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Abstract: In this paper we present a tunable Auto-Zeroing Amplifier(AZA). The amplifier is based on Pseudo
Floating gate and in addition to gain, it offers frequency band adjustment. Both the low- and high-frequency
cutoffs are controlled electronically using bias voltages, thus the amplifier can be used in design of various time
continues filters. The peak gain of the AZA is 22dB dB at 100 MHz and has a bandwidth from. The AZA enjoys
low component spread and compactness, containing only small size transistors and capacitors suited for integration.
We will also show a second order section realized using the AZA. The simulations presented in this paper are valid
for the 90nm CMOS transistor models from STM having a V DD equal to 1.2V and threshold voltage of 0.25V.
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Introduction
M9

As the demand for higher integration and lower power
consumption in circuits and systems increases, the
need for alternative design approaches become more
evident. One important area is within the radio communication where multiband communication is an
emerging trend [1, 2]. In order to cover the various bands, multiple-band time-continues filtering in
the system is needed. Electrically tunable analog
filters offer a good solution to these problems as
they can be tuned so they cover the various bands.
There exist different methods for designing tunable
filters. Most popular are the transconductance, capacitor (gm-C) filters[3, 4], Switched capacitor SC [5, 6],
varactor tunable filters [7, 8] and active-inductor filters[9]. Also transconductance tunable filters based
on floating-gate are emerging [10, 11, 12, 13]. These
filters, offer more tunability as it is possible to control
both the lowest and the highest cutoff-frequencies at
the same time. Another important advantage of floating gate is the capacitive input that limits the gateleakage [14] due to thinner gate oxide in newer technologies. This becomes even more important as the
gate-oxide becomes thinner as a result of downscaling. The amplifier presented in this paper is based
on a pseudo-floating gate. In pseudo-floating gate the
floating gate are biased weakly, avoiding the need for
programming of the floating gate.
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Figure 1: Schematic of the band pass autozeroing
floating-gate amplifier. The bias voltages Vl and Vh
are used to control the current through their respective branches.
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The AutoZeroing Amplifier

The AutoZeroing Amplifier (AZA) is shown in figure
1. The amplifier is a common-source amplifier with
an active-load M 6 and the source follower M 4. M 2
is added to the amplifier to make the circuit more stable regarding the DC output variations when changing
the bias V h. The output of the amplifier is connected
to the gate of M 3 that is series connected to M 1 and
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T ransistor
W idth(nm)

M 5. M 1, M 3 and M 5 form a non-inverting buffer.
The output of the non-inverting buffer is connected to
the input of the amplifier and forms a loop. Since the
input of the amplifier is made floating using the input
capacitor Cin , this loop will zero the output when no
signal is applied to the input, an equilibrium state that
allows it to be used as an amplifier in analog applications. Variation of V h, results also in variations in
the DC output voltage. Figure 2 shows the DC output voltage of the amplifier as a function of the bias
voltages V l when the bias voltages V h is swept from
0.35V to 0.85V . From the figure we see that the DC
output voltage of the circuit is susceptible to the variation in V h, but variations in V l.
1.2

M1
450

M2
300

M3
120

M4
120

M5
450

Table 1: Transistor sizes of the amplifier shown in figure 1
current through the non-inverting buffer(M 1, M 3 and
M 5) that again controls the lowest cut-off frequencies
of the amplifier. In this simulation V h = 0.6V that
results in a DC level of around V DD/2.
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Figure 3: Figure above shows that the lowest cut-off
frequency can be controlled using the bias voltage Vl.
Vh is 0.6 V

Figure 2: The DC output voltage of the AZA as a function of the bias voltage Vl when different bias voltages
Vh from 0V to VDD = 1.2V is applied.

Figure 4 shows the frequency response of the
AZA when V h is swept from 0.30V to 0.7V with a
step of 0.05V . In this figure we see that the highest
cut-off is changing due to variations in V h. Due to
the feedback in the circuit, variations in V h, results in
variations in gate voltage of transistor M 3 the lowest
cut-off frequency of the AZA. This effect is shown in
figure 4 as variations in the lowest cutoff even when
V l is constant and is 0.6V.
The highest cut-off frequency of the AZA can be
obtained using simple transistor models and assuming that the starving transistor operates in the linear
region:

The ratio between the input capacitor Cin and the
feedback capacitor Cf sets the gain of the amplifier
and is given by:
A≈−

Cin
Cf

(1)

The current through the amplifier and the feedback circuitry is controlled by the bias voltages
V h, V h0 and V f, V f 0 respectively. In order to control each pair of bias voltages simultaneous, we use a
current mirror to mirror the current from V h to V h0
and V l to V l0 .

fmax ≈

2.1

AC properties

2Cl V DD

(2)

where Vhfef f ective is Vhf − V t and M 2 is the
starving transistor, see fig 1. If Cin and Cf are equal,
the transfer function of the circuit can be obtained by:

The frequency response of Autozeroing amplifier for
various bias voltages at V l is shown in figure 3. Variations in bias voltage V l results in variations in the
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Figure 6: The sine response of the amplifier shown in
figure 1a) as a function of different bias voltages Vh
when Vl = 0.6 V.

Gain and linearity

The AZA When operated as class an amplifiers, the
main drawback of these amplifiers are the fact that all
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(3)

Since the lowest and the highest cut-off frequencies
can be controlled independently, the AZA can be
tuned to operate as a bandpass filter. Figure 5 shows
the frequency response of the AZA when tuned so that
the lowest and highest cut-off frequencies are close. In
this simulation, V l is 1.1 Volts and V h is swept from
0.3V to 0.65V . Since variation in V h, controls the
lowest cutoff frequency in addition the highest, The
AZFA can be used as a band-pass filter where its center frequency is controlled using only the V h and the
bandwidth using V l. In figure 5, the band pass filter
has a tuning range from 15M Hz to 800M Hz. Frequencies above and blow this values, results in large
attenuation in gain.

3

7

10

the transistors are on, resulting in continuous power
consumption, but a smoother transition across the DC
level. Figure 6 shows the sine response of the AZFA
as a function of different bias voltages V h. From the
figure we can see that the circuit experiences small
delay as the bias voltage V h decreases. In this simulation the bias voltage V l is 600mV . The input signal
is marked with a dashed line and has an amplitude of
300mV and a frequency of 10M Hz.

= −gm(Vin + Vout )

Cl
=> Sτ Vout = −Vin − Vout
gm
Vout
−1
H(S)lp =
=
Vin
1 + τS
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Figure 5: The frequency response of the AZA used as a
bandpass filter) when Vl is 0.3 Volts and various bias
voltages Vh from 0.35V to 1.05 V applied.

SCl Vout
= −Vin − Vout
gm
τ=
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Figure 4: The frequency response of the AZA shown in
figure 1) when various bias voltages Vh from 0.35V to
1.05V is applied. Vl is 0.6 Volts.
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Figure 7 is the gain of the AZA. From this figure we can see that the gain is smallest when the bias
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voltage V h = 400mV and the linearity increases as
the V h increases. The linearity within 3% deviation
is marked with circles on the figure. These simulations are done with minimum length transistors and
an increase in transistor lengths results in increased
linearity and gain. An increase in length also effect
the frequency response and decreasing the pass band
when used as band pass filter.

in figure 9 where V h1 is varied from 425mV to
550mV . By doing this we are able to control the quality factor Q of the Second order section. This SOS has
40dB/dec attenuation at it cut-off.
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Figure 9: The AC response of the Second order section
shown in figure 8. when various bias voltages Vhf1 is
applied
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Figure 7: The gain of the Amplifier shown in figure
1 as a function of different bias voltages Vh when Vl
= 0.6 V. The area with linearity within 3% is marked
with circles
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Conclusion

The auto zeroing amplifier presented in this paper
has good properties regarding linearity and frequency
band adjustment and has a more stable DC value than
the presented earlier. The stability of the DC level,
allows the circuit to be more tunable at its highest cutoff frequencies. The circuit enjoys low component
spread and is very compact. The AZFA can be used
for designing filters at the same time as it offers a limited voltage gain. We have also presented a second
order section

The second order section

Second order sections are important components for
designing high quality filters. We have realized a second order section as shown in fig. 8, this circuit is
based on the design from R.F Lyon [15] and made of
three amplifiers.
C
C
C
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