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Abstract
This paper describes four different class-A voltage followers 
like basic source follower, flipped voltage follower and super 
source follower. Each follower has several advantages and 
several limitations. Main aim is to characterize these voltage 
followers in terms of output impedance, power dissipation, ac 
gain and bandwidth. Both pre-layout and post layout simulation 
are done in 0.5µm AMI technology using mentor graphics. All 
Voltage Follower characterized using ideal current source and 
then using current mirror as a current source. Their layouts are 
being prepared in 0.5µm process technology. The results are 
used to compare the performance of above followers. For the 
super source follower using current Mirror as current source 
the output impedance is very low just 40Ω and also gain is 
near unity  and bandwidth 100MHz is higher compare to other 
topologies.

Keywords
Output impedance, shunt feedback, analog cell, current 
mirror

I. Introduction
As the CMOS process entering the nano meter scale analog 
circuit will need to operate in lower and lower supply voltage. 
This trend is mainly driven by the need of the low power and 
low voltage requirement in the consumer electronics market. 
While, scaling down size technology supply voltage do not scale 
linearly the VT. And VDsat is not scaled down linearly either[1]. 
These facts serious limit the only voltage swing in low voltage 
supply. 

There are different techniques such as feedback, threshold 
independent [2], pseudo differential, Symmetrical Push pull, 
body driven have been proposed in literatures to reduce 
the power supply requirement and still retain acceptable 
performance. In order to meet the critical power and supply 
voltage requirements of the portable devices, designing some 
new cells to satisfy the technique developing trend should be 
primarily considered by present analog circuit designers.

Voltage Follower is a basic analog cell in which output voltage 
follows the input voltage and it is also known as unity gain 
amplifiers. A voltage follower inserted between a driving stage 
and a high load (i.e. a low resistance) presents an infinite 
resistance (low load) to the driving stage, an advantage in 
coupling a voltage signal to a large load. Voltage Follower mainly 
used as impedance matching circuit and Level shifter.

The Voltage follower is one of the most important basic cells in 
analog circuit design. Presently most system require follower 
to have capability to drive low resistance loads, while at the 
same time can handle large output voltage swing and obtained 
low harmonic distortion.

II. Voltage follower
In electronics, a common-drain amplifier, also known as a 

source follower, is one of three basic single-stage field effect 
transistor (FET) amplifier topologies, typically used as a voltage 
buffer. In this circuit the gate terminal of the transistor serves 
as the input, the source is the output, and the drain is common 
to both (input and output), hence its name [1].

A. Basic Source Follower
A simple source follower with ideal current source is shown in 
Fig. 1. It is easy to construct bust have several limitation [4].

The current through transistor M1 is heavily depend on output 
current. So the Vgs of M1 is signal dependent ant the produced 
output is distorted. Second, its sourcing capability is limited by 
the biasing current source Ib. And from   Av= gm1 Ro   for unity 
gain Ro=1/ gm1.

1 12m Dg Iβ=  
where, is trans-conductance and β=W/L µCox small signal 
gain.
So here output resistance is 1/gm1 and present several KΩ 
output resistance. The solution is to increase transconductance 
gm, which means large bias current and large W/L dimension. 
As a result power and area increase dramatically.

Fig. 1: Basic Source Follower

Fig. 1: Shows the simple source follower using current mirror. 
Here current mirror used to provide same biasing current Ib 
basic source follower.

B. Flipped Voltage Follower
Flipped voltage follower is also known as voltage follower with 
shunt feedback [6]. As shown in Fig. 2 the current source Ib 
is placed at drain of transistor M1 so the current through M1 
remain constant independent of the output current. So VgsM1 
is held constant independent from the change in input. 

This flipped voltage follower can be source large amount of 
current but its sinking capabilities is very poor because of the 
biasing current source Ib. and this large sourcing capability is 
due to the low output impedance which is Ro= 1/gm2gm1ro1. But 
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the limitation is its small output voltage swing. 

Fig. 2: Flipped Voltage Follower

C. Super Source Follower
Super source follower is designed to further reduce the output 
impedance and overcome the limitation in flipped voltage 
follower [3]. Here the circuit uses the negative feedback to 
reduce the output resistance. 

Fig. 3: Super Source Follower

When the input voltage is constant and the output voltage 
increases, the magnitude of the drain current of M1 also 
increases, in turn increasing the gate-source voltage of M2. As 
a result, the drain current of M2 increases, reducing the output 
resistance by increasing the total current that flows into the 
output node under these conditions. From a dc standpoint, the 
bias current in M2 is the difference between Ib1 and Ib2; therefore, 
Ib2>Ib1 is required for proper operation. The output impedance 
of super source follower is same as flipped voltage follower 
and it is Ro= 1/gm2gm1ro1. Output voltage swing of super source 
follower is higher than the flipped voltage follower but here the 
trade of is between VDD and maximum output voltage swing. 
For lower supply voltages the voltage swing is again small. This 
topology is facing the channel length modulation problem at 
the drain node of transistor a M1 in Fig. 3. And that may vary 
the current flowing through transistor M1. So an intermediate 
stage can be added to minimize the channel length modulation 
problem as shown in Fig. 4 [5]. Because of this intermediate 
stage the Vgs voltage drop at the output node is eliminated 
and also the output impedance is lowered by gm3ro3. 

Fig. 4: Modified Source Follower

In this case the output resistance become Ro=1/
gm1gm2ro1gm3ro3. Because of this smaller output resistance 
channel length modulation problem at the drain node of the 
super source follower is minimized. And also because of this 
low impedance node output voltage swing is higher than the 
previous topologies.

III. Layout in 0.5µm technology
Layout of all the above topology is made in IC Station in Mentor 
graphics using AMI 0.5µm process technology. All the layouts 
are using current mirror as a current source.

Fig. 5: Layout of Basic Source Follower
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Fig. 6: Layout of Flipped Voltage Follower 

  
Fig. 7: Layout of Super Source Follower

Fig. 8: Layout of Modified Super Source Follower

V. Simulation results 
All the voltage follower topologies have been simulated with 
Eldo spice in AMI 0.5µm process technology. 

All the followers are simulated with the set up of VDD= 3.3V 
and VSS=0V. Almost all W/L of transistors are same and bias 
currents are also same. Fig. 9 and 11 illustrate simulated 
plot of Vout at Vin of ac 1V magnitude signal is applied. And 
CL=1pF. Figs 10 and 12 illustrate simulated plot Rout at Vin 
of ac 1V magnitude signal is applied with input is grounded 
using 1MEG load.

All post layout simulation is done in AMI 0.55µm process 
technology. LVS, PEX and RVE done using is done using Calibre 
interactive. And generated parasitic are included for the post 
layout simulations.

Fig. 9:  Pre-Layout Frequency response of Voltage Follower 
topologies

Table 1 shows Pre-layout and Post-Layout simulation results 
compared in tabular form. All voltage followers are characterized 
for output impedance, voltage gain, power dissipation, and 
bandwidth.

V. Conclusions
In this paper pre-layout and post-layout comparison among 
source follower, flipped voltage follower and super source 
follower is made. Each topology has some limitation and it is 
compensated by next topology. For the basic source follower 
output resistance is very high about 7KΩ, which is not suitable 
for driving low impedance load. Whereas the super source 
follower shows very low output resistance 516Ω and Modified 
super source follower shows 40Ω output resistance with 
bandwidth nearly 100MHz. which make the super source 
follower useful for driving low resistive and high capacitive 
load. The only problem is in modified super source follower is 
higher power dissipation which is 150µW. 

Fig. 10: Pre-Layout Output Impedance of Voltage follower 
topologies
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Fig. 11: Post-Layout Frequency response of Voltage follower 
topologies

Fig. 12:  Post-Layout Output impedance of Voltage follower 
topologies

Table  1: Pre and Post Layout Simulation Results of Four Class-A 
Voltage Followers

Topology Gain
(AV)

Rout
(Ω)

Band-
width
(Hz)

Power
Dissipation
(Watt)

Basic 
Source 
Follower

Pre 
Layout

0.91 4.5K 32M 52µ

Post  
Layout

0.93 6.9K 21M 41.6µ

Flipped 
Voltage 
Follower

Pre  
Layout

0.82 2.9K 46M 56 µ

Post  
Layout

0.82 2.7K 44M 50.4µ

Super 
Source 
Follower

Pre  
Layout

0.91 418 111M 174µ

Post  
Layout

0.93 516 92M 137µ

Modified 
Super 
Source 
Follower

Pre  
Layout

0.92 40 190M 201µ

Post  
Layout

0.95 39 100M 148µ
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