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ABSTRACT 

In this paper, a low-voltage and low-power 2.4 GHz LC-oscillator using discrete components 
on FR-4 is presented. This LC-Oscillator requires only 1.8V to operate and the optimized 
layout is implemented on low-cost conventional double layer PCB without using an 
additional layer for connection between the miniaturized resonator and transistors. The 
dimension of the PCB is only 32 mm x 21 mm. Measured results show the circuit consumes 
only 2.56 mW using a supply voltage of 1.8V, with phase noise of -118 dBc/Hz at 1-MHz 
offset. Further experiment shows that it can operate at 1.1 V with power consumption only 
0.69 mW. 

 

INTRODUCTION 

For portable RF devices, battery life is an essential factor. In the case of RFID or wireless-
powered platforms [1,2,3,4,5], batteries are not used in the receiver/transponder and energy is 
taken direct from the base station. Energy is salvaged using diode and then voltage is boosted 
by using multi-stage voltage multipliers. In such cases it is very important to have a very low 
power and low voltage oscillator to communicate with the base station. Commercial VCO 
chips usually operate on 2.7 V and more and so their voltage requirement is too high for our 
purpose [6,7,8]. Several papers for low-voltage and low-power oscillator have been presented 
using custom IC with CMOS technology [9,10,11,12]. However, a low-voltage 2.4 GHz 
oscillator using discrete components and low-cost FR-4 are rarely found in the literature. In 
this paper, a low-power, low-voltage and low-cost 2.4 GHz LC-oscillator using discrete 
components on double layer FR-4 is discussed. The design is simulated using Microwave 
Office from AWR. The prototype has been built and measured using the signal spectrum 
analyzer. The result shows that its performance is very competitive to custom ICs. 
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OSCILLATOR DESIGN 

In the approach presented here, a conventional LC-coupled oscillator is designed using 
Microwave Office. The resonator is implemented using copper microstrip instead of lumped 
elements. A discrete NPN silicon RF transistor BFR360F [13] has been chosen for its low 
cost and availability. Due to the restriction of the package, an additional layer of 
interconnection is usually needed to implement the crossover connections of the LC-tank and 
transistors as shown in Figure 1. However, with optimized chip placement and a novel H-
shaped resonator, the whole design can be implemented on a single copper layer without any 
crossover or the need for another layer for interconnects as shown in Figure 2. One of the 
transistors has been placed upside down so that it simplifies the base-collector connection of 
the transistors. It also minimizes the number of turns of the connections and hence reduces 
power loss. The H-shaped resonator is not only an LC tank, but also provides the necessary 
interconnect for the DC bias of the transistors. The DC supply voltage is connected with an 
RF-choke on the top-right of the resonator. The total length of the resonator between the 
transistors controls the oscillation frequency. The distances from the collector to the base and 
the collector have been optimized to be λ/4 for maximum signal swing. The width of the 
segment going into the base has been optimized differently for each transistor to control the 
gain of each transistor and so obtain a more symmetrical output waveform. The pad sizes are 
optimized not only for soldering but also aid in impedance matching the transistor whilst 
minimising the use of components. A 1.2 pF capacitor at the emitter is used to filter-out 
unwanted second harmonics. A 0.8 pF output coupling capacitor is used to output power to 
the load whilst minimising resonator loading and Q deterioration.  The whole design is 
implemented on a conventional double layer FR-4 with a dielectric constant of 4.2. Since this 
layout eliminates the use of wire crossover, a triple layout with middle ground-plate is not 
required. The dimension of the PCB is only 21 mm by 32 mm and it can be reduced further 
easily. The miniature resonator dimension is only 8.7 mm by 17.8 mm. And three connectors 
are used for VDD and VBIAS and RF out. The actual circuit implemented on PCB is shown in 
Fig. 3. 

 

 

 

 

 

 

 

 

 

Fig. 2.  PCB layout for the LC Oscillator 
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The schematic has been simulated using Microwave office with supply voltage 1.8 V. Fig. 4 
shows the upper-side-band phase noise performance is -119.7 dBc/Hz at an offset of 1 MHz.  

 

 

 

 

 

 

 

 

 

 

MEASUREMENT RESULTS 

The Rohde & Schwarz FSV signal and spectrum analyzer was used to measure the phase 
noise of the oscillator. Figure 5 shows measured phase noise for the oscillator with 1 MHz 
offset. With a supply voltage of 1.8 V and VBIAS of 0.82 V, the circuit oscillates at 2.43 GHz 
with a maximum current drawn of only 1.42 mA. This equates to a mean power consumption 
of 1.8V * 1.42 mA = 2.56 mW. The phase noise for this condition is -119.24 dBc/Hz with 1-
MHz offset. The output power is -10.61 dBm as shown in Figure 5. 

 

 

Fig.3 The actual oscillator circuit on FR-4. 

 

 

Fig 4. Simulated phase noise performance 
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The supply voltage is then reduced further to 1.1 V with the same VBIAS. The maximum 
current drawn is then only 0.63 mA and so the power consumption is less than 0.69 mW with 
an output power of -18.56 dBm. The phase noise is -111.45 dBc/Hz with 1-MHz offset as 
shown in Figure 6. However, the frequency drifts to 2.65 GHz due to the change in the DC 
bias conditions. Future study will be concentrated on further reducing the power consumption 
with frequency tuning capability. The results are summarized in Table 1[14-15]. 

 

 

 

 

Fig. 5.  Measured output spectrum of the 2.43GHz oscillator 

 

 

Fig 6. Measured output spectrum of the 2.65GHz oscillator 
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A widely used figure-of-merit (FOM) for comparing VCO performance is defined as 
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where L{fm} is SSB phase noise at the offset frequency of  fo from the oscillation frequency 
of , and the PDC represents DC power dissipation in mWs. The FOM of the proposed 
oscillator is –182.86 dB and the result is competitive to custom ICs. 

 

CONCLUSION 

The 2.4GHz oscillator presented is a low-voltage, low-power and low-cost implementation 
using widely available PCB processing equipment and discrete components with supply 
voltage 1.8 V and power consumption 2.56 mW. Experiment shows that the supply voltage 
and power consumption can be further reduced to 1.1 V and 0.69 mV. The optimized 
resonator reduces the overall size and complexity of the layout and allows conventional 
double layout FR-4 PCB to be used for the design. It shows relatively low-phase noise with 
low power consumption and low supply voltage which is suitable for RFID or wireless-
powered systems without using custom ICs. 

 

TABLE I 

Measurement Results For Different Conditions 

 Ref. VDD 

[V] 

Freq. 
[GHz] 

Power 
[mW] 

PN[dBc/Hz] @ 
1MHz FOM [dB] 

This work 1.8 2.43 2.56 -119.24 -182.86 

This work 1.1 2.65 0.69 -111.45 -181.52 

[14] - 2.00 3.15 -118.9 -186 

[15] - 2.03 10 -117.0 -177.5 

 



6 
 

 

REFERENCES 

[1] T. Paing, J. Morroni, A. Dolgov, J. Shin, J. Brannan, R. Zane, Z. Popovic, 
“Wirelessly-Powered Wireless Sensor Platform,” IEEE Proceedings of the 10th 
European Conference on Wireless Technology, Oct. 2007, pp. 241 - 244. 

[2] D.J . Yeager, J. Holleman, R. Prasad, J.R. Smith, B.P. Otis, “NeuralWISP: A 
Wirelessly Powered Neural Interface With 1-m Range,” IEEE Trans. Biomedical 
Circuits and Systems, vol. 3, no. 6, pp. 379–387, Dec. 2009. 

[3] T. Le, K. Mayaram, T. Fiez, “Efficient far-field radio frequency energy harvesting for 
passively powered sensor networks,” IEEE J. Solid-State Circuits, vol. 43, no. 5, pp. 
1287-1302, May 2008. 

[4] B. Otis, J. Holleman, Y.-T. Liao, J. Pandey, S. Rai, Y. Su, D. Yeager, “Low Power IC 
Design for Energy Harvesting Wireless Biosensors,” IEEE Radio and Wireless 
Symposium, pp. 5-8, Jan. 2009. 

[5] T. Paing, J. Shin, R. Zane, Z. Popovic, “Resistor Emulation Approach to Low-Power 
RF Energy Harvesting,” IEEE Trans. Power Electronics, vol. 23, no. 3, pp. 1494-
1501, May 2008. 

[6] Infineon Technologies AG, “W-CDMA 2.3 GHz VCO using BFR360F and BBY58-
02V,” Application Note No. 061, Nov. 2006. 

[7] Analog Devices, “ADF4360-0 Integrated Synthesizer and VCO,” Data Sheet Rev A, 
Dec 2004. 

[8] Maxim Integrated Inc., “2.4GHz Monolithic Voltage-controlled Oscillators,” Data 
Sheet Rev 0, Oct. 2000.  

[9] S. Yun, S. Shin. H, Chol, S. Lee, “A 1mW Current-Reuse CMOS Differential LC-
VCO with Low-Phase Noise,” IEEE ISSCC, vol. 1, pp. 540-616, Feb. 2005. 

[10] Z. Wang, H.S. Savci, N.S. Dogan, “1-V Ultra-Low-power CMOS LC VCO for UHF 
Quadrature Signal Generation,” IEEE ISSCC, pp. 4, Sept. 2006. 

[11] Tzuen-Hsi Huang, Yan-Ru Tseng, “A 1 V 2.2 mW 7 GHz CMOS Quadrature VCO 
Using Current-Reuse and Cross-Coupled Transformer-Feedback Technology,” IEEE 
Microw. Wireless Compon. Lett. vol. 18, no. 10, pp. 698-700, Oct. 2008.  

[12] A. Fakhr, M.J. Deen, H. deBruin, “Low-voltage, low-power and low phase noise 2.4 
GHz VCO for medical wireless telemetry,” Canadian Conf. Electrical and 
Computer Engineering, vol. 3, pp. 1321-1324, May 2004. 

[13] Infineon Technologies AG, www.infineon.com 
[14] Lin Jia, Jian-Guo Ma, Kiat Seng Yeo, Manh Anh Do, “A novel methodology for the 

design of LC tank VCO with low phase noise,” IEEE ISCAS, vol.1, pp. 376-379, 
Jul. 2005. 

[15] J. Craninckx and M. S. J. Steyaert, “A 1.8 GHz low-phase-noise CMOS VCO using 
optimized hollow spiral inductors,” IEEE J. Solid-State Circuits, vol.32, pp.736-744, 
Mar. 1997.  

 

 


