ds_for
equpiad; to\an amplifigr stage

comprising an amplifiertransistor and a load transistor, a load signal path from a

resi stor

collector of the amplifier transistor to an emitter of the load transistor, to which load
signal path the resonator is coupled, and a bootstrap signal transfer from the load signal
path to the base of the load transistor, which base is coupled to a reference voltage
conductor via a bias resistor, characterized in that the bootstrap signal transfer is mainly
determined by a passive capacitive coupling of the base of the load transistor to the load
signal path.

2. An oscillator as claimed in Claim 1, characterized in that a bootstrap
capacitor is arranged between the base terminal and the emitter terminal of the load
transistor.

3. An oscillator as claimed in Claim 2, characterized in that at least one
bootstrap capacitor is adjustable by means of a frequency control signal.

4. An oscillator as claim;d in Claim 1, 2 or 3, characterized in that a device
for DC biasing of the amplifier stage is adjustable by means of a frequency control
signal.

3. An oscﬂlatof as claimed in Claim 1, 2 or 3, characterized in that DC
biasing means are coupled to the load signal path for removing a portion of the DC
collector current of the amplifier transistor such as to bias the load transistor at a lower
current than the amplifier transistor.

6. An oscillator as claimed in any one of the preceding Claims, characterized
in that the collector of the load transistor is coupled to a reference voltage conductor via
a read resistor and is further coupled to an output terminal of the oscillator. |

7. An oscillator as claimed in any one of the preceding Claims, characterized
in that it comprises two amplifier stages arranged in a balanced configuration, the

emitters of the amplifier transistors being interconnected such that said amplifiers
transistors constitute a differential pair.

* c L M S *
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emtter- base capacitance, one via a first bogistrap capaditpr and one Vit
a second bootstrap capacitor. It is also possidle to arrarfgel a 3eMAR 1897 1

series wwth a bootstrap capacitor, or

8. An amplifier stage comprising an amplifier tradsistor and a load

transistor, a load signal path from a collector of the amplifier transistor to an emitter of

the load transistor, and a bootstrap signal transfer from the load signal path to the base

of the load transistor which base is coupled to a reference voltage conductor via a bias
5 resistor, characterized in that the bootstrap signal transfer is mainly determined by a

passive capacitive coupling of the base of the load transistor to the load signal path.
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to arrange an extra capacitor between the base and thg QQPLR@&MEE\,K) SHEET opd

t ransi st or. The frequency control signal th-wh-ch—the
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for adapting otstrap capacitance or the bias cur -
oscillator. Thi.gizpgdi fication of the enbodiment is notably interesting when
the oscillator and the synthesizer circuit can be jointly arranged on one
integrated circuit. Finally it is to be noted that the
bi pol ar transistors shown in the enbodi nents can be replaced by field
effect transistors, in which emtter, collector and base term nals
correspond to source, drain and gate termnals, respectively. Al though the
~transistors shown in the Figures are of the NPN type, it is possible to use
bi pol ar PNP transi st or s\nooscllatdrawhieh ifihibitsl uewamted oscibatginstapdsequfasa a fi el d
effect |oad t o anS| %1 {y small p6wer supply voltage is described. The oscillator comprises an
amphﬁer transistor 110 (220), an output current of which flows into the emitter of a
load transistor 120 (220) via a load signal path. The amplifier stage acquires a bandpass
characteristic by means of a passive capacitive bootstrap signal transfer from this signal
path to the base of the load transistor. The oscillator thus preferably oscillates within the
passband of the amplifier stage. The amplifier stage has a comparatively large gain
within the passband even without a load resistor in the load signal vath. Such a load
resistor would cause a voltage drop and, hence, increase the required power supply

voltage.

- Fig. 5.
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