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· Output noise voltage
· Input-referred noise voltage
· Total output noise voltage
· Total input-referred noise voltage

b. integ(abs('0|noise(outnoise)'),1k,1g)

c. Change the size of 𝑀1 from the width in question 1)-g to 30μm with step size of 2μm. Repeat the previous simulations with a sinusoidal input amplitude of 25mV at frequency of 1MHz. Plot the ratio between the power of the second harmonic to that of the fundamental vs. transistor width.	
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d. [bookmark: _Hlk37455738]How is the result compared to that in question 1)-d? Explain the possible reasons for this discrepancy and elaborate your arguments.
In question 1)-d, we concluded that the ratio of harmonic distortion would be increased with increasing the transistor width in the condition that M1 is operating in Saturation region. 
In this plot, we can find that the ratio would be decreased when the transistor width is larger than 20μm. This is because M1 is operating in the linear region when the transistor width is larger than 16μm, and the relationship between&would be more complex than before.
e. What is the simulated output noise voltage and input-referred noise (both in terms of ) voltage at low frequencies? What is the total output noise voltage and total input-referred noise voltage (both in terms of ) if a noise bandwidth of 1GHz is assumed?
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· [bookmark: _Hlk37458781]Output noise voltage
· Input-referred noise voltage
· Total output noise voltage
· Total input-referred noise voltage
f. Change the size of 𝑀1 from the width in question 1)-g to 30μm with step size of 2μm. Repeat the noise simulations and plot the total output noise voltage and total input-referred noise voltage (both in terms of ) vs. transistor width.
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g. How is the result compared to that in question 1)-e? Explain the possible reasons for this discrepancy and elaborate your arguments.
 
· When
· hand-calculation:, with
· Simulation: , with
· We can find that the results of both hand-calculation and simulation are quite similar When
· By the equation of, we can find thatincrease with increasing the transistor width (since power consumption is constant also means that drain current is constant). And the result of simulation also meets this analysis.
· By the equation of, we can find thatincrease with decreasing the transistor width. And the result of simulation also meets this analysis.
h. Based on the results of the previous two question sets, what is the optimal size for 𝑀1 that gives the minimum THD+N ratio? Notice that the noise power should be calculated at output node in this case.
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The optimal size of M1 is .
image4.png
Vrms

0.00025

0.0002

0.00015

0.0001

0.00005

—e—Total output noise voltage

—e—Total input-referred noise voltage

10 15 20 25 30 35
Transistor width (um)




image5.png
THD+N

100
90
80
70

50
40
30
20
10

/

i

10 15 20
Transistor width (um)

25

30

35





image1.png
B Custom WaveView Version K-2015.06 Synopsys, Inc.  @ws38

| & B3

Equation

DOHw2_LacO integ(abs(0lnoise(outoise)).1k1g) 36.6n
DOHw2_LacO integ(abs(0lnoise(nnoise)).1k1g) 5.23n

@ integ(abs(Olnoise(outnoise)),1k10)
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transistor width is larger than 20um. This is because M1 is operating in the
linear region when the transistor width is larger than 16pm, and the
relationship between Ay, & Az would be more complex than before <
q. What s the simulated output noise voltage and input-referred noise (both
in terms of V2/Hz) voltage at low frequencies? What is the total output
noise voltage and total input-referred noise voltage (both in terms of Vi)
if a noise bandwidth of 1GHz is assumed?<
k
@
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2. Consider a common-source amplifier placed in a negative feedback loop like the

following.
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**#** the results of the sqrt of integral (v**2 / freq)
from fstart upto 10.0000k hz. using more freq points
results in more accurate total noise values.

**** total output noise voltage = 574.1204n volts
**** total equivalent input noise = 217.0420n

ARk

hw2_1

FrA*kr% noise analysis tnom= 25.000 temp= 27.000 *****x*

frequency = 31.6228k hz

*#*** resistor squared noise voltages (sq v/hz)

element 0:ri
rs 10.5357a
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[Jhw2_1sp x|an2_1.us x|
*#*%* total output noise voltage = 36.6238a sq v/hz
= 6.0518n v/rt hz
transfer function value:
v(vout)/vin = 2.6452
equivalent input noise at vin
= 2.2878n /rt hz
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