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BASIC FORMULA FOR TRANSISTOR

BJT MOSFET
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This is extra page for answers. Please indicate question number clearly.
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QUESTION 1 [30 marks]

For all BJT current sources mentioned in this Question 1, all transistors are matched and have

same parameters. The transistor parameters are: f = 40, Vge(on) = 0.7 V, and VA = 120 V. The

circuit parameters for the current sources are: V" =12Vand V" =-12 V.

(a)

(b)

(©)

(d)

Design a Two-transistor current source, a Three-transistor current source, and a Wilson
current source such that Igrer = 1.2 mA. [7.5 marks]
Calculate values of output current (lp) and output resistance (Ro) for all the BJT current
sources given in part (a). [13.5 marks]
Find the change in the output current (dlp) as the output voltage for all the BJT current
sources given in part (a) had changed by +2.3 V. [6 marks]

Based on your calculations in part (b) and part (c), which current source has the most
stable 1o, which current source has the medium stable Io, and which current source has the
least stable 1o from all the BJT current sources given in part (a)? Explain clearly your

answers. [3 marks]

Answers for Question 1
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Answers for Question 1 (Continued)
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QUESTION 2 [30 marks]
(@) It is required that a PMOS current mirror circuit is implemented using transistors M; and

Mo, and a resistor R;.

(1)  Sketch the PMOS current mirror. Indicate the currents Igrer and lo,  [6 marks]

(i)  Show that the current relationships are as is Equation 1. [4 marks]
_ W/L), .
Iy = WD), [ReF Equation 1

Answers for Question 2(a)
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(b) An NMOS cascode current source is shown in Figure 1. The currents are Irgr = 2mMA and
lo = 40 pA. It is given that Ko = Knz = Kns = 25 mA/V2. The transistor parameters are k,’ =
0.5m A/V?, Vry=0.9 Vand 4=0.02 V™.

(1) Find all Vgs voltages for the circuit. [5 marks]
(it) Design the current source to produce Igrer =2 mA and lo = 40pA. [5 marks]
(i) Find output impedance (Ro) of the cascode current source. [4 marks]

(iv) Calculate percent change in output current lo if Vps changes by 2.5 V. [4 marks]
(v) If a 2-transistor current source is used instead, will the percent change in lo increase

or decrease? Justify your answer. [2 marks]

Answers for Question 2(b)
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Figure 1
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QUESTION 3 [20 marks]
(a) Draw a complete circuit diagram for a PNP differential amplifier with resistive load biased

by a cascode current source. Transistors Q; and Q; are used in the differential amplifier while

transistors Qs until Qs are used in the cascode current source. Label the diagram clearly,

showing all necessary currents, resistors, and PNP BJTs used in the circuit.
[5 marks]

Answers for Question 3(a)
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(b) Figure 2 has the transistor parameters of g = 120, Vge(on) = 0.7 V, Va = o for Q; and Q,
and Va =100 V for Qs and Q4. Given R¢c =5 kQ.
(i) Calculate Ry such that 1o =4 mA. [5 marks]
(i) Determine output of the differential amplifier, Vop, if vi = vo = vem = 0.
[5 marks]

(iif) Determine Vcgs for vi = vo = Ve = 0. [5 marks]

Answers for Question 3(b)

Y
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Figure 2
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QUESTION 4 [20 marks]

Please refer to a BJT differential amplifier circuit in Figure 3. From small-signal analysis the

expression of the output voltage at V¢, is shown in Equation 2. It is given that for the transistors
Vge(on) = 0.7 V, g = 250, Va for Q; and Q; is infinity, while for Qs and Q4, Va = 100 V. For the
circuit Ry = 37 kQ, Rc = 30 kQ, and Rg = 500 Q. For the differential amplifier, neglect the base

currents.

ﬂRC ngC
Vg =S v, — -V _
° 2(rﬂ+RB) d 14 20+ )R, " Equation 2
r +R;

(@ Find the differential gain (Aq), the common mode gain (Acm), and the common mode
rejection ratio CMRR (dB) of the circuit. [13 marks]
(b) Itis given for the inputs, v; = 210 x 10° sin ot V and v, = 190 x 10 sin @t V. Calculate the

output voltage V. [7 marks]

Answers for Question 4

L/ 5\

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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