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ABSTRACT

A novel approach of CMOS active inductor, which can improve the quality factor and tuning range, was presented
in this paper. A cascode grounded active inductor circuit topology and current mirror technique was presented,
which can substantially improve its equivalent inductance, quality factor and tuning range. Further improvement in
quality factor and inductance can be achieved by use of negative feedback network with cascode active inductor.
These two active inductors were implemented by using 0.18-um CMOS technology in cadence virtuoso
IC6.1.6.Cascode active inductor design demonstrates a maximum quality factor 2.5k ,inductance 11.1nH at 4.9GHz
and wide tuning range (6MHz-8GHz). The dc power consumption of this active inductor is 3.2mW. And negative
feedback network-cascode active inductor design demonstrates a maximum quality factor 10k, inductance 18.29nH
and wide tuning range (6.68 MHz-6.31 GHz). The dc power consumption of this active inductor is 4.1mW.

Keyword: - CMOS active inductor, active inductor application, inductor, CMOS, cascoding topology.

1. INTRODUCTION

Traditionally, passive inductors are off-chip discrete component. The need for off-chip communication with
these passive components severely limits the bandwidth, reduces the reliability, and increases the cost of systems.
Since early 1990s, a significant effort has been made to fabricate inductors on a silicon substrate such that an entire
wireless transceiver can be integrated on a single substrate monolithically. In the mean-time , the need for a large
silicon area to fabricate spiral inductors has also sparked a great interest in and an intensive research on the synthesis
of inductor using active devices , aiming at minimizing the silicon consumption subsequently the fabrication cost
and improving the performance. The evolution of CMOS technology has allowed the integration of communication
systems on a single chip. It deals with replacing the area consuming, lossy spiral inductors by gyrator based CMOS
active inductors. Active inductor (Al) have found increasing application in high speed analog signal processing and
data communications.

This includes implementation of cascode active inductor. This paper is organized as follow: Section Il includes
basic implementation of CMOS active inductor. Section Il simulation results. Conclusion is shown in section V.

2. IMPLEMENTATION OF ACTIVE INDUCTOR

The widely known one-port active inductor topology is the grounded active inductor which is based on
“Gyrator theory” is shown in the figure 1(a). This architecture of active inductor generates several nH of inductance
operating at a few GHz region.

As shown in figure 1(b) ,it is so called cascode grounded active inductor by adding a transistor M3 on top of
the M; .By minimizing gqs (0r go) in transistor Ms ,the zero frequency of the active inductor can be decrease for the
wider bandwidth application. Apart from this, cascode topology also offers attractive characteristics like quality
factor improvement, no reduction in the inductance and upper bound of the frequency range.
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Fig- 1: (a) grounded active inductor (b) cascode grounded active inductor (c) Schematic of cascode active inductor
in cadence virtuoso

2.1 Cascode active inductor

Fig-1(c) shows schematic of proposed active inductor. As the input input voltage applies to the M; transistor, the
transconductance g, converts the voltage to a drain current charging the capacitance Cgy, of transistor M,. The
voltage across Cg, is then converted to the input current by the transconductance of M. Transistor M is used as the
gain boosting stage to improve Q factor of the active inductor, while the required bias currents for M; and M, are
provided by the current mirrors M,-M;. Transistor Mg generates the required bias current in saturation mode.
Transistor M, — M7 which are the current mirrors copy the current generated by transistor Mg. The key advantage of
the current mirror is to generate multiple current branches with different amplitudes to different part of the circuits
and eliminates the use of external supply for that part.From the small-signal analysis the node voltages V; and V,
can be expressed as

Vl =-0Om Vin
SCgsB + Oms (1)

V, = Szcgsz Cgs3 + SCgszgms — Om19ms

S?Cys2Cyss + SCys20ma*SCosaliisaImalisa @)
and the input admittance of the active inductor at node in is given by
Yin=1/Zin = gm1Om20ms + OmOms + SCga
m Om3t+SCys3 (3)

Assuming that the operating frequency of the active inductor is much lower than the cut-off frequency of Ms. The
input admittance of can be written as

L =Cqsz / (9m10m2) 4
R :-(oZCgsngss ! (9m19m29ma) 5)
Gp~gm (6)
Cp=Cgs1 )
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The value of the inductance L is determined by the small signal circuit parameters of M; and M,, while the Q factor
is strongly influenced by the values of G, and R;. G, represents the shunt conductance,accounting for the loss of the
active inductor. R; is a negative resistance with frequency dependent characteristics. The resonant frequency of the
active inductor is given by

fres=1/2mVLC, =1/2m oy op (8)

note that the oy and wy, are the cut-off frequencies of M; and M, respectively, which impose fundamental limitation
on the operating frequencies of the active inductors. Generally, the active inductors are operated at frequencies
lower than the resonant frequency to ensure the desirable circuit characteristics. The Quality factor of an active
inductor can be approximated by

Q= wzchZlegngzmS

gmlgm292m39d54 + (chgsnglng(CgszgmB - CgsBQmZ) (9)

Other than the reduced chip area and the enhanced Q factor, another advantage of using active inductor is the tuning
capability of the inductance values. The value of the L is changed by the transconductance g, and gn,. Hence, the
inductance can be adjusted by the bias currents. However this is not very accurate for the active inductors operating
in the large signal mode. The excess voltage swing leads to decrease in the transconductance of the transistors. Due
to nonlinear characteristics inductance L deviates from its small signal value, resulting in undesirable signal
distortion. Therefore, the impact of the linearity issues on the circuit performance should be carefully examined. For
a CMOS active inductor using the cascode topology, the deviation in the transconductance due to large signal
operation can be minimized by increasing the overdrive voltage and by reducing the transistor size at the expense of
an elevated supply voltage.

2.2 Negative feedback network cascode active inductor

In cascode active inductor, we can improve quality factor by increasing the width of the transistor but it also
introduce the high gate capacitance. The another way to improve quality factor is to use feedback resistance or
negative feedback network which substantially improve quality factor without increasing width of transistors.

As shown in fig-2, It is a cascode active inductor with a negative feedback network consisting of R;, R, and
C,. The parameter of this active inductor are given by

L= (C3+C952) / Om1 Om2 (10)
C‘)o:\/(gml Om2) / (Cgsl (Cs+ CgsZ) (11)
Q((Do)Z \/ (gmlgmz(c3+cgsz) / Cgsl 9201 (12)

It is seen from eq. that C3 is used to boost the inductance. It is also increases the quality factor and decreases the
self-resonant frequency of the active inductor. The RC network consisting of R1,R2-C2 is negative feedback
network that reduces the parasitic resistance of the active inductor.

A standard 0.18-um CMOS process was employed for the circuit implementation, in order to characterize
the small and large signal performance of the active inductors for RF applications.
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Fig-2 (a) schematic of negative feedback network cascode active inductor (b) schematic of negative feedback
network cascode active inductor with current mirror

Fig -3 schematic of negative feedback network cascode active inductor in cadence virtuoso

3. SIMULATION RESULTS

3.1 Cascode active inductor

The equivalent inductance Leq is defined here as

Leg= Im(Zin) / @ (10)
The experimental results are as follow

Table 1: Parameter of circuit

Transistors W /L (um /um)
M, 120/0.18

M, 50/0.18

M, 10/0.18

M, 40/0.18

Ms 40/0.18

Ms 20/0.18

M- 20/0.18

Mg 50/0.18
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The circuit was simulated by using 0.18-um CMOS process. The supply voltage of the tunable active inductor is 1.8
V and the power consumption is 3.2mW. With 1.8V bias voltage Vct, the maximum Quality factor is
2.5K,inductance is 11.1nH at 4.9GHz and the self-resonant frequency at 8.5GHz. By varying the bias voltage Vct of
tunable active inductor, the inductance can be tuned from 5.9nH to 11.5nH.

3.2 Negative feedback network cascode active inductor

Design parameter and simulated results are as follow.

Table 2 : Parameter of circuit

Transistors W/L (um/um)
M, 50/0.18

M, 60/0.18

M, 10/0.18

M, 40/0.18

Ms 40/0.18

Ms 40/0.18

M 40/0.18

Mg 100/0.18
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Fig -4 (a) Quality factor of cascode active inductor for different control voltage Vct (range 1.4 ~ 1.8 V) (b)
simulated inductance value of cascode active inductor for different control voltage Vct (range 1.4 ~ 1.8 V)
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Fig -5 simulated inductance value of negative feedback network cascode active inductor for different control voltage
Vet (range 1.1 ~ 1.8 V)
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Fig -6 Quality factor of negative feedback network cascode active inductor for different control voltage Vct (range
1.1~18V)

Table 3: Performance comparison of CMOS active inductor

Ref./Paper | [3] [4] [5] [6] This work

@ (b)
Tech.(um) | 0.18 | 0.18 [ 0.18 [ 0.18 | 0.18 | 0.18

Supply 1.8 1.8 1.8 1.8 1.8 1.8
voltage (V)

Freg. range | 1-2 1-5 1-5 1-6 6MHz- | 6.68 MHz —
GHz | GHz | GHz | GHz | 8GHz | 6.31 GHz

Lmax (NH) 27 35 224 | 15 11.1 18.29

Q-factor 28 68 500 | 50 2500 10k

PpcmW) 4 36 |45 |41 |32 4.1

The negative feedback network-cascode active inductor circuit was also simulated by using 0.18-um CMOS
process. The supply voltage of the tunable active inductor is 1.8 V and the power consumption is 4.1mW. With 1.5V
bias voltage Vct, the maximum Quality factor is 10K, inductance is 11.1nH and the self-resonant frequency at 6.31
GHz. By varying the bias voltage Vct of tunable active inductor, the inductance can be tuned from 7nH to 18.29nH.
hence this topology improves quality factor and inductance but decreases tuning range.

8623 www.ijariie.com 1388



Vol-4 Issue-3 2018 IJARIIE-ISSN(O)-2395-4396

4. CONCLUSION

A new high Q and wide tuning range, grounding active inductor was presented in this paper. The proposed active
inductor was designed on gyrator-C topology. The use of cascading topology and negative feedback network-cascode
active inductor makes it more attractive for high quality factor, inductance and wide tuning range. The tuneable
cascode active inductor generates inductance between 1.6-11.1nH with the quality factor > 400 whereas the negative
feedback network-cascode active inductor generates inductance between 7-18.29 nH and quality factor up to 10k. The
results show that the circuit can be used in RF applications such as RF bandpass filter, trans receiver, oscillators and
PLL.
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