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Tunes 2.5-GHz WIMAX

Designed for WiMAX IEEE 802.16m applications at 2.5 GHz, this
tunable oscillator achieves outstanding phase-noise performance
in a compact circuit layout with low power consumption.
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cially when they can main- were used with the
tain their low noise characteristics proposed 2.4-to- ' L f
over wide frequency tuning ranges. 2.6 GHz LC VCO. "—m—"
As a boost for 2.5-GHz IEEE 802.16m Vour ICI Vours
WiMAX applications, a voltage- c LI °
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oped with low phase noise—but also J \ / \
with low power consumption and in a Vivne
small size.

One key to the excellent perfor- M1:l l_:M2
mance is noise filtering by means of a | T l
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variable capacitor. The oscillator was

implemented in a commercial semi-

conductor process from Taiwan Semiconduc-
tor Manufacturing Co. Ltd. (TSMC; www.tsmc.
com) to demonstrate its viability and perfor-
mance. Both simulations and measured results
indicate performance that should be quite
attractive for 2.5-GHz IEEE 802.16m WiMAX

2. Thisis a

diagram of an

+
\

equivalent-circuit
out representation
— of the proposed
VCO.

use, with phase noise of —104 dBc/Hz offset 100
kHz from a 2.5-GHz carrier and —127.6 dBc/Hz
offset 1 MHz from a 2.5-GHz carrier.

The WiMAX standard, IEEE 802.16, was
developed to provide broadband wireless access
for users over long distances.! The original wire-
less standard has been amended by the WiMAX
IEEE 802.16m standard with orthogonal-
frequency-division-multiple-access (OFDMA)
capability to provide an advanced air interface
for operation in licensed bands. For WiMAX
IEEE 802.16m applications, 2.5 GHz is an
important frequency band.

The VCO is an important component build-
ing block in any wireless communications sys-
tem, including for WiMAX applications, provid-
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3. These simulations show values of quality factor (Q) for different-

sized inductors.

ing the local oscillator (LO) signals for RF/microwave mixers
to facilitate upconversion and downconversion of signal fre-
quencies in a system. Designers of VCOs face numerous chal-
lenges and goals, including achieving low phase noise, high
linear VCO gain (Kycp), low power consumption, and low
cost. Because of the poor noise performance of ring oscillators
at frequencies above 1 GHz, inductive-capacitive (LC) VCO
designs are widely used for frequencies above 1 GHz.

Recently, many LC VCOs were designed with goals to
reduce phase noise. In one case, a low-phase-noise wide-
tuning-range oscillator was based on resonant-mode switch-
ing. In this design, which switches between the two resonant
modes of a high-order LC resonator consisting of two identi-
cal LC tanks coupled by capacitor and transformer, it was
possible to achieve 3-dB less phase noise than for a VCO with
single LC tank.?

In another design, researchers designed

formance, a proposed CMOS LC VCO design is shown in
Fig. 1. It was designed without the top current source, and can
achieve low phase noise while also maintaining low power
consumption. The cross-coupled NMOS (M;, M,) and PMOS
(M3, My) transistor pairs generate negative impedance to
compensate for the loss of the LC tank, as described in Eq. 1:
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where Z;,, is the input impedance, g, is the transconduc-
tance of the NMOS device, and Smp is the transconductance
of the PMOS device. PMOS technology offers the means of
suppressing flicker noise and controlling current consump-
tion. The VCO resonator consists of an inductor (L), fixed
capacitor, and A-MOS variable capacitance. The A-MOS
technology was chosen with the intent of increasing the VCO
tuning range.

According to an equivalent circuit of the VCO (Fig. 2), con-
ditions for oscillation can be described by Egs. 2 and 3:
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where:

L = the VCO inductor;

Cp = a fixed capacitor;

Cyar = a variable capacitor;

Cp = the parasitic capacitance;

R = the resistance of the circuit;

Qg = the quality factor (Q) of the inductor; and
Qc = the Q of the capacitor.

T Vad

a resonant circuit with four p-n junction
diode pairs, two spiral inductors, and a
pMOS switch circuit, achieving a dra-
matic improvement in Kycg performance

compared to a conventional oscillator. In "—m—"

addition, a novel resonant circuit consist-

Part of the design challenge is to
establish the required g, values for the
NMOS and PMOS devices by appropri-
ate adjustment of the device weight-to-
length (W/L) ratios. Oscillator phase
noise depends a great deal on the Q of

ing of transformer-based switched vari-
able inductors and switched advanced-
CMOS (A-MOS) varactor diodes was
proposed to realize an ultrawide-tuning-

range VCO*—in some cases, resulting in

very low power consumption.>®

the tank circuit used for a particular
oscillator. As a result, improved phase
noise requires careful attention to the
tank circuit.

A VCO’s phase noise stems from pas-
sive components and MOS active devic-

Semiconductor VCOs developed for
WiMAX applications often incorporate
cross-coupled NMOS-PMOS device pairs
and a top current source.” This approach
offers the advantages of low phase noise
with a boost in the output amplitude and
low 1/Af® noise.

To achieve improved phase-noise per- tering technique.
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4. This diagram shows the proposed LC
VCO and its unique variable-capacitor fil-

es in the oscillator circuit; VCO phase
noise, of course, can impact the sensitiv-

ity of an RF/microwave receiver. Leeson’s
equation has often been used to analyze
and optimize the phase-noise perfor-
mance of VCOs and other oscillators,
and its expression can be shown by means
of Eq. 4:
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WiMAXVCO

AVCO’s phase noise stems from passive components and MOS
active devices in the oscillator circuit; VCO phase noise, of course,
can impact the sensitivity of an RF/microwave receiver.”
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where:

Q = the quality factor;

F = the noise factor;

k = Boltzmann’s constant;

T = the thermodynamic temperature;

Pgg = the signal power produced by the VCO;

w = the oscillation frequency of the VCO;

Aw = the frequency offset; and

Aw,/f = the inflection frequency between 1/f and 1/£2.
According to Leeson’s equation, a high Q yields low phase

noise. Figure 3 offers simulated Q values for different sizes of

standard and symmetric-mode octagonal inductors at 2.5 GHz.

An inductor with high Q was chosen for the 2.5-GHz VCO.
Third-order and higher-order harmonic signals from the

LC resonator are at low levels that can be considered negligible;

the even harmonics flow in a common-mode path through the

5. This is an image of
the layout for the low-
noise VCO circuit.
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6. These plots present post-layout-simulation results for tuning range

and Kyo for the proposed VCO.
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active devices in the VCO circuit. Because of this, the effects
of the second-harmonic signals, which contribute to oscillator
phase noise, must be taken into account. A traditional method
of filtering involves placing a large-valued shunt capacitance
parallel to the grounded MOS devices. But if this large value for
the shunt capacitor is not carefully chosen, it can lead to self-
modulation effects.

The filtering technique used for the proposed VCO involved
an inductor and variable capacitors. Figure 4 shows the proposed
VCO and the filtering technique. The capacitance value of the
variable capacitors (C,,,) can be set to an appropriate value when
the oscillation frequency is changed. To maintain high Q for the
resonator, L, = L; and C; + C,,,/2 =4(Cy + C1/2).

The proposed VCO schematic and layout was designed and
simulated with Cadence Spectre SPICE-based circuit simulator
from Cadence Design Systems and fabricated with TSMC’s 0.18-
pm 1P6M silicon CMOS process for use with a +1.6-VDC volt-
age supply. Figure 5 shows the physical layout of the VCO, with
a core integrated-circuit (IC) layout size of 997.8 x 337.6 um>.

Figure 6 displays post-layout-simulation results (the dashed
curve) for the VCO’s frequency tuning range and for the VCO
gain, Kycg (the curve denoted by x), with a frequency tuning
range of 2.4 to 2.6 GHz. Ideally,
Kyco should remain constant
throughout the frequency tun-
ing range of the VCO, although
these simulations show that the
value of Ky g for this proposed
VCO design varies somewhat
(from 0.1 to 0.2) across the tun-
ing range. This is due to the fact
that the A-MOS variable capaci-
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7. These curves show the phase noise levels for the circuit-schematic

and layout versions of the proposed VCO.
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WiMAXVCO

COMPARING THE PROPOSED VCO
WITH PREVIOUS WORKS

Roforonce  Floosss Freduency | Prasencise  PDG
(mW)

7 0.18 5.1-5.36 -121.5 13 -192.1

8 0.18 1.96 ~ 3.48 -118.3 14.4 -190

9 0.13 3.4~3.6 -122 6.72 -184.6

10 0.18 5.4 -115.62 2.26 -187

11 0.18 4.8 =117 4.6 -192

This work 0.18 2.5 -127.6 8.24 -186.4

tor is not strictly linear in
its changes of capacitance

with voltage, resulting in

FOM= L(Af)—ZOlog(Z—})HOlog(;L;V) (5)

nonlinear variations in the
VCO’s tuning characteristics.

Figure 7 shows the phase noise of
the VCO for the schematic-circuit and
post-layout simulations. The post-layout
simulation predicts phase noise of —104
dBc/Hz offset 100 kHz from a 2.5-GHz
carrier and —127.6 dBc/Hz offset 1 MHz
from the same carrier (the dashed curve).
Parasitic circuit elements will degrade the
phase-noise performance of the LC VCO,
so the circuit layout should be carefully
designed and implemented.

To characterize and compare the
performance of the proposed VCO
with previously published oscillators, a
widely used figure of merit (FOM)”!! as
described in Eq. 5 was applied (see above).

where:

L(Af) = the VCO phase noise;

Af = the offset frequency;

fy = the carrier frequency; and

Ppc = the DC power consumption.
According to Eq. 5, the FOM phase

noise for the proposed VCO design is

—186.4 dBc/Hz. The table offers a com-

parison of the proposed VCO to different

recent VCO designs. The phase noise of

the proposed VCO is lower than values

from numerous published reports’-!!

while, at the same time, operating with

lower power consumption, better FOM,

and small semiconductor chip area.
Based on TSMC’s 0.18-pum CMOS pro-

cess, the VCO draws only 8.24 mW power

from a +1.6-VDC supply with a layout
measuring 997.8 x 337.6 um?. It offers
many of the characteristics well suited for
WiMAX IEEE 802.16m applications. Gl
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