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Abstract  —  A new MOS varactor bank is proposed to 

implement a 2.45 GHz SiGe BiCMOS LC-tank voltage 
controlled oscillator (VCO) with linear frequency tuning. 
Compared to a conventional VCO, the proposed technique 

improves the quality factor of the LC-tank while preserving 
the linearity of the circuit. Realized in 0.25-µm SiGe 
BiCMOS technology, VCO exhibits 35% VCO gain (KVCO) 

variation from 2.29 to 2.66 GHz with a 16% tuning ratio. 
The VCO also exhibits a phase noise of  -113 dBc/Hz at 1 
MHz offset frequency and consumes 1.7 mA from 1.8 V 

supply. 
Index Terms — Voltage controlled oscillator, SiGe 

BiCMOS, linear frequency tuning, VCO gain (KVCO). 

I. INTRODUCTION 

The explosive growth of the wireless communication 

market is expected to continue in the future. The ISM 

(Industrial, Scientific and Medical) bands are open 

frequency bands and are the host for standardized and 

proprietary protocols such as Bluetooth, ZigBee and WiFi. 

The development of high performance applications has 

driven the demand for low power and low cost IC 

solutions for wireless transceiver RF front-ends. Fully 

integrated, including the tank circuit, voltage-controlled 

oscillator (VCO) is one of the most important and 

challenging building blocks in a RF transceiver.  

The gain of VCO (KVCO) determines the loop 

characteristics and overall performance of the Phase 

Locked Loop (PLL) -based frequency synthesizers. Using 

a VCO with linear f-V characteristics improves the 

performance of PLL blocks. Deficiency of linearity in 

tunable VCOs can complicate the PLL design and 

generates jitter in the system [1]. To achieve a VCO 

having constant KVCO several techniques have been 

published, including varactor banks in LC tank [2], 

differently-biased varactor banks [3] or widely tunable 

varactors [4]. One drawback of these techniques, in 

general, is the degradation of quality factor of the LC tank. 

Even though inductor quality factor is the limiting factor 

in LC-tank VCOs, the quality factor of parallel-connected 

MOS varactors become comparable with inductor quality 

factor, resulting a potential improvement and degradation 

source of phase noise [5]. This problem becomes more 

severe if varactor banks are used to obtain more linearity 

and higher frequency sweep. Therefore, there is a demand 

for the improvement of quality factor of capacitor source 

of the LC tank. 

In this work, we have developed a new technique to 

improve the quality factor of the MOS varactor-bank.  

Section II illustrates the design technique of the new LC-

tank VCO. Experimental results of the new method and 

comparison with literature given in Section III and, 

finally, conclusion provided in Section IV. 

II. VCO DESIGN AND IMPLEMENTATION 

The schematic of the proposed LC VCO is shown in 

Fig. 1. PMOS current mirrors are used to improve phase 

noise of the VCO while reducing the generated noise from 

current source [6].  

The proposed MOS varactor bank (linearization 

circuitry) is also shown in Fig.1. The linearization 

circuitry is much different from the conventional varactor 

banks that use varactors to improve the quality factor of 

the varactor bank. 

 

 
 
Fig. 1 Designed LC-tank VCO with linearization MOS 

varactor bank. 



 
Fig. 2 Capacitance change of MOS varactor with different 

bias voltages. 

 

Fig. 2 depicts the capacitance values for a frequency of 

2.45 GHz and several tuning voltages VW. Varactor stages 

are connected in parallel and biased at different voltages, 

as shown in Fig. 2, to obtain a linear KVCO [2].  Although 

this method improves the linearity, the sensitivity of MOS 

varactors can degrade the phase noise performance of the 

VCO [7].  

The quality factor of a varactor that used in the LC tank 

of the VCO can be given as [8],  

 var
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where Rseries is the series resistance of the varactor. The 

quality factor and the capacitance of the varactor also 

depend on the bias voltage, Vbias as shown in Fig. 2. The 

simulated C-V curve and quality factor of the varactor 

used in the VCO is plotted in Fig. 3. 

In conventional LC-tank VCOs, varactors are connected 

in parallel with different bias voltages as shown in Fig. 4 

 

 
Fig. 3 Simulated C-V curve and Q for the varactor used in VCO. 

 
    (a)               (b)             (c) 

 

Fig. 4 (a) Conventional MOS varactor bank, (b) proposed 

MOS varactor, and (c) bank voltage divider. 

 

(a). Because of biasing scheme provided in Fig. 2, the 

quality factor of each varactor is different, resulting  a 

decrease in the overall quality factor of the LC-tank.  

The same MOS varactors, with the same bias voltages, 

and C1 capacitances are used in the proposed method, as 

shown in Fig. 4 (b). The quality factor of the varactor bank 

can be improved, at the expense of total capacitance 

tuning range. In this approach, the varactor, having a 

lower Q, is utilized in the innermost part of the bank and 

biased with Vb3, as shown in Fig. 4(b). The varactor, 

having a higher Q is kept at the outer part of the tank, and 

biased with Vb1, also shown in Fig. 4 (b). Hence the 

effect of lower Q varactor is suppressed without 

sacrificing its tuning range. . 

The quality factor of both conventional, shown in Fig. 4 

(a), and proposed, shown in Fig. 4(b), are calculated and 

compared in order to illustrate the effectiveness of the 

proposed varactor bank approach. The quality factor of the 

proposed MOS varactor bank is calculated as 33.1 

whereas conventional varactor bank has a quality factor of 

29.5, clearly presenting a 12.2 % improvement at 2.45 

GHz. This improvement can directly improve the Phase 

Noise performance of the proposed VCO, according to the 

Leeson Eqn. [9] Phase Noise ~ log (1 / Q^2).  

To highlight the linearity performance of the proposed 

new method, the proposed VCO and a non-linear 

 

 
Fig. 5 Comparison of frequency and phase noise performance of 

conventional and proposed VCOs. 
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conventional VCO with Vb1=Vb2=Vb3 are compared and 

given in Fig. 5. The comparison of the simulation results, 

in Fig. 5, shows that proposed VCO achieves a higher 

linearity in the desired band with flat response in phase 

noise, compared to conventional VCOs.  

III. MEASUREMENT RESULTS 

An ISM band LC-tank VCO with linear frequency 

tuning characteristic is implemented in 0.25 µm IHP SiGe 

BiCMOS process technology. Fig. 6 shows the 

microphotography of the designed LC-tank VCO with 

labeled pins. 

 
Fig. 6 The microphotography of the designed VCO. 

 

The VCO chip core size is 0.54 mm x 0.94 mm which 

occupies 0.5 mm² and 0.7 mm² with pads include, shown 

in Fig. 6. Single-ended measurements are performed for 

one of the differential outputs using 50 Ω probes. The 

losses in the cables of the test setup, typically 1-1.5 dB, 

have not been calibrated out in the spectrum 

measurements. Agilent’s E4407B Spectrum Analyzer is 

used to measure both output frequency-power and phase 

noise performance of the VCO. 

 

 
Fig. 7 Comparison of simulation and measurement results of 

frequency and VCO gain (Kvco) with respect to tuning voltage. 

 
Fig. 8 Measured oscillation frequency. 

 

The oscillation frequency and VCO gain of the 

proposed VCO are shown in Fig. 7. It is measured that 

VCO can be tuned from 2.29 GHz to 2.66 GHz, 370 MHz 

(16 %) with approximately 220 MHz/V VCO gain. 

Variations of the VCO gains (KVCO) for simulation and 

measured results are within 32 % (simulation) and 35 % 

(measurement), as presented in Fig. 7 and also compared 

in Table I. These percentage variations in our study are 

better with respect to similar studies in the literature, as 

presented in Table I. 

The core of the VCO consumes 1.7 mA whereas buffers 

consume 4.8 mA from a 1.8 V supply. The output power 

varied from -9.7 dBm to -8.5 dBm in the tuned frequency 

range. One of the measurement results showing the 

oscillation frequency at 2.34 GHz with 10 MHz span is 

shown in Fig. 8. The measured phase noise performance is 

given in Fig. 9 where -113.3 dBc/Hz is achieved at 1-MHz 

and -132 dBc/Hz at 10-MHz offset frequency. Relatively 

higher VCO gain (220 MHz/V) is assumed to be the 

source of a very small degradation of phase noise, down to 

-112 dBc/Hz . 

 

 
Fig. 9 Measured phase noise of the proposed VCO. 
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The comparison of the proposed VCO with previously 

published ones is given in Table I. As also seen in the 

Table I, our results of power consumption, tuning range 

and KVCO variations in the proposed tank/VCO are better 

than others, especially when considered overall 

performance. 

IV. CONLUSIONS 

In this work, we have demonstrated a 2.45 GHz LC-tank 

VCO employing a new MOS varactor bank which 

increases the quality factor of the LC-tank and in turn 

improves the linearity and phase noise of the VCO. 

Implemented in 0.25-µm IHP SiGe BiCMOS process 

technology, the proposed VCO achieves 16 % ratio from 

2.29 GHz to 2.66 GHz. The designed VCO shows a KVCO 

35 % with phase noise between -112 dBc/Hz to -114.3 

dBc/Hz. The output power of the VCO varies from -9.4 

dBm to -8.5 dBm with 3.1 mW core power consumption 

from 1.8 V power supply. Because the proposed VCO 

suppress the VCO-gain fluctuation, it is well suited for 

PLL-based frequency synthesizers at ISM band. 
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TABLE I 

PERFORMANCE COMPARISON WITH OTHER PUBLISHED WORKS 

Ref. 
Tech 

[µm] 

fosc 

[GHz] 

Tuning Range 

[%] 

ΔKvco 

[%] 

fstep/code 

[%] 

Phase Noise 

[dBc/Hz] 

Power Cons. 

[mW] 

[2] 0.18 5.2 18.0 - 9.56 -113.7#1 9.7 

[4] 0.35 5.6 8.8 41.4 - -116.0#1 10.2 

[10] 0.18 1.7 66.7 42.0 170 -127.1#1 10.8 

[11] 0.13 3.6 22.5 28.0 - -165.1#2 44.0 

[12] 0.13 2.4 3.3 60.0 - -126.0#3 3.4 

This work 0.25 2.45 16 35.0 - -113.3#1 3.1 
#1Phase noise results is measured at 1 MHz offset from the carrier. 
#2Phase noise result is measured at 20 MHz offset from the carrier. 
#3Phase noise result is measured at 3 MHz offset from the carrier. 

 


