A 3x Subharmonic 60-GHz Oscillator
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Abstract— An injection-locked I/Q oscillator is designed irthis
paper. The oscillator locks onto the third harmonicof the injected
20 GHz signal. With only LC lines setting the delaywithin the
oscillator, high 1/Q accuracy is expected. The 60z free-
running oscillator, with phase noise of —-114 dBc/Hat 1-MHz
offset, consumes 9.6 mW (excluding buffers) from &.2-V supply.
The locking range for an input with 200 mW swing ifrom 56.4 —
63.6 GHz.

Index Terms— Subharmonic oscillator, 60-GHz

I. INTRODUCTION

he availability of 7 GHz bandwidth around 60 GH= ha

generated much interest recently [1-3]. It is maitnd by
the possibility of realizing a wireless communioatisystem
with gigabit-per-second data transfer rate. Prégenlti-V
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semiconductor technology has been used extensitely Fig- 1. Block diagram of a RF front-end.

implement such circuits operating at high frequensttich
can be prohibitively expensive. However, a low-csifiton
process, for example BiCMOS, also has potentiahé@eting
the challenges at this frequency. The rapid scadihgilicon
technology leads to the emergence of transistotis transit
frequencies over 200 GHz, and improvements in tEsipe

components. Moreover, BIiCMOS process allows forhhig

levels of integration, thus reducing the numberxppensive
off-chip components needed. At millimeter waveléngbn-
chip antennas are also a possibility to achieveully f
integrated, low-cost transceiver design.

Fig. 1 shows a generic block diagram of a radigdency
(RF) front-end. The local oscillator (LO) generaties carrier
signal at either the same frequency as the incoiAgignal
(as in a homodyne transceiver) or with a differercdefined
by the intermediate-frequency (IF)
architecture. In both cases, a 60-GHz signal sasroequired.
At such high frequency, the oscillator requires stabtial
current for reasonable phase noise performance, itansl
highly sensitive to parasitics. Controlling bloc&$ the LO
must also operate at this frequency, which onlyeases the
overall power consumption.

In this paper, the design of a 3x subharmonic 6G-GH
phase and quadrature (1/Q) oscillator in a QuirB-SiGe

oscillator, all controlling blocks only need to ogee at a third
of the intended frequency, i.e. 20 GHz, therebyseoving
power, and simplifying their designs.

Il. PRINCIPLE OFINJECTIONLOCKING

The behavior of an injection-locked oscillator issdribed
by Alder’s equation [5]. The locking range of thecidlator is

given by @, + Aw such that

= V'ﬂ&
Vo 2Q

Aw 1)

in a heteradyn

where V|, and V, refer to the amplitude of the injected

signal and free-running oscillation, respectively, is the

free-running frequency of the oscillator, and Q@Hhs quality
factor of the tank. When locked, the oscillatorcks the
injected signal with a phase difference as thellagai moves
away from its free-running frequency. This contisumtil the
phase difference increases to +90°, beyond whicé

BiCMOS process [4] is described. An injection-logke oscillator loses lock. It then oscillates at it®efrunning

oscillator can provide a highly stable signal, &tsd phase
noise is not critical as the output phase noisdargely
determined by that of the injected signal sourcethVthis

frequency. Although the above theory is developed
fundamental locking of an oscillator, the same @pgle can
also be applied to subharmonic locking.
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Fig. 2. Architecture of a 60-GHz I/Q oscillator.

Equation 1 shows that to obtain a wide locking &N,

must be significantly greater thaM), and the Q of the tank

has to be sufficiently small. Note that althougk tw Q of
the oscillator results in poor phase noise, thélagwr — once
locked — will have a phase noise given by approtéiga
20log(n) smaller than that of the injected source (wheis n

the harmonic order to which the oscillator is subf@nically
locked on) [6]. It is expected to be easier to giesi signal
generator at 20 GHz such that the phase noiseeofottked
oscillator at 60 GHz is lower than that of fundamaén
oscillator at 60 GHz. In addition, the overall powe
consumption of both the 20-GHz signal source ajecfion-
locked oscillator may also be lower than that regpiiby a
single oscillator intended for 60 GHz.

lll. 3X SUBHARMONIC |/Q OSCILLATOR ARCHITECTURE

The block diagram of the 1/Q oscillator topologygisen in
Fig. 2 [7]. The LC delay lines provide 90° phasdtskhile
the cross-connected feedback paths contribute ditiGil
180° to sustain oscillation. At the end of eacheliis a
termination resistor, which equals the characieristpedance
of the line. The two gain stages replenish thegnkast in the
delay lines to maintain oscillation, and can beveati by an
external signal generator for injection locking.

The gain stages are resonant tuned such that baly.€
lines provide the delay. In this way, higher l/Qcamacy is
expected, as the fabrication of LC delay linesngdhe top
metals of any process) can be better controlled tfoa
transistors.

IV. LC DELAY LINES

Fig. 3 shows a simple LC delay line circuit mod&l\hich
can be used for time domain simulations. M is thapting
factor of the two inductors; C is the capacitaneémeen the
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Fig. 3. Simple delay line model.
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Fig. 4. Circuit implementation of a gain stage.
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highly time-consuming electromagnetic simulationgieatly

o0 reduced.
-100
) V. GAIN STAGE
g-uo At 60 GHz, the circuit implementation for the gaitage
% should be simple in order to reduce the parasfiits.4 shows
Z 120 the circuit schematic of the gain stage. A bipadferential
3 amplifier realizes the gain cell, whereas the itiggcstage is a
. 130 CMOS differential pair. Each amplifier is biasedtwits own
current source.
The input impedance of the LC delay lines loadstéimé of
0 ook w v the gain stage; therefore, a high gain amplifiereiguired to
Frequency (GHz) sustain the oscillation. A bipolar differential cebn provide
Fig. 5. Phase noise of free-running oscillatd@GH?z. high gain at low bias current. For the injectioagst, a CMOS

injection pair is, however, preferred to a bipotaalization.

The CMOS differential pair has higher input impeckathan
two inductive lines, whereasyfg is the capacitance of the linethe bipolar implementation, as the injection anglifwill be
to ground. voltage driven by an external 20-GHz signal soufideough

The required inductance is first estimated fromlémgth of amplitude limiting (i.e. clipping) of the injectedinusoidal

interconnect needed to implement 90° phase shi®0aGHz, signal, which produces odd-order harmonics, the GMO
thereafter its capacitance can be easily calculfimah the injection pair amplifies the third harmonic to locthe
length of the line. These values are then usebarsimulation oscillator. Both the gain and injection amplifiene carefully
of the oscillator. This process is reiterated umtilbetter designed, and their bias currents properly chosenaximize
approximation of the inductance and capacitanéeuisd. The the locking range.
LC delay line structure is then designed so asdepkthe An output buffer (not shown in Fig. 4 for simpligit— a
layout compact, and simulated with 3-D electromdigne bipolar differential stage with inductive loads ascades each
software. In this way, the number of runs requifed the gain stage to drive subsequent circuits, e.g. raixer
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Fig. 6. Locking range of the oscillator againgeated signal swing.
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VI. SIMULATION RESULTS

The 3x subharmonic 60-GHz 1/Q oscillator consumes 9

mW from a 1.2-V supply, with an additional 7.2 mW the
output buffers. The free-running frequency of tiseilbator is
60 GHz, with phase noise of —114 dBc/Hz at 1-MHiseif
from the carrier, as given in Fig. 5. Fig. 6 shats locking
range of the oscillator with injected signal amplié. As
expected, the locking range increases with injeciigphal
amplitude, and the locked region is symmetricalialoe free-
running frequency, i.e. 60 GHz. It can also be siwn the
efficiency of injection locking decreases with largnput
signal swing. Thus for optimal locking efficienaysignal with
less than 300 mV swing should be used.

Injected with a signal with amplitude of only 200vma
locking range of more than 7 GHz (56.4 — 63.6 Gl)
achieved, which is sufficient to cover the entire GHz
bandwidth allocated. The locking range decreasss fean
10% when the simulation temperature is increasetR&s C.
Note that it is comparatively easier to design aGMr on-
chip signal generator, which can provide 200 m\patiswing
from a 1.2-V supply.

With meticulous design and optimization, it is pbks to
obtain a wide locking range from a relatively sniajécted
swing, and yet, the phase noise of the free-runtangpower
oscillator is not significantly worsened by the Idw of the
tank due to the loading from the termination resst

VII. CONCLUSION

The design of a 3x subharmonic 60-GHz 1/Q oscitlaso
presented. The gain stages are resonant tunedtisaicbnly
the LC delay lines set the delay within the ostaltan order to
achieve high 1/Q accuracy. Including the outputféns, the
oscillator consumes 16.8 mW from a 1.2-V supplyd &as a
free-running oscillation frequency of 60 GHz, withase noise
of —114 dBc/Hz at 1-MHz offset. The oscillator dzenlocked
over 7 GHz with an injected signal swing of only02QV.
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