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BASIC FORMULA FOR TRANSISTOR
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This is extra page for answers. Please indicate question number clearly.
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QUESTION 1 [25 marks]

You are required to design a Widlar current source using NPN transistors such that Irgr = 2 mA
and 1o =50 pA. Let V' =15V and V™ =0 V. The transistor are matched and Vge = 0.7 V at 1 mA.

(a) Draw the circuit and clearly label all the resistors and transistors. [4 marks]
(b) Derive the Iger and lo relationship of the circuit, showing all your steps is getting the
relationship. [6 marks]
(c) Design the circuits and clearly show all calculations as marks are given according to this.
[10 marks]
(d) Given V4 and g for Q; is 100 V and 50 respectively, determine the output resistance, Ro, of
the Widlar current source. [5 marks]

Answers for Question 1
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Answers for Question 1 (Continued)
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QUESTION 2 [25 marks]

Figure 1 shows a differential amplifier has a pair of PNP bipolar as input devices and a pair of
NPN bipolar connected as an active load. The circuit has Iqg = 0.2 mA bias current and the
transistor parameters are g = 100 and V5o = 100 V.

(@) Calculate Ip such that the DC currents in the diff-amp are balanced. [6 marks]

(b) Determine the open-circuit differential-mode voltage gain, Aq. [12 marks]

(c) Find the differential-mode voltage gain if a load resistance R = 250 kQ is connected to the
output. [7 marks]

Answers for Question 2
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Figure 1
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Answers for Question 2 (Continued)
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QUESTION 3 [25 marks]

For a MOSFET current source circuit shown in Figure 2, transistor parameters are Vtn = 0.7 V,
k’y="70 pA/V?, and 2 = 0.015 VV'*. The transistor aspect ratios are (W/L); = 20, (W/L), = 12.5, and

(W/L)s = 3.
(a) Determine Vasi1, Vass, Irer, o, and Vps2 [15 marks]
(b) FindlpatVps; =25V [10 marks]

Answers for Question 3
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Answers for Question 3 (Continued)
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QUESTION 4 [25 marks]

Consider the diff-amp shown in Figure 3. The transistor parameters are: Kn; = Kn, = 0.1 mA/V?

and Kyz = Kns = 0.3 mA/V2. Other parameters for all transistors are A = 0 and Vo = 1 V.

(@ Find the values of 14, lg, Vgss, Ves2, Vo1, and Vog. [15 marks]
(b) Determine the maximum range of the common-mode input voltage, i.e. find the values for
vem (max) and vew (Min). [10 marks]

Answers for Question 4
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Figure 3
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Answers for Question 4 (Continued)
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This is extra page for answers. Please indicate question number clearly.
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