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Parameter: V= 0.026mV (T= 300 K), In10=2.3, *=0.37, e*=0.05

1. (5%)What is the reasonable value for the intrinsic carrier concentration in silicon at

T=300 K: {a) 1.5x10"" em™ (b) 1.5x16'* erm™(c) 1.5x10° em(d) 1.5x10% cm”™

{5%%) What is the suitable doping species for the N-type 8i: (a) N (b) Al (c) B (d) As

3. (5%) What is the ideal gate current for the MOS filed-effect transistor: (a) 0 A{b) 1
mA. () 104 {d) 1000 pA.

4. The hole concentration in silicon is given by p{x)= 10*+10exp(-x/Ly), x>=0. The
value of Ly is 10 pm. The hole diffusion coefficient is B, = 15 em®/s. Determine the
hole diffusion currest density at {a) x=0, (3%} (b) x=10 pm {3%), and (¢) x = 30 pm.
(4%} :

5. [(5%) (a) The applied electric field in p-type silicon is E=10 V/em. The semiconductor
conductivity is o= 1.5 (ochm-cm)' and the cross-sectional area is A=107 ¢m’”.
Determine the drift current. (5%) (b} The cross-sectional area of a semiconductor is A
= 1.2 x 10 cin? and the resistivity is p= 0.4 (ohm-cm). If the drift current is I= 1.2
mA, what applied electric field must be applied?

6. Consider the rectifier circuits shown in Figure 1 and 2. Assume the input voltage is
from a 110 ¥ (rms), 60 HZ ac source. The desired peak output voltage v, is 9 V, and
the diode furn on voltage is assumed to be ¥, =0.7 V. Compare the characteristics of (2)
and (b} in these twoe full-wave rectifier cireuits:

(a) transformer turms ratio. (5%6)
(b) peak inverse voltage. (5 %)
(c) Which rectifier is better? {5 %o}

7. Determine the current in each diode (Ipl, IpZ2. and Ip3) and the voltages of Fqand Vi
in the multidiede circuit shown in Figure 3 .Let ¥, =0.7V for each diode. [10%)

8. (5%) (a) Please describe the “Body effect” in MOSFET.

(5% (b) Please describe the “Early Voltage™ in Bipolar Tunction Transistor.
{5%) (c) For small signal consideration, an NMOS transistor biased in the saturation
region, with a drain current of Ipg , prove gm=2(Kalpg)"” in MOSFET.

9. For the circuit in Figure 4 let §=100 - V; =200V : V=10V - Feon=0.7V * B-=15
kG Rg=100 kO » and ¥Fpp=0.95V. (a) Determine the smali-signal kybrid-r parameters
Fr gm0 and r, (16 92). (b) Find the small — signal voltage gain 4,=F,/F;. (5 %)

10. Determine the smailsignal voltage gain of a common-source circuit containing a
source resistor. Consider the circuit v Figare 5 with parameters: V= 0.8V, K, =
1mA/V?, and 3=0. (Note: Vasg=1.5V, Ing =0.5 mA, and Vpso=6.25 V) {10%)
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