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1. Consider a common-source amplifier with resistor load () of 600, 
a. Consider only the thermal noise of 
i. Calculate the output noise power (in terms of ).

ii. Calculate the total rms output noise voltage over the frequency range from DC to 1 GHz. 

iii. With load capacitor () of 100 fF, calculate the total rms output noise voltage over the entire frequency range.

b. Hspice 
i. With dc analysis, report the following of your final design.
, 
, 
 
ii. With ac analysis from 1 kHz to 100 GHz, plot the frequency response from , to  over 1 kHz to 100 GHz.
[image: ]
iii. With noise analysis from 1 kHz to 100 GHz, report the following.
[image: ]
· The total rms output noise voltage over the frequency range from 1kHz to 1GHz is 98n 
· The reason why there are difference between hand calculations and the result of simulation is that we ignored the effect of flicker noise, which plays an important role on the low frequency, and this will, and the noise come from transistor. Moreover, the frequency range in hand calculation is from DC to 1 GHz, and the frequency range in simulation is from 1kHz to 100GHz.
I also Integrate the above waveform (output noise PSD) over 1 kHz to 1 GHz, and the result is 23.1n , which is closer to the result of hand calculation.
· The total rms output noise voltage contributed by the transistor is 
· 
2. Assume . Consider the following circuit 
(Ignore channel-length modulation & body effect)
[bookmark: _heading=h.gjdgxs][image: ]
a. Calculate the dc voltage gain.

b. Calculate the output swing.


c. Calculate the input-referred thermal noise voltage (in terms of ) and input-referred thermal noise current (in terms of ).
i. Input-referred thermal noise voltage


ii. Input-referred thermal noise current
When calculate , we need to open the input.

d. [bookmark: _heading=h.30j0zll]Use and for the calculation. Set  Design  so that the dc voltage gain is at least 3 V/V, output swing is at least 1.2 V, and the input referred thermal noise voltage and current are minimized. Describe how the circuit is designed.
i. DC voltage gain is at least 3 V/V
 
 
 
ii. Output swing is at least 1.2 V
 
 
 
iii. Input referred thermal noise voltage and current are minimized
 
 My design is that 
, and.
e. Hspice
i. Keep the device sizes unchanged. Adjust the bias voltages () so that no DC current flows through , and the bias current is less than 1 mA while maintaining all transistors in saturation.
[image: ] [image: ]
[image: ] 
ii. With dc analysis, report the following.
· 
· 
· 
iii. With ac analysis from 1 kHz to 100 GHz, plot the frequency response from , to  over 1 kHz to 100 GHz.
[image: ]
iv. With noise analysis from 1 kHz to 100 GHz, report the following.
[image: ]
· 
· At 
By simulation, 
By hand calculation, with
· At 
By simulation, 
By hand calculation, 
· There is error between simulation and hand calculation since we ignore flicker noise. If I replace the value ofwith the real value, , then we can get
, which is similar to the result of simulation.
· is larger than since flicker noise plays an important role on the low frequency.
3. Calculate the input-referred thermal noise voltage (in terms of ) of the following circuit. Assume .
[image: ]


 
4. Assume . Calculate the input-referred thermal noise voltage (in terms of ) of the following circuit with and without .
[image: ]
a. Without 
 
 (Due tois a floating point)
 
b. With  
 
Use Superposition to get output noise () 
i. By:
ii. By M2:  
iii. By M1:  
iv. By :  
 
 
 
 
5. Assume .
[image: ]
a. Calculate the input-referred thermal noise voltage (in terms of ).
 
 
 
b. If the thermal noise contributed by  is the same as that contributed from 𝑀1, how is the dc voltage drop across  compared to the overdrive voltage of 𝑀1?
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4) For the following circuit, assume 2 = y = 0. Calculate the input-referred thermal
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kHz to 1 GHz, and the result is 23.1n V2, which is closer to the
result of hand calculation.<
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5 From the question above, calculate the fofal Tms outpul Noise
voltage contributed by the transistor for the frequency ranges
from 1 kHz to 100 GHz.

o Assume a constant voltage gain over this frequency range, calcu-
late the total rms input-referred noise voltage of your design.

2) Assume A = y = 0. Consider the following circuit.

a) Calculate the dc voltage gain.

b) Calculate the output swing.

¢) Calculate the input-referred thermal noise voltage (in terms of V/vHz) and in-
put-referred thermal noise current (in terms of A/vVHz).

d) Use ft,Cor = 303 pA/V2 and 1, Cop = 91 pA/V? for the calculation. Set
Vop = 1.8V. Ipyy = Ipuz = Igp = 1 mA and (W/L); = 6 pm/0.18 pm.
Design Rp, and (W /L), so that the dc voltage gain is at least 3 V/V, output
swing is at least 1.2 V, and the input referred thermal noise voltage and current
are minimized. Describe how the circuit is designed.

€) From the results above, use HSpice to simulate the design.
i. Keep the device sizes unchanged. Adjust the bias voltages (Vinpc, Von1s

1

. W 2100
options.. - =W BGTR Y580 K G 2eell bl s

mm . X: 709mm

= BT
" HDD [





