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This work presents the results of a study of the microwave oscillator’s active device biasing
influence on the oscillator phase noise. The paper considers a hybrid voltage-controlled oscillator
(VCO) with an octave frequency tuning (6—12 GHz), based on a low-noise SiGe-heterojunction
transistor. The simulation of the VCO in the AWR Design Environment (AWR DE) allowed one to
evaluate the choice of the transistor operating point influence on the oscillator phase noise. Based
on the data obtained, an experimental study of the fluctuation characteristics of several samples
of the hybrid microwave VCOs, differing in the operating mode of the active devices, was carried
out. The results of the research carried out make it possible to determine a number of conditions
(the value of the collector current, the ratio between the currents of the transistor base and the
resistive divider, determining the mode of the active device), which provide the best oscillator
characteristics. It is shown that the smallest average level of the phase noise power spectral density
is —95 dBc/Hz at 100 kHz offset from the carrier with a minimum change in its level in the tuning
range within + 2.5 dB.
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DA30BbIN LULYM MUKPOINOJZIOCKOBOIO CBUY-TEHEPATOPA
C BAPAKTOPHOM NEPECTPOMKOM YACTOTbI 6-12 Ty,

A.b. HukumuH, E.N. XabumyeBa

CaHkT-MNeTepbyprcknii NOANTEXHUYECKMIA YHUBEpPCUTET MNeTpa Benunkoro,
CaHKT-MeTepbypr, Poccuitckas Pepepaumn

OnucaHbl pe3yabTaTbl UCCAEIOBAHUS BAUSHUS peXMMa paboThl aKTMBHOTO 3JIEMEHTa
CBU-renepartopa, ynpasiasgeMmoro HamnpsikeHueMm ('YH), Ha ero ¢gpaykTyallmoHHBIE XapakTe-
puctuku. PaccMoTpeH aBTOTeHEpaToOp ¢ OKTABHOW MEPECTPOIKON YaCTOTHI BBIXOTHOTO KOJIe-
Ganus (6—12 I'Ti1), BBINOJHEHHBIA HA OCHOBE T'MOPUIHON TEXHOJIOTUM Ha 0a3ze MajloIIyMsi-
mero SiGe-rereponepexogHoro TpaHauctopa. [IposBenénHoe monmenupoBanue I'YH B cpene
AWR Design Environment (AWR DE) no3Boanio olieHUTh BiUssHUE BbIOOpa paboyeil TOuku
TPaH3UCTOPa Ha YPOBEeHb (ha30BOTo IIyMa aBToreHepaTropa. Ha ocHOBe MOTy4YeHHBIX TaHHBIX
MPOBEACHO dKCIIEPUMEHTAIbHOE MCCeAoBaHNe (PIYKTYallMOHHBIX XapaKTEePUCTUK HECKOJIb-
KMX 00pa3lioB MepecTpanBaeMbIX FeHEPaTOPOB, OTIMYAIOIINXCS PEXKUMOM pabOThl aKTUBHOTO
aneMmeHTa. OnipeneséH psi ycJIoBUid (BeIUYMHA KOJJIEKTOPHOTO TOKA, COOTHOIIEHUE MEXIY
TOKaMM 0a3bl TPaH3UCTOpPa M PE3UCTUBHOIO ACIUTENSI, ONPENeISIONIEero pexXuM aKTUBHOIO
aJIeMeHTa), obecrneynBalIINX Hauaydiiue QIyKTyallMOHHbIe xapakTepucTuku. IlokasaHo,
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YTO HAaMMEHBIIUNA CPEIHUI YPOBEHD CIIEKTPaJbHOM IUIOTHOCTU MOIIHOCTU (Da30BbIX LIYMOB
(CIIM ®III) cocrasnsier —95 nbu/I11 Ha yacToTe OTCTpOiiKU OT Hecyiei 100 kIir mpu MUHU-
MaibHOM (B nipenenax £2,5 nb) usmenenun CIIM ®PIII B nuana3oHe MepecTpOKH.

KmoueBsie ciaoBa: CBY, renepaTtop, yrpasiasseMblii HampsikeHueMm, ['YH, ¢aykryanmoHHBIE
XapaKTEePUCTUKU, (DA30BBII IITyM.
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Introduction

Design of a stable wideband microwave source based on frequency synthesizers with phase-locked loop
(PLL) implies the use of low-noise voltage-controlled oscillators (VCOs) with ultra-wide band (octave
or more) frequency tuning range in such systems [1—7]. At the same time, fluctuation characteristics of
VCOs are to a significant degree determined by the choice of oscillator’s active device. For example, in
hybrid microwave oscillators is advisable to use SiGe-heterojunction bipolar transistors characterized by
the lowest levels of phase noise with oscillation frequencies up to 10—15 GHz [7].

In addition, oscillator’s operation heavily depends on the mode of the active device related to the choice
of the transistor’s operating point and bias circuit. Thus, for example, in the simplest circuit with fixed
current bias, the operating point position, and therefore, the oscillator’s characteristics are significantly
affected by the specific transistor and environment temperature [8].

One of the ways to eliminate this negative effect is to use bias circuit with emitter resistor, that provides
(be means of serial DC-coupled negative feedback in the circuit) stability of the operating point position,
and therefore, the oscillator’s parameters in a wide range of temperatures. This also allows to replace an
active device without the consequent replacement of the whole circuit [8].

It should be noted that in scientific publications, this kind of circuit is most frequently considered in
terms of its application not in oscillators, but in various amplifiers [9—14]. Indeed, paper [14] presents
general recommendations as to the choice of the bias circuit parameters and describes their influence on
operation of amplifiers built on the basis of bipolar transistors.

In the papers devoted to the topic under consideration, the authors, in general, describe monolithic
microwave integrated circuit (MMIC) oscillators. In addition, the study of hybrid microwave VCOs
permitting the use of simpler manufacturing process is usually restricted to considering devices intended
for operation in the frequency range significantly less than an octave [1, 15—20]. At the same time, the
tuning of VCOs in wide and ultra-wide band (octave or more) frequency range results in a considerable
change in the conditions of active device operation which hinders the choice of the mode providing the
best fluctuation characteristics.

Moreover, publications often present results of analyzing the influence of active device circuit and mode
on oscillator’s characteristics (frequency response, fluctuation, etc.) without any experimental verification
which puts limitations on practical application of such data [1, 21, 22].

This article contains study results on the dependence of phase noise power spectral density S(¥) of
octave microwave oscillator in the 6—12 GHz range on active device operating mode [23, 24]. The tunable
oscillator is hybrid based on low-noise SiGe-heterojunction bipolar transistor NESG3031M 14 [25].

Computation of VCO parameters

Fig. 1a shows a layout of the microwave oscillator under consideration. Fig. 15 presents a fragment of
its simplified circuit which contains a transistor and resistive elements determining active device operating
mode (R, R, u R,). Fig. 1c shows characteristics of the VCO.
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Fig. 1. VCO: a — layout; b — simplified circuit without frequency control elements;
¢ — dependence of oscillation frequency fand power P on control voltage Uvar

To compute resistance values of resistors R, R, and R, determining transistor mode V'T (Fig. 1), we use
the following expressions [1, 14]:

_Um Ud _URZ Ud _URZ

R = = = R 1
s I, k! o
R - Uyg, _ Uy, +Up, _ Uy, +Up, 2)
’ Iz Iz (k_l)lg ’
R. = URE — Udd _UgE (3)
E 0, 70 °
I, I.+1,

where U, is supply voltage of the VCO; U,,, U,, and U, are voltage across resistors R, R, and R, respec-
tively; /,, I, and 1, are current across resistors R, R,and R ; [ g and / g are base and collector current of the
transistor; U,, and U, are base-emitter and collector-emitter voltages of the transistor; k is coefficient

of proportionality between /, and [ g values.
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Fig. 2. VCO’s simulation characteristics

To minimize possible unwanted spectral components in the output oscillations, the value of U, gE
needs to be approximately half of the VCO supply voltage. Moreover, for the NESG3031M14 transistor,
1 g and / g values should be more than 20 pA and 6 mA, respectively [8].

To enhance bias voltage stability supplied to the transistor base (using voltage divider R —R,, see Fig. 1),
it is advisable that the value of the current across resistors R, and R, was sufficiently high, which requires
increasing k parameter value (expressions (1), (2)). However, one should make allowance for the fact that
excessively high divider current may result in inadequate power consumption and, consequently, a drop in
efficiency.

Keeping in mind these remarks, as well as parameters of NESG3031M14 transistor used in the
6—12 GHz VCO [25], we obtained several options of oscillator’s circuit configuration corresponding to
different positions of the operating point. As an example, in Fig. 2, we demonstrate a diagram of depend-
ence of S(F = 100 kHz) on VCO’s frequency values obtained as a result of modeling in AWR DE [26], for
several options of transistor point position.

The dependencies presented in Fig. 2 correspond to the following cases:

« curve 1: 10 =11mA, Ug, =2V,I; =40 pA, U,, =0.845V, k=5 (R, =5.8kOhm, R, =22 kOhm,

R, =240 Ohm);

» curve 2: 12 =20mA, U, =2V, I, =80 pA, Uy, =0.87V, k=5 (R, =2.9kOhm, R,= 11 kOhm,
R, =130 Ohm);

- curve 3: 10 =30mA, Ug, =2.5V,1) =140 pA, U, =0.875V,k=5 (R, =2.3kOhm, R, = 5.5kOhm,
R_=75Ohm).

Fig. 2 shows that reduction of S(F) (for the same value of k& parameter) is possible if collector current
1 g is increased. Thus, for example, a change in / g value from 11 mA up to 20 mA allows to reduce the level
of S(F) by (2—4) dB in the most part of the tuning range.

At the same time, it should be noted that voltage values between the collector and transistor emitter
U gE =2.5Vand U, 3E = 2 V do not provide the required octave (6—12 GHz) tuning range of the oscilla-
tor’s output frequency.

Further research of the VCO revealed that reduction of S(£) (by several dB) is possible in case of an
increase not only in the collector current, but in parameter & as well.

Thus, the modeling of several VCO circuits corresponding to different positions of the operating point
performed in AWR DE showed that the phase noise reduction is connected with the increase of collector
current and coefficient £. In addition, to provide the needed tuning range of the oscillator, it is necessary
that U, >2.5V.
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Fig. 3. VCO’s measured characteristics

Experimental study of VCO’s phase noise

For the experimental study of the VCO samples, we used N9000A CXA series signal analyzer by Key-
sight Technologies [27], designed for operation in the range from 9 kHz to 26.5 GHz.

In Fig. 3 we present measured VCO’s fluctuation characteristics for several options of transistor point
position.

The dependencies presented in Fig. 3 correspond to the following cases:

« curve I: Ip=11mA, Ug, =2V, I; =40 pA, Uy, =0.845V, k=5 (R, =5.8kOhm, R, =22 kOhm,

R, =240 Ohm);
- curve 2: I =20mA, Ug, =2V, I =80 pA, U,, =0.87V, k=5 (R, =2.9kOhm, R,= 11 kOhm,
R, =130 Ohm);

« curve 3: I =30 mA, U, =2V, I, =140 pA, Uy, = 0.88 V, k = 5 (R, = 1.65 kOhm, R,
= 6.4 kOhm, R, = 90 Ohm);

« curve 4: I} = 20 mA, Ul =25V, I) =80 pA, Uy, =085V, k=15 (R, = 4.02 kOhm, R, =
=7.5kOhm, R, =75 Ohm);

- curve 5: 1) = 30 mA, Ul =25V, I} =140 pA, Uy, =0.875V, k=5 (R, = 2.3 kOhm, R, =
=5.5kOhm, R, =75 Ohm);

* curve 6: [} =30 mA, Ul =3V, I} =140 pA, Uy, = 0.875V, k =5 (R, = 3 kOhm, R, =
=4.5kOhm, R, = 56 Ohm);

« curves 7and 8: [0 =33 mA, Ug, =3V, I} =160 pA, Uy, =0.88 V, k=5 (R, = 2.7kOhm, R,
=4.02kOhm, R, = 51 Ohm).

Fig. 3 shows that:

1. For the voltage values across the transistor collector U 35 < 3V, it is impossible to provide the re-
quired frequency range tuning to the VCO: 6—12 GHz. Moreover, for UgE = 2.5 Vin the lower end
of the range (when Uvar < 1.4 V), we can observe a spectrum collapse. Therefore, in order to provide the
oscillator under consideration with frequency tuning across the whole bandwidth, the operating voltage

U, needs to be no less than 3 V.

2. The level of the phase noise power spectral density drops as the collector current / g increases. Tak-
ing this fact into account, as well as keeping the transistor data, limiting the maximum value of the collec-
tor current, the operating value of [ g needs to be no more than 30 mA.

We carried out further experiments for the purpose of studying the influence of the ratio between the
base current /, and resistive divider R,—R, on VCO’s phase noise for the selected values of collector-emit-
ter voltage and collector current: UZ, =3V, I =30 mA.
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Fig. 4. VCO’s measured characteristics for different & values

Fig. 4 shows VCO’s measured characteristics at UZ, =3 Vand I = 30 mA.

Fig. 4a shows that for constant values of collector voltage and current of the transistor, the ratio be-
tween the base and resistive divider currents may have significant influence on the fluctuation character-
istics of the VCO. For example, in the lower end of the tuning range an increase of the parameter k& from
5 to 30 allows us to reduce the noise level by more than 10 dB. At the same time, the minimum level of
S(F) amounts to a value of —100 dBc/Hz order at 100 kHz offset from the carrier.

Fig. 4b shows that when k = 25, we observe the lowest change in S(F) in the tuning band: around
+2.5 dB with the average level around —95 dBc/Hz. Note that the obtained results are on a par with char-
acteristics of foreign VCO samples of the similar application [28].

Thus, the data obtained as a result of experimental research of the fluctuation characteristic of a
6—12 GHz microwave oscillator are in full compliance with the results of computer modeling of the VCO
in the AWR Design Environment. For instance, the identified dependencies of phase noise level on the
value of collector current and parameter &, according to which a reduction of VCO’s phase noises in possi-
bleif [ g and k increase, were proved experimentally: the computations showed that an increase in collector
current from 11 mA up to 30 mA (curves 1 and 3 in Fig. 3) provides a reduction of S(F) by more than 4 dB.

Conclusion

As a result of studying a hybrid microwave VCO with an octave frequency tuning, we determined its
operating conditions providing the best fluctuation characteristics. The paper showed the mode of the
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oscillator’s active device based on a SiGe-heterojunction transistor, which provides the minimal level of
phase noise of the output oscillation in the range of 6—12 GHz, is achieved if the following conditions are
satisfied:

+ Maximum possible collector current: 1) = 30 mA.

+ Voltage U/, ensuring the entire range of frequency tuning: UJ, =3V.

+ Ratio of divider and base currents of the transistor £ = 25. Such a value of coefficient k& ensures the
minimum average level of phase noise: around —95 dBc/Hz at 100 kHz offset from the carrier with a mini-
mum (within + 2.5 dB) change in S(F) in the tuning range.

The obtained results could be used in design of hybrid microwave oscillators providing frequency tuning
in a range of an octave or more.
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