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Question 1 [40 marks]

(a) The Widlar current source is shown in Figure 1. It is given that V' = 12V , V' = -12V, R; =
50kQ and Vgg; = 0.68V at ImA.

i) By clearly stating any assumptions, derive the relationship between I, and Izer for a
Widlar current source to achieve the equation below:

| [8 marks]
_ REF
loRe =V In(=55)
0
i) Design the current source to provide output current of 3uA by determining Irer, lc1, lc2,
Vge2 and Re. [12 marks]

Answers for Question 1(a)

I+

Figure 1
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(b) Design a pnp version of the Wilson current source using a resistor, Ry, to establish the
current, lzgr. The circuit parameters are V' = 10 V, V- =—10 V, and the transistor parameters are:
VEB(on) =06V, ﬂ =80, and Vp = oo,

1) Sketch the circuit of the design. [8 marks]

i) What is Iger, if the load current, 1o is 0.8 mA? [8 marks]

i) Compare and contrast the stability of the Wilson current source to a three-transistor
current source. [4 marks]

Answers for Question 1(b)
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Question 2 [30 marks]

(a) Consider the basic two-transistor NMOS current source in Figure 2. The circuit parameters are
V =25V, V =-25V, and lIger = 120pA. The transistor parameters are Vyy = 0.8 V, k’, = 80
HA/NVZ (W/L); = 3, (W/L),= 4.5, and A = 0.01 VX, Calculate Ip, at Vps, = 3 V.

[15 marks]

(b) Redesign the NMOS current source circuit in Figure 2 such that the minimum voltage at Vp;
=-2.0V, lrer = 60 YA, and the load current 1o = 100 pA. [15 marks]

Answers for Question 2
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Answers for Question 2 (continued)
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Question 3  [30 marks]

The basic BJT differential pair is shown in Figure 3. The circuit parameter values are: V' = +12 V,
V' =-12V, Ig = 1.2 mA, and Rc = 12 kQ. The transistor parameters in the differential pair are g =
oo (neglect base currents), Va = o, and Vge (on) = 0.7 V. The constant current source in Figure 3
that is providing the current lq is implemented using the cascode current source.

@ Sketch the full differential pair circuit that includes the circuit for the cascode current
source. [10 marks]

(b) Determine ic; and vcez for common-mode voltages vy = Vg = Vem =-3.5 V.
[10 marks]

(© It is given that the input voltages for the differential amplifier are vg; = 210 x 10° sin ot V
and vg; = 180 x 10° sin ot V. Calculate the differential-mode input voltage (vg) and
common-mode input voltage (vcm) of the differential amplifier. Then, find the maximum
and minimum values of v4 and v¢n,.

[10 marks]

Answers for Question 3
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