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ABSTRACT 

A rail-to-rail class-AB CMOS buffer is proposed in this paper to drive large capacitive loads. A new 

technique is used to reduce the leakage power of  class-AB CMOS buffer circuits without affecting dynamic 

power dissipation .The name of applied technique is LECTOR, which   gives the high speed buffer with the 

reduced low power dissipation (1.05%) and reduced area (2.8%). The proposed buffer is simulated at 

45nm CMOS technology and the circuit is operated at 3V supply with cadence software. This analog circuit 

is performed with extremely low leakage current as well as high current driving capability for the large 

input voltages. The proposed paper is achieved very high speed with very low propagation delay range 

i.e.(292×10-12). So the delay of the circuit is reduced to 10%. The settling time of this circuit is reduced by 

24% (in ns) at 3V square wave input. The measured quiescent current is 41µA.  
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1. INTRODUCTION 

In the electronics industries CMOS based integrated circuits are used at very large scale .Today 
CMOS technology has been scaled down to nanometer region. The demand of CMOS transistors 
is increasing day by day for high speed, low cost and the low power consumption. In the CMOS 
technology, large capacitive loads are used many times. Buffer circuits are mostly used to run the 
large capacitive load at high speed. Here rail to rail class-AB CMOS buffer is presented to drive 
the large capacitive loads. Presented paper has the enhanced slew rate with the low power 
dissipation. This paper is based on the new leakage current technique i.e. LECTOR [1]. The 
tapered buffer has been presented to get the high speed that contains the capacitive load with 5v 
supply [2]. Here  tapered  buffer  is  fixed  between  the  logic/registers and large capacitive loads. 
A low dropout linear regulator (LDOs) is also designed which dissipates the low static power and 
the transient response of this circuit is also good without transient overshoot when driving large 
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capacitive loads [3].This paper was realized by a new current efficient analog driver for CMOS 
LDO. To improve the transient response, the concept of the LDO with the current boosting buffer 
was presented [4] , [5].In [6] A high driving capability CMOS buffer amplifier for TFT-LCD 
source drivers is performed which contains a pair of auxiliary driving transistors. It contains the 
comparators with the basic differential amplifiers to reduce the power dissipation. 
 
A compact low-power rail-to-rail buffer is performed for large size LCD applications .It performs 
the high slew rate by applying the push- pull output buffer with two complementary type input 
amplifiers give a dual-path push-pull operation of the output buffer. An auxiliary biasing network 
is used to control the output quiescent current without increase the power dissipation [7]-[9].The 
new circuit technique is proposed to get a rail-to-rail CMOS analogue buffer with class-AB 
function which gives an approach with low power dissipation and high driving capability. The 
basic fundamental of this paper is based on the [10]. The operation of this circuit depends upon 
the transconductance amplifier connected in negative feedback as shown in figure 1(a) and 
(b).This scheme is used to driving capability.  
 
The analog buffer is implemented by the transconductance amplifier gm with negative feedback. 
In Fig.1 (a), consists the ro and CL represent the output resistance of the gm circuit and the load 
capacitor, respectively. Fig.(b) contains the settling time which is exist between to and ts ,so the 
gm  circuit should be able to consist  the high output current  driving  capability to quickly charge 
(or discharge). When settling time to ≤ t ≥ ts, then output voltage Vo should follow the input 
voltage Vin. Now to reduce the power consumption , to drive the large capacitive load, to reduce 
the leakage current  and  to further reduce the settling time  the Lector  technique is performed. 
This technique reduces the settling time by reducing the propagation delay. The paper consist an 
adaptive circuit which has four simple current mirrors and the pair of leakage control transistors, 
forming an attractive circuit for- low power applications. The basic idea of this paper begins from 
the next section, Conditions for rail- to- rail input swing is given in the next section. Section 3  
consists the low power dissipation scheme for the buffer circuit Section 4 explains the new high 
speed buffer with low power. Section 5 is giving the simulation results of the circuit. And Section 
6 is giving the conclusion of the proposed paper.   .      
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2. CLASS-AB RAIL-TO-RAIL BUFFER 

Class-AB rail-to-rail buffer contains some common features are explained in the following sub-

sections. 

2.1 Rail-to-Rail input swing  

To achieve the rail-to-rail swing, an NMOS pair and an PMOS pair added in parallel 
configuration [11].The CMR voltage range of the n-channel pair is written as;   
 

          ���� ≥ ��� + �	�� + �
��                                                                                   (1) 

Where �	��  and �
�� are the gate-source voltage and drain-source voltage respectively. Similarly, 

the CMR of p-channel pair is written as; 
 

 ���� ≤ �

 + �	�� + �
��                                                                             (2) 

To get rail-to-rail input range, one or both pair should be in “active mode”, which requires  

            ������� ≥ �������                                                         (3) 

Put the equation (1) and (2) in equation (3) 

                         �

 − ��� ≥ �	�� + �
�� + �	�� + �
�� ≥ 2���                           (4) 

Here equation (4) shows that ��� of NMOS and PMOS are same, and then the value of applied 
voltage should be higher than twice of the threshold voltage ��� of the applied technology. 
 

2.2 Class-AB Buffer 

Class-AB buffer is mostly used to reduce the tradeoff between speed characteristics and power 
dissipation. The function of class-AB buffer is also called the adaptive biasing [12]. Adaptive 
biasing is useful to improve the slew rate performance. To achieve this phenomenon we need 
high quiescent current so, that power -consumption   will also increase. To remove this 
contradiction Lector technique is applied.  
 
In class-AB operation, each device operates the same way as in class-B over half the   waveform, 
but on the same side it also conducts a small amount on the other half. As per result the region 
where both devices simultaneously are nearly off (the dead zone) is reduced. According to the 
result when the waveform from the two devices are combined, the crossover greatly minimized or 
eliminated altogether .The exact choice of quiescent current, the standing current across both 
devices when there is no signal, then it make a large difference at the level of distortion (and to 
the risk of thermal run away, that may damage the devices) often the bias voltage applied to set 
this quiescent current has to be adjusted with the temperature of the output transistor. 
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2.3 Power dissipation of circuit 

The maximum power allowed to dissipate in a circuit is defined as, 

      P� = ����������
 ��

                                                                 (5) 

Where P� is the power dissipation, T"#$%& is the maximum junction temperature [13]. T% is 

ambient temperature. Ɵja is the thermal resistance; depends on parameters such as die size, 

package size and package material. The smaller will be the die size and package, the higher θ"% is 

becomes then the power dissipation will be reduced .Total power dissipation in a device can be 
calculated as  

    P� = P( + P)                                                                   (6) 

P� is the quiescent power dissipated in a circuit with no load connected at the output. P) is the 
power dissipated in the circuit with a load connected at the output, this power cannot be 
dissipated by the load. 
 
               P�  = supply current × total supply voltage with no load. 

               P) =output current × voltage difference between supply voltage and output voltage of 

the same supply.       

2. PROPOSED LOW  POWER DISSIPATION SCHEME FOR CMOS BUFFER 

We have seen that the buffer’s circuit affected by the power dissipation. The power dissipation is 
an important consideration in the CMOS VLSI design circuits. High power consumption leads to 
reduction in the battery life-, in the case of battery-powers applications and in reliability, 
packaging and cooling costs. The main sources of power dissipation are: (a) capacitive power 
dissipation. (b)  Short circuit currents. (c) Leakage currents. In CMOS technology leakage power 
occurs due to the sub-threshold; which is the reverse current flowing through the off transistor. 
The feature size and the channel length of transistor are reducing day by day, because the 
technology is also scaled down. Due to decrement in the channel length we get the increment of 
the leakage power in the total dissipated power. 
 
To minimize the increment of the leakage current we are applying the LECTOR technique, which 
is based on the leakage control transistor. LECTOR technique is based on the stacking of 
transistor, which is existing between supply voltage and ground.  LECTOR provides two leakage 
control transistors, a P-type and an N-type. In this technique PMOS is added with pull up network 
and an NMOS is added with the pull down network. Here the gate terminal of each leakage 
control transistor (LCT) is connected with the other, where one of the LCTs is always exist in the 
cutoff region of operation, by help of this phenomenon an additional resistance is provided which 
decreases the sub-threshold leakage current. 
 
Fig. (2) Shows the leakage current of the buffer circuit which is achieved after the simulation of 
the circuit at cadence software. By help of this technique we have achieved the reduced leakage 
current i.e.118.4µa and the propagation delay is reduced to picorange i.e.292.1×10-12.The graph 
between the supply voltage and achieved leakage power is shown in fig. (3).  
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Fig. (2) Shows the simulated leakage current of the circuit. 

 
Fig.(3) shows the achieved leakage power with supply voltage. 
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As shown in fig. (4), the charging capability of the paper is improved by this paper. Achieved 
settling time is also improved in this paper. The settling time can be defined as the time required 
for the output signal reaching within .2% of the output voltage. The simulated settling time is 

41.12×10-9s. As shown in fig. (4), the R+,-%|/0and  R+1-%|/0 are as the channel resistances of the 

output transistor and the auxiliary driving transistor respectively. Then output response can be 
written as, 

   �23� = �4 + -�5 − �40 61 − 89� :;< =>                                         (7) 

Where  �4 and �5 are the initial and final values of the output voltage respectively, and  

    ?� = -@A,Bǁ@A1B0 × EF                                                                                    (8) 

  

    G
HIJK

� L�M�N

= -HOHP0
:;

8Q�; :;R S                                                            (9) 

 

3. NEW HIGH SPEED BUFFER WITH LOW POWER 

Fig.(4) shows the proposed class-AB rail-to-rail high speed buffer with low power dissipation. 
This circuit is divided into two parts: The upper part of the circuit consist transistors Mc1a-c3a 
with adaptive biasing and added with the transistors M1a-8a. The lower part of the circuit consist 
the transistors Mc1b-c3b with adaptive biasing and added with M1b-8b. Total stages of the circuit 
perform as a class-AB amplifier. The level shifters M4a-5a and M4b-5b are used to provide the 
negative feedback, which extend the input common mode range [13]. 
 
The main aim of the negative feedback loop is the low impedances at the source terminals of 
transistors M2a-2b. This function gives the result in the form of the gate-source voltages of M2a 
(Vgs2a) and M2b (Vgs2b) are kept nearly constant. This functionality is used to show the class-
AB behavior. The inserted transistors M3a-3b are also used to increase the input range, so the 
gate source voltages of M3a-3b are same as M2a-2b, which gives the same current behavior 
controlled by VUV.Transistors M3a-3b performs the function as the constant controlled sources, 
which stabilize the DC current of the transistors M7a-7b. The previous paper contains the 
drawback of power dissipation. Transistors M8a-8b is inserted between M7a-7b, these transistors 
remove the drawback of power dissipation. Function of these transistors is explained in the 
previous section. The technique is applied on transistors M8a-8b, which is known as LECTOR 
technique.  
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4. SIMULATED RESULTS 

Using 45nm CMOS technology we designed a new buffer as shown in fig. (4), which is simulated 
at 3V supply voltage by help of the cadence tool. Fig.(4) contains the transistors that all have the 
same sizing. Bias current IB is fixed at 10µA in buffer circuit. It contains the 1pF capacitor, fixed 
at the output side. Table 1 shows the simulated results giving the overall performance. Fig.(5) 
shows the frequency jitter waveform which is showing the rising function of buffer circuit. 
Fig.(6) shows the overshoot of the output waveform. Fig.(7) shows the period jitter Fig.(8) Shows 
the settling time of the circuit, which shows the high speed of the circuit. Fig.(9) shows the power 
plot of the output waveform. and fig.(10)shows the input output waveform of the buffer circuit. 
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TABLE-1 

SIMULATION RESULTS OF BUFFER 

 

Parameter Simulated Results 

Process technology 45nm 

Power supply 3v 

Transistor count 22 

Settling time (ns) 91.07×10-9 

Overshoot (m3) 23.21×103 

Rise time  (ps) 139×10-12 

Slew rate (  W XY< ) 90 

Period jitter 40×10-9 

Phase noise 1.227 

Total quiescent current(µA) 41.25×10-6 

Propagation delay(ps) 292.1×10-12 

 

 

 
Fig.(5) Shows the frequency jitter of the circuit 
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Fig.(6)

Fig.(7) Shows the period jitter of the circuit.

Fig.(8) Shows the sittling time of the circuit.
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Fig.(6) Shows the oversshoot of the circuit. 

Fig.(7) Shows the period jitter of the circuit. 

 

 

Fig.(8) Shows the sittling time of the circuit. 
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Fig.(9) Shows the power plot of the circuit. 

 

Fig.(10) Shows the input-output waveform 

5. CONCLUSION 

A new design scheme for CMOS class-AB buffer using the LECTOR technique is proposed. By 
help of this technique reduced leakage current is achieved. Applying the LECTOR technique with 
the adaptive biasing into the buffer helped us to get the propagation delay in the range of Pico- 
seconds i.e.292.1×10-12, from here we can concluded that the speed of this buffer is very high. 
The settling time of proposed circuit is also reduced to the range of nanoseconds. This technique 
is also capable to enhance the slew rate, the achieved slew rate is 90(v µs< ).The designed buffers 

is applicable in systems requiring the efficient operation with very low quiescent power 
consumption.  
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