
4.2.2 Simulations Results 

All simulations, including the proposed and original active inductor, were carried out 

using Agilent-ADS simulator with TSMC 0.25um 1P5M CMOS model biased at 2.5 V. In 

Fig. 4.18, the curve of the proposed active inductor is shifted outer and toward right 

comparing with that of the original active inductor. Fig. 4.18 indicates the performances of 

the proposed active inductor outperform the original active inductor. The inductance, the Q 

value, the equivalent loss, and the layout are shown in Figs. 4.19, 4.20, and 4.21, 

respectively. 

 

 

Fig. 4.18 Microwave performance of active inductor (S11) 
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From the simulation results, we can summarize that the equivalent input loss resistance 

is reduced in the proposed active inductor. The Q value, the inductance, and the operating 

frequency are also increased and both the circuit complexity and power consumption are also 

improved. The results of this active inductor have 1mΩ of minimum total equivalent loss, 

3E5 maximum Q-value, and inductance value from 20nH to 45nH in the RF range from 

0.6GHz to 1.6GHz. Power consumption is only about 1.76mW under 2.5V supply voltage, 

which is smaller than that of the original active inductor using negative impedance converter 

(~3.76mW). Therefore this proposed active inductor circuit only uses three components, 

simpler than the original active one applying the negative impedance converter circuit to 

improving the performances of active inductor. Consequently, both circuit complexity and 

power dissipation of the proposed circuit are improved significantly. 
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Fig. 4.19 Inductance L of active inductor 

 

 -67-



 

Frequency (GHz)

Frequency (GHz)

Q
 

Proposed 

Original

 

    Fig. 4.20 Q value of active inductor 
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     Fig. 4.21 Equivalent loss of active inductor 

 

 -68-



TABLE 4.3 COMPARISONS BETWEEN IMPROVED AND ORIGINAL @1.25GHZ 

Improved Original 
Q 3E5 1.2 

Loss (Ohm) 1E-3 6.5 
Inductance (H) 30n 10n 

Power Consumption (mW) 3.76 4 
 

 

4.2.3 Discussion 

A novel RF CMOS high Q active inductor for RF applications with simple loss 

compensation technique has been proposed. According to simulation results, a simple and 

effective active inductor circuit can be easily obtained. This active inductor circuit can 

eventually perform high Q value, large inductance, higher operating frequency, simple circuit, 

and low power consumption. This loss compensation technique is highly desirable and 

applicable in RF amplifiers, active resonators, and active filters, etc. The comparisons 

between improved and original at 1.25GHz is shown in TABLE 4.3. 

 

4.3 Loss Compensation in RF CMOS Active Inductor 

Using a Capacitor 

In RF CMOS active inductor applications, Q-value, inductance (L), and operating 

frequency is limited by the loss. To solve these problems, many Q-enhancement active 

inductor circuits have been proposed [36-39]. Although these Q-enhancement designs 

improved the performance of the active inductor, the complexity and the power consumption 

are greatly increased. In addition, an active inductor based on CMOS generalized impedance 

converter (GIC) and applied a simple loss compensation circuit to simultaneously reduce 
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series/parallel and parasitic capacitance loss has been also proposed [42]. Though the Q-value, 

the inductance, the operating frequency, the complexity, and the power consumption of this 

active inductor are greatly improved, the characteristics of the active inductor became 

seriously degraded when MOSFET active devices replaces the ideal current sources of the 

active inductor. This circuit is shown in Fig. 4.21(a). 

In this work, a simple technique is proposed. We use only a capacitor to overcome the 

decaying characteristics caused by the active devices instated of using ideal current sources. 

Theoretical analysis and simulation results show that the performances of this active inductor 

are significantly improved and are better than those of previous literatures. The improved 

circuit design of the active inductor is described in section 4.3.1. The simulation results of the 

proposed active inductor are expressed in section 4.3.2. Finally, the discussion is given in 

section 4.3.3. 

 

4.3.1 Circuit Design 

Figure 4.22 (a) and (b) show the active inductor and the small-signal equivalent circuit 

respectively. Based on the literature [42], the ideal current sources of this active inductor 

circuit are replaced by MOSFET active devices (M3 and M4). Although the performances are 

significantly improved by using loss compensated techniques in the literature [42], the 

performance collapsed when the ideal current sources are substituted for the practical 

MOSFET active devices (M3 and M4) for integrated circuit (IC) fabrication. 

 

 -70-



M1

M2

MP

RG

Vdd

S

S

S

Vdd

Vdd

VG1

M3VG2

Vdd

S

M4

S

Gp Cp

L

Rs

Yin
 

(a)                                  (b) 

Fig. 4.22 The original active inductor circuit and small signal equivalent circuit 

 

In Fig. 4.22 (a), the non-ideal characteristics of the transistors M3 and M4, such as the 

gds (the conductance of drain to source of the transistor) and the capacitance Cgs (between the 

gate and the source of the transistor) increase the parallel loss (GP) and the series losses (RS) 

of the active inductor shown in Fig. 4.22(b). For a small signal, the finite conductance (gds) 

and the capacitance (Cgs) of the transistors (M3 and M4) cause the loss paths from the drain of 

MP and M2 to the ground, the signal of generating the inductance characteristic of the active 

inductance will lost through the loss paths. Therefore, the loss paths arise in the increase of 

the parallel loss and the series loss. Consequently, the performances of the active inductor 

mentioned in literature [42] would cause seriously decay when the ideal current sources are 

replaced by the practical MOSFETs current sources. 

Theoretically, we can neglect the gate-drain capacitance (Cgdi) and all identical 

MOSFETs dimensions. When we assume ωRgCgsMp<<1, gmi >> gdsi 

and
1 2 3 4 PgsM gsM gsM gsM gsM gsC C C C C C= = = = = , we can then derive the equivalent input 
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conductance (Yin) of the active inductor. This design is shown in Fig. 4.22 (a), and the 

equation Yin can be expressed as Eq. (4.10). 

   
1 2 4 4

31 ( )
2

( )gs
in P P dsM dsM dsM mM

S

C
Y G         sC g g g g s

sL R
≈ + + ≈ + + + +

+

1 2 3 4 1 2 2

1 2 4 2 3 1 2 2 2 3 3 1 2 3 4

( )
[ ( )( )] [( ) ]
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mM mM mM mM mM mM mM dsM mM

gs mM mM mM mM mM mM mM mM dsM mM dsM dsM mM mM mM mM mM mM
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sC g g g g g g g g g g g g g g g g g g

+
+

+ + + + +
 

(4.10)

The gdsMi and gmMi are the output conductance and transconductance of the 

corresponding transistors, and Cgs is the gate source capacitance. According to Eq. (4.10), the 

equivalent input conductance is shown in Fig. 4.22 (b), where the corresponding component 

values can be expressed as below: 

1 2 4 4p dsM dsM dsM mM mMG g g g g g≈ + + + ≈
4
                (4.11) 

2 3 3 2 3 3

1 2 2 1 2P

dsM dsM mM dsM dsM mM
S

mM mM dsM mM mM mM

g g g g g g
R

g g g g g g
+ + + +

≈ ≈
+ 2 1 2

(  )
PdsM mM mM mMif g g g g, <<   (4.12) 

3
2

g s
p

C
C ≈                             (4.13) 

1 4 3

1 3 4

( )
P

P

gs mM mM mM mM

mM mM mM mM

C g g g g
L

g g g g
+

≈                       (

F

4.14) 

rom Eq. (4.11) and Eq. (4.12), the parallel loss (GP) of and the series loss (RS) 

of

4mMg  

2 3

1 2

dsM dsM mM

mM mM

g
3

g g
 are significantly increased when comparing with literature [53] and 

the Q-value of the active inductor is greatly reduced. From Eq. (4.13) and Eq. (4.14), the 

ur proposed active 

induct

g g+ +

capacitance CP is raised, and the inductance L is greatly decayed as well. 

In order to improve the performance, a schematic diagram of o

or circuit is shown in Figure 4.23. Except for adding capacitor CN, the active inductor 

is similar to previous active inductor, given in Fig. 4.22. 
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(a)                                    (b) 

Fig. 4.23 The p valent circuit 

In Fig. 4.23 (a), the design only uses a feedback capacitor (CN) for compensating the 

loss, w

roposed active inductor circuit and small signal equi

 

hich is caused by MOSFET current source (M3 and M4). Transistors M1, M2, capacitor 

CN, resistor RG, and transistor MP are the components of the proposed active inductor circuit. 

Transistors M3 and M4 are the current source of the inductor. The circuit operation of the 

inductor includes negative feedback, positive feedback, and current pumping to obtain 

inductivity impedance and to reduce the loss of the active inductor. M1 and M2 are the 

components of the negative feedback operation path for converting the input voltage back to 

the input current. This mechanism realizes input inductivity impedance of the active inductor. 

The positive feedback and current pumping path pass through CN and MP and this positive 

feedback creates negative conductance and raises the current for compensating the loss of the 

active inductor. Therefore, the Q-enhancement obtained in the active inductor is 

accomplished by adding an equivalent negative conductance into the input terminal. This 
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negative conductance is generated by the interaction between CN and the current pumping 

circuit comprising MP and RG. Consequently, the loss is greatly reduced, and the Q value is 

enormously improved.  When considering parameters Cgs, gds, gm, and CN for analyzing the 

proposed circuit and assuming all identical MOSFETs dimensions, ωRGCgs<<1, gmi >> gdsi, 

ω<< gmP/(Cgs+CN), and 
1 2 3 4 PgsM gsM gsM gsM gsM gsC C C C C C= = = = = , we can express Yin as Eq. 

(4.15). 

1 2 4 4

1 2 3 4 1 2 2

21 [( ) ]
3

( )
       

p

P P

gs N gs
in P P dsM dsM dsM mM

S m

mM mM mM mM mM mM mM dsM mM

C C sC
Y G sC g g g g

sL R g

g g g g g g g g g

ω

M

λ

≈ + + ≈ + + + − +
+

+
+

 (4.15) 

1 2 4 2 3 1 2 2

2 3 3 1 2 3 4

2

[( )( )( )]

     [( ) ]

P P

P

P

gs N mM mM mM mM mM mM mM mM dsM mM

gs N
dsM dsM mM mM mM mM mM mM

mM

s C C g g g g g g g g g g

C C
g g g g g g g g

g

λ

ω

= + + +

+ + + −
 

In Eq. (4.15), the small signal equivalent circuit model of the proposed active inductor 

circuit can also be written as Fig. 4.23 (b). The values of each component are expressed 

below. 
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In Eq. (4.16) and Eq. (4.17), the parallel conductance loss (G ) and series resistance 

loss (R ) are changed from to 

P

2

S
4mMg  

4

p

gs NC C
g

ω
− and from mM

mMg
2 3 3dsM dsM mMg g g+ +

 

to

1 2mM mMg g

2 3 3

1 2

2

( ) g

P

s

mM

mM mM

C
g

g g
 respectively and the negative term in the equation 

uces the parallel loss and the series

N
dsM dsM mM

C
g g g

ω
+ + −

red  loss. In Eq. (4.18), the reduced capacitance is 
3
gsC

, 

and it increases the operating frequency. In Eq. (4.19), the equivalent inductance will be also 

increased from 1 4 3

1 3 4 PmM mM mM mMg g g g
( )

Pgs mM mM mM mMC g g g g+
 to 1 4 3

1 3 4 PmM mM mM mMg g g g
( )( )

Pgs N mM mM mM mMC C g g g g+ +
 by a factor 

of 1N mM mM

g g
 inductor are 

im

4 3

1 3 4

( )
P

P

mM mM

mM mM mM mM

C g g g g
g g
+

. In consequence, the performances of the active

proved by using a capacitor (C

Q-value, higher inductance, and higher operating frequency can be realized. 

ligent-ADS simulator. The active devices are 

. All transistors have the same dimensions, 

where

N). If the circuit components are properly chosen, a higher 

 

4.3.2 Simulation Results 

All simulations are implemented via an A

modeled by TSMC 0.25um CMOS process at 2.5V

 the length and width of each MOSFET are 0.24 um and 40 um, respectively. The value 

of the components are designed to have RG=550Ω and CN=0.73PF. The scattering parameter 

S11 performance of the active inductor is shown in Fig. 4.24. It can be seen that the curve of 

the proposed active inductor, which is added one capacitor (CN) for compensating the loss, is 

inclined to the outside of circle when the frequency is between 0.6GHz and 1.3GHz. This 

result indicates that the loss is decreased, and the Q-value is greatly increased. 

The curves of the inductance, the equivalent loss, the Q-value, and the layout are 
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shown in Figs. 4.25, 4.26, 4.27, and 4.28 respectively. These curves indicate that in the range 

of 0.6GHz to 1.3GHz, the inductance value varies from 50nH to 450nH, in which it has large 

enough inductance for RF circuit applications. The minimum equivalent loss is about 

1.4E-6Ω, and maximum Q-value is about 1.2E8. Furthermore, Fig. 4.25, Fig. 4.26 and Fig. 

4.27 show the comparisons of the inductance (L), the loss, and the Q-value between the 

proposed active inductor, which is added a capacitor (CN) and the active inductor in the 

literature [35], in which the practical current sources replace the ideal current sources and the 

capacitor (CN) does not added in the circuit. The results shown in Fig. 4.25, Fig. 4.26 and Fig. 

4.27 are because the non-ideal factors of the MOSFETs (M3 and M4) generate the loss paths. 

Consequently, the performance of the proposed active inductor is much better than that of 

active inductor, in which the practical current sources replace the ideal current sources and 

without using the capacitor (CN) to compensate the loss of the active inductor circuit. 

 

S11

 

Frequency (0.6GHz to 1.3GHz) 

Fig. 4.24 S11 of the proposed active inductor circuit 

S11 
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Fig. 4.25 Inductance of the proposed active inductor circuit 

The active umption is only 

about 1.9mW under 2.5 V supply voltage, which has less power consumption in this active 

induc

 

 inductor shows a significant improvement. The power cons

tor. Furthermore, in this active inductor, the external bias voltages are used to tune the 

characteristics of the active inductor due to the variation in the circuit implementation. 

Therefore, the performance demand can be satisfied and is independent of the process 

variation. The layout of the proposed active inductor is shown in Fig. 4.28. From the Fig. 

4.28, the size of the proposed active inductor, which includes the IO pads, is about 1126 um 

× 605 um. 
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Fig. 4.26 Equivalent loss of the proposed active inductor circuit 
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Fig. 4.27 Q-value of the proposed active inductor circuit 
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Fig. 4.28 Layout of the proposed active inductor circuit  

 

TABLE 4.4 COMPARISON BETWEEN IMPROVED AND ORIGINAL @1.05GHZ 

Improved Original 
Q 1.2E8 1.5 

Loss (Ohm) 1.4E-6 80 
Inductance (H) 75n 25 

Power Consumption (mW) 1.9 2.2 

 

4.3.3 Discussion 

A CMOS high Q-value RF active inductor using a simple feedback loss compensation 

circuit is proposed. We use one capacitor in the feedback loop to compensate the loss of 

CMOS active devices and use external bias voltage to compensate the variation in IC 

fabrication. As a result, a higher Q-value, inductance value, and reasonable power 

consumption under 2.5V supplies voltage are achieved between the 0.6GHz to 1.3GHz 

 -79-



frequency. Simulation results show that our proposal achieves better performance indices 

compared to those having the same active inductor structure published earlier. The 

comparisons between improved and original at 1.05GHz is shown in TABLE 4.4. 

 

4.4 An Improving Active Inductor Using a Resistor 

In RF CMOS active inductor circuits, Q-value and inductance (L) are limited by the 

loss. To solve these problems, a cascode technique has been used to improve the Q-value [34, 

41]. Although, this Q-enhancement design improved the performance of the active inductor, 

the introduction of the additional high frequency poles and zeros into signal path can lead the 

circuit to instability [34]. In additional, the negative resistance in active inductor design to 

compensate the internal loss of the active inductor has also been proposed [38, 39]. Though, 

the Q-value was greatly improved, this negative resistance method requires an additional 

circuit and it causes an increase in power consumption. However, a high-Q active inductor 

using a simple loss compensation technique can solve the above problems. 

In this work, an improved high-Q active inductor by adding one resistor in the 

feedback path is proposed.  In this active inductor circuit, the resistor interacts with 

transistors for generating a gain factor. The gain factor will reduce the internal loss of the 

active inductor and increase the inductance of the active inductor. As a result, the 

performance of the active inductor can be significantly improved. Furthermore, the power 

consumption is reduced and the circuit complexity is simplified when comparing with the 

previously mentioned results. The improved circuit design of the active inductor is described 

in section 4.4.1. The simulation results of the proposed active inductor are expressed in 

section 4.4.2. Finally, the discussion is given in section 4.4.3. 
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4.4.1 Circuit Design 

The simplest active inductor and the small-signal equivalent circuit based on a gyrator 

topology are shown in Fig. 4.29(a) [33]. This circuit can only produce a very small Q value 

(about 2 ~ 3), which is still too low for practical applications. At high frequency, the circuit is 

equivalent to a lossy resonator as shown in Fig. 4.29(b). Based on the assumption of 

Cgsi>>Cgdi, the equivalent input conductance (Yin) can be expressed as Eq. (4.20). 

 

1 2
2 1 1

2 1

( ) m m
in ds m gs

gs ds

g gY g g sC
sC g

≈ + + +
+

                 (4.20) 

 From Eq. (4.20), the component values of the lossy resonator as shown in Fig. 4.29(b) 

are described as below. 

 

2ds mG g g 1≈ +                           (4.21) 

2

1 2

gs

m m

C
L

g g
≈                            (4.22) 

21

1

mm

ds
s gg

gR ≈                           (4.23) 

1gsCC ≈                            (4.24) 

where gmi, gdsi, and Cgsi are the transconductance, output conductance, and gate-source 

capacitance of correspondence MOSFET transistors, respectively. In Eq. (4.21), the 

increasing parallel conductance loss of G will reduce the Q-value of the active inductor. 

Therefore, in order to improve the Q-value and the inductance (L), an improved high-Q 

active inductor with a feedback resistor is proposed for reducing the parallel conductance loss 

of G. 
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Fig. 4.29 Original active inductor circuit and small signal equivalent circuit 

 

The improved high-Q active inductor circuit is illustrated in Fig. 4.30. This circuit is 

composed of common source transistor M1, common drain transistor M2, feedback resistor Rf, 

and two biasing current sources I1 and I2. Feedback resistor Rf and transistor M1 construct a 

gain network. This network produces a gain factor to reduce the parallel loss conductance (G) 

Furthermore, the internal loss of the inductor will be decreased and then the Q value can be 

increased. In additional, the inductance (L) is also increased because of the feedback resistor 

Rf generating a gain factor. At high frequency, this circuit is equivalent to a lossy resonator as 

well, which is shown in Fig. 4.29 (b). When considering parameters Cgs, gds, gm, and Rf for 

analyzing the proposed circuit and assuming all identical MOSFETs dimensions, Cgsi>>Cgdi, 

gmi>>gdsi, and 2 1gsC gdsω >> , we can express Yin as Eq. (4.25). 
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m m
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Fig. 4.30 Proposed active inductor with loss compensation 

 

In Eq. (4.25), the small signal equivalent circuit model of the proposed active inductor 

circuit can also be modeled as Fig. 4.29(b). The values of each component are expressed 

below. 

1
2

11
m

ds
ds f

gG g
g R

≈ +
+

                        (4.26) 

2 1

1 2

(1 )gs ds

m m

C g R
L

g g
f+

≈                         (4.27) 

21

1

mm

ds
s gg
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1gsCC ≈                              (4.29) 

 

In Eq. (4.26), the effect of the factor, (1+ gds1Rf), is designed to be a value greater than 

unity. The equivalent parallel conductance loss (G) changes from 

to2 1ds mg g+ 1
2

11
m

ds
ds f

gg
g R

+
+

 and the loss is minimized by a (1+ gds1Rf) factor. In the Eq. 
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(4.27), the equivalent inductance changes from 2

1 2

gs

m m

C
g g

to 2 1

1 2

(1 )gs ds

m m

C g R
g g
+ f , and the 

inductance are also increased by a (1+ gds1Rf) factor. Therefore, the Q-value and the 

inductance (L) of the inductor are greatly increased. As a result, the performance of the 

inductor can be significantly improved by using a simple loss compensation of a feedback 

resistor (Rf). Furthermore, the circuit design of the active inductor is simpler than others 

published earlier. If the circuit components are properly chosen, a higher Q-value and a 

higher inductance value can be realized. 
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4.4.2 Simulation Results 

All simulations are implemented via an Aligent-ADS simulator. The active devices are 

modeled by TSMC 0.25um CMOS process at 2.5V. All transistors have the same dimensions, 

and the length and width of each MOSFET are 0.24 um and 40 um respectively. The 

feedback resistance is chosen to be Rf = 2KΩ. As a result, the scattering parameter S11 

performance of the active inductor is shown in Fig. 4.31. It can be seen that between 0.5GHz 

and 2.5GHz, the curve is inclined to the outside of the circle, indicating that the loss is 

decreased. Thus, the Q-value is significantly improved. 

Figs. 4.32, 4.33, and 4.34 show the Q-value, inductance and the equivalent loss 

comparisons between the active inductor with feedback resistor Rf and the one without it.  

Figure 4.32 and 4.34 indicate that in the range of 0.5GHz to 2.5GHz, the maximum Q-value 

is around 1E8 and the inductance changes from 5nH to 7.5nH. The Q-value and the 

inductance of the active inductor with feedback resistor are higher than that of the one 

without it. Fig. 4.34 shows the minimum equivalent loss of a proposed active inductor with 

feedback resistor is 1.2E-8Ω and it is much smaller than that of the one without the feedback 

resistor between the frequency ranges of 0.5GHz and 2.5GHz.  Consequently, the active 

inductor has shown a significant improvement. The power consumption is only about 2.5mW 

under 2.5 V supply voltage, and there is lesser power consumption in this active inductor. 

Furthermore, in this active inductor, the external bias voltages are used to tune the 

characteristics of the active inductor due to th e variation in the circuit implementation. 

Therefore, it can be achieved the performances that independent of the process variation. The 

proposed active inductor layout is showed in Fig. 4.35. The size of the chip is about 1053um 

× 713um. The comparisons between improved and original at 1.5GHz is shown in TABLE 

4.4. 
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Fig. 4.32 Q-value of the proposed active inductor circuit 
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Fig. 4.33 Inductance of the proposed active inductor circuit 
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Fig. 4.34 Equivalent loss of the proposed active inductor circuit 

 

 

Fig. 4.35 Layout of the proposed active inductor circuit 
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TABLE 4.5 COMPARISONS BETWEEN IMPROVED AND ORIGINAL @1.5GHZ 
 

Improved Original 
Q 1E8 1.4 

Loss (Ohm) 1.2E-8 8 
Inductance (H) 5.8n 2 

Power Consumption (mW) 2.5 3 

 

 

 

4.4.3 Discussion 

A CMOS high-Q RF active inductor using a simple loss compensation circuit is 

proposed. Only one resistor is added to the feedback loop to compensate the loss of CMOS 

active devices and the external bias voltage is used to compensate the variation in IC 

fabrication.  As a result, in the 0.5GHz to 2.5GHz frequency range, a higher Q-value, 

inductance value, and reasonable power consumption under 2.5V voltage supplies voltage are 

achieved. Simulation results show that the proposal achieves better performance indices when 

comparing to the original active inductor published earlier. In consequence, a significant 

improvement in Q-value and inductance is achieved with relative low power consumption. 

 

4.5 Summary 

In this chapter, the improved active inductors using various compensation techniques for 

improving the performance of the active inductor are presented. The proposed loss 

compensation techniques, which use only a simple RC feedback network, current-reused and 

gain boosting technique, a capacitor, and a resistor to significantly increase the Q-value, the 

inductance, and the operating frequency. The power consumption of the improved active 

inductor can be obviously reduced by using the loss compensation techniques. Furthermore, 

the circuit of the improved active inductor is very simple. In additional, the size of the 

improved active inductor is smaller than that of the planar spiral inductor. 
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Chapter 5 

Applications Based on Improved CMOS 

Active Inductors 

Most of the previous reports in CMOS wideband amplifier applications are 

implemented by using chip passive spiral inductors or resistors to achieve better matching, 

wider bandwidth, and higher power gain [47]-[52]. The CMOS voltage controlled oscillators 

are also implemented by using chip passive spiral inductors to obtain required output voltage, 

good phase noise, and high tuning range [53]-[55]. However, the low quality factor (Q value) 

and the large chip size of an integrated passive inductor cause the decreasing of the circuit 

performance. In addition, a high performance wideband amplifier and voltage-controlled 

oscillator require a larger load resistance or a higher quality inductance. Then the size of the 

chip and the cost of the large load resistance and the higher quality inductance can be 

significantly increased. Therefore, to design a RF integrated circuit for achieving required 

performances, a high quality factor inductor and a small chip area inductor are necessary. To 

solve these problems, an active inductor is an alternate approach to design the circuits. 

In this chapter, a wide-band amplifier and a voltage-controlled oscillator based on an 

active inductor are presented. The wide-band amplifier and the voltage-controlled oscillator 

are used to improve high-Q active inductor for achieving high gain-bandwidth, a reasonable 
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performance and small chip size. The organization of this chapter is as the following. In 

section 5.1, a CMOS wide-band amplifier based on the improving high-Q active inductor, 

which uses a loss compensation technique of the cascode RC feedback, is presented. In 

section 5.2, a CMOS LC oscillator using a high-Q active inductor based on a feedback 

resistor of loss compensated technique is described. Finally, a brief summary is made in 

section 5.3. 

 

5.1 Wideband Amplifier Based on Improved Active 

Inductor Using a Cascode RC Feedback 

Compensation Technique 

 

There is a considerable interest in a high performance, low power wideband amplifier 

for multi-band mobile communications, wireless local area network (WLAN), and wideband 

code division multiple access (WCDMA) systems. With the advent of high speed, narrow 

gate-length CMOS process becoming commercially available and abundant recently, the 

potential for high levels of CMOS wideband amplifier are also becoming realizable. 

In Most of the previous reports of CMOS wideband amplifier applications, the load and 

the matching network are implemented by using on chip passive spiral inductors or resistors 

to achieve high power gain, good matching, and wide bandwidth [47]-[49]. To obtain a high 

performance wideband amplifier, a higher quality inductance or a larger load resistance is 

required. However, the high quality factor of an integrated passive inductor is substantial low, 

and the performances of the wide bandwidth will be significantly degraded. Moreover, a high 

quality of spiral inductor and a larger load resistance often require additional processing steps 

to compensate the quality factor and a larger chip size, and an extra cost for achieving this 
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goal is also required [50]. Furthermore, the inductance of the CMOS passive inductor is 

dependent on the chip size [25]. Therefore, the chip size of an integrated passive spiral 

inductor is usually larger when it is compared to other components of CMOS IC, and it also 

limits the wideband amplifier performance. The above difficulties can be overcome by using 

a CMOS active inductor. 

In this work, we design an integrated CMOS wideband amplifier based on a low loss 

active inductor with 0.25um standard CMOS process. This active inductor improves not only 

the performance of the passive spiral inductor and conventional cascode active inductor (e.g. 

Q value, inductance, and operating frequency), but also the wideband amplifier performance. 

This design can be competed with the one using a passive spiral inductor and a conventional 

cascode active inductor. 

In order to achieve larger power gain and wider bandwidth of a wideband amplifier, the 

multi-stage amplified circuit, low loss inductive load, and negative feedback configuration 

techniques are simultaneously used. A wideband amplifier with active inductor load can meet 

the above requirements and obtain the expecting performance. 

The organization of this section is as the following. The wideband amplifier based on 

the conventional cascode active inductor is expressed in section 5.1.1. The design of the 

improved high-Q active inductor circuit is described in section 5.1.2. The wideband amplifier 

based on the improved high-Q active inductor is expressed in section 5.1.3. The simulation 

results of the wideband amplifier based on the improved high-Q active inductor are depicted 

in section 5.1.4. The measured results of the wideband amplifier based on the improved 

high-Q active inductor are displayed in section 5.1.5. Finally, the discussion is given in 

section 5.1.6. 
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5.1.1 Wideband Amplifier with Conventional Cascode 

Active Inductor 

According to Fig. 5.1, a negative feedback loop of the gyrator configuration is 

constructed by the transconductance –Gm1 and Gm2. A wideband amplifier with gyrator 

configuration can be designed as Fig. 5.2. The close loop gain of the gyrator amplifier is 

expressed as Eq. (5.1). 

 

-Gm1

Gm2
CIin

Vin

Zin=Yin-1

 

Fig. 5.1 Conventional active inductor topology 
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Fig. 5.2 The wideband amplifier using active inductor configuration 
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From Fig. 5.2, the wideband amplifier configuration is comprised of four function 

blocks, which are the input stage, the active inductor stage, the negative feedback function, 

and the output buffer stage, to achieve the high gain and the wide bandwidth. 

An overall voltage gain (Av,overall) of the CMOS wideband amplifier based on the active 

inductor configuration can be expressed as Eq. (5.2). 

, , . . , _ ,

1
, . . ,1 1 2

A A A Av overall v C G v active inductor v buffer

GmG Z Am C G in v bufferG Gm m

= × ×

−
= × × ×+

         (5.2) 

where Av,C.G and Gm,C.G. are the voltage gain and the transconductance of the common gate 

amplifier, respectively. Av,buffer is the gain of the buffer stage. From Eq. (5.2), the load 

impedance (Zin=Yin
-1) of the wideband amplifier will affect its overall voltage gain. The high 

load impedance will increase the overall voltage gain of the wideband amplifier, and the 

lower loss of the active inductor will increase the higher overall voltage gain of the wideband 

amplifier. 

 

M1

M2

M3

Zin

VG

Vdd

MP

MS

VP

VS

 

Fig. 5.3 A conventional cascode active inductor circuit 

 

Based on the wideband amplifier topology, a convention cadcode active inductor, 

shown as Fig. 5.2, is applied in the CMOS wideband amplifier topology and is shown in Fig. 
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5.3. A cascode active inductor of the CMOS wideband amplifier comprises with transistors 

M1, M2, M3, and Mp. The cascode active inductor connects between the common gate 

amplifier and the output buffer stage to act as the load of the common gate amplifier. The 

common gate amplifier is constructed by MS1 and MS2 to achieve the higher linearity and the 

higher isolation. Transistor MB and resistor RB composes the output buffer stage. The output 

buffer produces higher output current and lower output impedance to drive the low output 

load (50Ω) and to achieve good matching. The overall voltage gain of this wideband 

amplifier can be expressed as Eq. (5.3). 
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Fig. 5.4 Wideband amplifier circuit based on conventional active inductor 
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2 1 3

2 1 3

, , . . , ,

11 2 3[( ) ) ], . . 1 1 ( )2 1 3

( )
1

1 3 1 3( ) ,( )1 3
1 1

gs gd m

gs gd m

A A A Av overall v C G v activeinductor v buffer

g g gm m mA g g g sCv C G dsp mp ds gs sC g ggs ds ds

sC sC g
g g g gm m m m Av bufersC sC gC ggd ds s

C ggd ds

= × ×

−
≈ × + + + + +

+
−

× ×+
+

      (5.3) 

where gmi is the transconductance of transistor; Cgsi and Cgdi are the capacitance of gate to 

source and the capacitance of gate to drain, respectively; gdsi is the conductance of the 

MOSFET. From the Eq. (5.3), owing to the loss of the active inductor, the Q-value of the 

active inductor will be decreased. Thus, the lower Q value of the active inductor load will 

degrade the bandwidth of the wideband amplifier. Furthermore, the lower Q-value will reduce 

the load impedance of the common gate amplifier operating in higher frequency. Therefore, 

the bandwidth of the common gate amplifier will be limited by the loss of the active inductor 

in higher operating frequency. 

The simulation results of the wideband amplifier are shown in Fig. 5.4 and these results 

indicates that the S-parameter values are 25dB of S21, -16dB of S11, -25dB of S22, and 

-80dB of S12, respectively. Although the gain (S21) can achieve 25dB, the bandwidth is 

relatively narrow and is about 0.3GHz. Figure 5.5 shows the 8.2dB noise figure within 3GHz 

frequency. The noise figure can obtain flat response within the wide frequency range. Fig. 5.6 

and 5.7 indicate the results of the linearity of the wideband amplifier. The 1 dB compression 

and the IIP3 are about –28dBm and –14dBm, respectively. From the simulation results, the 

bandwidth of the amplifier is significantly narrow. To improve the bandwidth of the amplifier, 

the loss of active inductor load should be decreased. The loss of the active inductor is reduced; 

the load impedance of the common gate amplifier will be increased. The bandwidth of the 

amplifier will be expanded. Therefore, the improved active inductor, which uses the cascode 
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RC feedback configuration to compensate the loss of the active inductor, acts as the load of 

the common gate amplifier to improve the operating bandwidth of the wideband amplifier. 

 

 

Fig. 5.5 S-parameters of the wideband amplifier based on conventional active inductor 

 

 

Fig. 5.6 Noise figure of the wideband amplifier based on conventional active inductor 
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Fig. 5.7 1dB compression of the wideband amplifier based on conventional active inductor 

 

IIP3

-40

-30

-20

-10

0

10

-35 -30 -25 -20 -15 -10

Pin, dBm

P
ou

t, 
dB

m

 

1st Main Signal 

3rd Signal 

Fig. 5.8 IIP3 of the wideband amplifier based on conventional active inductor 
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5.1.2 Improved High-Q Active Inductor Design 

A conventional active inductor is designed by the combination of a gyrator where two 

transconductors are connected in back-to-back configuration and a capacitor [34]. The typical 

gyrator topology, showed in Fig. 5.1, includes the functions of the inductive impedance and 

negative feedback amplifier, where Gm1 and Gm2 are the transconductance of feedback 

amplifier. 

Using the topology of Fig. 5.1, the conventional cascode active inductor circuit is shown 

in Fig. 5.2 and the equivalent input impedance is expressed as Eq. (5.4). 

Zin＝
11 1 2 3[( ) ]1 1

2 1 3

g g gm m mY g g g sCin dsp mp ds gs sC g ggs ds ds

−− ≈ + + + +
+            (5.4) 

From Eq. (5.4), the impedance loss of (gdsp + gmp+ gds1) and 
31

321

dsds

mmm

gg
ggg

 reduce the 

performance of the active inductor. In order to improve the performance of the active 

inductor, an improved active inductor circuit, which shown in Fig. 5.9, is proposed. The 

improved active inductor includes a simple RC feedback network for compensating the 

impedance loss. The loss is caused by the conductance between drain and source of 

MOSFETs. 

In Fig. 5.9, the CN, RG and M3 construct a common gate configuration in the positive 

feedback path, and the configuration has a negative conductance, which compensates the loss, 

(gdsp + gmp +gds1) and
31

321

dsds

mmm

gg
ggg

, of the active inductor expressed in Eq. (5.4). The negative 

conductance GN is generated by CN, RG and M3, which are also interacting with M1 and M2. 

Thus, GN can be derived as Eq. (5.5). 
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Fig. 5.9 Improved active inductor circuit 
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−≈               (5.5) 

Then the equivalent input impedance of the improved active inductor can be 

approximated as Eq. (5.6).  

1
[( )1 1

( / )1 2 3 11 2 3 ]22 1 3 3

Z Y g g g sCin in dsp mp ds gs

g g g g sCg g g m m dsp m Nm m m gmsC g g g sCgs ds ds m N

−
= ≈ + + +

+ + −
+ −+ +

               (5.6) 

From Eq. (5.6), if the circuit components and biases are properly chosen, the input 

impedance loss could be reduced by the minus term in Eq. (5.5), and the performance of 

active inductor can be improved. The comparison between the scattering parameter S11 of the 

improved active inductor and the conventional cascode active inductor with the same 0.25 um 

TSMC process is shown in Fig. 5.10. In Fig. 5.10, the curve of the improved active inductor 
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is inclined outer than that of the curve of the conventional cascode active inductor between 

0.8GHz and 3GHz, and the loss is also decreased. This effect will improve the Q-value 

apparently. Furthermore, the curve of the improved active inductor shifts to tend right, which 

indicates that the improved active inductor has higher inductance and operating frequency 

than that of the conventional coscode active inductor. 

 

 

Fig. 5.10 S11 parameter of active inductors 

 

Because the Q value, inductance, and the operating frequency of the improved active 

inductor are significantly improved, the improved active inductor can be used to design the 

wideband amplifier. The performance of the wideband amplifier based on the improved 

active inductor is greatly promoted. 
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5.1.3 Wideband Amplifier with Improved Active Inductor 

In order to improve the bandwidth, a CMOS wideband amplifier based on the 

improved active inductor is designed. The wideband amplifier also consists of three stages, 

which includes the common gate amplifier, the low loss improved active inductor, and the 

buffer stage, is shown as Fig. 5.11. The common gate amplifier stage is comprised of MS1 and 

MS2. It provides low input impedance (about 1/gms2) for matching 50Ω source impedance, 

higher linearity amplification and effective reverse isolation with impedance. The input 

impedance can be expressed as Eq. (5.7). 

 

2212

11//1//1

msdssdssms
in gggg

Z ≈≈               (5.7) 

The low loss high-Q novel active inductor is constructed by M1~M3 and MP transistors, 

resistor RG, and capacitor CN to configure as the load of the common gate amplifier for higher 

gain and wider bandwidth. Transistor MB and RB construct the output buffer stage. The output 

buffer stage is a common drain configuration, which provides a minimized loading effect of a 

50Ω output impedance matching. CB1 and CB2 are DC blocking capacitors of the input and 

output to isolate the DC bias between the previous stage and the next stage. Therefore, the 

overall gain of the wideband amplifier can be expressed as Eq. (5.2), and is rewritten as 

below. 

buffervctoractiveinduvGCvoverallv AAAA ,,..,, ××=  

Because the improved active inductor is used in the CMOS wideband amplifier, the 

load impedance of the common gate amplifier can be written as Eq. (5.6). In consequence, 

the overall gain of the wideband amplifier based on the improved active inductor is changed 

to Eq. (5.8). 
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1 2 3[( ), , . . 1 1 ( )2 1 3

g g gm m mA A g g g sCv overall v C G dsp mp ds gs sC g ggs ds ds
≈ × + + + + +  

2 1 3

2 1 3

( )
1/1 2 3 1 1 3 1 3) ] ( )2 ,( )3 1 3

1 1

gs gd m

N

gs gd m

sC sC g
g g g g sC C g g g gm m dsp m N m m m mg Am vsC sC gg sC C gm N gd d s

C ggd ds

+
−+ + −

− × ++
+

bufer×     (5.8) 
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Fig. 5.11 Wideband amplifier circuit based on improved active inductor 

 

From Eq. (5.8), the equivalent losses of Zin (Yin
-1) are reduced and the Q value of the 

inductor is increased. As a result, the load impedance of the common gate stage is raised. In 

addition, the inductance and the operating frequency are significantly improved, and the 

operating frequency of the amplifier can be expanded. Thus, the overall gain is also improved 

significantly. Consequently, the performance of the wideband amplifier is improved 

apparently by using the improved active inductor. Furthermore, the CMOS wideband 

amplifier can modify the overall circuit response by tuning the biases of VS1, VS2, VG and VP. 
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5.1.4 Simulation Results 

The CMOS wideband amplifier based on the conventional cascode active inductor and 

the improved active inductor in TSMC 0.25 um CMOS process technology was simulated by 

using Agilent ADS simulator. In Fig. 5.3 and 5.10, all transistors use the same dimensions 

(W=0.24um and L=40um) and model. 

The simulated characteristics of the wideband amplifier based on the conventional 

cascode active inductor are displayed in previous section. The wideband amplifier based on 

improved active inductor was simulated in VS1=VS2=1V, VG=1.7V, VP=1.4V bias voltages, 

and provided 2.5V normal supply voltage. The simulated results of S-parameters are shown 

from Fig. 5.12 to Fig. 5.15. Figure 5.12 shows the S-parameters. The forward power gain S21 

is about 21dB, and the input reflection coefficient and output reflection coefficient S11, S22 

are –17dB and –21dB, respectively. The reverse transmission S12 is lower than –65 dB. From 

the curve of the S21, the response is nearly flat from 0Hz to 1.3 GHz. By the definition 

of –3dB (three dB cutoff) frequency response, the bandwidth of the wideband amplifier has 

1.3GHz bandwidth. The power consumption is about 18mW. Figure 5.13 shows the noise 

figure (NF) of the CMOS wideband amplifier based on the improved active inductor and this 

noise figure is about 8dB in the range of 0.1GHz to 3 GHz. The noise figure is also 

independent of the frequency. Fig. 5.14 and 5.15 indicate the results of the linearity of the 

wideband amplifier. The 1 dB compression and the IIP3 are about –16dBm and –13dBm, 

respectively.. 

The comparison of the wideband amplifier based on the improved active inductor load 

to the conventional cascode active inductor load is summered in TABLE 5.1. The forward 

gain S21 of the wideband amplifier based on the conventional cascode active inductor load is 

decayed rapidly due to the high loss of the active inductor, and its bandwidth is only 0.3GHz. 

The wideband amplifier based on improved active inductor load has remained forward gain 
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to 1.3GHz. The bandwidth is wider than that of the one using the conventional cascode active 

inductor load. In addition, the Q-value of the improved active inductor is higher than the 

Q-value of cascode active inductor. The power consumption of the wideband amplifier using 

an improved active inductor has only consumed 18mW, but the power consumption of the 

one using the conventional cascode active inductor wideband amplifier requires 30 mW for 

the same gain. For the matching characteristics, the improved active inductor will bring the 

reversed transmission isolation S12 and output matching S22 characteristics a little decayed, 

but it still meets the requirement in many applications. For the noise figure, two amplifiers 

have similar results when acting as the cascode active inductor wideband amplifier. For the 

linearity, the wideband amplifier based on the improved active inductor is better than that of 

the wideband amplifier using the conventional cascode active inductor. 

 

TABLE 5.1 
COMPARISON OF WIDEBAND AMPLIFIERS BASED ON TWO DIFFERENT ACTIVE 

INDUCTORS 
 

Active inductor S21 
(dB) 

S11 
(dB) 

S22 
(dB)

S12 
(dB)

Bandwidth 
(GHz) 

Noise Figure 
(dB) 

Power Dissipation 
(mW) 

Conventional 25 -16 -25 -80 0.3 8.2 30 
Improved 21 -17 -21 -65 1.3 8 18 

 
 

In this work, there are some competitive performances in CMOS wideband amplifier. 

The comparison between the CMOS wideband amplifier based on the improved active load 

and the other published works [47, 49] and [51, 52] is also shown in TABLE 5.2. From the 

comparison, our work is superior to those wideband amplifiers in some features. The layout 

of the proposed wide-band amplifier is displayed in Fig. 5.16. The size of the wide-band 

amplifier is about 866um × 824um. 
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Fig. 5.12 S-parameters of wideband amplifier based on novel active inductor 

 

 

Fig. 5.13 Noise figure of wideband amplifier based on novel active inductor 
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Fig. 5.14 1dB compression of wideband amplifier based on novel active inductor 
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Fig. 5.15 IIP3 of wideband amplifier based on novel active inductor 
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Fig. 5.16 Layout of the wide-band amplifier based on the improved active inductor 

 

TABLE.5.2 
COMPARISON OF WIDEBAND AMPLIFIERS BASED ON NOVEL ACTIVE 

INDUCTOR TO OTHER DESIGNS 

 

Wideband amplifiers A. Worapishet 
[50] 

W. Sansen 
[54] 

C. K. Wang 
[53] 

Y. C. Chen 
[49] This Work

Gain (dB) 21 39 14 10.5 21 
Power consumption (mW) 132 240 30 25 18 

Bandwidth (GHz) 5 0.8 0.185 1.7 1 
Processing (um) 0.35 1.2 0.8 0.25 0.25 

5.1.5 Measurements Results 

The proposed wideband amplifier is fabricated by using TSMC 0.25um CMOS process. 

The photo-die and the bonding on the PCB of the wideband amplifier based on the improved 

active inductor circuit are displayed in Fig. 5.17 and Fig. 5.18. In CIC, a network analyzer, a 
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probe station, and a Tek P6217 probe carried out the measured S-parameters and the noise 

figure, which demonstrate the same trend as the simulated results. According to the measures 

results, the performance of the wide-band amplifier can be easily observed from the 

S-parameters. Figs. 5.19 to 5.25 show the S-parameters and the linearlity, which compares 

the simulated and the measured. The bandwidth of the wideband amplifier using the 

improved active inductor load, which uses the RC feedback compensated network, can be 

expanded to a wider bandwidth than that of the wideband amplifier using the conventional 

cascade active inductor load. Fig. 5.24 and 5.25 indicate the results of the linearity of the 

wideband amplifier. The 1 dB compression and the IIP3 are about –18dBm and –14dBm, 

respectively. The supplied voltage VDD of this wideband amplifier is 2.5 V with 9.4-mA dc 

current, and the total power consumption is 23.5 mW. The maximum power gain is about 19 

dB at the 1.3GHz bandwidth. Due to the additional parasitic effects in realistic fabrication, 

the measured results of the characteristics are smaller than the simulation results. The 

comparisons between the measured results and the simulated results of the wideband 

amplifier based on the improved active inductor are summered in TABLE 5.3. 

 

Fig. 5.17 Photo-die of the wide-band amplifier  
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Fig. 5.18 Bonding to PCB of the proposed wide-band amplifier  
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Fig. 5.19 Comprised S21 of proposed wideband amplifier 

 -109-



 

  

S22

-30

-25

-20

-15

-10

-5

0

0.0E+00 5.0E+08 1.0E+09 1.5E+09 2.0E+09 2.5E+09 3.0E+09

Frequency

dB

Simulate

Measured

 

Fig. 5.20 Comprised S22 of proposed wideband amplifier 
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Fig. 5.21 Comprised S11 of proposed wideband amplifier 
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Fig. 5.22 Comprised S12 of proposed wideband amplifier 
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Fig. 5.23 Comprised noise figure of proposed wideband amplifier 
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In RF amplifier, the conditions (necessary and sufficient) for unconditional stability are 

expressed in following: 

 

2 2 2
11 22

12 21

1
1

2
S S D

k
S S

− − +
= > , where 11 22 12 21D S S S S= −  

2
12 21 111S S S< −  

2
12 21 221S S S< −  

 

From Fig. 3.5 and 3.6, at f = 1GHz, we find that K = 1.231 and D = 0.154∠120 ﾟ. Since K > 

1 and |D| <1, the amplifier is unconditional stable. Furthermore, in the frequency range 

between 0.1GHz and 1GHz shows the K > 1 and |D| <1, the amplifier will be unconditional 

stable. 
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Fig. 5.24 Comprised 1dB compression of proposed wideband amplifier 
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inductors and resistors as the tuned load elements and the matching network elements. In this 

inductor load and an improved high-Q active inductor load. The proposed wideband amplifier 

circuit was verified by Agilent-ADS simulator, and the simulation results demonstrate that 

noise figure and the matching features, are better than that of the previous works on CMOS 

wideband amplifiers and a RF circuit. The results of this work can be applied in WCDMA 

mobile communication systems, optical communication systems, and WLAN transceiver 

systems. 

3rd Signal 

1st Main Signal 

Fig. 5.25 Comprised IIP3 of proposed wideband amplifier 

5.1.6 Discussion 

Previous works on wideband amplifier have relied on the use of integrated passive 

work, we present a CMOS wideband amplifier based on a conventional cascode active 

the performances of the wideband amplifier, including the bandwidth, the power gain, the 

broadband amplifier. Therefore, an active inductor is another attractive alternative to design a 
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TABLE 5.3 COMPARISONS BETWEEN SIMULATION AND MEASUREMENT 
@ 1.3GHZ BANDWIDTH 

 
 Simulation Measurement 

S21 (dB) 21 19 
S11 (dB) -17 -14 
S22 (dB) -21 -17 
S12 (dB) -65 -62 
NF (dB) 8 9.6 

Power Consumption (mW) 18 23.5 
Area (mm2) 0.713 0.713 

 

5.2 LC Oscillator Based on Improved Active Inductor 

Using a Resistor 

The quarter-micron or below complementary metal-oxide-semiconductor (CMOS) 

technology has found to be an attractive alternative to GaAs and BiCMOS technologies for 

the implementation of integrated radio frequency (RF) transceivers because of the lower cost 

concern and the possibility for integration of RF front-end and digital circuits on the same 

chip. Among the CMOS RF front-end blocks, an oscillator circuit is the major challenge for 

implementing a fully integrated transceiver because the large process parameter variations 

and the high Q-value passive inductors cannot easily manufactured in CMOS technology. To 

achieve a high-performance oscillator, the power consumption, wide tuning-range, and the 

stringent phase noise, need to meet the requirements in the RF circuit applications and should 

be simultaneously considered [12]. However, the variations of the process parameters and the 

low Q-value of the passive inductor fabricated in CMOS process will seriously affect these 

requirements. Recently, wide tuning-range ring oscillators in digital circuit and low phase 

noise LC oscillators using passive inductors have been demonstrated [37, 53]. On the other 

hand, CMOS active inductors have found in microwave/RF oscillator and these designs are 
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for achieving wide tuning-range and minimizing the size of the chip [54, 55]. Furthermore, 

three types of oscillators have been discussed. First, the LC-tuned oscillator circuits can 

achieve lower-phase noise, but the low Q value passive inductor limits the frequency 

tuning-range. Second, the ring oscillator circuits can achieve wide tuning-range, and the 

larger phase noise exits in ring oscillator circuit [56]. Finally, though the oscillators using 

active inductors have wide tuning-range, the power consumption will be sensitive affected by 

the frequency tuning. Therefore, it is desired to obtain an oscillator circuit based high-Q 

inductors so that these requirements of the constant power consumption, wide tuning-range, 

reasonable phase noise and phase noise deviation in spite of the variation of the frequency 

will be successfully achieved. 

In this work, we first propose a CMOS wide tuning-range LC oscillator using improved 

high-Q active inductors to approach the previous requirements. The results are carried out in 

Agilent-ADS simulator and simulated by TSMC 0.25um CMOS process. This oscillator 

circuit is also biased at 2.5V as well as all transistors with the same dimension. Consequently, 

these results indicate that the improved inductor gets enough large Q-value. The inductor is 

employed in LC-tank oscillator then the wide tuning-range, which includes the range of the 

industry science medicine (ISM) application, can be obtained. Moreover, the power 

consumption will not be influenced when the frequency is varied in the wide tuned-range, 

and even though active inductors have higher noise than that of the passive counterparts; it 

still has the reasonable phase noise and phase-noise deviation. 

The organization of this section is as the following. The improved high-Q active 

inductor design is expressed in section 5.2.1. The design of the LC oscillator circuit design 

based on the improved high-Q active inductor circuit is described in section 5.2.2. The 

simulation results of the LC oscillator circuit based on the improved high-Q active inductor 

are depicted in section 5.2.3. Finally, the discussion is given in section 5.2.4 
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5.2.1 Improved High-Q Active Inductor Design 

The simplest active inductor and the small-signal equivalent circuit based on a gyrator 

topology are shown in Fig. 5.25 [34]. At high frequency, the circuit is equivalent to a lossy 

resonator. The equivalent input impedance can be expressed as (5.9) and assume Cgsi>>Cgdi 

to obtain the following component values: 

 

( ) ( )2 1 2 1 2
( )( (2 2 1 2 1 2

g g S C C Cds m gs gd gd
Zin SC g g S C C ggd ds m gs gd m

+ + + +
≈ + + + +) )  

112 mgmgdsgG ≈+≈  
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Fig. 5.26 A simple active inductor and equivalent circuit 
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where, the gmi, gdsi and Cgsi are the transconductance, output conductance and gate-source 

capacitance of correspondence transistors, respectively. The drain to the source nonideal 

conductance of the active devices MP and MS causes the internal loss increasing of active 

inductor. The performance of the active inductor will be disrupted such as the Q-value, 

operating frequency, and inductance. From Eq. (5.9), the increasing parallel conductance loss 

of G will reduce the Q-value of the active inductor. Therefore, in order to improve the 

performance such as the Q-value and the inductance (L), we propose the high-Q active 

inductors with a feedback resistor shown in Fig. 5.27. 

The improved high-Q active inductor circuit is illustrated in Fig. 5.27 (a). It is 

composed of common source transistor M1, common drain transistor M2, feedback resistor Rf 

and two biasing current source I1 and I2. Feedback resistor Rf and transistor M1 construct a 

DC gain network. This network produces a gain factor to reduce the parallel conductance (G). 

Furthermore, the internal loss of the inductor can be decreased and the Q value can also be 

increased. Thereby, the inductance (L) is also increased due to the feedback resistor. At high 

frequency, this circuit is equivalent to a lossy resonator as well, which is shown in Fig. 5.27 

(b). The values of each component including three parameters, Cgs, gds, and gm for analyzing 

this circuit are demonstrated below. 
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(a)                         (b) 

M1

M2

I1

I2

Yin

Vdd

G

RS

C
L

Rf

Fig. 5.27 Proposed high-Q active inductor and equivalent circuit 

 

From Eq. (5.10), the effect of the factor, (1+ gds1Rf), is designed to be a value greater 

than unity. The equivalent parallel conductance loss (G) changes from 

to2 1ds mg g+ 1
2

11
m

ds
ds f

gg
g R

+
+

, and then the loss is minimized by a (1+ gds1Rf) factor. In Eq. 

(10), the equivalent inductance changes from 2

1 2
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m m

C
g g

to 2 1

1 2

(1 )gs ds

m m

C g R
g g

f+
, and then the 

inductance is also increased by a (1+ gds1Rf) factor. Therefore, the Q-value and the inductance 

(L) of the inductor are greatly increased. As a result, the performance of the inductor can be 

significantly improved by using a simple loss compensation of a feedback resistor (Rf). 

Furthermore, the circuit of the active inductor is simpler than that of the other circuits 

published previously. If the circuit components are properly chosen, a higher Q-value and a 

higher inductance value can be realized. 

All simulations are carried out in an Aligent-ADS simulator. The active devices are 

modeled by TSMC 0.25um CMOS process at 2.5V. All transistors have the same dimensions, 

where the length and width of each MOSFET are 0.24 um and 40 um, respectively. The result 

of scattering parameter (S11) performance of the inductor is exposed in Fig. 5.28. This figure 
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can be treated as, the curve follows the increasing of the feedback resistance Rf between 

0.8GHz and 3GHz, the moving trend of this curve inclines to the outside of the circle, 

indicating that the loss is decreased, but the Q-value is increased. Therefore, the Q-value is 

promoted with the feedback resistance, shown in Fig. 5.29. Here, the Q-value is increased 

follow-up the increasing feedback resistor value. In Fig. 5.30, according to Eq. (10), the 

inductance (L) of inductor is also increased by the increasing feedback resistance Rf in the 

range of 0.8GHz to 3GHz. As a result, the performance of the inductor including the Q value 

and inductance may be improved with a simple loss compensation network. In addition, the 

current does not pass the feedback resistance, and the power consumption of the inductor will 

not be changed when the feedback resistance varies the characteristics of the inductor. Thus, 

the unchanged power consumption characteristic can be applied to design a constant power 

consumption wide tuning-range oscillator circuit. 

 

 

Fig. 5.28 S11 performance of high-Q active inductor 
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The improved active inductor only uses a feedback resistor to obtain the characteristics 

of the high-Q and the constant power consumption. Based on the improved high-Q active 

inductor, the LC oscillator can be easily designed. The LC oscillator can achieve the required 

performances such as the wide-tuning frequency, the reasonable phase noise, and the constant 

power consumption. 

 

 

Rf=2024Ω

Q
 

Rf=1500Ω

Frequency, GHz  

Fig. 5.29 Q value of High-Q active inductor 

 

5.2.2 Oscillator Circuit Design 

The main design consideration of the oscillator is expected to obtain low constant 

power consumption, wide tuning-range and low phase noise. The circuit diagram of the 

proposed LC oscillator is shown in Fig. 5.31. This design has a cross-coupled connection of 

NMOS transistors MNR and MNL. The cross-coupled connection generates a positive feedback 

loop for providing negative resistance, called a negative impedance converter (NIC). The 
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NIC configuration compensates the loss of the active inductor in the LC tank to produce 

lossless LC tank. The inductor of the LC tank is used to improve high-Q active inductors and 

is shown in Fig. 5.27 (a). The active inductors are composed of M1R, M1L, M2R, M2L, MSR, 

MSL, MPR, MPL, RfR and RfL, which combine with the NIC to form the LC resonators. Two 

active inductors are acting as the equivalent inductance in the oscillator. Because this 

oscillator circuit is symmetric and the Q value of the active inductor is high enough, all 

transistors have the same minimum dimension, where the length and width of each MOSFET 

are 0.24um and 40um, respectively. No varactors are employed in this oscillator. The 

oscillator frequency modulation function can be achieved by using the resistors of the active 

inductor. 
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Fig. 5.30 Inductance of High-Q active inductor 

 

To provide adjustable frequency range, the feedback resistance Rf is added to tune the 

desired oscillator frequency. Because the equivalent inductance values are varied by the 
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resistance Rf, the capacitance is kept unchanged. Besides, the frequency of the oscillator can 

tune the bias of the active inductors. Thus, the resistors Rf and the bias of the active inductor 

can adjust the output frequency of the oscillator. 

Assuming the total equivalent capacitance from the output node of the NIC is CT; the 

output oscillating frequency can be expended as: 
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Fig. 5.31 Proposed LC Oscillator 
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5.2.3 Simulation Results 

From Eq. (5.11), the frequency ωo is the inverse proportion of the feedback resistance 

Rf. In other words, when the feedback resistance is decreased, the frequency will be increased, 

and vice versa. The output frequency shows a wide tuning frequency range. The result 

between the output frequency and the feedback resistance is given in Fig. 5.32. This figure 

points out the frequency with the feature of a wide tuning-range, from 0.8GHz to 3GHz. 

Although the wide tuning frequency range is achieved, the power consumption is still 

constant. Fig. 5.33 shows the constant power consumption of 10mW. The power 

consumption is constantly maintained in the range of 0.8GHz and 3GHz. The relationship 

between the output amplitude and the output frequency is appeared in Fig. 5.34. It indicates 

that the variation of the output amplitude is about 15dBm at the wide tuning-range of 0.8GHz 

to 3GHz. At the 1MHz offset, the phase noise in the wide tuning-range is exposed in Fig. 

5.35. It explores that the variation of the phase noise at the range of 0.8GHz and 3GHz is 

about 6dBc/Hz and the phase noise almost retains a constant value between 1.5GHz and 

3GHz. Moreover, the oscillator has the reasonable phase noise below -91dBc even though the 

active inductors have the higher noise than the passive counterparts. Finally, this proposed 

circuit exhibits the wider tuning-range, constant power consumption, and the reasonable 

phase-noise. The layout of the proposed LC voltage-controlled oscillator is shown in Fig. 

5.36. The size of the proposed circuit is about 1065um × 482um. The size of the oscillator is 

smaller than that of the voltage-controlled oscillator using passive spiral inductor. The 

comparison between the CMOS wideband amplifier based on the improved active load and 

the other published works [35, 37] is also shown in TABLE 5.4. From the comparison, our 

work is superior to those wideband amplifiers in some features. 
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5.2.4 Discussion 

A CMOS LC oscillator using an improved high Q-value active inductor is proposed. 

By using a feedback resistor Rf, the active inductor can achieve high Q-value and the 

inductance (L) can be tuned as well but the power consumption is still constant. The power 

consumption of the oscillator based on the active inductors can be retained a constant value in 

a wide frequency tuning range. The phase noise has the reasonable value even though the 

active inductor has larger noise than the passive inductor counterparts. These simulation 

results of the proposed circuit are better than that of the previously literatures [54-56]. 

Therefore, this study shows that the proposed circuit with simulation can achieve a constant 

power consumption, wide frequency tuning-range and reasonable phase noise. 
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Fig. 5.32 Frequency of output V.S. feedback resistance Rf 
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Fig. 5.33 Oscillator power consumption V.S. tuning frequency 
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Fig. 5.36 Layout of the proposed VCO 
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TABLE 5.4 COMPARISON OF VCO WITH OTHER WORKS 

  T.K. Lin (35) Y. Wu (37) This work 

Frequency (GHz) 1.5 0.9 1.5 

Tuning Range (GHz) 1.1 - 2.1 0.1 - 0.9 1 - 3 

Phase Noise (dBc/Hz) -83 -86 -98 

Power Consumption (mW) 50 46 10 

Inductor Active Active Active 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

5.3 Summary 

In this chapter, the wide-band amplifier and the voltage-controlled oscillator based on 

the improved active inductor are presented. The improved active inductors can achieve the 

high gain-bandwidth of the wide-band amplifier and the reasonable performance of the 

voltage controlled oscillator. Furthermore, the chip size can be reduced as well. Thus the 

improved active inductor based on a cascode RC feedback loss compensated technique is 

very suitable to be used in wide-band amplifier. The improved active inductor only uses a 

resistor to compensate the loss of the active inductor and it can be applied in 

voltage-controlled oscillator. The VCO can achieve the const power consumption, the wide 

tuning range, and the reasonable phase noise. Besides, the variation of the phase noise can 

also remain small in wide frequency range. 
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Chapter 6 

Conclusions and Future Works 

In this dissertation, we have proposed the radio frequency (RF) CMOS low noise 

amplifier circuits using active inductors so that these circuits can operate in different 

frequency band. This design can achieve high performance and save the chip size in IC 

fabrication. For active inductor circuits, we also proposed loss compensated techniques to 

improve the characteristics of the active inductors such as the quality factor, the inductance, 

and the operating frequency. This design simplifies the circuit configuration of the active 

inductors. Furthermore, the wide-band amplifier circuit and the voltage controlled oscillator 

circuit based on the improved active inductors are proposed as well. As a result, these 

proposed circuits could achieve the requirements of designing and minimizing the chip size. 

An interaction of active devices can use a gyrator configuration to simulate the 

characteristic of the inductance impedance, which is called active inductor. The inductance 

impedance is combined by a real term and an imagine term. The real term is also called the 

loss of the inductance impedance. According to the real term and the imagine term, quality 

factor, inductance, loss, and resonant frequency can be defined. These definitions can be used 

to explore the characteristics of the active inductor and to improve the active inductor. By 

using the inductance impedance, an active inductance can be applied in a RF circuit to act as 

a load and to obtain impedance matching. 
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The proposed 2.06GHz/2GHz RF CMOS low noise amplifiers utilize regulated 

cascode active inductor load and common source negative conductance generator to complete 

the amplifier design. The combination of the regulated cascode active inductor and source 

follower negative conductance generator are mainly increased the quality factor to obtain the 

high impedance load. As a result, the amplifiers achieve high power gain and good 

input/output impedance matching. And the size of the amplifier is less than that of the 

amplifier using the passive spiral inductor due to only using active inductor. In addition, by 

changing the external bias voltage, the amplifiers are able to operate in different frequency 

bands. 

The proposed 1.75GHz/2.4GHz RF CMOS low noise amplifiers use the cascode active 

and double feedback loss compensated technique to realize the amplifier design. The double 

feedback loss compensated circuit can reduce the loss of the cascode active inductor and raise 

the load impedance. Therefore, the amplifiers gain the characteristics of high power gain, and 

good input/output matching. By way of the external bias voltage the amplifiers can operate in 

various frequency bands. Furthermore, the chip size is reduced because of employing without 

any passive spiral inductor 

Nevertheless, the techniques of using common gate/source follower negative 

conductance generator are to increase the load impedance. The amplifiers will result in 

complexity circuit. Thus, the simple loss compensated approaches are proposed to improve 

the characteristics of the active inductor and further apply in RF amplifier for obtaining better 

results. 

The proposed high-Q active inductor utilizes a RC feedback loss compensated 

technique to improve the Q-value, inductance, and the operating frequency. The improved 

active inductor based on a simple RC feedback network produces the negative conductance to 

compensate the loss due to the nonlinear active devices. The proposed high-Q active inductor 
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is designed based on the techniques of the current-reused and gain-boosting. The feedback 

can improve the performances of the active inductor such as the Q-value, the inductance, and 

the operating frequency. The proposed high-Q active inductor using a capacitor is able to 

compensate the loss of the active devices. A simple high-Q active inductor circuit can easily 

obtain. The proposed high-Q active inductor employs the technique of only using a resistor to 

compensate the loss of the active device. The performances of the active inductor such as the 

Q-value, the inductance, and the operating frequency can be significantly improved. And the 

circuit is very simple. 

The proposed wide-band amplifier employs the improved active inductor, which uses 

the loss compensated technique of the RC feedback circuit. The wide-band amplifier can 

achieve wide frequency bandwidth, high enough power gain, and reasonable noise figure. 

And the size of the wide-band amplifier is smaller than that of the wide-band amplifier using 

the passive spiral inductor or the resistor. The proposed voltage controlled oscillator exploits 

the improved active inductor, which bases on the loss compensated technique of a resistor. 

The voltage-controlled oscillator has constant power consumption and reasonable phase 

noise. 

In the pervious works and the literatures, comparing with the designs using a passive 

spiral inductor, the active inductors have many advantages such as the higher Q-value, the 

higher inductance, the electrical tunable, and the smaller chip size. Although, the design of 

the active inductors is reaching our current goals, there are still some shortcomings existing 

in active inductor such as the power consumption, the noise, and the dynamic range. Because 

the active inductors are comprised of the active devices, the active inductor will produce 

noise, power consumption, and the limitation of the dynamic range. Therefore, reducing the 

noise, decreasing the power consumption, and increasing the dynamic range are our main 

objects in the future works. If these problems can be solved, the active inductors applying in 
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RF CMOS circuit could be an alternate approach. Finally, the active inductors have many 

merits to apply in RF circuit designs. 
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