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Abstract. In this paper a low-power low-phase-noise
voltage-controlled-oscillator (VCO) has been designed and,
fabricated in 0.25 µm SiGe BiCMOS process. The resonator
of the VCO is implemented with on-chip MIM capacitors
and a single aluminum bondwire. A tail current filter is
realized to suppress flicker noise up-conversion. The measured phase noise is −126.6 dBc/Hz at 1 MHz offset from a
7.8 GHz carrier. The figure of merit (FOM) of the VCO is
−192.5 dBc/Hz and the VCO core consumes 4 mA from a
3.3 V power supply. To the best of our knowledge, this is the
best FOM and the lowest phase noise for bondwire VCOs in
the X-band. This VCO will be used for satellite communications.
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Introduction

For satellite communications, such as HDTV, internet-viasatellite and digital video broadcasting service (DVB-RCS),
a low-phase-noise VCO is a prime requirement for the frequency synthesizer. Following the specifications given in
(Follmann et al., 2008), phase noise must be lower than
−110 dBc/Hz at 1 MHz offset from the carrier frequency.
With the integrated resonator, this specification is hard
to meet, particularly if the performance must be guaranteed over a wide tuning range. A VCO phase noise of
−120 dBc/Hz at 1 MHz offset is, therefore, highly desirable.
With respect to cost, silicon compares favourably to III-V
technologies. However, it is difficult to reach the phase noise
specification with a fully integrated VCO for silicon technology due to the poor quality factor of the on-chip inductor. Many studies have been presented on minimizing VCO
phase noise, e.g. Hegazi (2001); Ferndahl (2005). However,
the overall performance of these VCOs, e.g. power conCorrespondence to: K. Hu
(hu@ihp-microelectronics.com)

sumption, tuning range, phase noise performance, can still
not satisfy the specifications. In order to reduce phase noise
and maintain relatively low power consumption, bondwire
inductors have been used (Craninckx et al., 1995; Kim et al.,
2008). By doing so, a figure of merit (FOM) of −190 dBc/Hz
has been reported so far.
A differential CMOS VCO implemented with nMOSFETs
and pMOSFETs was presented in (Craninckx et al., 1997).
Unlike in VCOs using one transistor type only, in this current re-using topology no mid-point in the inductor is required for biasing purpose. We adopt this topology by using
a bondwire inductor instead of an integrated coil. This approach minimizes mismatch in the VCO as only one bondwire is used rather than two in other topologies. Moreover,
a tail current filter is introduced to reduce the flicker noise
up-conversion from the current source. This approach significantly improves the close-in frequency phase noise of the
VCO.

2

VCO design

The VCO core employs two nMOSFETs and two pMOSFETs. The combination of NMOS and PMOS transistors
gives a negative resistance from both transistor pairs. Consequently, to provide the same negative resistance, the combined NMOS and PMOS structure can efficiently halve the
power consumption, which greatly fits the purpose of low
power design. Furthermore, by controlling the supply voltage, the signal swing in the VCO core can be well restricted
below the transistor breakdown voltage. It ensures a more
reliable operation, which is a very important requirement for
satellite communications (Tiebout, 2006).
Another convenient feature of this VCO topology is that
only one inductor is required for the resonator. This eliminates the inductance mismatch which appears in topologies
using two bondwire inductors. The mismatch of resonator
inductors in these topologies will result in asymmetric signal
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structure of the bondwire inductor. The radius of the bondwire is 12.5 µm. The pad distance
and wire loop height are defined as design parameters to simulate bondwire inductance and
quality factor. In order to obtain accurate prediction results, full wave EM simulator (Ansoft
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HFSS v11) is used for the bondwire simulations.
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Figure 2. Bondwire model. h is wire loop height, d is pad distance.

Fig. 2. Bondwire model. h is wire loop height, d is pad distance.
Table 1. EM simulation results for bondwire.
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Pad Distance

Wire Radius 20 µm

250 µm
300 µm
400 µm
500 µm
600 µm

325 pH
386 pH
502 pH
635 pH
751 pH

Tail current filter


Fig. 1. Schematic of the X-Band VCO.
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Figure 1. Schematic of the X-Band VCO.
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structure.
nd quality factor for the bondwire inductor used in the X-band VCO design.
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Figure 3. Inductance for 480 µm length bondwire (EM simulation)

Fig. 3. Inductance for 480 µm length bondwire (EM simulation).
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Fig. 4. Quality factor for 480 µm length bondwire (EM simulation).
Figure 6. Chip photograph

Fig. 6. Chip photograph.

A photograph of the VCO chip is shown in Figure 6. The VCO operates from a 3.3V supply
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Figure 5. Phase noise with and without tail current filter
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Table 2. Performance of reported VCO.
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Fig. 8. Measured phase noise for 7.8 GHz VCO.
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Conclusions

based on silicon technology.
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