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Abstract— This paper presents a fundamental mode W-band 
MMIC balanced Colpitts oscillator implemented in an advanced 
60 nm gallium nitride (GaN) high electron mobility transistor 
(HEMT) process from OMMIC foundry. The oscillator operates 
around 85 GHz with measured peak output power of nearly 0 
dBm and phase noise at 10 MHz offset better than  
-120 dBc/Hz. To the best authors’ knowledge, the phase noise is 
state-of-the-art value for W-band monolithic microwave 
integrated circuit (MMIC) GaN HEMT oscillators.  
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I. INTRODUCTION  
In recent years, high resolution millimeter-wave (mm-

wave) radars have attracted interest due to promising 
applications in transportation industry [1-2], e.g. in aircraft 
traffic control systems to enhance vision in adverse 
weather/environment, etc.  In order to offer an excellent 
definition and a wide detection range, the key radar 
components are power amplifiers and signal sources that are 
able to deliver high power and have low far-carrier phase 
noise performance at mm-wave frequencies, respectively. 
Besides the high performance, a compact module being cost 
effective in volume production is also important and 
challenging. Among many semiconductor technologies, 
short-gate length monolithic microwave integrated circuit 
(MMIC) GaN HEMT technology is the most potential 
candidate with capability of delivering sufficient power at 
mm-wave frequencies for mm-wave radars thanks to its 
particularly high breakdown voltage [3]. Recently, 
commercial GaN HEMT process lines also offer cost-
effectiveness in volume production. Further, it is well known 
that GaN HEMT is excellent for power amplifiers and there 
is a need for fully integration. Therefore, the development of 
low phase noise, sufficient output power integrated mm-wave 
GaN HEMT oscillators for cost effective compact mm-wave 
radars is necessary.  
 

In this work, we report a low phase noise W-band 
balanced Colpitts MMIC oscillator in an advanced 60 nm 
GaN HEMT technology from OMMIC. The achieved phase 
noise at 10 MHz offset is better than -120 dBc/Hz and this is 
so far the lowest phase noise reported for W-band MMIC 
GaN HEMT oscillators. 

II. OSCILLATOR DESIGN 
The oscillator is designed and realized in OMMIC’s 60 nm 

gate length D006GH GaN HEMT process on Si substrate with 
a cut off frequency (fT) and maximum oscillation frequency 
(fmax) of 190 and 250 GHz respectively. A two-finger HEMT 
device with a gate-finger width of 25 µm that gives sufficient 
gain at W-band, is selected. Once the active device is chosen, 
the oscillator topology is to be selected. In this work, a 
common-gate balanced Colpitts topology, as seen in Fig. 1(a), 
which is previously demonstrated to offer good phase noise 
[4], is used. The balanced topology can also theoretically 
obtain 3 dB lower phase noise compared to the single-ended 
topology. Fig. 1(b) shows the chip photo of the designed 
oscillator. 

 
(a) 

 
(b) 

Fig. 1. Balanced Colpitts W-band GaN HEMT oscillator. (a) Schematic. (b) 
Chip photo. 



The oscillator is designed for sufficient output power and 
low phase noise at W-band. Thus, all component values in the 
schematic of the designed oscillator are optimized for that 
target.  The tapping ratio of capacitive divider in Fig. 1(a) is 
0.33 while the width of the microstrip line in the tank 
inductance is 20 µm. Since there is many parasitic 
components at high frequencies, the whole resonator is EM-
simulated for the highest accuracy.  Besides the design of the 
lumped-elements in the resonator, the bias networks also have 
to be designed. The gates are biased through a 1 kΩ resistor, 
while the drains are biased in the symmetry node of the tank 
inductor. The value of the source resistance is 50 Ω. The 
output signal are extracted through a MIM capacitance of 10 
fF at both sides. The designed oscillator uses only one 
differential transistor pair without any additional combining 
networks, requiring less dc power consumption and therefore 
enabling higher power efficiency.  

The circuit is designed using Harmonic Balance (HB) in 
Keysight’s Advanced Design System (ADS 2017) with 
dedicated design kit. The size of the designed oscillator is 
0.7× 0.9 mm2.  

III. MEASUREMENT RESULTS 
The designed oscillator is characterized using an FSUP50 

signal-source analyzer from Rohde & Schwarz. The low 
noise internal dc supplies of the FSUP are used for biasing 
the gate and the drain. The frequency range of the FSUP is 
extended using an external W-band sub harmonic mixer 
according to the measurement set-up in Fig. 7. The total loss 
from W-band probe and coaxial connection is characterized 
to be 2 dB. 

 

(a) 

 

(b) 

Fig. 2. Oscillator measurement setup. (a) Block diagram. (b) On-wafer test 
setup. 

Fig. 3(a) shows the measured oscillating frequency versus 
gate bias voltage with drain bias voltage as a parameter. 

Compared to the simulated oscillating frequency in HB 
simulation, i.e. 91 GHz, the measured oscillating frequency 
is shifted down around 8%, likely due to miss-match of 
parasitic capacitance in the transistor model. Moreover, the 
measured dc current is also lower than the simulated dc 
current, likely due to a shift in pinch-voltage and a different 
compression characteristic. 
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Fig. 3. The designed ocillator performance. (a) Oscillating frequency at 
different drain bias voltages versus the gate bias voltage. (b) Output power 
at different drain bias voltages versus the gate bias voltage . 

Fig. 3(b) presents the measured RF output power of the 
designed oscillator versus gate bias voltage at different drain 
voltages after correcting the probe and connection loss. The 
measured output power is lower than the simulated one, e.g. 
for bias condition Vdd = 10 V/ Vgg = -0.4 V the output power 
in measurement is about -0.5 dBm while the output power in 
HB simulation is about 2 dBm. This difference can be 
associated with different saturation characteristics, which 
was already identified from the dc current. By adjusting the 
gate bias voltage, a small bandwidth of 1 GHz with moderate 
RF power can be achieved, e.g. at Vdd = 10 V. The dc power 
consumption varies from 32 to 616 mW versus different gate 
and drain bias voltages. 

Accurate phase noise characterizations of free-running 
oscillators usually require some types of phase stabilization 
methods such as the PLL or the discriminator methods. The 
R&S FSUP 50 signal source analyzer used in this work has a 
dedicated hardware option using cross-correlation of two 
PLLs to reach a very low noise floor [5]. Unfortunately, this 
method only works for free-running oscillators < 50 GHz and 
not compatible with the external mixers needed to 
characterize the designed oscillator. Instead, phase noise in 
this work is determined by using the basic and simplest 
spectrum-analyzer method, i.e. reading directly from the 

 

 
 



measured spectrum. By manually adjusting frequency span 
and resolution bandwidth, phase noise is estimated from the 
measured spectrum. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 4. Measured output spectrum from FSUP of the designed oscillator at 
Vdd = 10 V/ Idd = 34 mA. (a) in the whole W-band. (b) with frequency span of 
200 MHz (noted that the 2 dB probe and connection loss should be correct 
in the measured output power). 

Fig. 4(a) and (b) show measured oscillator spectrum from 
FSUP for bias condition, Vdd = 10 V/ Idd = 34 mA in the whole 
W-band and with the frequency span of 200 MHz, 
respectively. To calculate phase noise from the measured 
spectrum it is necessary to compensate for the used resolution 
bandwidth (RBW), which is 3 MHz in Fig. 4. Single-sideband 
(SSB) phase noise ℒ is defined as the normalized noise power 
within a 1 Hz bandwidth at an offset frequency (Δf). The 
phase noise is calculated as  

 
ℒ (∆𝑓𝑓) =  𝑃𝑃𝑛𝑛(𝑅𝑅𝑅𝑅𝑅𝑅) −  𝑃𝑃𝑠𝑠 − 10 × log10(𝑅𝑅𝑅𝑅𝑅𝑅 × 𝛿𝛿)     (1) 

 
where Ps  is carrier signal power, Pn is the noise power within 
the resolution bandwidth (RBW) at offset ∆f  and δ is a 
correction factor to correct the filters noise bandwidth and is 
equal to 1.128 that read from the datasheet of FSUP [5]. 

From the spectrum in Fig. 4(b) the measured phase noise 
at an off-set frequency of 10 MHz can be estimated to about 
-120 dBc/Hz. 

 

Table I compares the performance of millimeter-wave 
oscillators operating > 50 GHz in GaN HEMT technology 
reported in open literature. They have different GaN HEMT 
processes and topologies. It is found that the presented 
oscillator obtains lowest phase noise. 

TABLE I.  COMPARISON WITH OTHER GAN HEMT OSCILLATORS 
OPERATING > 50 GHZ 

fosc 

(GHz) 
Pout 

(dBm) 
BW 

(GHz) 
𝓛𝓛 (𝟏𝟏𝟏𝟏𝑴𝑴𝑴𝑴𝑴𝑴) 

(dBc/Hz) 
Pdc 

(mW) 

FOM* 
(dBc/Hz) 

Ref. 

89.2 10.2 8.0 -112 650 162.8 [6] 
67 19.5 4.85 -111 660 159.3 [7] 
71 19.3 1.37 -103 1470 148.3 [8] 
84 -0.67 1 -120 340 171.1 This 

∗ 𝐹𝐹𝐹𝐹𝐹𝐹 (∆𝑓𝑓) = −ℒ (∆𝑓𝑓) + 20 × log10(𝑓𝑓0/∆𝑓𝑓)− 10 × log10(𝑃𝑃𝐷𝐷𝐷𝐷/1𝑚𝑚𝑚𝑚) 
 

IV. CONCLUSION 
In this work, a low phase noise W-band MMIC GaN 

HEMT oscillator is reported. The design is based on 
common-gate balanced Colpitts topology and is fabricated in 
the advanced OMMIC’s 60 nm GaN HEMT technology. 
Measured output power of nearly 0 dBm, and far-carrier 
phase noise of -120 dBc/Hz at 10 MHz offset, are reached. It 
is found that phase noise at 10 MHz offset of the designed 
oscillator is state-of-the-art number for W-band MMIC GaN 
HEMT oscillators. The design shows the feasibility of low 
phase noise MMIC GaN HEMT oscillators operating at mm-
wave frequencies that can be used in mm-wave radars.  
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