
 

  
Abstract— A push-push voltage-controlled oscillator  (VCO) is 

designed in this paper. The VCO adds the differential output of a 
fundamental 30-GHz oscillator  to give the second harmonic at 60 
GHz. A buffer  is present at the output to dr ive 50-ΩΩΩΩ load. The 
VCO has a simulated tuning range from 55.4 GHz to 67 GHz 
(fundamentally from 27.7 GHz to 33.5 GHz). The VCO consumes 
5 mA, and the buffer  an additional 5.35 mA, all from a 1-V 
supply. The simulated output power dr iving 50 ΩΩΩΩ var ies from -6.4 
dBm to -12.28 dBm across the entire tuning range.  
 

Index Terms— push-push, oscillator , 60-GHz   
 
 

I. INTRODUCTION 
illimeter-wave circuit design for the 60-GHz band is 
gaining popularity [1-4]. The availability of 7 GHz 
bandwidth and the possibility of gigabit-per-second data 

transfer rate contribute much to the interest of this emerging 
band. Currently, circuits operating at such high frequencies 
have been realized in III-V semiconductor technology, which 
is prohibitively expensive. SiGe BiCMOS process, while 
cheaper, has shown great potential in meeting these challenges 
at this frequency with transistors of transit frequency over 200 
GHz. Nevertheless, this technology is still more expensive 
than the traditional CMOS process. Today, the rapid scaling of 
CMOS technology, e.g. 65 nm and 90 nm, leads to the 
emergence of transistors with transit frequency over 200 GHz. 
There exists a possibility of designing circuits in CMOS to 
meet the challenges for this frequency band.  

Fig. 1 shows a generic block diagram of a phase-locked 
loop (PLL). The primary function of the PLL is to provide a 
stable local oscillating signal for the mixers to perform both 
the up- and down-conversion operations. A crystal is often 
used to input a highly stable, low-frequency reference signal 
into the PLL. The phase comparator compares the phase 
difference between the reference signal and the output of the 
frequency divider (the voltage-controlled oscillator (VCO) 
drives the divider), and outputs a DC voltage to adjust the 
VCO till there is no phase difference. As the crystals only 
work in the mega-hertz range, a frequency divider is clearly 
needed for a PLL to function in the 60-GHz band.  

The design of this VCO is non-trival. Its power 
consumption must be kept minimal, and the phase noise must 
be low. The tuning range must also be wide, especially taking 
into account the process, voltage and temperature (PVT) 
variations. At millimeter-wave frequency, the power 
consumption of the VCO would be high because of the small 
 
 

power gain of the transistors. Also, the phase noise would be 
poor. Similarly, wide tuning range will be difficult to achieve.  

In this paper, the design of a 60-GHz push-push VCO [5] in 
a 65-nm CMOS process is described. A push-push VCO adds 
the differential outputs of a fundamental VCO, i.e. 30 GHz, to 
give the second harmonic at 60 GHz. Ideally the second 
harmonic output power should be zero. However, as the two 
outputs of the differential VCO are not perfectly 180 degrees 
out of phase, there is a weak second harmonic presence. By 
amplifying the second harmonic, the output can drive a mixer, 
but in this case, a 50-� load. Also with this approach, it is 
easier to give a wider tuning range. The designed VCO has a 
simulated tuning range from 27.7 GHz to 33.5 GHz 
fundamentally, which means a tuning range from 55.5 GHz to 
66.9 GHz at the second harmonic. Such wide tuning range is 
easily achieved. Also, this approach works under low supply 
voltage. From a 1-V supply, the VCO consumes 5 mA and the 
buffer an extra 5.35 mA. The output power driving 50-� 
varies from -6.4 dBm to -12.3 dBm.  
 

II. REALIZATION OF PUSH-PUSH VCO 
The schematic of the push-push VCO is depicted in Fig. 2. 

Transistors - M1 and M2, inductor - L1 and L2, and varactor –
C make up a typical VCO. The cross-coupled pair of M1 and 
M2 provides the negative resistance to undamp the resistive 
losses of a LC tank. The tank is formed by the inductor and the 
varactor. By varying the tuning voltage, the capacitance of the 
varactor can be changed and thus, changes the oscillation 
frequency. The differential outputs are taken from the drain 
 

A 60-GHz Push-Push Oscillator 
Wei Liat Chan and John R. Long 

M 

LF

VCO
Loop
Filter

Divider

Phase
Detector

 
 
Fig. 1.  Block diagram of a PLL.  
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terminals of M1 and M2, respectively, and buffered to drive 
resistive and capacitive loads.   
 In the implementation of a differential VCO, a symmetrical 
inductor is usually preferred to two single-ended ones. The 
former gives a higher quality factor, Q, and also occupies less 
silicon area, compared to the latter. However, in a push-push 
VCO, single-ended inductors are chosen.  
 A push-push VCO works in the following way. The 
differential outputs of a typical VCO are summed. Ideally, it 
should give only a DC value. However, as the two outputs are 
not perfectly 180 degrees out of phase, there will be a weak 
second harmonic presence. A push-push VCO amplifies this 
weak second harmonic sufficiently to drive on-chip 
mixers/load.  
 Thus, it is important to enhance the signal strength of the 
second harmonic so that less power consumption will be spent  

on amplification. One way is to use single-ended inductors to a 
symmetrical one. In a typically VCO, symmetrical inductor, 
which has a smaller footprint and higher Q, rejects the second 
harmonic component. Therefore, single-ended inductors must 
be used. At 30 GHz (fundamental oscillation frequency), the 
inductor sizes are small, and thus, the increase in silicon area 
needed will be negligible. Single-ended inductors can be 
implemented as coil inductors or strip lines. Coil inductors are 
preferred as they are more compact. 
 To add the differential outputs, however, no extra circuits or 
components are needed. At the common node, where the 
supply is connected to the VCO, the summation of the 
differential outputs readily happens. To prevent the second 
harmonic from flowing to the supply, which results in more 
power needed for amplification, a quarter wavelength strip line 
is used to feed current to the VCO from the supply. To the
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Fig. 2.  Implementation of a push-push VCO.  
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second harmonic output, which is at 60 GHz of a 30-GHz 
fundamental VCO, the strip line appears to be an open circuit, 
and thus, no signal is lost to the supply. Common-source 
amplifier of M3, with inductive load, amplifies the second 
harmonic to drive 50-� load. 

III. SIMULATION RESULTS 
  The push-push VCO is designed in a 65nm CMOS process. 
The VCO oscillates at 30 GHz fundamental, which gives the 

second harmonic at 60 GHz. The designed VCO is given in 
Fig.2. From a 1-V supply, the VCO consumes 5 mW and the 
buffer an additional 5.35 mW. Fig. 3 shows the tuning curve of 
the VCO. From 0.1 V to 0.9 V, a broad tuning range from 
about 27.7 GHz to 33.5 GHz is achieved. Thus, the second 
harmonic varies from 55.4 GHz to 67 GHz, covering the entire 
57 GHz to 64 GHz. Such a broad tuning range at 60 GHz will 
be difficult to achieve without using push-push VCO.  
 Fig. 4 shows the output power driving 50-� load, as the 
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Fig. 3.  Tuning curve of VCO, giving the fundamental oscillation frequency (left) and the second harmonic (right).   
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Fig. 4.  Output power against frequency.   
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Fig. 5.  Phase noise of the output of the push-push VCO.   
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VCO is tuned. The output power varies from about -6 dBm to 
-12.5 dBm, which should be sufficient to drive on-chip mixers. 
The phase noise of the second harmonic at default biasing is 
given in Fig. 5. Phase noise of about -95 dBc/Hz is achieved at 
1-MHz offset from the carrier frequency.  

 

IV. CONCLUSION 
The design of a 60-GHz push-push VCO (fundamentally at 

30 GHz) is presented. The differential outputs are added to 
give a second harmonic at 60 GHz, which is buffered to drive 
50-Ω load. The VCO has a simulated tuning range from 55.4 
GHz to 67 GHz or 27.7 GHz to 35.5 GHz fundamentally. 
From a 1-V supply, the VCO consumes 5 mA and the buffer 
an extra 5.35 mA.  
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