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1) Figure 1 shows a differential amplifier. The amplifier is completely symmetric, i.e. 

M1=M2, M3=M4 and M5=M6. Assume λ ≠ 0 and γ = 0. 
 
(a) Draw the low-frequency small-signal model of the circuit.     (1 p) 
 
(b) Derive an expression for the DC gain.        (1 p) 
 
(c) What kind of circuit element do M5 and M6 realize?      (1 p) 
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Fig. 1. Differential amplifier. 
 
 
 
2)  A cascode current mirror is shown in Fig. 2. If VY=1 V, determine Vb to have a 

perfect mirror (Iout=Iref). Assume that all transistors are long channel transistors.
             (3 p) 

 
µnCox = 250 µA/V2 

λn = 0.1 V-1 
γn = 0 
V t0n = 0.5 V 
Vdd = 2 V 
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Fig. 2. Cascode current mirror. 
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3)  Transimpedance amplifiers are commonly used in optical receiver circuits. This type 

of amplifier converts an input current, iin, into a voltage, vout. Figure 3 shows an 
example circuit implementation of such an amplifier. For all subproblems, neglect all 
capacitances except CX and CL; and assume λ ≠ 0 and γ ≠ 0.  

 
(a) Draw the small-signal model of the amplifier.       (1 p) 
 
(b) Derive an expression for the transfer function, R(s) = vout/i in, of the amplifier. 

Identify the DC transimpedance and the two poles.      (2 p) 
 
(c) Calculate the DC transimpedance and the location of the poles given the bias 

conditions in Fig. 3.          (2 p) 
 
 

µnCox = 160 µA/V2 
L = 0.35 µm 
W1 = W2 = 35 µm 
λn = 0.1 V-1 
γn = 0.4 V1/2 
V t0n = 0.5 V 
2ΦF = 0.9 V 
Vdd = 3.3 V 
 
I1 = 500 µA 
I2 = 2 mA 
RD1 = 2 kΩ 
RD2 = 500 Ω 
RS = 2 kΩ 
CX = 0.25 pF 
CL = 2 pF 
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Fig. 3. Transimpedance amplifier. 
 
 
 
 
 
 

4) Estimate the propagation delay of a 2-mm wire with a high-frequency characteristic 
impedance of 50 Ω and resistance per length of r=5 KΩ/m and dielectric constant 
εr=4.  (3 p) 
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5) A 3-stage ring oscillator is shown in Fig. 4. Assume that all of the transistors are 

identical and ignore their parasitics. Calculate the phase margin of this circuit. 
Assume R= 3.5 KΩ, C=1 pF, gm=1 mA/V, and ro= 10 KΩ.   (4 p) 

 

 
 

Fig. 4. A three-stage ring oscillator. 
  
 
 
 
6)  Assume you have access to the following components: 

� An ideal Phase-Detector (PD), shown in Fig. 5(a). 
� Many ideal Voltage-Controlled Delay elements (VCD), such as the one shown 

in Fig. 5(b).  
 
 
 
 
 
 
 
 
 

Use the abovementioned components and design a clock phase generator (Fig. 5(c)) 
which receives a periodic clock signal (Clkin) with an arbitrary frequency, and 
generates a clock signal (Clkout) with the same frequency but with 90 degree phase 
shift.   

(2 p) 
 

 
 
 

 
 
 
 

Clkin 90o phase shift Clkout 
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Control_voltage (t) 

V in(t) Vout(t) 
PD V2(t) 
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Fig. 5(a) Fig. 5(b) 

Fig. 5(c) 
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TRANSISTOR EQUATIONS 
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NMOS 
 

• Cutoff: ID = 0  (VGS < VTN) 
• Linear mode: 

( ) 
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DSTNGSoxnD µ  (VGS > VTN) and (VDS < VGS - VTN) 

• Saturation mode:
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PMOS 
 

• Cutoff: ID = 0  (VGS < |VTP|) 
• Linear mode: 
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TRANSMISSION LINE EQUATIONS 

• Complex characteristic impedance • Characteristic impedance for lossless TL: 

CjG

LjR
Zc ω

ω
+
+=  

C

L
Z0 =  

• Inductance voltage-current relation: • Capacitance voltage-current relation: 

dt

dI
LV =  

dt

dV
CI =  
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• Mutual inductance: 

dt

dI
LV n

mnmn =   where m ≠ n 

 
 
 
 

  

 

 

 

 

 

 

 

 

 

 

 
                                                                                
 


