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Design of Active RC Polyphase Filter Using CMOS Inverters

Yashiki Makoto*, Yoshida Eiichi, and Tanimoto Hiroshi (Kitami Institute of Technology)

Abstract We have investigated a possibility of using simple CMOS inverters as amplifiers in wide band active-RC polyphase filters
(A-RCPF). Simulation study was conducted on a normalized 5-stage A-RCPF with a passband(stopband) of 0.1 to 10 [rad/s] to find
necessary voltage gain(transconductance) of OPA(OTA). A design procedure of A-RCPF using CMOS inverters is proposed. Assuming
0.18 um CMOS process, a three-stage CMOS-inverter-based A-RCPF with passband(stopband) from 1 MHz to 100 MHz was designed
by following the design procedure. The simulation result shows good frequency response. The A-RCPF operates from 1.8 V of power
supply voltage and consumes 5 mA for each CMOS inverter (60 mA, in total). A three-stage A-RCPF with passband of 5 kHz to 500
kHz was designed and realized by using standard diécrete CMOS logic TC4069 for the purpose of verification of the procedure. The
measured result of the bread board supports the design procedure. The simulation and B/B results supported the possibility of wide
band A-RCPF using CMOS inverters.
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Fig. 1 First order RC Polyphase Filter
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Fig.2 First orde A-RC Polyphase Filter
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Table 1 Example of element value spead in RCPF and A-RCPF
RCPF Rmax Rein Conax Crin M
N=3 |1.6257 | 1.0000 | 1.0000 | 0.0061438 | 70.053
N=4 |7.7820 [ 0.74917 | 2.0925 | 0.0061410 | 47.940
N=5 |138.68| 1.0000 | 3.2266 | 0.0018467 | 313.10

A-RCPF | Rumax Ruin Crnax Chrin M
N=3 29197 |0.34250 ( 2.9197 | 0.34250 | 17.049
N=4 |3.4901 | 0.28653 [ 3.4901 | 0.28653 |24.362
N=5 |3.9663|0.25212 | 3.9663 | 0.25212 | 31.463
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Fig.4 Passband response change with OPA voltage gain
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Fig.7 A-RCPF using CMOS inverters
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Fig.5 Passband response change with OTA transconductance
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Fig.6 Voltage gain or transconductance vs. passband ripple
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Table 2 Element values of designed 3-stage A-RCPF

EHE (kQ) BE1E (pF)
R,| 1178 |c,| 208
R,| 3000 |cC,| 5305
R,| 7641 |[C,| 1351
R, | 1028 |c,| 1817
R, | 3000 |C,| 5305
R, | 889 |Cp,| 1549
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Fig.9 Simulated frequency response of A-RCPF
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Table 3 Element values of experimental 3-stage A-RCPF

EHUE (kQ) FEE [pF]
R,| 5094 |C,| 40425
R,| 2000 |[C,| 159.15
R, 7.850 C, 62.48
Ry, | 5839 |C, | 464.66
R,| 2000 |cC,| 15915
R, | 685 |C,| 5451
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Fig. 11 Measured passband frequency response of 3rd order A-RCPF
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Fig. 12 Measured stopband frequency response of 3rd order A-RCPF
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