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1. Figure 1 shows an op-amp circuit for 4-bit digital-to-analog converter (DAC)',
" which can convert a 4-bit' digital word asazaiap to an analog output. The value of
each bit is represented by a corresponding switch. That is, if ag is 1 tHen switch Sy
connects to the +5-V power supply, while if ao is 0 then switch So connects to
ground. ' _

(a) If the output voltage v, ranges from 0 to -32 'V, find R, Rz and Rs. (15%)

(b) Based on this circuit, please design an op-amp circuit which can convert a 4-bit
digital word to an analog output ranging from 0 to 12 V. Any reasonable
scheme is allowed. (5%)
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Fig. 1

2. For an active filter shown in Figure 2, please answer the following questions:
(a) Determine the transfer function H(s) = Vo/Vs, where s =j@. (5%)
(b) Show that this active filter is a band-pass filter. (3%)
(¢) For R1=1kQ and C1=0.1 4F, find R; and C> so that the band-pass filter has a
resonant frequency at 1600 Hz and unity peak gain. (6%)
(d) Draw the Bode plot for the magnitude of the band-pass filter in (c). (5%).
(e) For the band-pass filter in (c), find the gain of the resonance peak. (3%)
(f) Find Rz and C; which can increase the peak gain to 10. (8%)
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3. (25%) For the following circuit, 3 identical nMOSFETSs are used with Vi=1V, k;=

tnCox(W/L) = 1 mA/VZ, Va= 100V, Reer = 3.5 kQ, and Vpp=Vss=5V.

5%  (a) Please find the reference current (Irer) for the current mirror.

5%  (b)If aload 2 kQ is connected at the drain, please find |Av|=|(Vo1/vin)| and output
resistance (Row) if Rp=2 kQ.

5% (é) If now the load 2 kQ is connected at the drain with a capacitor C, what is the
minimal C to operate this circuit at fL aag) < 1 kHz. You can assume this is the only
capacitor seem from this circuit.

10% (d) if now the load 5kQ is moved from the drain to the source with a capacitor.
What are the [Av|=](Vo2/vin)| and output resistor (Rout)?
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4, (25%) A BIT differential pair is shown as below. Two synchronized sinusoidal waves

(vsint and vsin-) All BJTs are assumed to be the same with 4 =100 and Early voltage Vo=

oo, Please evaluate the following at room temperature (V1=25mV):

(5%) (a) What is the conducting current (Ig1 and Ig2) for the BIT differential pair?

(5%) (b) Since R1 and R2 are different, what is the resulted offset voltage (Vos) at input?
(hints: you can estimate this by dividing the output offset by the differential gain,
Aq).
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(15%) (c) Please plot the corresponding output waveforms at ve; and v if the synchronized
sinusoidal waves are both 10 kHz with amplitude ImV. You should note the
polarity at base is opposite for Q1 and Q2. (hints: you can calculate the DC voltage
at ve1 and Ve and then calculate amplification at each side.) ~Assume that the

‘current source is ideal with an infinite resistance.
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