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Abstract  This work offers the use of an active inductor and capacitor to build RF band-pass filter with 0.18μm 
and TSMC process. Based on the proposed structure, a prototype 1 GHz active filter designed and simulated in a 
0.18μm CMOS technology. Simulation results for the designed RF band-pass filter show S21 > 19dB and 
consuming power less than 14 mW from 1.8 V supply voltage. The absolute values of reflection parameters (|S11| 
and |S22|) are about 60 dB. Low-bandwidth linear noise at output node are less than -170 dB and Advanced Design 
System (ADS) used to produce 1 GHz band-pass active filter simulation results. 
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1. Introduction 
RF band-pass filters are used extensively in wireless 

communications. The challenge today is an alternative use 
of analog integrated active filtering to replace the 
combination of external passive filters and amplifiers [1]. 
The effort on integrating RF band-pass filters on a silicon 
substrate is accelerated with the emergence of monolithic 
spiral inductors and transformers. Even though there has 
been a great performance improvement of monolithic 
integrated inductors in CMOS process, the large areas 
occupied by the spiral inductors and the conductive 
substrate made passive inductors a reluctant choice to be 
employed in high-frequency circuit design where multiple 
inductors are required. The proposed active filter topology 
is  based on the use of integrated inductors rather than off-
chip components to achieve important improvements in 
terms of cost and power consumption. A high degree of 
integration not only reduces the cost of the product by 
minimizing the number of off-chip elements, but also 
reduces power consumption by eliminating the need for 
driving typically low-impedance off-chip components [2]. 
The active inductor inherently occupies a very small chip 
area [3]. Active capacitor occupied less area as compared 
to electrolytic and polyester capacitors. In high frequency, 
using active capacitor decreased capacitive effect on the 
circuit and required low current to charge and discharge. 
For this reason the active capacitor circuit consumes low 
power as compared to the other topologies. Therefore, 
CMOS active inductors and capacitors have found 
increasing applications in RF band-pass filters. These 
band-pass filters possess several attractive characteristics, 
including high band-pass center frequency, large and 
tunable quality factor, low insertion loss and less power 
consumption. In This paper, a 1 GHz band-pass active 
filter using an active inductor and capacitor is proposed. 

The circuit has a low-power consumption, desired S 
parameters and low linear noise. Advanced Design System 
(ADS) and 0.18 μm CMOS technology and TSMC 
process used to produce simulation results. The circuit is 
suitable for implement high order active filters in multi-
standard applications such as a wireless communication 
system. 

2. Active Inductor 
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Figure 1. Active inductor with small-signal equivalent circuit 

An active inductor in CMOS technology with a supply 
voltage of 1.8 V is presented. The value of the inductor  
(L), can be in the range from 0.5 nH to 4 nH in high 
frequency (HF). The proposed active inductor is simulated 
with 0.18 μm CMOS technology and TSMC process. The 
power consumption of this inductor can retain constant at 
all operating  frequency bands and consume around 5 mW 
from 1.8 V power supply. Figure 1 shows active inductor 
structure with small-signal equivalent circuit. The values 
of active inductor small-signal equivalent circuit 
parameters obtain  from Eq. (1) to (4) [4]. 
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Table 1. Active Inductor Transistor’s Dimensions. 

 L W AD AS PD PS 
(μm) (μm) (pm) (pm) (μm) (μm) 

M1 0.18 500 240 240 1001 1001 
M2 0.18 90 43 43 181 181 

M3-M4 0.25 600 288 288 1201 1201 

Zin1

M1
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1.8 V

 

Figure 2. Active inductor with biasing circuit 

 

Figure 3. Real and imaginary part of active inductor input impedance 
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Figure 4. Inductance value (L) 
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Figure 2 displays complete active inductor circuit that 
created inductive part of filter. Table 1 presents 
transistor’s dimensions, which used in the active inductor  
circuit. All transistors  work in a  saturation region. Figure 
3 and Figure 4 display active inductor  simulation results 
in a consider frequency. 

3. Active Capacitor 
Capacitive part of  band-pass active filter created by 

CMOS active capacitor circuit, displayed in Figure 5. 
Active capacitor small-signal equivalent circuit is 
presented in Figure 6. Real and imaginary parts of input 
Impedance (Rt + 1/jωCt) obtain from Eq. (13) and (14). In 
small-signal equivalent circuit assumed that M1 and M2 
were identical. 
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Figure 5. Active capacitor circuit 
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Figure 6. Active capacitor small-signal equivalent circuit 

M1≡M2 then: 

 1 2 .m m mg g g= =  (5) 

 1 2 .gs gs gsC C C= =  (6) 

 1 2 .gd gd gdC C C= =  (7) 
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KCL in A: 
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KCL in B: 
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KVL: 

 .gsVt v= −  (11) 

Vt/It gets from Eq. (9) to (11). 
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Figure 7 shows active capacitor with biasing circuit. 
M1 and M2 work in a triode region. The resistive part of 
the active capacitor is decreased by M2. M4 biased M1 
and M2 in a triode region. Active capacitor transistor’s 
dimensions are presented in Table 2. Figure 8 and Figure 
9 show active capacitor simulation results. Real part of the 
input impedance is related to the resistive effect of the 
active capacitor circuit. Equation (15) gives capacitance 
value (in Figure 9). 
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Table 2. Active Capacitor Transistor’s Dimensions. 

 
L W AD AS PD PS 

(μm) (μm) (pm) (pm) (μm) (μm) 

M1-M2 0.18 100 48 48 201 201 

M3 0.18 600 288 288 1201 1201 

M4 2 100 48 48 201 201 
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Figure 7. Active capacitor with biasing circuit 

 

Figure 8. Real and imaginary part of active capacitor input impedance 
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Figure 9. Capacitance value (C) 

4. Active Filter 
Active filter circuit based on the active inductor and 

capacitor is shown in Figure 10. Circuit specifications: 
1- 1.8 V DC supply voltage. 
2- (0.5+3.2+1+3) mA × 1.8 V ≅ 14 mW power 

consumption. 
3- Sinusoidal input voltage. 
4- Filter center frequency (fc) described by Eq. (16). 

L=3.16 nH in 1 GHz (as Figure 4 shown)  
C=8 pF in 1 GHZ (as Figure 9 shown) 
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DC block capacitors  in active filter circuit separate 
inductor and capacitor circuits. The values of DC block 
capacitors did not influence on active inductor and 
capacitor circuits.  For example: 
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Figure 10. Active filter with biasing circuit 

5. Simulation Results 

 



40 American Journal of Electrical and Electronic Engineering  

With a 1.8 V supply voltage, the circuit consumes 
power less than 14 mW. At center frequency, the S21 
response of RF band-pass active filter is 19 dB as Figure 
11 shown. Reflection  parameters S11 and S22 are about -
60 dB as Figure 12 and Figure 13 displayed. 

Figure 14 and Figure 15 display Linear noise at the 
output node.  Linear noise in the ADS consists of four 
parts (as ADS help mention): 

1- Temperature-dependent thermal noise from lossy 
passive elements, including those specified by data 
files. 

2- Temperature and bias-dependent noise from 
nonlinear devices. 

3- Noise from linear active devices specified by 2-port 
data files that include noise parameters. 

4- Noise from noise source elements. 
Figure 14 shows the amplitude of linear noise with 1 Hz, 

5 Hz and 10 Hz bandwidth in considering frequency at the 
output node. Figure 15 displays linear noise with 100 Hz, 
500 Hz and 1 kHz bandwidth at active filter operating 
frequency. Simulation results describe that the low-
bandwidth linear noise amplitude at the output node in 
considering frequency are less than -170 dB. Table 3 
presents simulation results briefly. 
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Figure 11. S21 response of  RF band-pass filter 
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Figure 12. S11 reflection parameter 
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Figure 13. S22 reflection parameter 

 

Figure 14. The amplitude of low-bandwidth linear noise at output node 
a)volt mode, b)dB mode 

 

Figure 15. The amplitude of 100Hz,500Hz and 1kHz bandwidth linear 
noise at output node a)volt mode, b)dB mode 
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Table 3. Summary of  Filter Specifications. 
Supply voltage 1.8 V 

Current 7.7 mA 
Power consumption 14 mW 

Center frequency 1 GHz 
S21 (at center frequency) 19 dB 

|S11| -70 dB 
|S22| -60 dB 

BW(-3dB) ≈4 MHz 
Low-bandwidth linear noise at output <50 nV 

6. Conclusion 
Active filter based on the active inductor and capacitor 

is successfully designed and simulated with 0.18μm 
CMOS technology and TSMC process. The proposed 
band-pass active filter circuit has acceptable results from 
0.5 GHz to 2 GHz frequency range. Active filter power 
consumption is less than 14 mW from 1.8 V supply 
voltage, which is very small as compared to other circuits 
using the same technology. At center frequency (1 GHz) 
the S21 response of RF active filter is about 19 dB and the 
absolute values of reflection parameters (|S11| and |S22|) 
are near 60 dB. Low-bandwidth linear noise at output 
node are less than -170 dB which desired for RF 
applications and not impact on circuit’s performance. This 
on-chip active filter is suitable for wireless system 
applications such as channel selection, image rejection, etc. 
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