
1. CS stage 

 a) It’s a typical CS stage amplifier, and we know it very well. 

  i) Sout(f) = 4kTRL = 4x(1.38xE-23)x300x600 = 9.9E-18 (V^2/Hz) 

  ii)𝑉𝑜𝑢𝑡𝑝𝑢𝑡,𝑛
2̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ = 𝑆𝑜𝑢𝑡(𝑓) × 1𝐺𝐻𝑧 = 9.9 𝑛𝑉2 =  (99𝑢 𝑉𝑟𝑚𝑠)2 

  iii) 𝑉𝑜𝑢𝑡𝑝𝑢𝑡,𝑛,𝑅𝐿
2̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅ =

𝑘𝑇

𝐶
= 41.4 𝑛𝑉2 =  (0.2𝑚 𝑉𝑟𝑚𝑠)2 

 b) 

  i) DC analysis 

  Size : W/L = 8um/0.18um. 

  Power : 2.3mW 

 

  Output DC voltage : 1.05V 

 
  ii) AC analysis 

  At f=1kHz, gain=2(or 6dB), 3-dB bandwidth = 2.69GHz

 

 

   

 



  iii) Noise analsis 

Output noise PSD: 

 

Integral of PSD 

 

𝑉𝑜𝑢𝑡𝑝𝑢𝑡,𝑛,𝑡𝑜𝑡𝑎𝑙
2̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ = 93.2 𝑛𝑉2 

From a-iii, 𝑉𝑜𝑢𝑡𝑝𝑢𝑡,𝑛,𝑅𝐿
2̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅ = 41.4 𝑛𝑉2, the difference comes from the nosie of M1. 

We can get 𝑉𝑜𝑢𝑡𝑝𝑢𝑡,𝑛,𝑀1
2̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ = (93.2 − 41.4)𝑛𝑉2 = 51.8 𝑛𝑉2 = (0.23𝑚 𝑉𝑟𝑚𝑠)2 

Lastly, 𝑉𝑖𝑛𝑝𝑢𝑡,𝑛,𝑡𝑜𝑡𝑎𝑙
2̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅ =

93.2𝑛𝑉2

𝑔𝑎𝑖𝑛2 =
93.2𝑛𝑉2

22 =  23.3𝑛𝑉2 = (0.15𝑚 𝑉𝑟𝑚𝑠)2 

 

 

 



2. CG stage 

 a) gain = gm1RD 

 b) output swing = VDD – Vov1 – Vov2 

 c) By the textbook: 

    input-referred noise voltage = (√4kTγ
1

𝑔𝑚1
+ 4kT

1

𝑔𝑚1
2𝑅𝐷

   𝑉/√𝐻𝑧)2 

    input-referred noise current = (√4kTγ𝑔𝑚2 + 4kT
1

𝑅𝐷
   𝐴/√𝐻𝑧)2 

 d) 

 

 e) 

  i) 

  Gain = 3 

 

  DC current through Vin = -5 uA, which is small. 

 

  Bias current < 1mA, ouput swing = 1.8 – (0.387+0.088) = 1.33 V 



 

 

  ii) Bias point: Vbn1=1.17 V, Vbn2=0.6V, Vin,DC=0.25V 

    Power: 1.3mW 

 

    Output DC voltage: 955mV 

 

  iii) AC kHz,analysis 

  (x,y) = (1kHz , 9.64dB) 

 

  

 



 iv) NOISE analysis 

output noise PSD 

 

At 1GHz, (x,y)=(1GHz , 4.66E-17); at 10GHz, (x,y)=(10GHz, 3.8E-17) 

 

Input noise PSD 

 

At 1GHz, (x,y)=(1GHz , 5.1E-18); at 10GHz, (x,y)=(10GHz, 5.1E-18) 

 

From 2-d, with gm1=2.57m, RD=1200 ohm 

𝑉𝑖𝑛𝑝𝑢𝑡,𝑛,𝑡𝑜𝑡𝑎𝑙
2̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅ = 4kTγ

1

𝑔𝑚1
+ 4kT

1

𝑔𝑚1
2𝑅𝐷

= 6.38 × 10−18𝑉2 

The noise derived from 2-d’s equation is larger. Discrepency may come from: 

1) There is still DC current flowing through Vin, so the formula in 2-d cannot 

entirely represent the noise behavior. 

2) Second-order effect, such as body effect, causes the error. 



計算題: 

 

 

 

 

 



 


