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ABSTRACT
We introduce the Autozeroing Floating-Gate Second-Order
Section. We built this second-order filter where the cor-
ner frequency and Q are electronically tunable based on
a classic filter topology and principles of OTA amplifiers.
We built this second-order filter using three AFGAs— our
floating-gate amplifier that sets its operating point by the
interaction of hot-electron injection and electron-tunneling.

We introduce the Autozeroing Second-Order Section (Au-
t0SOS) in this paper. The second-order section is the pri-
mary element to build higher-order filters, both in continuous-
time and switch-capacitor circuits. Figure 1 shows the au-
tozeroing second-order section. This circuit is based on the
Diff2 second-order section [3], which in turn is based on
a canonical form for a second-order section as a high-gain
amplifier with feedback. This circuit uses the autozero-
ing floating-gate amplifier (AFGA) that we invented previ-
ously [1, 2]. The AFGA does not require any clocking to
eliminate offsets, as in switched-capacitor circuits [4], but
utilizes an inherent combination of electron-tunneling and
hot-electron-injection currents to eliminate the DC signal.

This paper illustrates how to build higher-order filters
from AFGAs, as well as proving the feasibility of circuits
with multiple floating-gate devices. Using AFGAs as the
core filter block merges many of the benefits of switched-
capacitor [4], and transconductance-amplifier or OTA [3]
filters. The AFGA-based filters can tuned electronically
the corner frequencies over many orders of magnitude, as in
transconductance-amplifiers. Because many of the AFGA’s
circuit properties—bandpass gain bandpass gain, linear range,
and dynamic range—are set by ratios of capacitors, the
AFGA-based filters utilize capacitor matching as is done
in switched-capacitor filters. Also, the AFGA filters its off-
sets, 1/f noise without resorting to the chopper-stabilizing
clocking schemes present in switched-capacitor [4] filters.

We present data from circuits fabricated in a 2pum n-well
Orbit CMOS process available through MOSIS. Typical op-
erating values for V},, were between 33V to 42V; those for
Via were 6V to 12V. We obtain similar data in the 1.2um n-
well Orbit CMOS process, but with typical operating values
for Viun between 26V and 31V. For processes with smaller
line widths, the typical operating voltages will decrease due
to the thinner gate oxide and higher substrate doping.

1. AUTOZEROING FLOATING-GATE AMPLIFIER

Figure 2 shows the AFGA. The AFGA has four oper-
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