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Abstract - In this paper, we have used Miller Compensation 
Technique to amplify the gain of a 2-stage Op-Amp. Below 
mentioned procedure follows the technique of developing a 
theoretical design followed by carrying out a simulation 
process by presuming some values for a particular operational 
situation (we’ve taken help of LTspice for that). The resultant 
CMOS Op-Amp was tested in a simulated parameter of 
VDD=1.8V in order to test the accuracy of theoretically 
concluded numbers. The CMOS technology used was 180nm 
with the help of LTspice tool. In the above mentioned 
environment; the following key factors were taken into 
observation: gain margin, phase margin, Output Power 
dissipation, output Noise  and unity gain bandwidth. 
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1.INTRODUCTION  

The road for the expanding market of sophisticated 
electronics applications in mobiles and sensor applications 
was created by the recent development in CMOS scaling. The 
integration of complicated functionalities on a single chip 
(such as a SOC (System on Chip)), along with ongoing 
increases in operating speed and decreases in system power 
consumption, is what drives scaling.[1] 

Transistor dimensions are getting smaller as a result of 
improvements in CMOS manufacturing techniques [1]. The 
advantages of adopting smaller dimension transistors 
typically result in lower power consumption, smaller device 
sizes, and higher performance at high frequencies. 
Transconductance and output resistance, two crucial analog 
properties of a transistor, will decrease as a result of the use 
of tiny CMOS technologies. 

Analog circuits frequently employ operational amplifiers 
(op-amps) with negative feedback to create amplifiers with a 
variety of desirable characteristics, including steady gain, 
good linearity, and low output impedance [2]. However, the 
negative feedback's significant phase lag causes a stability 
(STB) problem. The STB of the amplifier has been improved 
using a variety of approaches [3]-[5]. 

The gain of a single-stage opamp is derived by multiplying 
transconductance with the output impedance. The gain and 
other crucial parameters such as output swing, gain 
bandwidth, etc. offered by various topologies of a single-stage 
opamp such as Single stage Common Source Amplifier, 
Cascode Amplifier, etc. are insufficient for several 

applications. For instance, a modern op-amp must be able to 
deliver single ended output swings of up to 0.8 V while 
operating with input voltages as low as 0.9 V. When this 
happens, we turn to "two-stage" operational amplifiers, in 
which the first stage is responsible for providing high gain 
and the second stage provides large swings. A two-stage 
arrangement isolates the gain and swing requirements as 
opposed to cascode op amps [7]. 

There has been multiple research that produced a >140dB 
gain using the multi-stage amplifier technology, which has 
been around for a while. The stability of the opamps may be 
compromised by the close spacing of the poles caused by 
cascading many stages. 

 when we observe the second order system’s time 
response with step input, we see that larger phase margin 
results in reduced oscillations in the output signal[12][13]. 
we prefer to have ringing as minimum as possible. A 
minimum of 45 degrees phase margin is desirable and a 60 
degree PM is mostly preferred [12]. 

 

Fig -1: Time Response depiction of a second order System 
corresponding to different Phase Margins 

   Frequency correction must be carried out to improvise the 
stability and provide proper transient step responsiveness. 
Miller and cascode compensations are well-known 
approaches. Miller compensation is well known for its ability 
to increase bandwidth via pole splitting phenomenon. We 
will be employing miller compensation in our dual-stage 
opamp and observe the results with high gain and improved 
phase margin. Though miller compensation is used to 
enhance the gain bandwidth product, complexity has also 
risen as a result of interims of extra amplifier stages and 
capacitors. The stability is compromised by the right half 



          International Research Journal of Engineering and Technology (IRJET)       e-ISSN: 2395-0056 

                Volume: 10 Issue: 08 | Aug 2023              www.irjet.net                                                                        p-ISSN: 2395-0072 

  

© 2023, IRJET       |       Impact Factor value: 8.226       |       ISO 9001:2008 Certified Journal       |     Page 187 
 

zero (RHP) that is introduced by Miller compensating with a 
nulling resistor.[6] 

The paper has been organized as follows, section-2 deals 
with the theoretical description and Small signal dynamics of 
dual-stage opamp when it is uncompensated as well as with 
miller compensation. Section-3 describes the design 
procedure of dual stage opamp and section-4 summarizes the 
prototype results.  

2. SMALL SIGNAL DESCRIPTION 

 

Fig -2: Block Diagram showing Negative Feedback 
Configuration 

Opamps are usually configured in negative feedback mode as 
can be seen in above Fig. 1 Here A(s) is the gain of Amplifier , 
F (s) is the transfer function describing external feedback 
from the output of opamp to the input. 

The loop gain L(S) is given by ,     

    (1) 

And,               (2) 

      In order to have a stable feedback system, we need to 
have, 

     (3)       

Where,  is, 

     (4) 

       A close loop system's time response can be used to 
understand the significance of good stability that is acquired 
with sufficient phase margin. Because it has been found that 
a larger phase margin reduces output signal ringing. Phase 
margins of at least 45 degrees are preferred, however in 
most cases, 60 degrees is recommended. 

 

Fig -3: Small Signal Diagram of an Uncompensated Opamp 

 Fig.3 shows the small signal model of an uncompensated 
Opamp . The location of two poles of this model is given by,   

                   (5) 

and,  

          (6) 

  where C1 and C2 are the capacitances to ground observed 
from the first and second stages, respectively, and R1 and R2 
are the resistances to ground as seen from the output of the 
first and second stages, respectively. 

 It was found that the phase margin observed is 
significantly less than 45 degrees when an open loop 
frequency response of negative feedback is computed using 
the mentioned opamp, even when considering the worst case 
scenario of stability (considering F(S) = 1). This suggests the 
need for compensation in the dual stage operational amplifier 
prior to it’s utilization in a closed loop configuration[12]. 

 

Fig -4: Small Signal Diagram of a Miller Compensated Dual 
Stage Opamp 

       Fig -4: Small Signal Diagram of a Miller Compensated 
Dual Stage Opamp. The location of Poles and Zeroes obtained 
by solving the small signal model equations of miller 
compensated dual stage operational amplifiers are- 

      (7) 

     (8) 

      (9) 

     In this situation, the Miller effect results in making one 
pole dominant  while weakening the other. Meaning, while 
one pole increases in frequency, the other decreases in 
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frequency. The Miller effect is frequently called as Miller 
compensation when this opposite motion (also known as 
pole splitting) is a required outcome [13]. 

 

Fig -5: Pole -Zero Plot showing Miller effect on Opamp 

In Fig. 5. the shift in the pole positions is depicted as they 
transition from their uncompensated locations to the 
compensated positions on the complex frequency plane. A 
very popular technique of using a nulling resistor have been 
developed to overcome the drawback of the RHP zero 
introduced by the Miller effect [12]. 

 

Fig -6: Shifting in Bode Plot from Uncompensated to 
Compensated System 

Fig. 5. explains the shifting of bode plot from an 
uncompensated system to compensated system[12]. 

3. SCHEMATIC & DESIGN EQUATIONS OF DUAL 
STAGE OPERATIONAL AMPLIFIER 

 Table 1. shows the required opamp specification 
considering which the designing is done. Table 2. depicts the 

process parameters for CMOS 0.18um technology used in 
calculation of CMOS design parameters for designing a dual 
stage opamp. 

Table -1: Design specification required to be met by opamp 

Parameters Conditions 

Supply Voltage 1.8 V 

Load Capacitance (CL) 4pf 

DC Gain ≥ 60 dB 

Gain Bandwidth ≥ 30 MHz 

IRef 50μA 

ICMR(+) 1.6V 

ICMR(-) 0.8V 

 

 Step 1) obtain the value of miller capacitance CC. 

     (10) 

From here we get the Value of  

Let’s assume  

Step 2)   Slew Rate,    (11) 

Obtained Value is 33.33  

Step 3) Designing of M1 & M2 

Transconductance of M1 is given by- 

   (12) 

By putting the values, we are getting  

Let’s assume  

    (13) 

Therefore, 5.606 

Let’s assume  

Since,     (14) 

Therefore,  

Step 4) Designing of M3 & M4 

   (15) 

        (16) 

   (17) 
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By putting corresponding values and solving above 
equations, we get  

   (18) 

Step 5) Designing of M5 

  (19) 

     (20) 

 
Table -2: Process Parameter Values taken for Designing of 

Opamp 

Process Parameters NMOS PMOS 

VTH(V) 0.37 -0.39 

μ(cm2/V-sec) 273.809 115.689 

TOX(m) 4.10E-09 4.10E-09 

 

By solving above equation we get,  

Step 6) Designing of M6 & M7 

For designing M6, first we will find trasconductance of 
M6, 

    (21) 

    (22) 

    (23) 

By putting corresponding values and solving above 
equation, we get, 

 136 

For M7,    (24) 

 
Table -3: Obtained Aspect Ratio Values by Calculation 

Aspect Ratios Proposed Values 

(W/L)M1,M2 3μm/0.52μm 

(W/L)M3,M4 7μm/0.52μm 

(W/L)M5 12μm/1μm 

(W/L)M6 71μm/0.52μm 

(W/L)M7 69μm/1μm 

(W/L)M8 12μm/1μm 

 

2. OUR DESIGN AND OBTAINED RESULTS 

 

Fig -7: Dual Stage Operational Amplifier Schematic 

 

Fig -8: Transient Response 

 

Fig -9: AC Analysis Response 

 

Fig -10: Power Dissipation in the Output 
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Fig -11: Output Noise 

Table -4: Obtained Values of Designed Opamp 

S.NO. Name of Parameter Observed Values 

1. Gain 76.34 dB 

2. Phase Margin 72.80 Degrees 

3. Gain Bandwidth Product(MHz) 42.65 MHz 
 

42.65 MHz 

4. Power Dessipation 10.56 mW 

 

3. CONCLUSIONS 

The Paper reviews and highlights drawbacks of 
uncompensated two stage opamp design. It signifies the 
improvement brought out in two stage opamp design by 
using miller compensation and implements miller 
compensation in designing two stage opamp highlighting 
improved parameters. The aspect ratio values obtained from 
calculation shows better DC gain, Phase Margin and Gain 
Bandwidth Product of the implemented dual stage 
operational amplifier.  
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