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Abstract

Many Radio frequency circuits such as low noise amplifiers, voltage-controlled oscillators, and RF filters need inductors
for realization. Passive and spiral implementations of the inductors have many limitations precisely when these RF
circuits are designed and realized as integrated circuits. Typically, standard structure realized active inductors provide a
limited inductor value and quality factor. This paper presents an alternative active Complementary Metal-Oxide
Semiconductor realization based on the use of a gyrator-c configuration that is suitable for integrated circuit fabrication.
A comparative study between various active inductor realization topologies is performed to obtain and improve active
inductor performance. The most important parameters that have to be investigated are the quality factor, the range of
inductors value at the specified operating frequency, and the self-resonant frequency. It is shown that the use of passive
feedback improves active inductor performance, however large passive resistance is required that is not suitable for IC
fabrication. An alternative MOS transistor and voltage divider structures are used to replace the passive feedback resistor
that improves performance without requiring a large chip area for fabrication. It is also shown that different transistor
dimensions and current source values result in different performance parameters. Therefore, minimized transistors
dimensions are required for minimum chip area, and also minimized current values are required to minimize power
consumption. It is shown that the voltage divider Al realization resulted in a significant improvement in inductance value
(L=20.16 nH) and higher quality factor (Q=3.078) compared to other topologies.

Keywords—Active inductor, CMOS RF application, Integrated CMOS realization.

1. Introduction limit the frequency range of operation of simulated
Inductors are usually treated as critical inductors. The gyrator-C topology input admittance

components in the design of RF circuits. Filters, low-noise  looking into port 2 may be derived using circuit analysis

amplifiers, mixers, and voltage controlled oscillators all  and it is given by the Egs. (1) to (6) [2]

require inductors. However, analog integrated circuit

design must maximize inductance, quality factor, and self- y, — L = ’z_n =SC, + Gy, +

resonant frequency in order to minimize chip space, cost, Zin . Vin (

and power consumption. Passive (Spiral) and active

structure are the two approaches to inductor realization.  Equation (1) can be represented and modeled by an RLC

[1].CMOS active inductors have a small chip area, a high-  petwork that is shown in Fig. 1(b), where:

quality factor, a large inductance, and a high self-resonant

frequency. However passive inductors provide a low- R =1 @)
p = —

1
o O

Gmi1Gm2/ “Gmi1Gm2

quality factor, a small inductance values, low self-resonant Goz
frequency, and a large chip area [2]. Typically, active
inductors are constructed using a gyrator design, in which Rs = _Go1 (3)
two transistors are coupled back to back. [3] Gm1Gmz
o Agyrator—_C structurg is _employed to realize Co=C @)
active inductors as illustrated in fig(1). P 2
3 C
- Leq - Gmlzmz (5)
- g Le, As a result of the presence of these parasitic, lossy
& g, inductor behavior occurs. As a result, the most important
R condition for approaching perfect behavior is to eliminate
= or reduce these parasites. Because of the existence of
(a) Model. (b) Equivalent circuit. parasitic parallel resistance (R;), parallel capacitance (Cy),
Fig.1 The Gyrator-C active inductor topology. and series resistance (Rg), the Gyrator-C network acts

Figures 1 (a) and (b) present the general gyrator-  similarly to a lossy inductor. To minimize the ohmic loss,

C lossy active inductor and its equivalent circuit. The  maximization of R, and minimization of R, should be
Lﬁ%tp?::n;%tae;cee);'séi ?ﬁgaz?fc&]; sth%uqoﬂz\goa;nr?ﬁ;isﬂg considered. However, the value of active inductor's is
P P ' unaffected by the finite input and output impedances of the

values. The equivalent circuit in figure (1) includes .
parasitic elements a (C1,2, GO1, and G02) , these parasitic ~ rans conductors in the gyrator-C network (Al). The self-
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resonant frequency (SRF) of this active inductor is given

by [2, 4]
1 [GmiGm2
JLCp C1Cy

This paper presents a comparative study for various Al
realization topologies. A modified structure are designed
and realized to improve the active inductor performance.

[/|/0:

(6)

2. Active Inductor realization topologies

There are many structures that realize the active inductor.
The following topologies have different performance:

2.1 Basic active inductor

The positive trans conductance is achieved by configuring
transistor M, as a common drain as shown in fig (2). In a
common source arrangement, M; realizes the negative
trans conductance. M; and M, must be biased to operate in
active region using two current sources I; and 1, in
addition to supply voltage Vpp. The performing of small
signal analysis results in to an equivalent inductance and
equivalent quality factor for the grounded inductor that are
given in Egs. (7) and (8). [5]

C
L= = 7
Imi9Im2 ( )
— 9m2Cgs1 (8)
ImiCgs2
Vbp
-

-

—
=y

Fig.2 Schematic diagram of basic active inductor.

Moreover, the self-resonance frequency (SRF) can be
written as in Eq. (9).

1
SRF = - Imi9mz
CPLeq Cgslcgsz

©)

The total power consumption is therefore given by Eq.
(10)

P = (I1+12)Vop (10)

2.2 Feedback resistor active inductor

A passive resistance R; is added that acts as negative
feedback as shown in fig. (3) to improve active inductor
performance and to decrease its sensitivity. The value of
inductance and quality factor are given as :

VoD
d’) P
R
My }—W'
Vi? i I__, M,
I,

lll-l

Fig.3 Schematic diagram of feedback resistor active
inductor.

Imi

6 = Gasa + 2 a

[, = Cas2(¥Rrgas1) (12)
gmi19m2

Q= gm2Cgs1(1+Rpgdss) (13)

9mi1Cgs2

Eq. (11, 12, and 13) illustrates the effect of the factor Ry,
and it is selected to have a value greater than unity. This
resulted equivalent conductance loss (G) is to be
minimized, as well as an increasing of the equivalent
inductance (L) by (I+ R¢Qqs1) factor[6].

To preserve the advantages of applying a negative
feedback, while avoiding the use of passive resistance. An
alternative modified active realizations is next considered.

2.3 Active inductor with feedback transistor

A new realization that based on the use of negative
feedback element by utilizing active transistor (M3) is
presented in fig. (4). The inductance value and quality
factor are significantly improved. The MOS transistor M3
behaves as resistance with the value given by:

L

Ron=—4———
K'W({Ves—Vr-Vps)

(14)
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Fig.4 Schematic diagram of Active inductor with feedback
transistor M.

2.4 Active inductor with feedback voltage divider

Another modified structure is illustrated in fig. (5) that
utilizes variable gate voltage on feedback transistor (Ms).
The voltage divider is applied to control the gate voltage,
therefore controlling the ON resistance of the feedback
transistor M3.

i

Fig.5 Schematic diagram of active inductor with feedback
voltage divider.
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3. Design and simulation of Active Inductor

The design of an active inductor for a 2.4 GHz RF
application is presented. The design is based on the use of
a 0.18 pm process to implement various active inductor
circuits. As presented previously, the active inductor
values and its quality factor are determined by MOS
transistors dimension and the values of current sources.
Table (1) and table (2) illustrate the active inductor
performance parameters as a function of the design

parameters values. Therefore a proper selection of these
design parameters is an important issue to obtain a
realization that provide required performance with suitable
technological limitations.

Advanced Design System (ADS) simulation software is
applied to simulate the different active realization
topologies ADS includes various analysis such as circuit
analysis, circuit layout, and other simulation, analysis.
ADS is the world's most popular electronic design
automation software for applications such as radio
frequency, microwave, high-speed digital, and power
electronics [7]. The simulation results are for the two
deigns in consideration are presented in fig. (6) and fig. (7)
for the first design and in fig. (8) and fig.(9) for the
second design.

Table 1 Active Inductor performance parameters of
design 1.
parameters | Basic | Resistor | Transistor | Voltage
(A) | feedback | feedback | divider
(B) © (D)
F (GHz) 2.4 2.4 2.4 2.4
W;(um) |5 5 5 5
W, (um) 1 1 1 1
Wy(pm) | oo o0 8
W5 (um) 0 0 00 4
Re o0 10000 0 0
I; (MA) 0.25 | 0.25 0.25 0.25
I, (MA) 0.1 0.1 0.1 0.1
L (nH) 4.647 | 5.267 8.891 13.48
Q 2.274 | 3.768 1.091 3.728
4E2— ‘\ .
E-5— D
E—S—_ C\‘
BOE r.-__ R R T =]
B
5 0E-E— A \
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Fig.6 Inductance values for (A) Basic structure, (B)
Resistor feedback structure, (C) Transistor feedback
structure, (D) Voltage divider structure for designl.
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Fig.7 Quality factor values for (A) Basic structure, (B)
Resistor feedback structure, (C) Transistor feedback
structure, (D) Voltage divider structure for design 1.

Table 2 Active Inductor performance parameters of

design 2.

parameters | Basic | Resistor | Transistor | Voltage
(A) feedback | feedback | divider

(B) © (D)

F (GHz) 24 |24 2.4 2.4

Wi (um) | 12 12 12 12

W, (um) 1 1 1 1

W3 (um) 0 0 15 5

Wy(um) | oo oo 8

Ws(m) | o | o 4

Re 0 10000 00 0

I, (MA) 01 |01 0.1 0.1

I, (MA) 0.15 | 0.5 0.15 0.15

L (nH) 8.573 | 9.679 15.07 20.16

Q 3.332 | 10.512 1.447 3.078

Figure 6 and figure 7 illustrate that voltage divider
topology has greater inductance and range and higher
quality factor compared with the other structure.
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Fig.8 Inductance values for (A) Basic structure, (B)
Resistor feedback structure, (C) Transistor feedback
structure, (D) Voltage divider structure for design 2.
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Fig.9 Quality factor values for (A) Basic structure, (B)
Resistor feedback structure, (C) Transistor feedback
structure, (D) Voltage divider structure for design 2.

It can be seen from the above figures that a significant
increase in quality factor of the active inductor is obtained
by using the feedback transistor and the voltage divider
structures with acceptable values of realized inductance
values. Also, it is clear that all structures provide nearly
constant inductance values over a wide range of operating
frequency.

Conclusions

An active CMOS realizations based on gyrator-C
technique was presented in this paper. Basic topology,
feedback resistor structure, MOS transistor feedback
realization, and the voltage divider structure were realized,
designed, and simulated. A comparison between these
topologies was accomplished from point of view of active
inductor performance parameters that include the
inductance value and the quality factor.

An Advanced design System (ADS) simulation method
were used to verify the operation of Al and to compare
between the performance of these topologies.

It was proved that the modified topologies by utilizing
MOS transistor structure, and voltage divider topology
resulted in a significant improvement in active inductor
performance. These modified structures provide
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(L=15.07nH, Q=1.447) and (L=20.16nH, Q=3.078) for
MOS transistor and voltage divider topologies
respectively. The price of this improvement is extra
devices which means a larger fabrication area.

It was illustrated from table 1 and table 2, that a proper
selection of different design parameter values resulted in
different performance parameters for each topology
individually, therefore a genetic algorithm (GA)
optimization approach as future work is to be applied to
minimize chip area and minimize power consumption.
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