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ABSTRACT 

This paper discusses single-stage and multi-stage operational amplifiers (op-amp) analysis 
and design techniques. The telescopic cascode op-amp employed as design for low-power 
constraints. The amplifier parameters like open loop DC gain, gain-bandwidth product 
(GBW). The frequency compensation technique for single-stage as well as multi-stage op-
amp discussed. The capacitive load of the amplifier varied to study the effect of the DC 
gain.  The op-amp inputs and cascode transistors are scaled to meet the requirement of 
the application for low power application. A two-stage op-amp design also presented to 
consider the high DC gain requirement with low power constraints. The first stage employs 
the telescopic cascode, while second stage implement the common source amplifier. The 
output swing of both stages is simulated, and power dissipation compared.  The common 
source gain booster also implemented to further enhance the performance of the single-
stage and multi-stage op-amp. Also, a folded cascode op-amp designed as single stage and 
for multi-stage op-amp. The performance of the single-stage folded-cascode compared 
with the single stage telescopic cascode op-amp. Also, the two-stage op-amp for the case 
of telescopic cascode as first stage and folded cascode as first stage simulated and output 
swing compared in nanometer CMOS technology.           
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1. INTRODUCTION  

Recent trends to package analog and 

digital building block of CMOS 

technologies allow for integration on an 

integrated chip increased. Due to the 

higher demands of portable consumer 

electronics, with long battery life. This 

requires more and more analog circuit 

building block operating in low power.  

An operational amplifier (op-amp) is a 

key building block of many analog as well 

as mixed-signal electronic systems. The 

op-amp design poses a challenge due to 

challenge of reduced channel length and 

supply voltage with advanced nanometer 

CMOS technology [1]. A cascading 

approach allow high gain or multi-stage 

approach also allow.  Due to several 

transistor comes in stack, cascading 

reduces the output swing, in many 

applications outputs swing is a major 

constraint for the active building blocks. 

Due to reduced supply voltage in 

nanometer CMOS technology, cascading 

technique reduces further swing and puts 

challenges on the single stage op-amp 

design with wider or moderate swing. 

The gain of the op-amp can be raised by 

the increasing the gm of the transistor 

that directly result to increase the 

current of the op-amp, which makes the 

op-amp design power hungry. The supply 

voltage reduction, the op-amp designing 

requires trade-off considering of gain and 

bandwidth [2]. There is significant 

research has been devoted over the last 

decade for the development and 

enhancement of the op- amp structure 

The main focus is to enhance the gain, 

bandwidth and slew-rate of the op-amp. 

A very high slew rate op-amp can be 
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designed. It uses a circuit to inject an 

extra bias current into a conventional 

source-coupled CMOS differential input 

stage in the presence of large differential 

input signal. This increases the slew-rate 

of an op-amp for given quiescent current. 

The maximum frequency of the sample 

and hold circuit utilized increase 290 kHz 

to 1 MHz with a hold capacitor of 1 nF 

and op-amp consumes 7.5mW [3]. A slew-

rate enhancement technique for the 

current mirror structure presented, this 

technique incorporated into a current-

mirror amplifier, which does not affect 

the small-signal frequency response of 

the core amplifier. The simulation shows 

that the proposed structure of the 

amplifier can achieve 38 times 

improvement in both the slew-rate and 

settling time with power consumption of 

280 µW [4]. A single stage amplifier slew-

rate enhancement technique presented. 

It uses single-point detection technique 

at the active load of the main amplifier 

to sense the fast signal transient, the 

proposed circuit can be used both in 

current mirror amplifier as well as folded 

cascode amplifier. The proposed 

technique of slew-rate enhancement also 

consumes small area and achieves 

1.5V/us slew-rate with 470pF capacitive 

load with current dissipation of 90uA 

total static current [5]. Recently slew-

rate enhancement technique presented 

for the op-amp. The proposed technique 

enhances the gain and slew-rate of the 

op-amp. It utilizes an auxiliary monitor 

circuits which is activated in slewing 

condition but can contribute to the gain 

of the op-amp in normal condition. A 

two-stage op-amp can achieve DC gain of 

74 dB with bandwidth of 17- MHz and 

slew rate of 26.8V/µs with capacitive 

load of 1.75 pF with 362 µW power 

consumption considering the supply 

voltage of 1.8 V [6].   A DC gain 

enhancement technique for single-stage 

amplifier proposed without using any 

cascode devices or any positive feedback 

or feed forward techniques. A two 

voltage combiner techniques employed as 

replacement of the traditional tail 

current source that is normally used to 

bias the differential pair. The simulation 

shows that amplifier can achieve 50 dB 

gain enhancement [7]. A new approach to 

use CMOS digital transistor with very high 

DC gain amplifier that uses internal 

positive feedback technique. The 

proposed structure of the amplifier does 

not require perfect matching of 

transistors to achieve the very high DC 

gain and have a very low gain sensitivity 

to output swing [8]. A folded cascode 

transconduactance amplifier with 

recycling amplifier architecture 

proposed. The proposed amplifier 

delivers an appreciably enhanced 

performance over that of the 

conventional folded cascode amplifier. It 

uses the idle devices in the signal path, 

that results in an enhancement 

transconductance, gain and slew-rate. It 

also improves the input referred noise 

and offset analysis are included to 

demonstrate the proposed modification 

that have no adverse effect on these 

design metrics.  The proposed amplifier 

can achieve almost twice the bandwidth 

about 134 MHz and better than twice the 

slew-rate of 94 V/µs with capacitive load 

of 5.6 pF, with the gain enhancement of 

7.6 dB [9]. A feed forwarded regulated 

cascode operational transconductance 

amplifier (OTA) designed for 10 GHz 

applications with large transconductance 

off 11mS. The linearity and 

intermodulation distortion properties of 

the OTA, which are of interest in 

microwave application presented using a 

single-stage amplifier [10].   
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The paper proposes design and simulation 

of the telescopic cascode op-amp 

employed as design for low-power 

constraints. The amplifier parameters 

like open loop DC gain, gain-bandwidth 

product of the op-amp. The frequency 

compensation technique for single-stage 

as well as multi-stage op-amp discussed. 

The capacitive load of the amplifier 

varied to study the effect of the DC gain.  

The op-amp inputs and cascode 

transistors are scaled to meet the 

requirement of the application for low 

power application. A two-stage op-amp 

design also presented to consider the 

high DC gain requirement with low power 

constraints. The first stage employs the 

telescopic cascode, while second stage 

implement the common source amplifier. 

The output swing of both stages is 

simulated, and power dissipation 

compared.  Also, a folded cascode op-

amp design as single stage and multi-

stage op-amp presented. The 

performance of the single-stage folded 

cascode compared with the single stage 

telescopic cascode op-amp. Also, the 

two-stage op-amp for the case of 

telescopic cascode as first stage and 

folded cascode as first stage simulated 

and output swing compared in nanometer 

CMOS technology.          

After the introduction, the second 

section discuss the single stage op-amp, 

while the third section describes the 

multi-stage amplifier. Finally, the section 

four concludes the paper. 

2. SINGLE STAGE AMPLIFIERS   

A single stage amplifier with telescopic 

structure has the simplest architecture 

that can achieve high DC gain [1]. Due to 

advancement in nanometer CMOS 

technologies, the transistor gain is 

limited and result in much less 

differential gain.  The high DC gain is 

from 15 dB to 20 dB. The performance 

parameter for the op-amp design is open 

loop DC gain, bandwidth, output swing, 

linearity, noise, offset and supply 

rejection. The DC gain of the single stage 

amplifier hardly exceeds the 20 dB in 

nanometer technologies. The load 

capacitance determines the bandwidth. 

To increase the DC gain in single stage 

amplifier typically cascode structure 

preferred. These cascode topologies 

connected between power supplies and 

current sources. The cascode circuit 

symmetric with each output loaded with 

cascode current source. It is also known 

 

Figure 1: Telescopic Cascode Amplifier 

 

Figure 2: DC gain and Phase Margin 
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that the output swing of the telescopic 

cascode is limited. Figure 1. shows the 

circuit diagram of telescopic cascode 

amplifier, while the Figure 2 shows that 

open DC gain and the phase margin of the 

proposed single stage amplifier. The 

telescopic cascode can achieve DC gain 

of 14 dB with power consumption of 13 

µW at the supply voltage of 1 V in 

nanometer CMOS technologies while 

driving capacitive load of 200 fF. The 

folded cascode is another useful topology 

that allows to achieve high DC gain with 

much higher output swing [1].  The 

Figure 3 shows the folded cascode 

amplifier circuit diagram with DC gain of 

24 dB having phase margin of 80 degree. 

The unity gain frequency of the amplifier 

is 45 MHz. The amplifier consumes 74 µW 

with capacitive load of 200 fF at supply 

voltage of 1 V. The third and commonly 

used structure of the single stage 

amplifier is current mirror amplifier. 

Figure 5 shows the circuit diagram of the 

current mirror, while the Figure 6 shows 

the open loop DC gain and phase margin 

of the amplifier. The amplifier consumes 

1.214 µW with DC gain of 19.1 dB having 

phase margin of 60 degree having unit 

gain frequency of 3.5 MHz. 

3. MULIT-STAGE AMPLIFIERS 

A two-stage amplifier allows higher 

output swing with high DC gain. The first 

stage of the amplifier is telescopic 

cascode or folded cascode, while the 

second stage is a common source 

amplifier. To stabilize the two-stage 

 

Figure 3: Folded-Cascode Amplifier 

 

 

Figure 4: DC gain and Phase Margin 

 

 

Figure 5: Current Mirror Amplifier 

 

 

Figure 6: DC gain and Phase Margin 
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amplifier the second stage needs to draw 

more current, that make the overall 

design of the amplifier power hungry. 

The proposed two stage amplifier has 

open loop DC gain of 39.2 dB with phase 

margin of 69 degree. The unity gain 

frequency of the two-stage amplifier is 

842 MHz. The power consumption of the 

amplifier is about 6.1 mW, with 568 µW 

for the first stage of the amplifier as 

folded cascode amplifier and second 

stage as common source amplifier that 

consumes about 5.6 mW at the supply 

voltage of 1V. 

4. CONCLUSION 

A single-stage and multi-stage amplifier 

designed in cadence spectre for circuit 

level simulation and results are 

presented. The single-stage amplifier has 

telescope cascode and folded cascode 

with power constraint and DC gain. Also, 

current amplifier base op-amp structure 

can achieve higher performance as 

compared to the telescopic and folded 

cascode. Similarly, two stage op-amp 

designed with DC gain of around 40 dB.  
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