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a) I = ½ k’n (W/L) (VGS – Vtn)2 
=> 40 u = 0.5 (0.2m)(5)(VI – 0.5)2 
=> VI = 0.5 + sqrt(40u/0.5m) = 0.783 V 
 
b) vO = vDS => vOmin = vDSmin = vGS – Vtn  
Assuming vGS = VGS (DC value) => vOmin = 0.783 – 0.5 = 0.283 V 
 
c) gm = ID/(VOV/2) = 40u/(0.283/2) = 0.283 mA/V 
ro = VA/ID = (1/0.1) / 40u = 250 K 
gain = vo/vi = –gm(ro // Ro of current source) = –0.283(100//250) = –20.2 V/V 
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d) ID(Q2) = ½ k’p (W/L) (VOV2)2
   

This current is equal to 40u 
=> 40u = 0.5(0.08m)(W/L)(0.2)2 => (W/L) = 25 for Q2 
(W/L) = 25 for Q3, since Q2 and Q3 are matched. 
 
e) VSG = |Vtp| + |VOV2| = 0.54 + 0.2 = 0.74 V  



 
f) Output resistance is ro2 = VAP / ID2 = (1/0.12) / 40u = 208.33 K 
 
g) For Q2: |VDS| ≥ |VGS| – |Vtp| => VDD – VO ≥ 0.2 V => VOmax = VDD – 0.2 V 
 
Problem 2: 
In this problem, there is an implicit assumption that the signal source (not shown) has 
a large source resistance, and that the source does not affect the DC bias. 
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a) DC analysis: current in 300K resistor = IB 
KCL at collector: 0.5 mA = IB + IC + VO/10K 
But VO = 300K×IB + VBE = 300K×IB + 0.7 V 
=> 0.5 mA = IB + β IB + (300K×IB + 0.7 V)/10K 
=> 0.5 mA – 0.07 mA = 91 IB => IB = 4.725 uA 
IC = 60 IB = 0.2835 mA 
VO = 300K×4.725 uA + 0.7 V = 2.118 V 
 
b) The Miller constant is the gain from base to collector without RB, and is given by        
–gm R’L with R’L = ro (BJT) // Ro (current source) // RL 
 ro (BJT) = VA/IC = 80/0.2835m = 282.2 K 
R’L = 282.2 K // 100 K // 10K = 8.807 K 
gm = IC/VT = 0.2835m/25m = 11.34 mA/V 
Miller’s K = –gm R’L = –11.34×8.807 = –99.87 
Equivalent resistance from base to ground due to RB: R1 = RB/(1 – K) = 
300K/(1+99.87) = 2.974 K 
The input resistance is Rin = rπ // R1 

rπ = VT/IB = 25m/4.725u = 5.291 K 
Rin = 5.291 // 2.974 = 1.904 K 
 
c) The resistance seen by Cπ is Rin (we can use the approximation from part (b)) = 
1.904 K. The more accurate estimate is obtained as follows: 
iRB = (vi – vo)/RB = (1 – gain)vi/RB => vi/iRB = RB/(1 – gain) = 300K/(1 + 97) = 3.061 
K [note: the value of the voltage gain is found in part (d)] 
Resistance seen by Cπ is equal to: rπ // (vi/iRB) = 5.291 K // 3.061 K = 1.939 K 
 



rpi

RB

gmvi R’L

vi vo

Resistance 
seen by Cpi

Resistance 
seen by Cmu

Resistance 
seen by CL

 
 
The resistance seen by CL is equal to:  
        R’L // (resistance due to controlled source) // (RB + rπ): 
vπ = vi = vx rπ/(rπ+RB) = vx×5.291/(5.291+300) = vx/57.7 
The controlled current source is therefore equivalent to a resistance equal to 57.7/gm = 
5.088 K 
The resistance seen by CL is therefore: 8.807 // 5.088 // 305.29 = 3.191 K 
 
The resistance seen by Cμ is equal to: RB // (R’L + rπ + gm×rπ×R’L) = 300 K // (8.807 
K + 5.291 K + 11.34×8.807×5.291 K) = 193.2 K. 
 
τH = 1.939 K×1 pF + 3.191 K×20 pF + 193.2 K×1 pF =  258.96 nsec 
fH = 1/(2π τH) = 614.6 KHz 
 
d) The low-frequency voltage gain is determined without using Miller’s theorem. The 
current in RB is (vi – vo)/RB. This current is equal to gm vi + vo/R’L. Therefore: 
(1/RB – gm) vi = vo(1/R’L + 1/RB) => The voltage gain is  
vo/vi = (1/RB – gm)/ (1/R’L + 1/RB) = (1 – gm RB)/(RB/R’L + 1)  
= (1 – 11.34×300)/(300/8.807+1) = –97 V/V or 39.74 dB 
 
e) Asymptotic Bode Plot 
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a) IREF = (2 – VGS1)/10K = ½ k’n (W/L) (VGS1 – Vtn)2 = (0.5)(0.2m)(10)(VGS1 – 0.4)2. 
Solving the quadratic equation we get: VGS = 0.753 V (the other root is negative).  
IREF is therefore (2 – 0.753)/10K = 0.1247 mA 
 
b) VGS2 = VGS1 – IO×R2  and 
IO = ½ k’n (W/L) (VGS2 – Vtn)2 = ½ k’n (W/L)(VGS1 – IO×R2 – Vtn)2 
Therefore IO = (0.5)(0.2m)(10)(0.753 – IO×10K – 0.4)2 
=> IO = 20.86 uA 
The value of VGS2 is 0.753 – 20.86u×10K = 0.5444 V 
 
c) The minimum output voltage corresponds to VDS2 = VGS2 – Vtn => VO – IOR2 = 
VGS2 – Vtn => VOmin = 20.86u×10K + 0.5444 – 0.4 = 0.353 V 
 
d) The output resistance is given by ro2 + R2 + gm2 ro2 R2 
ro2 = VA/IO = (1/0.08)/20.86u = 599.23 K 
gm2 = IO/(VOV/2) = 20.86u/((0.5444-0.4)/2) = 0.289 mA/V 
RO is therefore equal to: 10K + 599.23K + 599.23K×0.289m×10K = 2340.5 K 
 
Problem 4 
In this problem, there is an implicit assumption that the signal source (not shown) has 
a large source resistance. 

vo

vi

        

vo

vi

VDC

 
 

a) Using Miller’s theorem, the time constant at the input of the circuit is given by 



τH = rπ (Cπ + Cμ (1 + gm ro)) since the only “load” is the output resistance of the BJT 
itself. 
τH = rπ (Cπ + Cμ (1 + gm ro)) = rπCπ + rπCμ + rπCμgm ro = rπCπ + rπCμ + βroCμ 

The third term is much larger than the first two, and therefore τH is approximately 
βroCμ. 
fH = 1/(2π τH) = 1/(2π βroCμ) 
 
b) The current source output resistance is approximately ro. The output resistance of 
the amplifier becomes Ro ≈  ro//ro = ro/2. The open-circuit voltage gain becomes –gm 
ro/2 = –A0/2. The 3-dB frequency becomes 1/(2π τH) = 1/(2π β(ro/2)Cμ) = 2 fH 
 
c) The current source output resistance is approximately βro. The output resistance of 
the amplifier becomes Ro ≈  βro//ro ≈  ro. The open-circuit voltage gain becomes –gmro 
= –A0. The 3-dB frequency becomes 1/(2π τH) = 1/(2π βroCμ) = fH 

 
d) For an unloaded cascode amplifier, the output resistance of the unloaded amplifier 
is given by βro. The output resistance of the amplifier becomes Ro ≈  βro//ro ≈  ro. The 
open-circuit voltage gain becomes (see Fig. 6.41 in textbook) –βA0 ro/(ro+βro) ≈  –A0. 
The 3-dB frequency becomes 1/(2π τH) ≈  1/(2π roCμ) = βfH      (see Fig. 6.42 in 
textbook) 
 
e) The output resistance of the amplifier becomes Ro ≈  βro//βro = βro/2. The open-
circuit voltage gain becomes –βA0 βro/(βro+βro) = –βA0/2. The 3-dB frequency 
becomes 1/(2π τH) ≈  1/(2π (βro/2)Cμ) = 2fH 
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For the difference amplifier, the output voltage is given by: 

2 4 2
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=> 1 24.7 4.674o i iv v v= − + = Av1 vi1 + Av2 vi2 = Ad (vi1 – vi2) + Acm (vi1+vi2)/2 
=> Ad = (Av1 – Av2)/2 = –4.687 V/V 
and  Acm = Av1 + Av2 = –0.026 V/V 
 
=> CMRR = 20 log|4.687/0.026| = 45.12 dB 
 
 


