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Abstract  —  A fully integrated single-ended output push-
push oscillator is realized using an advanced 0.2µm SiGe 
HBT process. Up to –5 dBm output power is achieved at 180 
GHz using a technology with a transition frequency 
fT  of 200 GHz and maximum oscillation frequency 
fMAX of 275 GHz. Preliminary phase noise measurements 
show a phase noise of less than –90 dBc/Hz at 1 MHz offset 
from the 180 GHz carrier.   

I. INTRODUCTION

Voltage controlled oscillators are essential building 
blocks for next generation mm-wave radar and 
telecommunication systems.  

To achieve the best compromise between a highest 
oscillation frequency, good output power, good phase 
noise and fully integrated design, we have chosen a push-
push oscillator topology, in which the outputs of two 
oscillators coupled in anti-phase are combined to yield a 
strong 2nd harmonic output signal, allows to extend the 
useful frequency range of available transistor technology 
[1-4]. Furthermore, the resonator operates at half of the 
output frequency, which results in higher Q-factors and 
improved phase noise.  

II. CIRCUIT DESIGN 

The schematic diagram of the VCO is shown in figure 
1. It is similar to that of the SiGe HBT push-push VCO 
published in [4]. 
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Fig. 1. Schematic diagram of the push-push oscillator (vco3). 

A strong second harmonic push-push output is 
obtained at the virtual differential ground node of a 
differential LC-type Collpits oscillator. The 2nd harmonic 
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 extracted at any virtual ground node for the 
n mode. In this case the 2nd harmonic is extracted 
n the capacitors at the emitter to improve output 
and fundamental rejection compared to the end of 
e line resonator (LB), which introduces additional 
 
smission lines are realized as thin-film microstrip 
ith a lower metallization as ground plane and the 
 thick top metallization layer as signal line to 
ze losses.  
negative resistance is obtained by loading the 
 of the Q1 and Q2 with a capacitance formed by 
M capacitor C2, which permits the output to be 
upled with any additional element.  As in [4], the 
trip transmission lines LE are designed to be 
 wavelength at the fundamental oscillation 
cy, such that the differential short at the collector 

 and Q4 is transformed to an open at the 
ental frequency.  
MIM capacitor C1, bypassing the base-emitter 

limits the non-linear up conversion of noise at the 
de. In the present design, the collector is shorted 

allows the use of a large device (0.2x10µm²). As a 
ck, only the second harmonic can be extracted. 
er, using this topology, we expect to improve 
power, phase noise, pulling and improve the 

um frequency oscillation reachable for a given 
technology. 

: Layout of the VCO3. 

layout has been carefully drawn to obtain fully 
tric layout and to minimize parasitics. We have 
ted only 2% frequency shift between the schematic 
nd without extracted parasitics from layout. The 
e of VCO3 is 200 x 800 µm² without pads. 

III. CIRCUIT RESULTS

its were realized using an advanced 0.2µm SiGe 
oundry process. This process features a high 
ance NPN HBT with a transit frequency 

0 GHz and fMAX = 275 GHz [6]. 



The output spectrum measured at the single ended 2nd

harmonic output using on-wafer WR-08 waveguide 
probe and a 170 – 200 GHz downconverter, is shown in 
figure 3. This measurement was not corrected for the 
WR-08 waveguide probe and downconversion mixer loss, 
estimated to be at least 12 dB. A spectrum with about –5 
dBm output power at 180 GHz is obtained for a total 
power consumption of 120 mW.  

Fig. 3. Downconverted spectrum (LO=186 GHz) of VCO at 
2nd harmonic single-ended push-push output (VEE:-3.4V, total 
current : 35 mA, not corrected for 12 dB conversion loss). 

There is a good agreement between simulations and 
measurements. In our case, the measurement gives 179 
GHz compared to a simulated oscillation frequency of 
184 GHz @ Vee=-3.3 Volt. The oscillation frequency 
and associated output power are shown in figure 4 and 5, 
respectively as a function of the negative supply and the 
current control voltage. No varactor tuning was 
implemented in the present oscillator, therefore the 
oscillation frequency can only be tuned by about 1 GHz, 
for instance using the current control pin of the current 
source (figure 5). 

Fig. 4. Corrected output power and oscillation frequency vs 
negative power supply. 

As shown in figure 4, a zero pushing is achieved for a 
negative power supply at –2.8 Volt, which permits to 
minimize the up-conversion of the noise. Unfortunately, 
the associated output power is 5 dB lower than in the 
case of the optimal bias point. A first preliminary phase 
noise measurement shows a phase noise of less than –90 
dBc/Hz at 1 MHz of the 180 GHz carrier. 
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. Corrected output power and oscillation frequency vs 
control pin (Ictrl) at Vee=-3.4Volt. 

ther push-push topology (similar to [4]) with 50-
sistive load on the collector and the 2nd harmonic 
d at the virtual differential ground node at the end 
ine resonator connected to the base is currently in 
ement (see fig. 6). 

. Schematic diagram of the push-push oscillator (vco1). 

minary results show an oscillation frequency at 
z and an associated output power of –12 dBm. 
e same active device, we have reach 6 dB more 
power in VCO3 (fig. 1) than VCO1 (Fig. 6) as 
d and found in simulation. The measurement of 
and phase noise of the two versions is under way 
ll be discussed during presentation. 

V. CONCLUSION 
is paper, we have demonstrated, to the best of our 
dge, the highest frequency Si-based oscillator 
igher than best reported in paper [4]).  
varactor integration in a new design and already 
strated in [4], should be simplified by the fact 
 a good agreement between simulation and results.   
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