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Abgract : A low phase noise quadrature oscillator usng the new injection locked technique is proposed. The incident

signal is directly injected into the common-source connection of the sub-harmonic oscillator. In principle,the phase

noi se performance of the quadrature output is better than the sub-harmonic oscillator itself. The quadrature oscillator

isimplemented in a 0. 24 m CMOS process. Measurements show the proposed oscillator could achieve a phase noise
of - 130dBc/ Hz at 1M Hz offset from 1 13 GHz carrier while only drawing an 8 OmA current from the 2 5V power

supply.
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1 Introduction

Among many techniques proposed to generate
the quadrature carrier sgnas, the LC coupled
quadrature oscillator has a lower phase noise per-
formance and is widely used in RF transceivers.
The quadrature signals are generated by inducing
some type of coupling between two sub-harmonic
oscillators* *'. Although many coupled methods
are proposed ,these methods all worsen phase noi se
performance. The phase noise of the quadrature
sgnalsis worse than the sub-harmonic oscillators
themsel ves.

In this paper ,a new method is proposed to
generate low phase noise quadrature carrier sg-
nals. The method utilizes the new implementation
of the injection locked technique. In principle,the
phase noise performance of the quadrature output
is better than the sub-harmonic oscillators them-
selves. A quadrature oscillator usng the proposed
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injection locked technique is presented to evaluate
the new implementation potentialities.

2 New implementation of injection-
locked technique

In Refs. [6 8] ,the super-harmonic injection
locked oscillators as low power frequency dividers
are proposed. Figure 1 showsthe original schematic
of the differential injectionrlocked frequency divi-
der. It is essentially a L C ostillator (we refer to as

“ sub-harmonic oscillator”) ,except that theincident
signal isinjected into the gate of M3 ,which deliv-
ers the incident sgna to the common source con-
nection (the nodd’ S’) of M1 and M2. The node S,
even in the absence of theincident sgnal ,oscillates
at twice the frequency of the output sgnals,andis
an appropriate injection node for a divide by-two
operation. After the lock ,the output frequency will
be one half the incident signal frequency ,and the
frequency divider operation isimplemented.
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Fg.1 Origina schematic of the differential injection
locked frequency divider

However ,the phase noise of the divider output
is dependent on the noise performance of the inci-
dent signal. It would be worsened by excess noise

6 8 9nce thein

from the sub-harmonic oscillator
cident sgnal is usually generated by a high fre
guency oscillator (we refer to as' main oscillator”)
which oscillates at twice the frequency of the divi-
der outputs,its phase noiseispoor ,and this results
in poor phase noise performance for the divider
outputs. If the divider outputs are the desired carri-
er sgnals,the high phase noise would sgnificantly
worsen the system performance.

In this paper ,we propose a new implementa
tion of the injection locked technique. As shown in
Fig. 2 ,the divider is changed to a top-biased L Cos
cillator ,and M3 isits tail current source. The inci-
dent sgnal is directly injected into the common
source connection (the node* S’) of M1 and M2,
and a narrowband noise filtering network (the in-
ductor L1 and the parasitic capacitance at the node
9 is added to the same node S. The noise filtering
network resonates at twice the frequency of the di-
vider output and provides a high impedance only in
the narrow band of the second harmonic frequen-
cies that stopsthe cross-coupled pair (M1 and M2)
in triode from loading the resonator (L and C).
This could suppress the troublesome noise frequen-
ciesin the incident sgnal ,making it appear noise

less to the sub-harmonic oscillator. So in principle
the incident noise has no effect on the phase noise
of the divider outputs. Also as Ref. [9] shown ,the
noi se filtering network with the large capacitance
G could improve the phase noise performance of
the sub-harmonic oscillator itself by almost 8dB as
it suppresses the troublesome noise frequencies in
the current source M3.

Fg.2 Schematic of the proposed differential injection
locked frequency divider

In summary ,the proposed implementation of
the injection locked technique could greatly inr
prove the phase noise performance of the divider
outputs. If the divider outputs are the desired carri-
er sgnals,the lower phase noise would greatly im-
prove the system performance. The cost of the pro-
posed implementation is an extra noise filtering
network (mainly an inductor L1) and the large ca
pacitance C.. However ,if the incident signa is
from aL Coscillator (the main oscillator) ,whichis
most often the case,the L C tank in the main oscil-
lator can be used as the noise filtering network at
the same time. Thisis due to the fact that the LC
tank in the man oscillator aso resonates at the
twice the frequency of the divider outputs. Thus,
the proposed implementation induces no extra cost
except for the capacitance G. This will be de
scribed in detail in the following section.
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3 Low phasenoise quadrature ocilla-
tor

If apair of differential incident signalsisinjec
ted into two same sub-harmonic oscillators,four
quadrature outputs could be generated at the sub-
harmonic oscillator outputs. The differential inci-
dent signals are generated by an ordinary L C oscil-

lator (werefer to as’ mainoscillator”) which oscil-
lates at twice the frequency of the quadrature out-
puts. The idea to generate quadrature carrier Sg-
nal s has been proposed in Ref. [10].

Usng the proposed implementation of the in-
jection locked technique and aforementioned meth-
od ,we proposed a novel low phase noise quadrature
oscillator ,whose schematic is shown in Fig. 3.
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Fig.3 Schematic of the proposed quadrature oscillator (output buffers are not shown)

MS3,M5,M6 ,Lz and G , Gs are the main oscil-
lators which oscillate at twice the frequency of the
guadrature outputs. Ls,G ,and G comprise the LC
tank of the main oscillator. Ls isa symmetrical spi-
ral inductor with center-tap to keep the symmetry
of the circuit ,and resonates with the capacitance
Gs/ Gs and the paradtic capacitance at twice thefre-
quency of the quadrature outputs. The crosscou-
pled pair M5 and M6 compensates the LC tank
loss,and MS3isthe tal current source of the main
oscillator.

The main oscillator generates the differential
incident signals which directly inject into the com-
mon source connections (the node“ V +” and

V-") of two sub-harmonic oscillators (L V-
CVO1 and LCGVCO2). The quadrature oscillating
sgnals could be generated at the LV-CVO1l and
LCVCO2 outputs (the nodes* VI +"} VI-",
“VQ+" and* VQ- ") . The sub-harmonic oscilla
torsLCGVCO1 and L GV CO2 areidentical and con-
sist of the cross-coupled pair (M1/ M2 ,M3/ M4) to
compensate the L C tank loss,the onrchip symmet-
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rical spiral inductors with center-tap (L:,L2) ,the
onchip MIM capacitor (G/ G, G/ &) , the tall
current sources (MS1,MS2) ,and the tail current
source filtering capacitance (G, G) .

One half of theinductor Ls ,the capacitance G
(Gs) ,and the parasitic capacitance at the node V +
(V - ) are smultaneously used as the noise filte-
ring network for the sub-harmonic oscillator LV-
CVOl (LCVCO2). This greatly improves the
phase noise performance of the quadrature outputs
as discussed in section 2.

Snce only the quadrature outputs at the nodes
VIi+ ,VI- ,VQ+ and VQ - are the desred sg-
nal s and the noise performance of the main oscilla
tor has no e&fect on the phase noise of the quadra
ture outputs (at least in principle) . The main oscil-
lator needs only to keeping oscillating and design
optimization of the main oscillator is placed on the
power consumption. The current consumed by the
main oscillator can be desgned to minimal specifi-
cations under the power consumption optimization.
Furthermore, the sub-harmonic oscillators LV-
CVO1l and LGV CO2 are driven by the differential
injected dgnals, 0 the oscillating startup safety
consderation could be alleviated. The safety mar-
gin factor for the transconductance of the cross
coupled pairs (M1/ M2 ,M3/ M4) could also be re-
duced from three to a little greater than one. This
would further lower the phase noise of the quadra
ture outputs or lower the power consumption.

The large capacitance C; and Gs provide a low
impedance for the high frequency noise and conr
bine with the noise filtering networks to suppress
the troublesome noise frequencies in the current
sources (MS1 and MS2) making MS1 and M2
noi seless to the sub-harmonic oscillators. If the car
pacitance of C and G is large enough,the node

“ VCOM” is nearly a common-mode node (virtua
ground) . S0 the center-taps of L1 and L. could be
connected to this same node* VCOM”.

The dummy transistor MC provides a filtered
capacitance (about 10pF) to reduce the ripple of
the supply bus Ve.

Four output buffers are added to drive the off-
chip 5X loads. They are the ordinary common
source amplifiers and not shownin Fig. 4.

Fig.4 Microphotograph of the proposed oscillator

4 Results

The proposed circuit has been implemented in
0. 2% m CMOS process. Figure 4 shows the micro-
photograph of the proposed oscillator ,and the die
areais 1 2mm x 1 Omm ,most of which is occupied
by three on-chip inductors. Two same symmetrical
inductors with center-taps,L: and L2 ,are laid out
in metals 4 and 5 except that the cross sections are
laid out in metals 2 and 3. The symmetrical induc-
tor Lz islaid out in metals 3,4 ,and 5 except that
the cross sections are laid out in metals 1 and 2.
The inductors L:,L2 have an inductance of 17. 6nH
and a quality factor of 7. 9 ,and the inductor Ls has
an inductance of 6 3nH and a quality factor of
10. 6.

Figure 5 shows the measured output spectrum
of the quadrature oscillator. The oscillating fre-
quency is about 1 13GHz and the output power is
about 5 3dBm. The smulated oscillating f requency
is 1 2GHz and the difference may be due to thein-
accurate inductor model .

Figure 6 shows the measured phase noise per-
formance of the quadrature oscillator. The phase
noise is - 130dBc/ Hz at 1MHz offset from
1 13GHz carrier ,which is6dB higher than the s m-
ulated results. The diff erence may be due to inaccu-
rate inductor model and the device noise models.
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Fig.5 Measured output spectrum of the quadrature os
cillator
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Fg.6 Measured phase noise performance of the quad-
rature oscillator

The oscillator core draws 8 OmA current from the
2 5V power supply ,so0 the FoM (figure of merit)
of the proposed oscillator is

wW.> 1 .
A *TFow P = 209

where P is the power consumption. This FoM is

FoM = 10ig(

comparable to the quadrature oscillators in
Refs.[1,3 5,11,12].

The phase accuracy of the quadrature oscilla
tor is another important performance parameter.
However ,there are no effective methods to meas
ure the phase error since the present oscillograph
can not measure the phase error between two GHz
signals. Although the indirect methods to measure
the phase error between the quadrature sgnal s ex-

|[5]

ist ,the results are not meaningful’> . Snce mixers

were not integrated into the same chip ,the indirect

method could not be used.

5 Conclusion

In this paper ,alow phase noise quadrature os
cillator usng the new injection locked technique is
proposed. The new injection locked technique could
improve the phase noise performance of the quad-
rature oscillator. The quadrature oscillator is im-
plemented in 0. 294 m CMOS process. Measure-
ments show the proposed oscillator could achieve
comparable performance against prior technique.
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