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Frequency-Tunable Bandpass Filter Design Using Active Inductor
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Abstract The fast-growing market in wireless communications has led to the development of multi-standard
mobile terminals. In this paper, a frequency-tunable active RC bandpass filter for multi-standards wireless
communication system is designed using an active inductor. The conventional bandpass filter design methods
employ the high order filter or high quality factor ¢ to improve the stopband attenuation characteristics and
frequency selectivity of the passband. The proposed bandpass filter based on the high @ active inductor has an
improved frequency characteristics. The center frequency and gain of the designed bandpass filter is tuned by
employing the tuning circuit. We have performed the simulation using TSMC 0.18um process parameter to
analyze the characteristics of the designed active RC bandpass filter. The bandpass filter with ©=20.5 has
90MHz half power bandwidth at the center frequency of 1.86GHz. Moreover, the center frequency of the
proposed bandpass filter can be tuned between 1.86~2.38GHz for the multi-standards wireless communication
system using the capacitor of the tuning circuit.
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[Fig. 1] A typical grounded active inductor
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[Fig. 2] The active inductor with high Q
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[Fig. 3] Small signal equivalent circuit of the active

inductor
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[Table 1] Design specification of the 1.86GHz bandpass
filter

Design Specification

Filter function 2" order Butterworth function

Center Frequency 1.86GHz

Passband loss < 3dB
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[Fig. 5] Circuit of designed bandpass filter
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[Table 2] Channel length and width of the designed
bandpass filter

Tr. W [m] L [pm] Type
M1 3.6 0.18 NMOS
M2 3.6 0.18 NMOS
M3 4.18 0.18 PMOS
M4 18 0.18 PMOS
M5 3.56 0.18 NMOS
M6 1.8 0.18 NMOS
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[Fig. 6] Compared magnitude characteristics of the designed
bandpass filter

[Table 3] Comparison of the bandpass filter simulation

Proposed filter

(Filter with Fig, 2) | [ et With Fig. 1

Center frequency 1.86GHz 1.86GHz
Bandwidth(3dB) 90MHz 500MHz
Quality factor 20.5 3.72
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[Fig. 71 Center frequency and gain tuning of the designed
bandpass filter

[Table 4] Element value of the tuning circuit at the center

frequency
Center frequency[GHz] C, [pFl R, [Q]
1.86 10 110
2.06 7.25 175
2.38 4.5 700
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