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Abstract: In this paper we present a new model of low noise amplifier and propose solutions to improve performance. Both 

single-head and two-head amplifiers are designed and simulated with common mode feedback circuit. 
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I.  INTRODUCTION 

 

Two-stage amplifier 

First, we design and simulate single-head amplifier circuit 

according with circuit drawn in Figure 1.In this figure, bias 

circuit is also plotted. Wherever a bias circuit is needed, this 

circuit is used by default. Calculating W / L values manually 

then optimizes them to meet the needs.Designed and 

simulated in 0.18 um CMOS technology and with HSPICE 

software.The amount of power consumption is shown in 

Figure 2.It can be seen power consumption of this amplifier 

is 3.55mA. It is shown frequency response of this amplifier 

in Figure 2. It can be seen gain is equal to 60000 or 95 dB, 

cut-off frequency is 63.7 MHz, and phase margin is 67 

degrees. 

 

 

 

 
Figure 1.  Single-head two-stage amplifiercircuit and bias 

circuit schematics. 

 

 
Figure 2.  Single-head two-stage amplifiercircuit and bias 

circuit schematics 
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Figure 3.  Two-stage amplifier frequency response plot. 

 

These simulations are provided at room temperature and tt 

corner.  It is simulated circuit at other temperatures and 

corners To survey effect of temperature and process and is 

presented the results.Itis shown simulation results at 120 °C 

and ss corner in Figure 4. It can be seen gain and bandwidth 

have dropped sharply in this mode. gain, cut-off frequency 

and phase margin are 44000 or 92 dB, 49 MHz and 69 

degrees, respectively. In Figure 5 is shown simulation results 

at -40 ° C and ff corner. In this mode, gain, cut-off frequency 

and phase margin are 650,000, 80 MHz and 65.5 degrees, 

respectively. Figures 6 and 7 are shown flow rate and 

swinging charts for this amplifier at room temperature and tt 

corner, respectively. By calculating slope of output changes, 

flow rate is equal to calculating slope of output changes, flow 

rate is 35 V / us and the swing is 2.1 V. Figure 7 is shown 

output noise diagram of this amplifier. It can be seen 

maximum output noise is 2E-12 V / sqrt (Hz). Table1  is 

summarized design results of this amplifier. 

 

 
Figure 4.  Simulation results at 120°C and ss corner. 

 

 
Figure 5.  Simulation results at -40 °C and ff corner 

 
Figure 6.  Two-stage amplifier flow rate 

 

 
Figure 7.  Two-stage amplifier swing diagram 

 

 
Figure 8.  Two-stage amplifier output noise diagram 

 

Table 1. Single-headed two-stage amplifier simulation results 

 tt, 25 ss,120 ff,-40 

Gain(dB) 95 92 96 

Cut-off frequency (MHz) 63 49 80 

Phase margin 67 68 65 

flow rate (V/us) 35 43 31 

swing (V) 2.1 1.9 2 

Power consumption(mW) 3.5 3.5 3.5 

Output noise V/sqrt(Hz)(E-

12) 
2 1.8 2.4 

 

To improve frequency response, it is used a resistor at 

capacitive compensation path. This resistor creates a zero 

and improves the frequency response.This has no effect on 

gain and power consumption and only improves bandwidth. 

Figure 9, 10 are shown schematic of circuit and simulation 

result, respectively. it can be seen From figure 10 frequency 

response has had a significant improvement, but output noise 

has increased to 3.5. Voltage gain has not changed, but cut-

off frequency has increased to 232 MHz.simulation results of 

this structure at various temperatures and corners are 

presented in Table 2. It can be seen at 120 ° C - ss corner and 

cut-off frequency is unit and at -40 °C-ff corner, phase 
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margin is spoiled. To solve this problem, it is necessary 

tokeepconstant bias current, by changing temperature and 

corner, and also instead of resistor, a transistor should be 

used, because resistor is very sensitive to temperature. 

 

 
Figure 9.  Use compensation resistor to improve frequency 

response. 

 

 

 
Figure 10.  Frequency Response and Two-Stage amplifier 

Noise Using compensation resistor. 

 

Table 2. Results of single-headed two-stage amplifier 

simulation with compensating resistor 

 tt, 25 ss,120 ff,-40 

Gain(dB) 95 92 96 

Cut-off frequency (MHz)  232 162 324 

Phase margin 62 92 45 

flow rate (V/us) 35 43 31 

swing (V)  2.1 1.9 2 

Power consumption(mW) 3.5 3.5 3.5 

 

Figure 11 is suggested to solve problem of temperature and 

corner. In this circuit, transistors are used instead of resistor. 

Transistors M9-11 have been used for bias of transistor M8. 

Transistors M12-15 are also used to increase gain and 

bandwidth. 

 
Figure 11.  Proposed Single-headed two-stage amplifier 

 

Figure 12 is illustrated simulation results of this circuit at 

room temperature and tt corner. gain, cut-off frequency and 

phase margin of circuit are 95 dB, 209 MHz, and 62 degrees, 

respectively. It can also be seen output noise is significantly 

reduced compared to the previous circuit, due to removal of 

resistor. 

 

 

 
Figure 12.  Simulation result of circuit Figure.11 at room 

temperature and tt corner. 
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Figures 13 and 14 are shown simulation results at 120°C,ss 

corner and 40 °C,ffcorner. It can be seen results changes at 

different temperatures and corners are negligible. Table 3 is 

presented results of this design. Figures 15 and 16 are shown 

flow rate and proposed amplifier swing, respectively. 

 

 
Figure 13.  Simulation result of circuit Figure11 at room 

temperature and tt corner. 

 

 
Figure 14.  Simulation result of circuit Figure 9 at -40 °C and 

the ff corner. 

 

 
Figure 15.  Recommended amplifier flow rate diagram. 

 

 
Figure 16.  Proposed amplifier swing diagram. 

Table 3: Simulation results of single-headed two-stage 

amplifier with compensator resistor. 

 tt, 25 ss,120 ff,-40 

Gain(dB) 95 93.2 95 

Cut-off frequency (MHz)  209 174 260 

Phase margin 62 55 65 

flow rate (V/us) 68 72 62 

swing (V)  2.4 2.2 2.1 

Power consumption(mW) 3.5 3.5 3.5 

Output noise  1.8 2 2.1 

 

Proposed circuit changes at various temperatures and corners 

are negligible and this amplifier fulfills design requirements 

at all temperatures and corners. 

 

One of the most important parameters of amplifier is its 

voltage gain. Researchers are always trying to increase gain 

of amplifier without breaking other parameters. To increase 

voltagegain is recommendcircuit of Figure 17. In this circuit, 

gate of transistors M12, 13 are connected to the M3, 4 drains 

instead of connected to a fixed bias.In fact, we have used 

cross-linking in this structure. This cross-linked connection 

generates a positive feedback loop that increases voltage 

gain. To illustrate reason for this increase, we plot proposed 

small signal model. First stage Small signal model of second 

proposed scheme, which includes a cross-linked connection, 

is plotted in Figure 18. With small signal model, voltage gain 

of the proposed circuit is as follows:  

 

     
    (         )
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  )        
    

 

Assuming go1 = go3 and gm1> go1, DC voltage gain will be 

equal to: 

 

 
Figure 17.  second proposed amplifier circuit 
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Figure 18.  second proposed small signal model 

 

Considering this relationship, if
12
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amplifier voltage gain will be unlimited. 

 

Figure 19 is shown simulation result of this circuit.It can be 

seen gain has almost doubled to 140,000 or 103dB. cut-off 

frequency unit and phase margin are 138 MHz and 65 °, 

respectively. Figures 20 and 21 are shown simulation results 

at 120°C, ss corner and -40°C, ffcorner. It can be seen result 

changes at different temperatures and corners are 

negligibleand circuit operation is not damaged.In addition, 

output noise has decreased significantly and dropped to 

1.2.At temperature of120 °C and sscorner, cut-off frequency 

and phase margin are 100 dB, 113 MHz and 66 °, 

respectively. At temperature of -40 °C andffcorner, these 

results are 104 dB, 163 MHz and 65 ° respectively. 

 

 
Figure 19.  Simulation result of second proposed amplifier at 

room temperature and tt corner. 

 

 
Figure 20.  Simulation result of second amplifier at 120 °C 

and ss corner. 

 
Figure 21.  Simulation result of second proposed amplifier at 

-40 °C and ff corner. 

 

Figures 22 and 23 are shown flow rate diagram and proposed 

second amplifier swing, respectively.It can be seen flow rate 

has significant improvement (74 V/us). 

 
Figure 22.  Flow rate diagram of second amplifier 

 

Table 4 summarizes simulation results of second proposed 

amplifier. 

 

 
Figure 23.  Second proposed amplifier swinging diagram 

 

Table 4. SimulationResult of second proposed amplifier 

 tt, 25 ss,120 ff,-40 

Gain(dB) 103 100 104 

Cut-off frequency (MHz)  138 113 163 

Phase margin 65 66 65 

flow rate (V/us) 74 78 73 

swing (V)  2.4 2.2 2.1 

Power consumption(mW) 3.7 3.7 3.7 

Output noise  1.2 1.32 1.24 
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II. FULLY TWO-STAGE DIFFERENTIAL 

AMPLIFIER 

 

To eliminate ambient noise and power supply noise, fully 

differential amplifiers can be used. These amplifiers also 

have higher gain in addition to noise elimination. In this 

section, based on proposed second circuit, we present and 

design a fully differential circuit. Fully differential amplifiers 

also need a common mode feedback circuit. It is suggested 

and designed a structure in this circuit. Figure 24 is shown 

proposed fully differential amplifier circuit along with 

proposed common mode feedback circuit. 

 

 

 
Figure 24.  Proposed differential amplifier circuit with a 

common mode feedback circuit. 

 

Here Here Vcr and Vbp are bias voltages. Operation of 

common-mode feedback circuit ,if the output voltage come 

to the triode, for example Vop and Vonarereduced, Vs is 

increased.As a result, source voltage M1,2are reduced, and 

consequently the drain voltage M6,17are reduced, thus 

output voltage increases.In this way, this circuit stabilizes 

output voltage in the middle of the supply. Figure 25 is 

shown frequency response diagram of proposed fully 

differential amplifier atroom temperature and ttcorner. It can 

be seen proposed voltage gain is 104 dB, cut-off frequency is 

140 MHz and phase margin is 64 degrees.Figures 26 and 27 

are shown simulation results at120°C, ss corner, and -40 

°C,ff corner, respectively.It can be seen at temperature of 

120 °C and ss corner, cut-off frequency and phase margin are 

102 dB, 147 MHz and 61 degrees, for temperature of -40 °C 

and ff corner, 102 dB, 170 MHz and 63 degrees, 

respectively. 

 

 

 
Figure 25.  Frequency response diagram of proposed fully 

differential amplifier at room temperature andtt corner 

 

 
Figure 26.  Frequency response diagram of proposed fully 

differential amplifier at 120°Cand ss corner 

 

 
Figure 27.  Frequency response diagram of proposed fully 

differential amplifier at-40°C and ff corner 
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Figure 28 is shown ultimate amplifier flow rate.It can be seen 

flow rate is 160 V / us. Figure 29 is shown swing diagram of 

this amplifier. simulation results of this amplifier are 

summarized in Table 5. Table 6 is compared results of this 

research with previous work.  

 

 
Figure 28.  Ultimate amplifier flow rate diagram 

 

 
Figure 29.  Ultimate amplifier swing diagram 

 

Table 5: results of two-stage differential amplifier 

simulations 

 tt, 25 ss,120 ff,-40 

Gain(dB) 104 102 102 

Cut-off frequency (MHz)  140 147 170 

Phase margin 62 61 63 

flow rate (V/us) 160 168 157 

swing (V)  1 0.9 1.1 

Power consumption(mW) 60 62 61 

Output noise 1.2 1.32 1.24 

 

Table 6 Differential Two-stage Amplifier Simulation Results 

 [4] [13]   [16] [17] This 

research 

Gain(dB) :9 7878 98 76 401 

Cut-off frequency 

(MHz)  

70 :4 677 0786 419 

Phase margin 70 66 90 60 74 

flow rate (V/us) 461 NA NA NA 470 

swing (V)  NA NA NA NA 477 

Power 

consumption(mW) 

NA 07861 NA NA 70 

Output noise 2.49 1.75 NA NA 1.2 

 

 

III. CONCLUSION 

 

In this paper, we study design of single-head and differential 

amplifier circuits and also common mode feedback circuits. 

Then we began to design low-noise amplifier with low power 

consumption circuits. Initially, it is designed and simulated 

simple two-stage single-head amplifier circuit. Calculate the 

W / L values by hand analysis and then optimize it to meet 

the needs. Designed and simulated in 0.18 um CMOS 

technology and simulated with HSPICE software. gain 

voltage was 89 dB, cut-off frequency was 47 MHz, and 

phase margin was 69 °.In this study, we also simulated 

results at various temperatures and corners. We tried to 

design a circuit in all conditions, the results would be 

appropriate and acceptable. We used a resistor at capacitance 

compensator path to improve frequency response. This 

resistor creates a zero and improves frequency response. It 

was seen this resistor does not have an effect on gain and 

power consumption, and only improves bandwidth and also 

frequency response had a significant improvement. With this 

technique, cut-off frequency was increased to 252 MHz. 

 

To solve problem of temperature and corner, it was used a 

transistor instead of resistor. It was seen with this technique, 

results changes are very inconsiderable at different 

temperatures and corners. In the next step, it wasintroduced a 

new structure to increase voltage gain, which has a cross-

linked connection. In fact, this cross-linked connection 

generated a positive feedback that increased voltage gain. To 

illustrate the reason for this increase, it was plotted proposed 

small signal model and indicated that the proposed structure 

could have high voltage gain. Finally, to reduce the ambient 

noise, it was proposed a structure as a fully differential and a 

common mode feedback circuit. 
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