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Abdract : A 2GHz differentially tuned CMOS monolithic L C-V CO is designed and fabricated in a 0. 181 m CMOS
process. The VCO has a 16. 15 % tuning range (from 1 8998 to 2 2335GHz) through a combination of analog and

digital tuning techniques (4-bit binary switch-capacitor array) . The measured phase noise is -

118 17dBc/ Hz at a

1M Hz offset from a 2 158GHz carrier. With the presented improved switch ,the phase noise varies no more than
3dB at different digital control bits. The phase noise changes only by about 2dB in the tuning range because of the
pnmjunctions as the varactors. The VCO draws a current of about 2 1mA from a 1 8V power supply and works

normally with a 1L 5V power supply.
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1 Introduction

The growing development and popular appli-
cation of portable communications and short range
wireless communications is driving a need for a
higher degree of integration in wireless transceiv-
ers especially systemron-chip (SOC) devices,in or-
der to achieve lower cost ,lower power consump-
tion ,and smaller size. The voltage-controlled oscil-
lator (VCO) ,which is the most important part of
PLL-based frequency syntheszers,consumes a ma-
jor fraction of the overall power of a syntheszer.
The phase noise performance of the VCO directly
afects the PLL’ s performance. Therefore low-
power , high-performance, and fully-integrated
V COs have been widely researched™ ®'.

In SOC design ,the common-mode noise ,espe-
cialy the substrate noise, can contribute to the
phase noise of the VCO. Differentialy tuning the
vco™ ® is a good way to improve its substrate
noi se immunity.

A 2GHz differentially tuned VCO is presented
in this paper. It works with a power supply as low
as 1 5V because of the binary switch-capacitor ar-
ray technique with an improved switch and the dif-
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ferential tuning technique. The circuit design,in-
cluding the VCO and the on-chip bandgap refer-
ences ,are al 0 described.

2 LCVCO design

It is difficult to realize a wide tuning range and
high linearity ina VCO’ s gainin low voltage oper-
ation. Here we apply the differential tuning and bi-
nary switchable-capacitor techniques to expand the
tuning range ,and we improve the linearity of the
VCO’ s gain ( Kveco) by usng prrjunction varac
tors. The choice of the structure of the VCO ,the
improved switch,the low power design,and the
high degree of integration will be introduced be-
low.

2.1 VCO design

To reduce the power consumption of the
V CO ,we limit the current to about 2mA in the de-
sign. Thus,the VCO works in the current-limited
region’ . A structure of complementary nMOS and
pMOS crosscoupled pairs,which provides better
phase noise performance in the current-limited re-
gion™ |is chosen,as shown in Fig. 1. The current
of the VCO isprovided by the on-chip bandgap cir-
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cuit ,and the fully-integrated V CO is realized.
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Fig.1 Schematic of the VCO

Differentially tuning the L G-V CO reduces the
effect of common noise on the control input sg
nal®® and extends the tuning range of the VCO,
which isimportant for low-voltage operation. Kvco
can be reduced to improve the phase noise perfornr
ance'™ within the expanded tuning range. The dif-
ferentially tuned L GV CO is adopted ,and the bina
ry switchable-capacitor array isimplemented to ex-
tend the tuning range further. With the expanded
tuning range, Kveo of the VCO is reduced to about
20MHZ/ V.

In order to reduce the effect of the switch in
the switchable-capacitor array on the L Ctank ,the
improved switch shown in Fig. 1 is adopted. It is a
smple verson of the switchin Ref.[11]. When the
switch transstor MSL is on,the nMOS trans stors
MS2 and MS3 are also turned on and connect the
drain and source of M S1 to ground to reduce M SI
s turnron redstance, which can deteriorate the
quality factor of the L C-tank. The complexity of
thisimproved switch is reduced compared to Ref.
[11].

A pnjunction varactor is more linear than an
accumulatiorrMOS varactor. Therefore we adopt
prjunction varactors D1 ,D2 ,D3 ,and D4 as shown
in Fig. 1. To avoid positive-biasof the varactors,we
use the capacitors G, G, G ,and Ci to directly bias
D1 and D2 to the power supply ,and we use the re-
dstors R, R, Rs ,and R: to directly bias D3 and D4
to ground. In this way ,we avoid complex hias cir-
cuits.

The pMOS transstors M1 and M2,and the
nMOS trans stors M3 and M4 constitute the cross
coupled pairs. They generate a negative res stance
to cancel the lossin the L C tank. The inductors L1
and L: are circular inductors. The quality factor of
the inductors reaches about 8 at 2GHz. The bias
current is provided by the pMOS transstor MB.
We chose to use a pMOS transistor because the
1/ f noise of apMOS trandstor isless than that of
an nMOS trans stor.

2.2 Bandgap reference design

Figure 2 shows a smple schematic of the
bandgap references shown in Fig. 1. The most im-
portant problem in low voltage (1 8V) bandgap
design is the startup of the reference source. As
shown in Fig. 2 ,the trandstors M3 ,M4 ,M6 ,M7,
M8 ,and M9 and the capacitor C constitute the
startup circuit ,which injects current to the core of
the bandgap through transstors M3 and M4 when
the circuit is powered on. G is used to compensate
the feedback loop composed of the startup circuit
and the core circuit of the bandgap in order to avoid
oscillation. The transistor M10 provides current for
the VCO. Only the resstor Re: is realized by an
off-chip component. With the on-chip bandgap ref-
erences ,the fully-integrated VCO is realized.

3 Experimental results

The VCO is fabricated in 0 1§ m 1P6M
CMOS technology. Theimplemented V CO is meas
ured with an Agilent 8563EC spectrum analyzer. A
die microphotograph is shown in Fig. 3. The core
circuit of the VCO is about 74Q m % 89Q m.

The measured frequency tuning range curve is
shown in Fig. 4. The tuning range is from 1 8998
to 2 2335GHz (about 16. 15%). The frequency
gpace of each pair of adjacent control bitsis about
16M Hz ,and the Kvco is about 20M HZ/ V.

The measured output spectrum and the phase
noi se are shown in Figs.5 and 6 ,resectively. The
measured phase noise at 2 158GHz is - 118 17
dBc/ Hz at a 1M Hz offset from the carrier as
shown in Fig. 6. The phase noise performance is
shown in Fig. 7 for when the controlling bits are

“ 1000” and the differentially controlled voltage is
varied from - Q 8 to 0. 8V. As can be seen,the
phase noise variation isonly about 2dB ,which was
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Fig.3 Die microphotograph of the VCO
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Fig. 5 Measured output spectrum of the fabricated

VCO
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Fig. 6 Phase noise versus frequency offset at
2 158GHz
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achieved by applying the prrjunction varactors.

The phase noise of the VCO is shownin Fig.8
for different values of the control bits and a differ-
entially controlled voltage of OV. The phase noise
varies by no more than 3dB. This proves that the
improved switch does not deteriorate the phase
noi se performance very much.

The VCO’ sperformanceis summarizedin Ter
ble 1 for when the control bits are set at* 1000” .
The frequency changes by about 11 5M Hz when
the supply voltage changes from 1 5 to 2V. When
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Fig.8 Phase noise of VCO at different control bits

the supply voltage is 1L 8V ,the current consump-
tion of the VCO is about 2 1mA. The VCO works
normally even when the supply isreduced to 1 5V ,
and the power consumption of the VCO is about
3 15mW.

Table 1 VCO performance at different supply voltages

Supply voltage Frequency Phase noise @LM Hz

IV | GHz / (dBc/ Hz)
2 2.0567 - 117

1.9 2.0543 - 117.83
1.8 2.0523 - 117.5
1.7 2.0503 - 117.5
1.6 2.048 - 117

1.5 2.0452 - 115.33

4 Conclusion

A differentially tuned CMOS monolithic LG
VCO with a tuning range of 16. 15 % is presented
in this paper. With on-chip bandgap references,a
high degree of integrationisrealized. The measured
phase noise variation is about only 2dB with the
prrjunction varactors. The phase noi se performance
i s degraded by no more than 3dB with the improved
switch. The power consumption of the VCO coreis
about 3 78mW when the power

supply is1 8V and about 3 15mW when the power
supply is 1 5V. The presented design is suitable
for low power applications.
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