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Abstract—This paper presents two kinds fully differential
operational transconductance amplifier (OTA) circuit, one is a
flipped voltage follower circuit structure (OTA1), the other is a
source follow circuit structure (OTA2). The two OTAs’
transconductance can all be accurately set by the control voltage.
Two Gm-C Low-Pass Filters are designed respectively based on
the two OTAs, the filters are the 4th order Butterworth low-pass
filter by 2 Biquads,and their cut-off frequency are 100kHz.
Simulation is designed in Cadence using SMIC 0.13pm CMOS
technology, the supply voltage is 1.2V, the bias current is set to
7.2pA and the common mode voltage is set to 0.6V. The results
show that the transconductance values have good linearity in
specified range of the input voltage, and the Gm-C filters can all
meet the design requirements.
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L INTRODUCTION

In the rapid development of the wireless communication
field, the transceiver system with high performance is a hot
research area in recent years [1]. The filter is one of the most
important part in this system, is the key module to solve
transceiver performance, with low cost and low power CMOS
technology to increase the feasibility of the design of high
performance filter. So it is very important to design a low
power and high performance filter with low power
consumption.

The main type of continuous time filters is Active-RC,
MOSFET-C and Gm-C, which are widely used in the wireless
RF transceiver. Active-RC filter [2] has better linearity and
larger dynamic range than others, but it requires the operational
amplifier’s bandwidth is larger, which will increase the power
consumption of the circuit, and it cannot precisely adjust the
frequency characteristics by the capacitance switch or
resistance, which limits its application. MOSFET-C filter[3] is
use the MOSFET resistor that work in the triode region instead
of resistance, it is an extension of active RC, at the expense of
the linearity and dynamic range cost to achieve precise
adjustment of the frequency characteristics, and has a serious
distortion, power consumption, that is also equal to active RC.
The Gm-C filter[4] using OTA as active elements without low
impedance output stage, the designed filter’s bandwidth can
reach the unity gain bandwidth and frequency can be
continuously adjusted, the power required is minimal. At the
same time, through the precisely adjust the transconductance
can achieve high precision transmission characteristics. Despite
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the linear is poor when OTA work in open loop, it can use
some linear measures to improve. The design of a low power
high linear high performance low pass filter is using this Gm-C
structure, which can precisely transform the frequency by
regulating the OTA.

In this paper, we use two OTA structures to build four-
order Butterworth low-pass filters respectively, whose cut-off
frequency is 100kHz, and compare the effect of two kinds.

II.

The performance of the transconductor directly determines
the performance of the filter. To the transconductor, wide
linearity is necessary. At present, a large number of
linearization techniques to improve the linear range of
transconductor have been proposed [5-11], but these
linearization techniques are mostly at the expense of gain, noise
and power consumption. At the same time, the transconductor’s
finite DC gain and parasitic high-order point make the Gm-C
integrator in the unit gain bandwidth shift 90 degrees at phase,
it caused serious effect about the filter transfer function’s
precision. Therefore, increasing the output impedance of the
transconductor to reduce the frequency of the dominant pole,
improving the DC gain, and reducing the number of
transconductor’s internal nodes to improve the transconductor
parasitic higher order poles is key of a transconductor
design[12]. In addition, the transconductance value can be
effectively adjusted is also a guarantee of achieving high
precision filter’s transfer function.

THE CIRCUIT DESIGN OF OTA

In order to reduce power consumption to improve linearity,
this paper will use the MOS transistors in the linear region as a
transconductance to achieve voltage to current conversion. For
the NMOS transistor operating in the linear region, the drain

current is:
} )]

Therefore, the NMOS transistor transconductance in the
linear region is
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If can be seen from formula (2) that the MOS tube based on
linear region has good linear degree, and the transconductance
value can be directly controlled by Vps. In order to be able to
precisely control the Vps, we have used two methods: the first
introduces the circuit structure of flipped voltage follower, as
shown in Figure I; the second introduces the circuit structure of
source follower, as shown in Figure II.

A. The Structure of the OTA1

Flipped voltage follower has small quiescent current, but
can transmit large current to the load, and low power
advantages. It is widely used in low voltage low power analog
signal processing circuit. At the same time, the Pseudo
differential operational amplifier can avoid the influence of tail
current and obtain wider linear input range, besides, it is
suitable for low voltage applications. Based on the above
proposed a high performance OTA structure shown in Figure 1.
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FIGURE I. STRUCTURE OF THE OTAl

The structure uses the NMOS M1 and M2 work in the
linear region as the input stages, because of the linear
relationship between the large signal transconductance of
M1/M2 and Vps, so the circuit’s linearity depends mainly on
the Vps of M1/M2. The common source common gate tube M3
and M4 are used to stabilize the Vpg of the input tube which is
not affected by the large input current variation, while the
introduction of FVF and feedback loop (M3 and M9) further
ensure the stability of Vps. The stable negative feedback loop
formed by the M10, M12 and the bias current ensures that the
current flowing through the NMOS transistor M10 is constant.
Ignore the effect of bulk effect and short channel effect, Vg, mio
will remain unchanged. The output node X is a low resistance
state:

1
r=——— 3)
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Omio/Qmi2 18 small signal transconductance of NMOS
transistor M10/M12, r,; is small signal output impedance of
M10, the node impedance r, in about 100Q or less. Because of
the output node in the low impedance state, making the circuit
can produce a larger current, but irrigation into the MOS
transistor current is limited by the bias current I, exhibits
amplifier’s characteristics, and achieves low power. So when
the M9, M10 and M11 complete matching and bias current is
the same, it can make the leakage dc voltages of the input
MIland M2 are equal to the conditioning voltage Vi, which
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can accurately change circuit transconductance values by
changing the V..

M3 and M9, M4 and M11 constitute a negative feedback
loop, respectively, to enhance the stability of the input tube
Vps,m1 and Vpsyp. At the same time, the feedback loop can
improve the output impedance of OTAI, and the leakage
resistance of transistor M3 can approximate as:

Fout = FmsTmo Forloslo (4)

It can be seen that M9 also plays a magnifying effect in the
feedback loop, so that the output impedance increases by gmolog
times. The M9 needs to work in the saturation area to ensure
the change range of the input voltage and the adjustable voltage.
M13 and M14 are used to reduce the gate source voltage to
ensure that the circuit requirements of the other transistor
working area. M5~MS8 as an active load, ensure the high output
impedance. At the same time, in order to ensure smaller output
current loss and larger adjustable range, lower voltage is
needed to work at the input tube in the linear region.

B. The Structure of the OTA2

The circuit structure of the transconductor is using the fully
differential mode circuit with two input and two output ends,
and the common mode feedback to suppress common mode
gain. The specific circuit is shown in Figure II. In order to
increase input range and offset the second-order effect, the
MN9 and MN10 in sub-threshold region, MN1 and MN2 in the
linear region, MN3-MN6 is source follower to provide a
suitable bias voltage for the MN9 and MN10. There are two
operational amplifier, their role is to make the drain voltage of
the MN1/MN2 equal to Vyy,e. From the formula (2), we can see
that changing the value of V. can directly change the size of
the transconductance, and then change the cutoff frequency of
the Gm-C filter can achieve the purpose of precise control.
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FIGURE II. STRUCTURE OF THE OTA2

I11.

Due to the effect of the cascade circuit at all levels is very
small, it can easily adjust the device parameters and the loads at
all levels of filter which formed by cascade circuit are basically
the same. In addition, his adaptive circuit can make adjustment
accuracy of the filter center frequency is very high, suitable for
the design of a higher order filter. Therefore, two Gm-C Low-
Pass Filters are designed respectively based on the two OTAs

THE DESIGN OF THE FILTER



to realize the 4th-order Butterworth low-pass filter by 2
Biquads. Check the data can be known, the design of a 100kHz
4th-order Butterworth low pass filter, the cascade parameters’
value of each section as shown in Figure III, and the structure
of OTA filter is shown in Figure V.
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FIGURE III. CASCADE PARAMETERS’ VALUE OF EACH SECTION

The transfer function for each level is
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FIGURE IV. STRUCTURE OF THE FILTER

IV. RESULTS AND DISCUSSION

The low pass filter circuit is designed by SMIC 0.13pum
CMOS process in Cadence. The supply voltage of the system is
1.2V, the common mode voltage is 0.6V, and the bias current is
7.2pA.

The constant degree of two kinds OTA’s transconductance
value in a certain range of input voltage reflects the
transconductor linearity. The simulation results of two kinds
transconductance values as shown in Figure V. It is obvious to
show that the transconductance value has a adjustable range
from 10uS to 60uS along with the control voltage V. change
from 50mV to 300mV. Among them, when the V. changes
from 50mV to 100mV, the transconductance value of OTA1
(Gml) changes less than 1% ;when the Vi, changes from 150
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mV to 300mV , Gml changes less than 3%; when the Vi
changes from 50 mV to 100mV , the transconductance value of
OTA2 (Gm2) changes less than 3%; when the Vy,,. changes
from 150mV to 300mV, Gm2 changes less than 0.7% .From
the above, through the control of V., to select the
corresponding transconductance, and the low-pass filter can
achieve high accuracy.
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FIGURE V. SIMULATION OF TWO KINDS TRANSCONDUCTANCE
VALUES

In order to reduce the capacitance value, we use
Vune=30mV, S0 211=€m=gm3=gms—gn=9.8uS. Figure VI is the
simulation results of the four order Butterworth low pass
filters’ frequency response, and their cut-off frequency error is
within £1%.
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FIGURE VI. SIMULATION OF THE FILTER FREQUENCY RESPONSE

V. CONCLUSIONS

In this paper, two kinds of topology optimization method,
has realized the low power consumption and high linear
transconductor, and design the cut-off frequency is 100kHz
fourth-order Butterworth low-pass filter with 0.13um CMOS
technology. According to the simulation results show that the
two structures of transconductor are able to achieve great
performance, and both of them have own advantages in the
control the voltage change. At the same time, based on the two
kinds, respectively, we have constructed 4th Butterworth low
pass filter successfully, and achieved the desired effect.
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