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ABSTRACT

In this paper, a low-voltage and low-power 2.4 Gizoscillator using discrete components
on FR-4 is presented. This LC-Oscillator requirely d.8V to operate and the optimized
layout is implemented on low-cost conventional dedayer PCB without using an
additional layer for connection between the mimatd resonator and transistors. The
dimension of the PCB is only 32 mm x 21 mm. Meaduesults show the circuit consumes
only 2.56 mW using a supply voltage of 1.8V, withege noise of -118 dBc/Hz at 1-MHz
offset. Further experiment shows that it can ogeaatl.1 V with power consumption only
0.69 mW.

INTRODUCTION

For portable RF devices, battery life is an esséfdctor. In the case of RFID or wireless-
powered platforms [1,2,3,4,5], batteries are nedus the receiver/transponder and energy is
taken direct from the base station. Energy is gmdlausing diode and then voltage is boosted
by using multi-stage voltage multipliers. In su@ses it is very important to have a very low
power and low voltage oscillator to communicatenvtite base station. Commercial VCO
chips usually operate on 2.7 V and more and so tlodiage requirement is too high for our
purpose [6,7,8]. Several papers for low-voltage lamdpower oscillator have been presented
using custom IC with CMOS technology [9,10,11,2$wever, a low-voltage 2.4 GHz
oscillator using discrete components and low-c&s@Fare rarely found in the literature. In
this paper, a low-power, low-voltage and low-cagt @Hz LC-oscillator using discrete
components on double layer FR-4 is discussed. €kl is simulated using Microwave
Office from AWR. The prototype has been built anglasured using the signal spectrum
analyzer. The result shows that its performaneeiig competitive to custom ICs.



OSCILLATOR DESIGN

In the approach presented here, a conventionaldu@ed oscillator is designed using
Microwave Office. The resonator is implemented gsiopper microstrip instead of lumped
elements. A discrete NPN silicon RF transistor BE®3[13] has been chosen for its low
cost and availability. Due to the restriction o thackage, an additional layer of
interconnection is usually needed to implementctiossover connections of the LC-tank and
transistors as shown in Figure 1. However, withrojzied chip placement and a novel H-
shaped resonator, the whole design can be implesent a single copper layer without any
crossover or the need for another layer for intenects as shown in Figure 2. One of the
transistors has been placed upside down so teanifies the base-collector connection of
the transistors. It also minimizes the number afigwf the connections and hence reduces
power loss. The H-shaped resonator is not only@ualnk, but also provides the necessary
interconnect for the DC bias of the transistorsee DIC supply voltage is connected with an
RF-choke on the top-right of the resonator. Thaltength of the resonator between the
transistors controls the oscillation frequency. @iggances from the collector to the base and
the collector have been optimized toAs for maximum signal swing. The width of the
segment going into the base has been optimizeereiftly for each transistor to control the
gain of each transistor and so obtain a more synwakbutput waveform. The pad sizes are
optimized not only for soldering but also aid inpedance matching the transistor whilst
minimising the use of components. A 1.2 pF capaeitdhe emitter is used to filter-out
unwanted second harmonics. A 0.8 pF output couamgcitor is used to output power to
the load whilst minimising resonator loading andé&erioration. The whole design is
implemented on a conventional double layer FR-4 waitlielectric constant of 4.2. Since this
layout eliminates the use of wire crossover, ddrigyout with middle ground-plate is not
required. The dimension of the PCB is only 21 mn88ynm and it can be reduced further
easily. The miniature resonator dimension is onfyr8m by 17.8 mm. And three connectors
are used for ¥p and \kjas and RF out. The actual circuit implemented on REC&own in

Fig. 3.
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Fig. 2. PCB layout for the LC Oscillator



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

The schematic has been simulated using Microwafieeokith supply voltage 1.8 V. Fig. 4
shows the upper-side-band phase noise performant&9.7 dBc/Hz at an offset of 1 MHz.
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Fig 4. Simulated phase noise performance

MEASUREMENT RESULTS

The Rohde & Schwarz FSV signal and spectrum analyase used to measure the phase
noise of the oscillator. Figure 5 shows measures@moise for the oscillator with 1 MHz
offset. With a supply voltage of 1.8 V ang@)s of 0.82 V, the circuit oscillates at 2.43 GHz
with a maximum current drawn of only 1.42 mA. Thpuates to a mean power consumption
of 1.8V * 1.42 mA = 2.56 mW. The phase noise fos tondition is -119.24 dBc/Hz with 1-
MHz offset. The output power is -10.61 dBm as shawfigure 5.
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Fig. 5. Measured output spectrum of the 2.43GHdlaor

The supply voltage is then reduced further to 1 \it¥ the same ¥as. The maximum

current drawn is then only 0.63 mA and so the pawasumption is less than 0.69 mW with
an output power of -18.56 dBm. The phase noisg1$.45 dBc/Hz with 1-MHz offset as
shown in Figure 6. However, the frequency drift2 185 GHz due to the change in the DC
bias conditions. Future study will be concentraiadurther reducing the power consumption
with frequency tuning capability. The results avensnarized in Table 1[14-15].
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Fig 6. Measured output spectrum of the 2.65GHzlaswmi



A widely used figure-of-merit (FOM) for comparingQ® performance is defined as

FOM =L{ f }+10log (];m] P..

(0]

where L{f} is SSB phase noise at the offset frequencyfgofrom the oscillation frequency
of , and the Bc represents DC power dissipation in mWs. The FOMth&f proposed
oscillator is —182.86 dB and the result is competito custom ICs.

TABLE |

Measurement Results For Different Conditions

Ref. Vbp Freq. Power | PN[dBc/Hz] @

[GHz] |[mW] | 1MHz FOM [dB]

[V]
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
CONCLUSION

The 2.4GHz oscillator presented is a low-voltagei-power and low-cost implementation
using widely available PCB processing equipmentdiadrete components with supply
voltage 1.8 V and power consumption 2.56 mW. Expent shows that the supply voltage
and power consumption can be further reduced t& lathd 0.69 mV. The optimized
resonator reduces the overall size and complexitlyeolayout and allows conventional
double layout FR-4 PCB to be used for the desigshdws relatively low-phase noise with
low power consumption and low supply voltage whghkuitable for RFID or wireless-
powered systems without using custom ICs.
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