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Abstract—This paper describes the novel TAI (Tunable
Active Inductor) configuration that enables reconfigurable
voltage controlled oscillators (VCOs) for multi-band and multi-
standard wireless applications. To demonstrate reconfigurality,
reported TAI VCO simultaneously generates dual frequency
bands using surface mounted device (SMD) components, and
readily lends itself for fabrication in integrated-circuit form.
The measured phase noise for band#1 (2450-2650 MHz) and
band#2 (4850-5250 MHz) are typically better than -105 dBc/Hz
at 100 kHz offset from the carrier with operating bias of 3V,
20mA.

L INTRODUCTION

One of the critical building blocks of a multi-mode trans-
receiver system is a configurable multi-band voltage
controlled oscillators (VCOs) that are required for both up and
down conversion. Mobile phones and radios operating in
several modes are typically switch between receiving
frequencies and transmitting frequencies, and therefore,
require reconfigurable oscillator in each of the switched bands.

A general problem in the VCO design is a trade-off
between tuning range, phase noise and power consumption.
The simplified approach for wideband VCO is a switched
capacitor network for coarse tuning and a tuning varactor for
fine-tuning, as shown in Figure (1). Such an arrangement can
offer wideband tunability but at the cost of poor phase noise
and power-consumptions.
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Fig.1. Multi-band VCO: (a) LC-VCO with switched capacitor network for
coarse tuning and (b) dual-band VCO using switched resonator technology
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Another option is set of parallel VCOs that can cover
several frequency ranges. The advantage of this approach is
now each VCO can be tailored for best phase noise, power
consumption, and tuning range trade-off.

The main drawback of multiple VCOs solutions is a
significantly increased die area, therefore, not a cost-effective
alternative. To overcome the above problems, we propose a
reconfigurable architecture using active tunable inductors
(ATI) that synchronously generates multiple frequencies for
different bands without using multiplier and switching,
therefore, cost-effective and power-efficient solutions [1]-[15].

II. RECONFIGURABLE ARCHITECTURE

The coexistence of different wireless systems requires
multi-band and multi-standard mobile terminals. Trans-
receivers for multi-standard telephony are often implemented
by replicating the receiver circuits for each operating band or
standard. Multi-standard receivers typically use duplicate
components, circuit blocks, or even entire radio receivers for
each standard. Although, this approach is simpler to
implement, but it is neither cost effective nor power efficient.
Trans-receiver circuit in such a situation requires
reconfigurable basic building elements (R, L and C) to share
function between different standards in an adaptive manner.

A. Active Tunable Resistor (ATR)

Figure (2) shows the typical configuration of active
resistor using 3-port transistor, where negative resistance is
seen at any of the three ports if the remaining two of the ports
are terminated with suitable impedances [4]. This allows
negative input impedance if both Z, and Z; are of the same
type (L or C). As shown in Figure (2), if Z, and Z; are
capacitors, then base-emitter (bipolar) or gate-source (FETs)
capacitances of the transistor can be embedded into Z, or else,
when Z; and Z; are inductors, biasing RF choke can be part of
the inductive Z;.

The characteristics of capacitive feedback tunable resistor
can be described by (Fig. 2)
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Fig.2. A typical schematic of negative tunable resistor using single transistor

Where fr = =TI fr = Y51 0) (Bipolar) (2)
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From (1), R can be tuned by changing the bias-dependent
Y,1(Vpe) Or by tuning the capacitor C; (or C;) using varactors.
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Since Y;; and Cy, (if C; is embedded into the base-emitter
or gate-source capacitance) are linked through the transistor
transit frequency fr, tuning of C; using varactor is effective
way to synthesize ATR. However, tuning of C; using varactor
diode affects the equivalent series capacitance value, resulting
deviation in center frequency of the resonator.

Figure (3) shows the simplified model of 2-port ATR
using small-signal device parameters of a MOSFET, including
parasitic capacitance.

The characteristic of the 2-port ATR (R,,) is given in
terms of small signal [Y] parameters [5]
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Fig.3. A typical representation of 2-port e model of ATR using MOSFET

From (9), R, can be tuned by varying V,, higher value of
resistance exhibits lower parasitic capacitance, therefore,
suited for reconfigurable oscillator at RF & MW frequencies.

B. Active Tunable Capacitor (ATC)

In general, tunable capacitors are characterized into four
categories: (1) junction varactor, (2) MOS -capacitor, (3)
switched-capacitor array, and (4) MEMS based capacitors [5].
But their performances are limited by loss resistance and a
package parasitic.

Figure (4) shows the typical schematic of active tunable
capacitance (C,) using bipolar transistor.

The characteristics of capacitive feedback ATC can be
described by (neglecting based-lead inductance, base-emitter
capacitance and base-spreading resistance) (Fig. 5) [6]
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From (10), capacitance can be tuned by changing the bias

dependent Y5, or by tuning the capacitor C; (Cy.) or C, using
varactors.

For practical implementation of the ATC, influences on
the parasitic capacitances should be minimized.

B(base) Ts ' C(collector)
‘T Noise-Free .
C’T Vhe b ? Bzi-ll))(:)lratr N
Cue(Vi) E(emitter) i C—
C2==
Vtune=Vbe

Fig.4. A typical equivalent representation of ATC using single transistor,
including noise sources, which affects the dynamic ranges of ATC

963



C. Active Tunable Inductor (ATI)

The typical active inductor is based on gyrator, which can
be realized by connecting inverting amplifier to non-inverting
one in parallel and back-to-back. The electronic gyrator (Fig.
5) converts capacitor C into the inductance L, described by [8]

C (Ideal Case) (11)
Em X Em2

L(v)~

Figure (6) shows the complex impedance plot on Smith-
chart that exhibits inductive behavior from 600MHz (#2) to 30
GHz (#5) but the real part of the input impedances are positive
everywhere, therefore lossy and not a promising alternative.

Care must be taken to avoid encircling and crossing point
4.3 GHz (#3), which limits the applications. Grounded emitter
cascode topology shows negative real part of the input
impedance but gives band-limited operations (Fig.7) [9].

Figures (8) and (9) show the typical CAD simulated plot
of equivalent inductance (imaginary part of Z,,) and resistance
(real part of Z,;) at port 2 with respect to tuning voltage
(Vtue). It can be noticed that ATI circuit as shown in Figure
(7), exhibits negative loss resistance region (Fig. 9) for
0.9V<Vune<4.25V, resulting high Q factor (> 500) tunable
inductance.

Figures (10) and (11) show the typical schematic 12 GHz
Colpitts oscillator circuit, plots of resonance frequency and
phase noise using ATI described in Fig. (7).
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Fig.5. A typical equivalent representation of gyrator based active inductor
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Fig.6. (a) A typical schematic of active inductor and (b) impedance plot
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8,00

; /f\ ¥y, =00V, L=Ly= Il =12 G
o | RLTIICHrT T
. L=l
ﬁ .

] N |k
* AW ¢
L b
ol
T
g
. ———
(T T 11 T T il

Vohag: [V]
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Fig. 10. A typical schematic of 12 GHz Colpitts oscillator using ATI circuit

20,00

10.00_]

4 4__//
0.00_]
7 ] \
E o]
. j
N ]

20,00

I
|

-30.00_]

40.00_]
0.00 2.50 5.00 .80 10.00 1250 15.00 17.50 20.00
Freq [GHz]

Fig.11: (a) Plots of resonance freq for the 12 GHz Colpitts oscillator (Fig. 10)
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Fig.11: (b) CAD simulated phase noise plot of 12 GHz oscillator (Fig. 10)

As shown in Figure (11), phase noise performance for 12
GHz ATI oscillator is inferior in comparison to commercially
available varactor-tuned oscillators. Several approaches to
overcome these problems have been considered, including the
minimization of the noise introduced due to active devices

which compose the ATI circuits. However, even these
techniques result in power hungry and limited band
characteristics because negative resistance generated in series
with the inductance is not constant against the operating
frequencies.

Figure (12) shows the typical schematic of power-efficient
ATI, which is composed of common-source cascode FET’s
(FET1 and FET2) and a feedback FET (FET3).

As shown in Figure (12), the gate of FET3 is connected to
the drain of FET1 and the source of FET2 for generating
constant series negative resistance over the operating
frequencies bands. The output impedance can be described by

1 1 1
jwcgsl[ j_
gmlgm2 gmlgm} gm2

_Rout + 2
%)
fr

By combining above described options, this paper reports
the novel methodology for reconfigurable multi-band VCOs
using ATR, which otherwise not possible with the varactor
tuned VCOs for a given cost, size and power-consumptions.

(12)

The reported TAI VCO circuit using bipolar transistor
(NEC 68830) compensates the losses incurred by ATR circuit
by incorporating dynamic-mode drive-level (vy,,) mechanism
that optimizes the conduction angle and duty cycle for the
minimum noise figure and also simultaneously generates dual
frequency band with the user having an option of choosing a
multiple distinct frequency or combination of them, eliminate
the need of lossy switches for switching the frequency band,
thereby improves the system throughput.

III. RECONFIGURABLE VCOS

Frequency-band tuning, phase-noise tuning, and
frequency-transconductance tuning can characterize the
reconfigurability of the VCO.

Figure (13) shows the typical simplified schematic of
multi-band ATI oscillator of #™ order that can be
reconfigurable with respect to multi-band and multi-mode
wireless systems.

For validation of this approach, dual-mode reconfigurable
VCO is fabricated on a Rogers substrate with a dielectric
constant of 3.38 and a thickness of 30mils (microstripline).

Figure (14) shows the typical dual-mode oscillation @, or
@, or both @, and @,. The measured phase noise as shown in
Figure (15) for band #1 ((2.45-2.65 GHz) and band #2 (4.85-
5.25GHz) are typically better than —118 dBc/Hz at 1MHz
offset from the respective carrier frequencies. The circuit
works on 3V, 20 mA and gives output power typically 3 dBm
over the bands.

IV. CONCLUSION

With regard to the state of the art, dual-band ATI VCO
reported in this work replaces varactor-tuned oscillators, and
the technology is compatible with existing IC process.
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