




 The subsequent stages are fashioned as high-pass filters, 
each offering variable gain and a tunable low cut-off frequency. 
Furthermore, digital pulse programming logic is employed to 
adjust the FeFET's Vth by supplying voltage pulses in alignment 
with digital code number settings, thus enhancing precision in 
gain and bandwidth control and reducing the overall area at the 
same time. An internal signal test selector is incorporated to 
facilitate the testing of outputs from the first and second filter 
stages, streamlining the evaluation process. 

A. Two-stage OTA Design with CMFB 

In the design of the amplifier employed at each stage, a 
consistent architecture consisting of a 2-stage Operational 
Transconductance Amplifier (OTA) devoid of non-resistor 
Common-Mode Feedback (CMFB) [6] is utilized. The 
transistor-level structure is shown in Fig. 7. We choose the 
PMOS of amplification work in weak inversion [7], which is 
instrumental in achieving ultra-low power consumption while 
concurrently ensuring a high gain output, thereby contributing 
to a significant reduction in the overall power consumption of 
the system. Additionally, the incorporation of the stacked 
MOSFET technique serves to enhance the open loop gain and 
diminish gain error, further refining the performance of the 
amplifier. 

 

 

Fig. 6. 3-stage gain and bandwidth adjustable filter scheme for IEGMs. 

 

 

Fig. 7. 2-stage OTA with CMFB for ultra-low power. 

B. First-stage Bandpass Filter 

The first stage filter constructed by OTA and feedback RC 

network functions is shown in Fig. 8 (a) as a bandpass filter and 

configured into low-pass filter mode as shown in Fig. 8 (b). The 

fixed capacitors C1 and CIN provide a fixed × 40 gain for the 

first stage according to (1) to amplify the input signal initially, 

which ensures the signal intensity for the process of later stages. 
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The modulation of the low-pass bandwidth is achieved by 

varying the bias current within the range of 1nA to 15nA, 

thereby facilitating an adjustability range for the bandwidth 

from 10 Hz to 120 Hz. This adjustability is attained through the 

alteration of the transconductance (Gm) value, as delineated in 

(2). A configuration of FeFET resistors, designated as R1, is 

also employed as feedback resistors in the circuit, which is to 

maintain a minimal low cut-off frequency, thereby ensuring 

that the bandwidth limitations do not impede the processing 

capabilities of subsequent stages, in accordance with the 

calculations presented in (3). Furthermore, these FeFET 

resistors also offer the flexibility to fine-tune the low cut-off 

frequency, thus optimizing the performance of the ensuing two 

stages for enhanced signal processing efficacy. 

C. Second and Third-Stage Filter 

The second and third stages have the same bandpass 

structure as shown in Fig. 9 (a), and both are configured into 

high-pass mode as demonstrated in Fig. 9 (b) with distinct RC 

parameter settings. By adjusting the Vth of the FeFET capacitors 

C2 and C3, the capacitance value is altered, thereby adjusting 

the gain in the range × 0.63 ~ 20 for the second stage and × 0.56 

~ 17 for the third stage according to (4). To resolve the 

limitation of the biggest capacitance values for single FeFET, 

multiple FeFET capacitors in parallel are introduced to increase 

the total capacitance value. Similarly, modifications to the Vth 

of FeFET resistor R2 and R3 allow for tuning resistance value, 

thus regulating the high-pass bandwidth for each stage from 0.1  

Hz to 25 Hz based on (5). 

 
                           (a)                                                    (b) 

Fig. 8. (a) The first stage band-pass filter structure and (b) the gain vs. 

frequency curve for low-pass filter approximation. 
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