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Abstract — A silicon self-aligned-emitter bipolar process 
from STMicroelectronics for very high efficiency handsets 
power applications has been used to build two Dielectric 
Resonator Oscillators. Despite this technology addresses the 
mobile telephony frequency range at 1.8GHz, the oscillators 
generate a stable reference at 6GHz and 7.5GHz with good 
phase noise performance. A low frequency noise model has 
been identified and implemented in a Gummel Poon BJT 
nonlinear model. A design technique to optimize stability 
and phase noise performances has been used. The DROs 
exhibit phase noise of -116dBc/Hz and -107dBc/Hz at 10KHz 
offset from the carrier at 6GHz and 7.5GHz, respectively. 

I. INTRODUCTION

The need for stable frequency references in space, 
wireless communication and military systems drives 
nowadays toward extremely high quality performances in 
the oscillator design.  Obviously, not only the stability 
performances are addressed, but also the final circuit 
dimensions and its reliability are an issue of first concern. 
Unfortunately, as far as the ultimate low phase noise 
performances is the goal of the project, the best choice at 
this stage is to use an external resonator with an high Q 
factor. In fact, although many new monolithic 
technologies are focused to realize passive elements with 
higher quality factors, the intrinsic lossy characteristics 
of the semi-insulating monolithic substrates limit the 
achievable Q factors for capacitors and inductors to a few 
tens.  On the other side, when using an external resonator 
(like cavity, coaxial, mechanical or dielectric resonators) 
unloaded Q factors of some thousands at X band are 
easily achievable. Obviously, the drawback of this choice 
is the increasing dimensions of the system (no more 
monolithic) and the increased complexity of the system 
assembly.   

Besides the choice of an high quality-factor resonator, 
the low-frequency (LF) noise of the active device 
adopted for the oscillator design has direct consequences 
on the phase noise performances of the circuit [1]. 
However, the choice of an high quality-factor resonator 
and a low LF noise technology, is a necessary, but not 
always  sufficient condition for low phase noise 
performances.  In fact, the conversion factor (pushing 
factor [1]) from LF noise to phase noise around the 
carrier can be largely modified by smart choices in the 
oscillator design [2][3]: the large-signal design technique 
applied to optimize the performances of the presented 
circuits is described in [2] and [3]. The goal of this 
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t was to build up a very low phase noise oscillator 
a bipolar technology made available by 

roelectronics [4], achieving the highest reachable 
ncy. 

II. TECHNOLOGY

used a self-aligned-emitter bipolar process by 
roelectronics (HSB3) for the design of the 
tors’ negative resistance part [4]. HSB3 is an high-
mance low-cost silicon bipolar technology born for 
fficiency low-voltage RF power amplifiers at 900 
nd 1.8-1.9GHz mobile telephony bands. With this 

we tried to extend the technology applications to 
requency oscillators.  The technology provides 
trench isolation, three metal layers, optional gold 

layer, poly resistors and MIM capacitors 
/µm2).  On-chip spiral inductors with Q values up 
 1.9GHz are also available.  The static current gain 
bout 150, the transition frequency fT is around 

z and the VCE breakdown is 3.3V.  From these 
 is clear how the upper frequency limit for the 
tor design is not set by the active device transition 
ncy, but by the typical loss of silicon substrates 
akes the passive element Q factor and self-

nce frequency become critical as the operating 
ncy increases.  Another challenging point using 
chnology at high frequency (3-4 times the normally 
sed frequency of 1.9GHz) is the absence of via 
the ground plate is located in the upper surface and 
to be externally grounded through bonding wires 
xternal reference. Therefore, the associated series 

ances in the ground path can give non-trivial 
ms in terms of stability, especially  in the emitter 
ing path. 

ONLINEAR AND LF NOISE MODEL IDENTIFICATION

 active device chosen for the oscillator 
entation is a 4 emitter fingers of 0.2µm by 48µm: 

eans a total emitter area of 38.4 µm2. The device 
measured and characterized at the Bologna 
rsity Telecommunication Labs, and a non linear 
el-Poon model was identified using the Agilent-
 CAD software. 

 model was then implemented in the Agilent 
002 environment, the CAD software used for the 



oscillators design.  Static and dynamic simulation tests 
(under small and large signals) with the identified model 
provided good agreement with on wafer measurements 
on test devices (see figure 1). 

Fig. 1. (a) Prediction of the Gain Compression @2GHz, 
Vbe=0.8V, Vce=2V. (b) Prediction of Harmonic Distortion 
@2GHz, Vbe=0.8V, Vce=2V.

On wafer LF noise measurements on some test devices 
were carried out at the University of Modena to identify 
an LF noise model which is described in [5] and [6]. The 
short circuit current configuration of the model noise 
sources [6] has been chosen (figure 2): the model sources 
and their correlation are identified by measuring the 
spectral densities SIB and SIC and SIBIC* (figure 2), that are 
referred to the base and collector short circuit noise 
currents and their cross-spectrum respectively. As 
described in equations 1, 2, 3, four different contributions 
were identified: shot, flicker and two different g-r noise 
sources were used to fully reproduce the device LF noise 
behaviour. 

Fig. 2. Implemented Noise Model 
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Fig. 3. Expressions of the Noise Spectral Densities 

oise model was implemented by embedding 
002 noise sources in the previous mentioned 
ear Gummel-Poon model. 

IV. OSCILLATORS DESIGN AND SYSTEM
IMPLEMENTATION

scillators design was carried out with the Agilent 
002 nonlinear simulator. The circuit topology is a 
al series feedback configuration similar to those 
ed in [1] and [5]. We designed two different 

tors at 6 GHz and 7.5GHz. At the moment we 
t been able to go up to the X band, because the 
in the substrate make it difficult to achieve the 
d loop gain at high frequency. As shown in figure 
 negative resistance part of the circuit is 
ented by means of a monolithic die in HSB3 

logy.  
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 DRO schematic representation. The part inside the 
 line is the silicon monolithic circuit. 

integrated MIM capacitor in series with the 
tor emitter is adopted to obtain the negative 
nce, while an integrated resistor is placed in series 
e emitter DC path to stabilize the bias point.  The 
or LC matching network is composed of a series 
ted MIM capacitor and a bonding wire shunted 

he die output pad to the external ground reference. 
didn’t use any integrated inductor for the matching 
rks because of their self-resonance frequency close 

(1)

(2)

(3)



to the operating circuit frequency. For the same reason, 
and due to their low Q factor at these frequencies, we 
didn’t use integrated inductors for the bias decoupling 
networks, that are all external on the alumina substrate. 

The resonator stabilizing part of the circuit is built by 
means of a Murata DR (12000 unloaded Q factor) 
electromagnetically coupled with a 50 Ohm microstrip 
line on the alumina substrate which is wire bonded 
directly to the transistor base pad. The line is 50 Ohm 
terminated for RF signals, by means of a bias tee at its 
other end, while it is used to drive the base bias current 
too.  The length of the microstrip line between the DR 
and the transistor base, in addition with the length of the 
wire bonding, are design parameters: controlling those 
lengths we can vary the loop-gain phase. 

The DR-microstrip line coupling was modeled by 
means of an RLC equivalent circuit [7] identified by a set 
of scattering parameter measurements on a suitable jig 
set-up with a throu line and the DR placed near it. To 
obtain an exhaustive set of different coupling factors 
between the DR and the line, many measurements were 
performed with the DR puck placed at different distances 
from the line and with different quartz spacers under the 
DR puck.  

As stated before, the presence of an high Q resonator 
and the choice of a low flicker noise technology can’t 
always guarantee ultimate phase noise performances. In 
fact, if the circuit is not suitably designed, the actual 
oscillation frequency, which doesn’t necessary coincide 
with the highly stable intrinsic resonance frequency of 
the resonating element, could also be considerably 
dependent on other circuit elements  (active device, load, 
power supply, etc..) that are subject to “drift” phenomena 
or other possible sources of perturbations like the LF 
noise sources of the active device.  For the design of the 
HSB3 DROs, the simplified stability analysis based on 
the describing function approach proposed in  [2] and [3] 
has been implemented and automated in suitable 
simulation linear and nonlinear Harmonic Balance 
benches: this design flow allows a quantitative evaluation 
of the stabilizing effect introduced in the oscillator by the 
resonating element and provides an effective criterion for 
the optimization of frequency (and amplitude) stability 
performances.  

Fig. 4. Photograph of the system: the monolithic die and the 
alumina microstrip circuits are attached on an aluminum jig. 
The DR is placed over the microstrip line for a strong coupling. 
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shown in figure 4, the system is realized in an 
um jig with SMA connectors for bias and signal 
. The monolithic silicon die, 220µm thick with an 
f 992µm by 701µm, is attached with epoxy 

ctive glue to the jig structure. Two pieces of 25mils 
lumina are attached near the die in the same 
r. 
 die is wire bonded through many wires to the 
al part of the system. In figure 5, it is possible to 
uish the wires connecting the output microstrip 
ight),  the DR-coupled line (left),  the external 
pedence bias networks for the collector (upper 

and the emitter (upper left) supply voltages: those 
rks are implemented with /4 high impedence line 
ed by radial stubs. 
he transistor has got two symmetrical emitter pads, 
eries capacitors are needed for the negative 
nce topology: those capacitors are grounded to two 
al gold preforms by means of three bonding wires 
nimize the series inductance that modifies the 
r reactance designed to synthesize the negative 
nce characteristic.  The jig is closed with an 
um top in order to minimize radiation losses and 

t the DR from spurious coupling with external 
.  A bias tee is connected to the left side SMA 
tor in order to present at the end of the DR-
d microstrip line a 50 Ohm termination for the RF 
 and a high impedence bias circuit for the base 
t.

 Photograph of the negative resistance monolithic die 
d on the jig bottom surface and wire-bonded to 
trip signal lines, bias lines on alumina substrate and gold 
s for external grounding reference.

V. PERFORMANCE MEASUREMENTS

 circuits were tested and measured at  the Bologna 
rsity Labs.  For both of the negative resistance 
s the active device was biased at 150uA base 
t and 1.8 VCE, that correspond to a 25mA collector 
t.  For the 6GHz oscillator we obtained 6.34 dBm 
 power with 19dBc suppression of the second 
nic. In the 7.5GHz DRO the fundamental output 
s 2.34dBm with a second harmonic suppression of 
. Phase noise measurements were performed with 
st jig closed inside aluminum shielding box to 
t from coupling with outside signal noise sources 



(Figure 6). The device was battery biased to avoid supply 
low frequency noise injecting into the circuit. 

Fig. 6. Measurement setup with the DUT inside a Shieding box.

 Phase noise performances obtained are -116dBc/Hz at 
10KHz offset from the carrier for the lower frequency 
oscillator, and -107dBc/Hz at 10KHz from the carrier for 
the 7.5GHz oscillator.  Measured output power (figure 7) 
and phase noise performances (see figure 8) at 10KHz 
from the carrier are in good agreement with the simulated 
ones. In fact referring to the output spectrum of the 7.5 
GHz DRO in figure 7, the simulated results were 
practically identical to the measurements: 2.42dBm Vs 
2.34dBm for the fundamentals and -27.1dBm Vs -28dBm 
for the second harmonics. 

Fig. 7. 7.5GHz DRO Output Spectrum 

VI. CONCLUSIONS

A 6GHz and a 7.5GHz DR-oscillators have been 
implemented using a silicon bipolar technology tailored 
for 1.9GHz high efficiency low-voltage power amplifier 
design.  A nonlinear design technique based on the 
describing function approach was adopted for the 
oscillators design. The DROs exhibit phase noise levels 
of -116dBc/Hz and -107dBc/Hz at 10kHz offset, that are 
good enough for many space and communication 
applications.  
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