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Abstract: A modification to the recycling current rail-to-rail operational transconductance amplifier is presented. The proposed
amplifier has the benefit of delivering the better performance while consuming less amount of the power as compared to the
conventional rail-to-rail amplifier .In this paper a constant current technique depending on the input stage is proposed. Using this
method, the rail to rail amplifier processes low power and occupies a small chip area. The proposed amplifier was implemented in 45nm
CMOS technology. Simulated results show that the proposed design achieves 76.6dB DC gain, 331.2 MHz GBP (gain bandwidth
product) and the power consumption is goes up to 15.03uW at 1.6V supply voltage.
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1. Introduction

HIGH performance Analog to Digital Converters (ADC) and
switched capacitor (SC) filters require Operational
Transconductance Amplifiers (OTAs) that has both high DC
gain and a high unity gain bandwidth (UGB). The advent of
deep sub-micron technologies enables increasingly high
speed circuits. As the technology scales down, the intrinsic
gain g, of the transistor decreases which makes it difficult
to design OTAs with high DC gain. In low voltage CMOS
process, Folded Cascode (FC) amplifier is one of the most
preferred architectures for both single stage and for the first
stage of the multi-stage amplifiers due to its high gain and
reasonably large output signal swing. Moreover, the FC with
PMOS input pair is preferred over its NMOS counterpart
due to its higher non-dominant poles and lower flicker noise

(11, [2].

A number of techniques have been proposed in the literature
to enhance the gain of the FC OTA. One of these techniques
presented in [3], [4] enhances the DC gain by providing an
additional current path at the cascode node. This converts the
current source into active current mirror which raises the
output current to be above its quiescent value during
slewing. Another technique proposed in [5], enhances the
DC gain and UGB by modifying the bias current sources of
the FC OTA. These current sources do not contribute to DC
gain. A recycling technique is proposed to overcome this
disadvantage.

This OTA is referred to as Recycling Folded Cascode
(RFC). In [6], further enhancement in the DC gain and UGB
of the RFC OTA is obtained using Improved Recycling
structure and is termed as IRFC OTA. An enhanced IRFC
(EIRFC) OTA is proposed in this paper, by adopting the
technique proposed in [3], [4] for the FC OTA. The
performance of the two OTAs (IRFC and EIRFC) are
evaluated through simulation and compared.

2. Transconductance

Transconductance (Gm) is the property of certain electronic
components. The ratio of the change in current at the output
port to the change in voltage at the input port is called as
transconductance. Some time it is written as g,,. For direct
current, transconductance is defined as follows:

_ '&I*H.ﬂ-
A,
For small signal alternating current, the definition is simpler:
G = Lout
" Uin
3.Operational Transconductance Amplifier

(OTA)

OTA is a voltage controlled current source, its takes the
difference of the two input voltages for the current
conversion.

l Toias

Figure 1: Ideal model of OTA

The output current I of the ideal OTA can be expressed by
Equation:

o= gm (Vp-Vn)

Where Vp and Vy are the voltages of positive and negative
terminal [7].
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Figure 2: Equivaler_lt circuit of OTA

The operational transconductance amplifier (OTA) is a vital
analog building block and for many applications is the
largest and most power consuming block [8]. In recent years,
the need for circuits operating at low voltage has increased
due to scaling of devices, especially in deep submicron
technology [9]. However, the conventional RtR amplifiers
usually consume more power than general other amplifiers
because of the increased current path formed by the
additional input pairs. Therefore, to satisfy more and more
low power applications, it becomes important to reduce the
power budgets [10].

In previous paper, recycling current rail to rail (RCRtR)
operational transconductance amplifier has delivering the
same performance while consuming less power compared to
the conventional rail to rail amplifier [11]. In this paper, a
modification to the recycling current rail to rail amplifier is
presented. The proposed amplifier has giving better
performance and consuming a fraction of the power as
compared to the recycling current rail-to-rail operational
transconductance amplifier.

The design procedure is based on following main
parameters: noise, phase margin, gain, load capacitance,
slew rate, input common mode range, common mode
rejection ratio.

4. Proposed Rail to Rail Amplifier

As the input stage, the differential amplifier is used for
operational amplifiers .the problem is that it behaves as a
differential amplifier only over a limited range of common —
mode input. Therefore, to make the operational amplifier
versatile, its input stage should work for RtR common- mode
input range The most common method to achieve this range
is to use a complementary differential amplifier at the input
stage. Where N1, N2 and P1, P2 constitute the n- type and p-
type differential input pairs, respectively shown in fig.4.

The N-MOS differential pair is shown in fig 3.in which input
pair, N1 & N2, is able to reach the positive supply rail. The
range extends from the positive supply to (Vgs, n + VDsat,
b) above the negative supply.
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Figure 3: NMOS differential pair

This minimum voltage is needed to keep the NMOS
differential pair and the tail current source in saturation. The
role of tail current source is to suppress the effect of input
CM level variations on the operation of N1 and N2 and the
output level.

A similar analysis can be carried out for the PMOS
differential pair. The proposed circuit is shown in fig. 4.
Rail-to-rail input means that input signal can be anywhere
between the supply voltages with all the transistors in the
saturation region. To have a RtR common mode input range,
two complementary differential pairs are required to form
the input stage .N-channel input pair,N1 & N2, is able to
reach the positive supply rail while the P- channel input pair,
Pl & P2, is able to reach the negative supply rail. The
constant-gm control circuit is achieved through transistor
N3-N6 and P3-P6.this circuit maintains a constant tail
current when either of the two differential pairs goes off.
Vbn_tail and Vbp tail is the control voltage of N3 and P3
MOSFET.

Zm, np= Em, n + Zm, p

Zm,n = VanCox(W/L)ID

Where g, , and g, , is the transconductance of NMOS and
PMOS respectively and p, is the mobility of NMOS, C,, is
oxide capacitance.

In order to describe the operation of constant —gm control
circuit, first, it is supposed that PMOS and NMOS
differential pairs are both in operation and the transistor P3
and N3 as the tail current source provide the same current for
PMOS and NMOS differential pairs respectively.

The constant gm circuit (P4-P6) and (N4-N6) are used to
control transconductance. Through adjusting the ratio of
width to length of the input differential pairs, the tail current
can be kept constant and stable. The input differential pairs
are kept biased in saturation region under all conditions.
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Figure 4: Proposed Rail To Rail Operational Transconductance Amplifier

5.Simulation and Result less Power supply as compared to the recycling current rail-
to-rail operational transconductance amplifier. The gain and

The proposed rail to rail operational transconductance Phase margin of this RtR is 76.6 dB and 38.03 (deg) .This

amplifier is designed to operate with 1.6v power supply, and ~ method provide improved gain, GBW, slew rate and FOM at

fabricated in a standard 45nm CMOS process with 15uW  less power supply compare to RCRtR. Simulation result

power consumption. The proposed amplifier has giving summary is shown in below table I.

better performance and consuming a fraction of the power at

Voltage Phase (deg), Voltage Magnitude (dB)

Frequ (Hz)
Figure 5: Gain (dB) and phase margin (deg) versus frequency (Hz)
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Table 1: Simulation Result Summary

Parameter RCRtR Thispaper

Supply voltage(V) 1.8 1.6
Gain(dB) 63.8 76.6

Slew rate(V/us) 23.4 200
GBW(MHz) 168.1 331.2

CL(pF) 8 8
Power(nA) 304 9.39
FOM(MHzpF/mA) 2212 3676.59
6.Conclusion

The proposed RtR operational transconductance amplifier
does not require an extra circuit and drastically reduces
design complexity and power consumption. It has been
demonstrated that the proposed circuit can boost the gain,
GBP and slew rate using 1.6 supply voltage.
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