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In about 1974 Michael Soderstrand introduced this concept for building high-
frequency filters and termed these “Active-R” filters

The compensation capacitor in the op amp serves as the energy storage element 
in the filter 

Can operate at very high frequencies but many problems with linearity and 
accuracy 



“The scheme take advantage of the efficient Active-gm-RC filter [3], which exploits 
the Opamp unity gain bandwidth (COUGBW) to synthesize the transfer function.”

From IEEE Int. Workshop on Advances in Sensors and Interfaces, June 2017



A 0.9V 600MHz 4th-Order Analog Filter with Feed-Forward Compensated 

OPAMP in CMOS 28nm F. Ciciotti, M. De Matteis, and A. Baschirotto

“The transfer function is obtained with the cascade of two Active-RC Rauch 

biquadratic cells. Each cell is based on a novel OPAMP optimized for very high

frequency operation achieving a Unity Gain Bandwidth (UGBW) > 7GHz.”

PRIME Conference, June 2017

This is actually a bridged-T structure !



M. Tohidian, I. Madadi, and R. B. Staszewski, “Analysis and design 

of a high-order discrete-time passive IIR low-pass filter,” IEEE J. 

Solid-State Circuits, vl. 49, no. 11, pp. 2575–2587, Nov. 2014.

SC Filter w/o Op Amp



SC Filter w/o Op Amp

S. Iida, “Filter circuit, integrated circuit, communication module, and

communication apparatus,” U.S. Patent 0 334 348 A1, Nov. 13, 2014.



IEEE TRANSACTIONS ON CIRCUITS AND SYSTEMS–I: REGULAR PAPERS, VOL. 65, NO. 8, AUGUST 2018

SC Filter w/o Op Amp



IEEE TRANSACTIONS ON CIRCUITS AND SYSTEMS–I: REGULAR PAPERS, VOL. 65, NO. 8, AUGUST 2018

SC Filter w/o Op Amp

Feedback  OTA

Input  OTA



A 20kHz∼16MHz Programmable-Bandwidth 4th Order Active Filter using Gain-

boosted Opamp with Negative Resistance in 65 nm CMOS
Jiye Lim, Student Member, IEEE, and Jintae Kim, Senior Member, IEEE

Accepted for TCAS II and pending publication Nov18

The prototype filter is fabricated in 65nm CMOS and occupies 0.098mm2. It 

features three programmable cutoff frequencies of 20kHz, 2MHz, and 16MHz



A 4th-Order Active-Gm-RC Reconfigurable (UMTS/WLAN) 

Filter  Stefano D’Amico, Vito Giannini, and Andrea Baschirotto

IEEE JOURNAL OF SOLID-STATE CIRCUITS, VOL. 41, NO. 7, JULY 2006
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Differential  Amp

Realizes 4th-order filter

C1 and CC tunable,
R1 and R2 switchable

Operates in 2MHz and 
20MHz ranges



A 28.8-MHz 23-dBm-IIP3 3.2-mW Sallen-Key Fourth-Order Filter With Out-of-

Band Zeros Cancellation Marcello De Matteis, Federica Resta, Alessandra Pipino, Stefano D’Amico, and Andrea Baschirotto

TCAS II Dec 16

The total area occupancy is 0.12 mm2

3.2-mW power consumption

0.18u process



A 63-dB DR 22.5-MHz 21.5-dBm IIP3 Fourth-Order FLFB Analog Filter
Marcello De Matteis, Alessandra Pipino, Federica Resta, Alessandro Pezzotta, Stefano D’Amico, and 
Andrea Baschirotto

IEEE JOURNAL OF SOLID-STATE CIRCUITS, VOL. 52, NO. 7, JULY 2017

Follow the Leader Feedback  (a slight variant on the MLF approach)

Cell 3 Realized with Gm-RC stage of previous 
slide 



IEEE TRANSACTIONS ON CIRCUITS AND SYSTEMS–I: REGULAR PAPERS, VOL. 65, NO. 2, FEBRUARY 2018
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Recall the basic two-integrator loop
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• This is a fully-differential implementation of the standard two-integrator loop
• MUX selects either LP or BP output 
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• This is a fully-differential implementation of the standard two-integrator loop
• MUX selects either LP or BP output 
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OTAs operate in weak inversion
Adjust ω0 by changing tail currents – claim in excess of 5 decades of adjustment
Target 2Hz to 20KHz though claim can go much lower (claim to 10mHz range) and higher
Bias current adjusted by changing charge on floating gate transistor
Each biquad requires 0.12mm2 of die area in 350nm process



Linearized OTA

Used computer iteration to size devices in OTA
Good linearity and low power dissipation claimed



A 28nm-CMOS 100MHz 1mW 12dBm-IIP3 4th-order Flipped-Source-Follower 

Analog Filter F. Fary1, M. De Matteis1, T. Vergine1,2 and A. Baschirotto1

Flipped-Source-Follower NMOS Biquadratic Cell

ESSCIRC 2018

A=0.026mm2        for 4th order BW filter   in 28nm process    P approx. 1mW
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A New Method to Design Multi-Standard Analog Baseband Low-Pass Filter

Ersin Alaybeyoğlu1, Hakan Kuntman2

2017 10th International Conference on Electrical and Electronics Engineering 

(ELECO)

10MHz – 40MHz

Projected Area  0.02mm2  

in 180nm proc

https://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=8255768


Low-Power Gm−C Filter Employing Current-Reuse 
Differential Difference Amplifiers

IEEE TRANSACTIONS ON CIRCUITS AND SYSTEMS—II: EXPRESS BRIEFS, VOL. 64, NO. 6, JUNE 2017

John S. Mincey, Student Member, IEEE, Carlos Briseno-Vidrios, Student Member, IEEE,
Jose Silva-Martinez, Fellow, IEEE, and Christopher T. Rodenbeck, Senior Member, IEEE
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Typical Differential Implementation

Typical Single-Ended  Implementation

Require 4 OTAs



Dual Differential Pair:  DDP
Dual Different Amplifier:  DDA

Current-reuse Structures

Current Reuse offers potential for significant power reduction



Current-reuse Structures
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Current-reuse Structures
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Realizes 2nd-order lowpass with just 2 OTAs



Current-reuse Structures
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Current-reuse Structures
Dual input OTA

2nd Order Lowpass Biquad using Current-reuse OTA



Current-reuse Structures
Dual input OTA

Sixth-order Butterworth Gm−C filter was fabricated

• 180-nm CMOS process 

• total chip area of 0.21 mm2

• 65MHz Band Edge

• 1.3mW/pole



F. Ciciotti, M. De Matteis, and A. Baschirotto

ISCAS 2018
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F. Ciciotti, M. De Matteis, and A. Baschirotto

CMOS 28nm process

4-bit capacitor arrays are used for frequency response programmability 

Filter covers the 40–105MHz range

0.7mW/pole

Area = 0.08mm2



Stay Safe and Stay Healthy !
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