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ABSTRACT 

This paper identifies a conventional flipped voltage follower 

(FVF) for high performance, low-voltage and low-power 

applications. This basic circuit is used as a voltage buffer, 

impedance matching and a level shifter. It presents more 

suppleness in contrast to the basic voltage follower as dc 

voltage level can be amended by varying aspect ratio of the 

MOS transistors. However, gain of the flipped voltage 

follower can be altered by scaling the aspect ratio (W/L) ratio 

of the transistors. This circuit is an essential building block for 

the analog circuits as it replicates the input voltage and 

voltage accuracy is a vital factor for high performance 

circuits. In this paper, proposed circuit has been designed and 

simulated on 45nm channel length technology. Simulated 

results for varying aspect ratio, W/L of 1, 2 and 3 are shown 

in the results with the help of input and output voltage  graphs. 

The output voltage comes to be  95%, 90% and 85% of input 

voltage for W/L ratio of 1, 2 and 3 respectively.      
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1. INTRODUCTION 
CMOS is currently the most widely used IC technology for 

both analog and digital as well as mixed signal applications. 

For realization of above technologies, analog building blocks 

are the basic and the indispensable components. For 

uninterrupted transmission, conventional voltage follower is 

often used as one of the most important analog building 

blocks [1], [2].  

Voltage follower provides the advantage of impedance 

matching between low impedance circuits and high 

impedance circuits. For achievement of high voltage gain in 

analog circuits, we generally employ common source 

amplifier with high input impedance. If we desire this 

amplifier to be driven by a low impedance load, then a buffer 

must be placed after amplifier. This buffer or voltage buffer 

will drive low impedance load with negligible loss of signal 

strength [3], [4]. 

The voltage followers or source followers are being 

incorporated in a large number of high speed or high 

frequency applications because of their simple intrinsic 

structure.Voltage followers are also known as unity gain 

amplifiers since the output voltage follows the input voltage. 

It is mainly used for impedance matching and level shifting. A 

voltage follower inserted between a low impedance load and 

high input impedance amplifier facilitates the efficient 

coupling of a voltage signal to a larger load. In present 

scenario, source follower has become an important basic cell 

in analog circuit design. Now days, almost all the major 

systems require follower to drive low impedance loads while 

facilitating the optimized output voltage swing and low 

harmonic distortions [5], [6]. The circuit of basic PMOS 

source follower is shown in figure 1 
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Fig. 1.  Basic source follower 

As the technology is being pushed to get downscaled by each 

passing day, the implementation of various analog circuits has 

become difficult. The power supply has been forced to lower 

values so as to fulfill the lower power requirements of the 

today’s world. As power consumption depends directly upon 

the supply voltage, it is necessary to reduce the power supply. 

Since the downscaling of technology does not scale down the 

threshold voltage linearly, this non-linear behavior of VT 

seriously affects the voltage follower design [7]. 

2. VOLTAGE FOLLOWER 
Two different topologies of voltage follower are explained in 

this section. 

2.1   Basic Source Follower 
The circuit for basic source follower is shown in the previous 

section. It is basically a common drain amplifier circuit with 

unity voltage gain. The output voltage at the source terminal 

follows the input voltage applied at the gate terminal. Input 

VIN is applied to the PMOS common drain transistor and the 

output VOUT  is taken at its source terminal. The circuit has 

been designed with a PMOS transistor and an ideal current 

source. We have used a resistor in place of current source. A 

PMOS or NMOS can also be used as a load. The realization 

of the above circuit with transistor provides better results and 

a PMOS source follower with another PMOS as current 

source is shown in the figure 2 below. 
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Fig. 2.  PMOS Source Follower 

For most of the analog circuits, voltage followers are operated   

in saturation region. First and foremost, a constant current 

must be provided through the output path. NMOS can also be 

incorporated to implement the voltage follower. The key 

parameters related to voltage follower design in any 

technology are voltage gain and output impedance. For this 

circuit, the output impedance and voltage gain are given by 

equations (1) and (2) respectively.  
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Here, gm and gmb are the transconductances without and with 

body effect respectively. The value of output impedance can 

be lowered by an enhanced body effect on the buffer but at the 

cost of diminished voltage gain. 

So, there must be a tradeoff between the two values. The 

values for both the voltage gain and the output impedance 

must be optimized as shown by the equation 3. 

Dm Ig 2                                                    (3) 

Here, β is the power dissipation and Id is the drain current. To 

achieve low output impedance, drain current ID must be 

raised. But, this will result in large W/L ratio, also known as 

aspect ratio which is not tolerable in deep submicron 

technologies, since the main aim is to reduce the transistor 

size [8]. Also, the power dissipation will be raised with a 

boost in W/L ratio as justified by equation 4. 

L

Cw OXn                                                             (4) 

Here, W is the width of the gate, L is the length of the 

channel, µn is the mobility and Cox is the capacitance per unit 

area of gate oxide.The circuit for NMOS source follower with 

NMOS as current source is shown in figure 3. 
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Fig. 3.  NMOS Source Follower 

The conventional basic source follower offers high simplicity 

but along with its merits, it has some demerits too. Some of 

them are large output impedance and non-linearity in output. 

The flipped voltage follower is thus used to overcome many 

limitations of conventional source follower. 

2.2 Flipped Voltage Follower 
Flipped voltage follower is a high precision buffer. We can 

also say that flipped voltage follower is a voltage buffer with 

shunt feedback. Its basic characteristics include low-power, 

low-voltage and low impedance compared to basic source 

follower.  Some of the limitations of source follower are 

overcome by implementing this circuit [7]. 

The circuit for flipped voltage follower is shown in figure 4. 

Depending upon the requirements, topology must be selected.                                     
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Fig. 4.  Flipped voltage follower 

Above is shown a PMOS based flipped voltage follower 

(FVF). FVF consists of PMOS input transistor QFVF, 

transistor Q2 with shunt feedback and bias current IFVF. FVF 

has restricted current sinking and soaring current sourcing 

capability [8]. The circuit shown in figure 4 operates as a 

source follower. For the analysis, we will consider the circuit 

shown in figure 5.The circuit is same as that of figure 4 except 

for the current source which is replaced by an NMOS. 
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Fig. 5. PMOS Source Follower with Current Source 

The condition for the FVF is that the current through QFVF 

should be held stable, independent of the output current. The 

low impedance aids the high sourcing at the output node, 

which is justified by equation 5. 
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Here, gmFVF and gm1 are the transconductances of QFVF 

and Q1 respectively and roFVF be the output resistance of 

transistor QFVF. The value of roFVF is in the order of 20–

100Ω. Note that Q1 provides shunt feedback and that QFVF 

and Q1 form a two pole negative feedback loop. The output 

impedance of the control transistor is minimized by the 

feedback loop [9]. Minimum possible low voltage supply 

required for flipped voltage follower is given by equation 6. 

              𝑉DD(MIN ) =  𝑉𝑇𝑃  + 2VDS(SAT )               (6) 

The above equation verifies the fact that the flipped voltage 

follower can be operated with low voltage supply. These 

buffers do not exhibit any type of stability problems. They are 

capable of producing higher currents than that of bias current. 

Flipped voltage followers generally put on display superior 

results when kept in contrast to a basic conventional source 

follower due to their low output impedance [10]. 

3.  SCHEMATIC DESIGNS 
Figure 6 shows the test bench schematic for the simulation 

purpose. 

The gain of the flipped voltage follower greatly varies with 

varying aspect ratio. Also if the FVF is used as a level shifter, 

it exhibits more suppleness in comparison to basic source 

followers since the dc value of voltage level can be adjusted 

by altering aspect ratio of the MOSFETS. High-performance 

VLSI designs are creating a center of attention because of 

emerging need for miniaturization [11]. In the figure 6 shown 

below, we can see the test bench schematic for flipped voltage 

follower . 

 

Fig. 6.  Flipped voltage follower Test bench schematic 

4. RESULTS AND DISCUSSIONS 
Simulation results are taken by Cadence Software for flipped 

voltage follower using MOS transistors. Figures 7, 8 and 9 

show the dc response between Vo and Vin for W/L of 120/45  

 

Fig. 7. DC response for W/L of 120/45 for both PMOS 

for both PMOS, for W/L of 120/45 to 240/45 for both PMOS 

and for W/L of 120/45 to 360/45 for both PMOS respectively. 

  

Fig. 8. DC response for W/L of 120/45 to 240/45 for PMOS 
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  Fig. 9. DC response for W/L of 120/45 to 360/45 for 

PMOS 

From the above results, we can see that the value of output 

voltage can be altered by varying the aspect ratio of MOS 

transistors. The output voltage comes to be 0.95V, 0.9V, 

0.85V for an input voltage of 1V for aspect ratio of 1, 2 and 3 

which tends to the W/L of 120/45 for both PMOS, W/L of 

120/45 to 240/45 for both PMOS and for W/L of 120/45 to 

360/45 for both PMOS respectively. 

5. CONCLUSION  
As shown in paper that a constant voltage can be generated 

using flipped voltage follower and is almost used in every IC. 

If more than one voltage value is desired, it can be produced 

by using different aspect ratios of MOS transistors. Here 

45nm MOSFET is used for flipped voltage follower. Voltage 

followers and flipped voltage followers play a major role in 

the design and implementation of IC amplifiers, where they 

serve both as biasing and load elements. Future work can be 

done for modified topologies of voltage follower and that too 

by downscaling the technology further. 

6. REFERENCES 
[1] A. S. Sedra and K. C. Smith, “Microelectronic Circuits”, 

6th Edition, pp-562-567, Oxford University Press, 2014. 

[2] K. Tanno, H. Matsumoto, O. Ishizuka and Z. Tang, 

“Simple CMOS Voltage Follower with Resistive Load 

Durability,” IEEE Transactions on Circuits and Systems-

II: Analog and Digital Signal Processing, Vol. 46, no. 2, 

pp. 172-177, Feb. 1999.    

[3] D. K. Shedge, D. A. Itole, M. P. Gajare, P. W. Wani, 

“Analysis and Design of CMOS Source Followers and 

Super Source Follower”,  ACEEE International Journal 

on Control System and Instrumentation. Vol. 4, no. 2, pp.  

54-58, Jun. 2013. 

[4] G. P. Pal, R. Mehra, S. Pal, “Performance Analysis of 

Current Source for Different Aspect Ratio”, 2015 IEEE 

International Conference on Computational Intelligence 

& Communication Technology, Vol. 5, no. 2, pp. 578-

582, Dec. 2015.  

[5] A. Worapishet, A. Demosthenous and X. Liu, “A CMOS 

Instrumentation Amplifier with 90-db CMRR at 2-MHz 

Using Capacitive Neutralization: Analysis, Design 

Considerations, and Implementation”, IEEE 

Transactions on Circuits and Systems-I: Regular Papers, 

Vol. 58, no.4, pp.  699-710, April 2011.                             

[6] X. Fan and P. K. Chan, “Analysis and Design of Low 

Distortion Source Follower”, IEEE Transactions on 

Circuits and Systems-I: Regular Papers, Vol. 52, no. 8, 

pp. 1489-1501, Aug. 2005. 

[7] G. P. Banker, A.P. Naik and N. M. Devashrayee, 

“Comparative Analysis of Low Power CMOS Class- A 

Voltage Follower with Current Mirror as a Load”, 

International Journal of Electronics and Communication 

Technology, Vol. 2, no. 2, pp. 108-111, Jun. 2011. 

[8] J. Aseem, J. Padaliya and V. Savani, “ Analysis and 

Characterisation of Different Voltage Follower 

Topoligies in 90nm Technology”, International Journal 

of Emerging Technology and Advanced Engineering,  

Vol. 2, no. 12, pp. 229-235, Dec. 2012. 

[9] R. G. Carvajal, A. J. Ramirez, A. J. Lopez-Martin, A. 

Torralba, “The Flipped Voltage Follower: A Useful Cell 

for Low Voltage Low Power Circuit Design”, IEEE 

Transactions on Circuits and Systems-I: Regular Papers, 

Vol.52, no. 7, pp. 1276-1291,  Jul. 2005. 

[10] S. H. Pakala, M. Manda, P. R. Surkanti, A. Garimella, P. 

M. Furth, “Voltage Buffer Compensation Using Flipped 

Voltage in a Two Stage CMOS Opamp”,  IEEE 58th 

Midwest Symposium on Circuits and Systems 

(MWSCAS),  pp. 1-4,  Aug. 2015.  

[11] D. Sharma, R. Mehra, “Low-Power, Delay Optimised 

Buffer Design Using 70 nm Technology”, International 

Journal Of Computer Application. Vol. 22, no. 3, pp, 14-

18,  May 2011   

 

IJCATM : www.ijcaonline.org 


