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Abstract 

A CMOS broadband amplifier with high-Q active 

inductor using 0.25um CMOS process is presented. In 

this broadband amplifier, the compact high-Q active 

inductor is connected to the common-gate 

configuration to improve the performance of the high 

power gain, wide bandwidth, low power consumption 

and simple matching characteristics. Not using any 

passive inductor components is to be reduced the area 

of chip and the complexity. Advance Design System 

(ADS) simulator has been performed to verify the 

performance of the designed broadband amplifier. It 

has been shown that the amplifier has a 20dB(S21) 

power gain in -3dB bandwidth, S11 of -17dB, S22 

of –21dB and noise figure (NF) of 8dB, under 2.5V 

power supply with 18mW power consumption.*

1. Introduction 

Motivated by the growing market of wireless 

communications system, instrumentations and optical 

communications much effort have been devoted to the 

implementation of components in CMOS technology. 

The broadband amplifier is the demanding block in 

broadband telecommunication system. The 

specifications of broadband amplifier must be 

satisfied simultaneously including, wide bandwidth, 

large power gain, good impedance matching, good 

linearity, low power consumption and low cost. Most 

of the published in these applications are implemented 

by using on chip passive spiral inductors to achieve 

good matching and power gain [1][2]. Although, the 

quality factor of an integrated passive inductor is 

* This work was supported by the National Science Council of 

Taiwan, R. O. C., under Grant NSC 91-2626-E-159-004. 

normally low. A high quality factor often requires 

additional processing steps. Nevertheless, by applying 

techniques such as the ones proposed in [3] it is 

possible to compensate the quality factor of these 

inductors, involving extra cost. Moreover, the 

inductor value is dependent on the size of the inductor 

[4]. The chip area occupied by an integrated passive 

inductor is usually large compared to other 

components. The above difficulties can be overcome 

by using an active inductor. Most of the proposed 

active inductor circuits using low noise amplifier or 

band-pass filter have been employed [5][6][7], but it 

is few used in broadband amplifiers. It will be 

improved the performance of broadband amplifiers 

using active inductor. An active inductor is usually 

implemented from a gyrator where two 

transconductors are connected in back-to-back 

configuration [8]. However, the active inductor 

circuits need to use active devices in integrated circuit 

implementation. The nonideal characteristics of active 

devices such as DC bias will limit the performance of 

the active inductor circuits such as the Q-value [9]. 

The limitations of Q of the active inductor will reduce 

the performance of the broadband amplifier. 

Therefore, a broadband amplifier using high Q-value 

active inductor is proposed. In this paper, we carry out 

a description of a broadband amplifier how through 

using high Q-value active inductor design to improve 

the performance of the broadband amplifier. The 

design of the high Q-value active inductor is given in 

section 2. The design of the broadband amplifier is 

given in section 3. Simulation results of the proposed 

broadband amplifier are shown in 4. Finally, the 

conclusion is given in section 5.

2. High-Q active inductor design 
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2.1 A Simple Cascode Active Inductor 

An often-used way for making active inductors is 

through the combination of a gyrator where two 

transconductors are connected in back-to-back 

configuration and a capacitor [8]. The simple cascode 

active inductor shown in Fig.1, exploit the parasitic 

within the devices. In this circuit, transistor M1 is used 

to converter the input voltage Vs, to be a current for 

charging the integrating capacitor Cgs1, whereas M2 is 

used to converter the voltage across Cgs2 to the input 

current Is.

Fig. 1 A simple cascode active inductor  

In this configuration, the gain boosting is 

utilization around the cascode common-source 

amplifier comprising of M3, M1 and I1 to reduce the 

series resistance. Hence, gain-boosting techniques 

have been applied to M3 in order for increasing its 

voltage gain, for cascode configuration. However, in 

Fig. 1, the ideal current source I1 and I2 will be 

replaced with the practical active device of MOSFET 

or current mirror circuit in the integrated circuit 

fabrication, which shown in Fig. 2. 

Fig. 2 The practical simple active inductor

Owing to the drain to source nonideal 

conductance of the active devices MP and MS cause 

the internal loss increasing of active inductor. The 

performance of the active inductor will be disrupted 

such as the Q-value. The performance of S11 of the 

practical simple active inductor is shown in Fig. 3. 

According to the Fig. 3, besides the Q-value is 

reduced, the operating frequency and inductance are 

also reduced. 

Fig. 3 The performance S11 of the practical active 

inductor 

2.2 A proposed high Q active inductor 

The performance of the practical cascode active 

inductor in Fig. 2 can be improved by using the RC 

feedback cascode network to compensate the internal 

loss owing to the nonideal conductance of the active 

devices MP, MS and other active device nonideal 

internal loss, which shown in Fig. 4. 

Fig. 4 The high Q active inductor 

The high Q active inductor network is using RC 

feedback cascode positive feedback formed by M3, RG
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and CN to compensate the internal loss of the active 

devices MP and MS and other internal loss factors. In 

this RC feedback cascode network, which is using the 

gain boosting of cascode configuration and generating 

negative impedance to compensate the conductance of 

active devices. M3 transistor is used to form the 

cascode with M1 to reduce the conductance of M1. RG

and CN conduct with the M1 to form the negative 

impedance, which compensates the conductance of 

transistor Mp and MS. Therefore, the performance of 

the active inductor can be improve by the RC 

feedback cascode configuration. The performance of 

Q-enhancement active inductor is shown in Fig. 5. 

From the Fig. 5, it is seen that the Q-value and 

operating frequency are increased. Owing to the 

conductance loss, the performance of active inductor 

can be improved using RC feedback cascode 

configuration.

Fig. 5 The performance of Q-enhancement active 

inductor 

3. The design of broadband amplifier 
using high-Q active inductor 

A common gate configuration CMOS broadband 

amplifier using improve high-Q active inductor is 

shown in Fig. 6. In this circuit consists of three 

different stages, including common gate configuration, 

high Q active inductor and buffer. Transistors MS1 and 

MS2 comprise the input common gate amplifier stage. 

This common-gate configuration provides a simple 50

 input matching and higher linearity without source 

degeneration inductor. This common-gate approach 

also helps to increase the effective reverse isolation. 

The high-Q active inductor is constructed by 

transistors M1~M3, MP, RG and CN. It forms as the 

load of the common gate configuration. The key 

factor to obtain high circuit gain is to increase the Q 

value of active inductor. Therefore, the high-Q active 

inductor is using positive feedback to compensate the 

internal loss and cascode configuration to improve the 

series resistive loss so that the Q-value of the active 

inductor is increased and the gain of broadband 

amplifier can be increased. Transistor MB and RB

construct the output buffer stage. This common drain 

configuration provides minimizing the loading effect 

and a simple 50 output impedance matching. This 

broadband amplifier is sensitive to the parasitic 

capacitance, and any following stage loading. Theses 

will be modified the overall circuit response by tuning 

the biases of VS1, VS2, VG and VP. Therefore, it is 

easily to tune the variation due to the process or other 

factors. Capacitors CB1 and CB2 are used as a DC 

blocking capacitor of the input and output to isolate 

DC voltage of the previous stage and following stage. 

Fig. 6 The broadband amplifier using high-Q active 

inductor 

4. Simulation results 

The complete broadband amplifier was simulated 

with parameters from a 0.25-um CMOS process 

technology using ADS simulator. According to the 

circuit Fig.6, each transistor has the same as width and 

length. The minimum lengths and width are 0.24um 

and 40um respectively. The biasing values are shown 

as follows: VS1=VS2=1V, VG=1.7V, VP=1.4V, and the 

normal supply voltage is 2.5V. In the Figs. 7 is shown 

the simulated results of S21, S11, S12 and noise 

figure (NF) respectively. According to the Fig. 7, the 
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bandwidth of amplifier is about 1GHz. It can be seen 

that S21 is 20dB in the –3dB cutoff frequency and S11 

and S22 are –17dB and -21dB respectively. It is 

obtained good performance using the improved high 

Q active inductor. In the Fig. 8, the noise figure (NF) 

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

noise figure can be met the requirement in 

telecommunication system applications. 

5. Conclusion 

Previous works on broadband amplifier have 

relied on the use of integrated passive inductors as 

tuned elements. This paper presents the design of a 

CMOS broadband amplifier using a improved high-Q 

active inductor load. The proposed circuit was 

verified by ADS simulation, which demonstrated that 

the bandwidth and Q-value of the broadband amplifier 

and the active inductor have good performance. The 

performance, the power gain, noise figure and 

matching of the amplifier are found to be better those 

employed integrated passive inductor and other 

broadband amplifier. This work is available in most 

telecommunication system and optical applications.
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Fig. 7 The S21, S11 and S22 of the broadband 

amplifier 

Fig. 8 The noise figure (NF) of the broadband 

amplifier 
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