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1. Driving circuit

The circuits in Fig. 1(a) and 1(b) show simple driving circuits for one LED and

two LEDs. Figure 1(c) shows the I-V curve of the LED. The Vis+ is 5 V dc voltage

and the OP is driven by £25-V V... Please answer the following questions. (22%) '

1) If R and Ry keep the same values, what will you observe about the brightness of
the LEDs A, B, C? (hint: brighter, dimmer, or the same) (5%) '

2) What is the major difference between this driving circuit and the circuit that
directly connects LEDs and voltage source in series? Especially in the condition
that there are more than 2 LEDs. (5%)

3) If the maximum driving current of the LED is 200 mA and the dynamic range of
the LED is from 0 to 200 mA. Please give your design for R and Ry. (6%)

4) With a suitable combination of R and Ry, the driving current of two LEDs in
Fig. 1(b) are set as 200 mA. If two more LEDs are now added to Fig. 1(b) and
connected in series with other LEDs, what will happen to the brightness of these
LEDs? Please explain your reason. (6%)

(@) | (b)
210 l
180
150 1
120

Current {mA)
a O
o ©

w
o

[=}

"0 12 3 4 5 6 7 8 9
' Voltage (V)

(©

Fig. 1




Fh3)
#B

B P RAE 111 £ 5 FELIEERANERAE
ATH o
T2

2. -Amplifier and filter , .
1) For the circuit in Fig.2, please draw the time curve of the output voltage,

where Vin(f) = 5cos(250¢). Please give all the details about this signal in your
chart. (10%)
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2) Figure 3 shows a signal synthesizer combined with an active filter. Set ¥(7) =
0.4¢c0s(1000£-60°), ¥a(f) =0.3c03(1600¢ +30°), and V() = 0.1cos(50005).
Please give the function of the output signal. (18%)
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3. (25%) For the following circuit, n-MOSFET Q1 works as a common source (CS)
amplifier while Q2 and Q3 work as a current mirror.  These transistors are identical
with Ve =2 V, kn= pnCox(W/L) =2 mA/V2, V4= 100 V, and Vpp=Vss =5 V.

(5%) (a) To make sure the resistance of the current mirror is large enough, we
would like to have the output resistance (for Q3) 1o = Va/lp = 100 k. Please
find the corresponding Rier.

(15%) (b) Followed by (a), if the open-circuit gain (A., without Ry) of the CS
amplifier is designed to be Avo =-10. What is Rp? What are the corresponding
Vp and Vs for Q1?

(5%)  (c) Followed by (b), if now the load Ry is connected at the drain with a
capacitor CL=100 nF, what is the minimal Ry, to operate this circuit at low

frequency fi aag) < 500 Hz.
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4. (25%) A BIT differential pair is shown as below. All BJTs are assumed to be the
same with 3=100 and Early voltage Va=o0. Vee=35V. Please evaluate the
following at room temperatufé (V1=25mV):

(10%) (a) If the Riq is designed to be 100 k), what is the current source I needed for
the BJT differential pair? What is the biasing voltage at collector (Vo1 / Ve2)?

(5%) (b) What is the differential voltage gain (A¢=voa/vig)?

(10%)  (c) If we want to design the amplifier with common-mode rejection ratio

(CMRR%{}@) > 1000 (or 60 dB) for Ret/Rez mismatch=1% (worst case

dRo/R; =0.01), what is the maximal common-mode gain (Acm)? What is the

minimal resistance for the current source (R current source) ?
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