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Question 1 [20 marks] 

(a) Figure 1 shows a two-transistor MOSFET current mirror. The transistor parameters are 

assumed to be VTP = -0.4 V, k’p = 60 μA/V
2
, and λ = 0. The transistor width-to-length 

ratios are (W/L)1 = 25, (W/L)2 = 15, and (W/L)3 = 5.  

Calculate IO, IREF, VSG1, and VSG3.      [10 marks] 

 

  

Figure 1     Figure 2 

 

(b)  Figure 2 shows a MOSFET diff-amp with a Cascode active load. Assume that NMOS 

devices are available with the following parameters: VTN = 0.5 V, k’n = 80 μA/V
2
, λn = 

0.02 V
-1

, and (W/L)1 = (W/L)2 = 10. Assume that PMOS devices are available with the 

following parameters: VTP = -1.0 V, k’p = 40 μA/V
2
, λp = 0.02 V

-1
, and (W/L)p = 20. The 

circuit parameters are V
+
 = 5 V and V

-
 = -5 V. The bias current is IQ = 0.2 mA. 

(i) Determine the output resistance, RO, of the Cascode active load.  [6 marks] 

(ii) Find the differential-mode voltage gain, Ad.              [4 marks] 
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Question 2 [20 marks] 

(a) Design a three-transistor BJT current source using PNP transistors so that its output 

current (IO) is 0.8 mA. All transistors are matched. The transistor parameters are β = 50, 

VEB(on) = 0.6 V, and VA = ∞. The circuit parameters are V 
+
 = 7.5 V and V 

--
 = -7.5 V. 

Draw the circuit diagram of your design. Show clearly all calculations and values in the 

circuit diagram as marks are given according to this.    [10 marks] 

 

(b) A basic differential pair is shown in Figure 3. It is given that V
+
 = 15 V, V

--
 = -15 V, 

resistor RC = 5 kΩ, IQ = 2 mA, and transistor parameters are β = 100, voltages VA = 100 V, 

VBE(on) = 0.7 V, and VCE(sat) = 0.3 V. 

   

Figure 3 

 

(i) Calculate the one-sided small-signal differential voltage gain (Ad) of the differential 

amplifier.          [2 marks] 

(ii) The constant current source of Figure 3 that is providing the current IQ is 

implemented using the basic two transistor current source. Find the value of Acm, 

the common-mode voltage gain of the differential-amplifier, using Equation (2.1) 

given above near the Figure 3. Assume RB = 0.    [2 marks] 

(iii) The differential amplifier shown in Figure 3 has a PNP three-transistor current 

mirror connected as an active load. Redraw Figure 3 with the new active load. 

Assume same values of β and VA for PNP. Determine the differential mode gain 

(Ad) and how much the Ad had changed using the new active load. [6 marks] 

 

𝐴𝑐𝑚 =
−𝑔𝑚𝑅𝐶

1+
2(1+𝛽)𝑅𝑜
𝑟𝜋+𝑅𝐵

 (2.1) 
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Question 3  [20 marks] 

(a) A simple bipolar op-amp is shown in Figure 4. Study the Figure 4 carefully.  

Neglect base currents. Assume parameters for all transistors are VBE(on) = 0.7 V, β = 200, 

and VA = ∞. Bias current for the differential amplifier can be calculated to be IQ = 1.2 mA. 

With small-signal analysis, values of gain Ad1 for the differential amplifier, rπ3, and gain Av2 

for the gain stage can be found using the following Equations (3.1) to (3.3).  

𝐴𝑑1 =
𝑉𝑜2

𝑣𝑑
=

𝑔𝑚2

2
(𝑅𝐶||𝑅𝑖2)  (3.1) 

𝑟𝜋3 ≅ 𝛽𝑟𝜋4     (3.2) 

𝐴𝑣2 ≅
𝐼𝑅4

2𝑉𝑇
(𝑅5)    (3.3) 

Calculate the total overall small-signal voltage gain (Ad) for the bipolar op-amp. 

           [10 marks] 

 

Figure 4 

 

(b) An idealized Class-B output stage is to deliver 10 Watts of average power to a load for 

a symmetrical input sine wave. The maximum output voltage (Vp) required should be 80% 

of the power supply voltage VCC. Given that the power supply voltage VCC is 24 V and the 

average current in the circuit is I(ave) = Vp / (πRL), where RL is the load. Calculate the 

value of the output stage’s power conversion efficiency ().   [10 marks] 



EEEB273, Semester 3 2018/2019 

 

Page 5 of 8 

Question 4 [20 marks] 

(a) The 741 op-amp is shown in Figure 5. Assume that VBE(on) = VEB(on) = 0.7 V, n = 200, 

p = 60, VAN = 200 V, and VAP = 100 V. The area of transistor Q13B is 75% of transistor 

Q12. It is given that IREF = IC12 = 0.4 mA. Calculate the small signal input resistance of 

the Gain stage (i.e. equivalent resistance looking into the base of Q16).  [10 marks] 

 

 
 

Figure 5 
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Question 4 (Continue) 

(b) Consider the MC14573 op-amp in Figure 6. Assume transistor parameters for N-

MOSFET are VTN = 0.5 V, Kn = 100 µA/V
2
 and λn = 0.01 V

-1
; and transistor parameters 

for P-MOSFET are VTP = -0.5 V, Kp = 125 µA/V
2
, and λp = 0.02 V

-1
.  

Given that VSG5 = 1.5 V:  

(i) Find the quiescent bias currents for all transistors in the Figure 6. [4 marks] 

(ii) Determine the overall small signal differential-mode voltage gain for the MC14573 

op-amp in the Figure 6. Gain for the output stage consists of transistor M7 and M8 is 

given by equation 𝑨𝒗𝟐 = −𝒈𝒎𝟕(𝒓𝒐𝟕||𝒓𝒐𝟖).    [6 marks] 

 

 
Figure 6 
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Question 5 [20 marks] 

(a) List two (2) ideal op-amp characteristics.      [2 marks]  

 

(b) Figure 7 shows a difference amplifier using ideal op-amps.  

 

  

Figure 7 

 

With proper analysis, show that      [10 marks] 

           

 

 

 

(c) For the difference amplifier in the Figure 7, let R1 = 12 kΩ, R2 = 120 kΩ, R3 = 40 kΩ, and 

R4 = 440 kΩ. Determine CMRR(dB).       [8 marks] 

 

-END OF QUESTION PAPER- 
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APPENDIX: 

 

A) BASIC FORMULA FOR TRANSISTOR 

BJT      MOSFET 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

B) HYBRID-π  EQUIVALENT CIRCUITS 

BJT          MOSFET 

   

 

C) QUADRATIC FORMULA 
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