
Design of Sub-1mW Q-Enhancement CMOS 
LC VCO with Body-Biased Technique 

Meng-Ting Hsu, Member, IEEE, Tsung-Han Han, Po-Yu Lee 
 

 
Abstract  —  A new CMOS LC Voltage Controlled Oscillator 

(VCO) for IEEE 802.11a application with low phase noise and 
consumed power less than 1mW is presented. This circuit was 
taped out by TSMC 0.18um 1P6M process. The measured 
phase noise is -115-88dBc/Hz at 1MHz offset at the operation 
frequency of 5.815GHz. And the dc core current consumption is 
0.71mA at a supply voltage of 1.4 V. Its figure of merit (FOM) is 
-191dBc/Hz.  
 

Index Terms — Current Reused, Voltage Controlled 
Oscillator, Q-enhancement, body-biasing, low power, Sub-1mW. 

I. INTRODUCTION 

ecently, due to the rapid development and maturity of 
wireless communications and single-chip system 

integration, the RF block design embedded with digital 
baseband is more requirement than hybrid circuit for low 
power design in standard CMOS technology [1,2]. For the 
transmission of text, audio-visual, multimedia information 
and data, distance and time constraints can almost be ignored. 
All this will be due to the wireless communication 
technology, wireless communication products has also been 
used in daily life, has brought many conveniences for human 
life.  

With RF circuit design, low power consumption will be a 
very important consideration, the voltage controlled 
oscillator (VCO) in a wireless communication also plays a 
key block [3,4]. In recent years, the technology of current 
reuse and low voltage supply has been studied for low power 
consumption, such as less than 1mW voltage-controlled 
oscillator (Sub-1mW VCOs) [5,6,7].  

In this paper, the proposed circuit focuses on the 
frequency range of IEEE 802.11a. The Section II introduced 
the proposed voltage-controlled oscillator architecture. And 
the Section III shows the measured parameter and results. 
Finally, Section IV is the conclusion. 
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II. CIRCUIT DESIGN 

The proposed current reused VCO realized by body-
biased and Q-enhancement circuit. The schematic of the 
proposed VCO is shown in Fig.1. 

 
Fig.1 The schematic of the propose VCO 

 

The transistor M1 and M3 are cross connection to provide 
the negative resistance. The body of transistor M3 and M1 
connect with drain of M4 and M2 separately to build up the 
body-biased structure. Capacitors C1 and C2 can improve   
starting current of oscillation, while reducing the total 
conductance value to enhance the Q value of the circuit. 

III. MEASUREMENT RESULTS  

The proposed VCO is fabricated by TSMC 0.18um 1P6M 
CMOS technology. This chip was measured by Agilent 
E5052A (Signal source analyzer, SSA).By a given supply 
voltage (1.4v) and voltage modulation level. To retrieve a 
single-ended output spectrum signal, in order to reduce the 
impedance mismatch and parasitic effect from bonding wire, 
this chip is used on-wafer measurements. 

Fig.2. shows the die micrograph of the proposed sub-
1mW VCO with Q-enhancement and body-biasing circuit, 
which cost a chip area of 651.81 X 701.98 μm2 (including 
the output buffers and output pads). Fig.3.shows the tuning 
ranges of the oscillation frequency versus varactor controlled 
voltage (Vtune) which is tuned from -1 to 2V. The proposed 
VCO operated between 5.082GHz and 5.958GHz, achieved 
15.8% and 876MHz tuned-range frequency. The phase noise 
is -115.883dBc/Hz at 1MHz offset frequency from 
5.814GHz in Fig.4.  
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The general performance with comparison FOM of VCO 
is defined as following[4] : 

   Plog10
f

fo
 20log-fLFOM 









          (1) 

where ω 0 is the center frequency,   is the frequency 
offset, L{  } is the phase noise at  , Pdc is the dc 
power consumption in 0.99 mW. By the calculation, the 
figure of merit (FOM) of this proposed VCO is about -
191dBc/Hz at the carrier frequency of 5.814 GHz. The 
performance comparison between reported paper and 
proposed VCO is shows in Table I. 

 
Fig.2 Chip photograph of the proposed VCO. 

 

Fig.3 Output oscillation frequency versus control voltage. 

IV. CONCLUSION 

In this paper, the new topology with low phase noise and 
ultra low-power voltage-controlled oscillator is proposed. 
Measured tuning range is about 15.8% from 5.082GHz to 
5.958GHz and power dissipation is 0.99mW. The FOM of 
the VCO is about -191dBc/Hz.  
 

 

Fig.4 Measured phase noise of proposed VCO 
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TABLE I COMPARISON OF LOW POWER VCO PERFORMANCE 

 unit [4] [9] [10] [11] [12] This work 

Technology - 
0.18um 
CMOS 

0.18um 
CMOS 

0.18um 
CMOS 

0.18um 
CMOS 

0.18um 
CMOS 

0.18um 
CMOS 

Frequency GHz 5.31 2 5.5 5.25 5.4 5.8 

VDD V 1.4 1.25 1.8 1.8 1.2 1.4 

Core Power Diss. mW 2.5 1 5.76 2.7 0.9 0.99 

Phase noise @1MHz 
offset 

dBc/Hz -118 -121 -115 -107 -112.7 -115.88 

Tuning range % 14.7 N/A 20 11.4 2.6 15.8 

FOM dBc/Hz -188.6 -189.5 -182 -177 -188 -191 
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