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Abstract — We report a 0.15 μμμμm p-HEMT dual frequency 

VCO. The dual frequencies are achieved using a switched-
resonator topology. Large devices can be used for switching, 
as their parasitic capacitance is absorbed into the resonator. 
The phase noise at 1 MHz offset was  -101 dBc and -92 dBc 
at 10.6 and 16.3 GHz respectively.  

I. INTRODUCTION 

In a monolithic LC resonator based VCO 
implementation, a significant portion of the die area is 
occupied by the resonator i.e. the inductor and capacitors 
(varactor). A VCO capable of operating at two different 
frequencies by using the same resonator tank could 
reduce the die area and cost. The two frequencies can be 
arbitrarily chosen depending upon the application. 

 In this paper, a switched resonator topology which 
enables the VCO to change frequency between 10 GHz 
and 16 GHz is presented. Baek et al [1] have 
implemented an HBT based dual band VCO using 
resonant mode switching operating above 10 GHz. This 
method however requires the use of transistors to act as 
current sources. This introduces another source of 1/f 
noise in the VCO [2] which is already a big issue in 
HEMT based designs. Dual band VCO’s operating at 
frequencies less than 5 GHz have been reported [3]-[5] 
using switched resonators, however the switch 
capacitance was in parallel with the resonator, limiting 
the channel width and thus the switch resistance.  In this 
design, a series switched resonator topology is used to 
achieve the band switching. The switch parasitics are 
absorbed into the resonator enabling the use of large 
devices as switches. The current source for the VCO is 
implemented using a resistor to reduce 1/f noise 
upconversion.  This is the first such VCO using this 
topology and the first dual frequency VCO in a p-HEMT 
process to our knowledge. 

II. VCO  IMPLEMENTATION  

The basic VCO topology used is a cross coupled 
oscillator. Fig. 1 shows the schematic of the VCO. The 
DC biasing is not shown in the figure. The inductors in 
the design are realized using transmission lines. The fine 
tuning of the frequency is achieved using reverse biased 
schottky diode with drain-source shorted. 

The VCO switches from 10 GHz to 16 GHz when the 
gate voltage for H1 shown as VSWITCH  in Fig. 1 is 
changed from -1.5 V to 0.4 V. When VSWITCH is below       
-1.5 V, the channel does not exist for H1and it is said to 
be in the off state. When VSWITCH is 0.4 V, the channel is 
completely formed and the device is said to be in the on 
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Fig. 1. Dual band VCO 

III. RESONATOR 

n H1 is off, the effective resonator tank looks as 
in Fig. 2. The Q of the switch, defined as 

WITCHROFF), at 10 GHz is 45. The resonator 
y in Fig. 2 is responsible for the lower frequency 

llation (10 GHz). The capacitance CSWITCH, seen at 
in when H1 is off, is given by 
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                              (1)  
the drain source capacitance of H1, CGD and CGS 
nt the gate-source and gate-drain capacitance of 
e drain and source resistance of H1 are in series 

SWITCH. This resistance is shown as ROFF in Fig. 2. 
or the device used was 1.05 Ω. This resistance 
es the Q of the resonator and therefore the phase 
6]. Therefore to minimize this resistance, we need 
a large device and this resonator topology permits 
 of a large device without compromising on the 
cy of oscillation because the device capacitance 

H in the off state is absorbed in the resonator. A 
rge device however does reduce the tuning range. 
lified expression for the resonant frequency for 
onator topology is given in equation (2).  
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The above expression does not take layout parasitics or 

transistor H2, H3 parasitics into account. 
When H1 is turned on, the effective resonator topology 

is shown in Fig. 3. The drain resistance, source resistance 
and the channel resistance add in series with L2. This 
resistance is shown as RON in Fig. 3. RON for the device 
used was 1.9Ω. The approximate resonance frequency 
for this topology is given by   

 

1)2(1

21
HIGH CLLL

LLL

ON

ON

×+×

++
=ω                             (3) 

 
 

Fig. 2. Resonator when H1 is off 
 

 
Fig. 3. Resonator when H1 is on 

IV. EXPERIMENTAL RESULTS 

The VCO was fabricated using a 0.15 μm p-HEMT 
commercial GaAs process. The circuit was wafer probe 
tested. In order to minimize the Q degradation, the VCO 
output was taken through a buffer. 

The phase noise was measured using the Agilent 
E4440A spectrum analyzer, and the phase noise at 
1 MHz offset from the 10.6 GHz carrier was 
-101 dBc/Hz and -92 dBc/Hz for the 16.3 GHz carrier. 
The VDD was 2.5 V, and the current consumption at 
10.6 GHz was 6 mA and 21 mA at 16.3 GHz. 

A larger current was needed for operating the VCO at 
higher frequency because the parallel resistance Rp seen 
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due to a poorer tank Q. A larger current 

nsates for this lower Rp in order to get the VCO 
in > 1 at startup. 
dely used figure of merit (FOM) for VCO 
ance is defined as 
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, L(foffset) is the measured phase noise from the 
ion frequency fo. PDC is the DC power 
ption of the VCO. The FOM at 1 MHz offset was 
c/Hz at 16.46 GHz and -170 dBc/Hz at 

Hz.  
frequencies could be fine tuned using the varactor 
 VTUNE. The varactor is realized using a reverse 
schottky diode with drain-source shorted. The 

ance variation of the varactor with voltage is 
in Fig. 4. This variation plotted in Fig. 4 is with 
ain-source grounded. However in the VCO 
entation the DC voltage at the drain-source node 
. We notice two abrupt changes in the capacitance 

oltage (Fig. 4). The first abrupt change is around    
 This is the voltage at which the channel begins to 
nd causes an increase in capacitance. The next 
change takes place close to 0.4V. This is because 
increase in schottky diode depletion capacitance 
the diode is close to being forward biased. We 
 in the region much below the 0V range as when 
de gets forward biased the Q of the tank drops 

ally and leads to poor phase noise.   The frequency 
e tuned from 16.05 GHz to 16.3 GHz when VTUNE 
anged from -1.6 V to 0.6 V and from 10.3 GHz to 
Hz when VTUNE was changed from -1.2 V to 

 

Fig. 4 Capacitance variation of the varactor 

plots of the measured phase noise at 10.60 GHz 
6.3 GHz are shown in Fig. 5 and Fig. 6 
ively. The slope from 100 kHz to 1 MHz is more 
0 dB/decade indicating the contribution of 1/f 
1/f noise upconversion is one of the biggest 
ges in designing HEMT based oscillators. The 
 are currently invesigating ciruit modifications to 

 this upconversion of 1/f noise. The chip 
raph is shown in Fig. 7.  A summary of the VCO 
ance is given in Table 1. 

 
 



 

Fig. 5 Measured Phase Noise 10.60 GHz 
 

 

Fig. 6.  Measured phase noise at 16.3 GHz 

V. CONCLUSION 

A dual band (10 GHz and 16 GHz) VCO implemented 
using a 0.15 um GaAs process is presented in this paper. 
This is the first demonstration of a dual band VCO in the 
p-HEMT process in the author’s knowledge. The dual 
band operation is achieved by using a switched resonator 
topology. This resonator topology absorbs the switch 
capacitance into the resonator, thus allowing the use of 
large switches to minimize the Q degradation of the 
resonator tank due to the switch. 
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Fig.7 Chip Micrograph 
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 Frequency 1 Frequency 2 

VSWITCH -1.5 V 0.4 V 
VTUNE -1.2 V to 1.2 V -1.6 V to 0.6 V 

Tuning Range 10.33 GHz to 10.63 GHz 16.05 GHz to 16.3GHz 

Frequency at which Phase 
Noise measured 

10.6 GHz 16.3 GHz 

Phase Noise @ 1MHz 
offset 

-101 dBc/Hz -92 dBc/Hz 

VDD 2.5 V 2.5 V 
ID 6 mA 21 mA 

FOM @ 1MHz offset -170 dBc/Hz -159 dBc/Hz 

TABLE I Summary of VCO Performance 
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