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1. Answer definitions of the following effects and D. The Yo VS. Vps chéa[ractenstnc of MOSFET is
explain the physical mechanisms. (10 %) shown in Fig. 5. Please identify and explain the
(a) Junction breakdown. (2%) eftects at the three regions. (5% )
(b) Channel length modulation effect. (2%) : ,{7*}"}-/./
(c) Mobility degradation. (2%) b Region Ii : “:4(
(d) Hot carrier eftect. (2%) Region | Reguz):\/:l fi}/
(e) Velocity saturation. (2%) X y 4
2. A source follower as shown in Fig. 2 with g, = .
ImA/Y, gmp = 0.2¢,, Rs = 500kQ, and r, = Vos
100kQ. (5%) Fig. 5

(a) Sketch the small signal equivalent circuit.
'“ (2.5%)
the voltage gain Vou/Vin. (2.5%)

6. Derive the equation of voltage gain V ,/V, of
amplifier as shown in Fig. 6 in terms of g,

g mb<n>, Em<p>, Emb<p>, Y o<n> and I o<p>- (5%)

Tk Assumeq 0, 7o /ﬁ gm = IMA/V, Rg =
20k, and Rp= 100kQ in the circuit of Fig. 7.

~(5%)
St TR o 4“} (a) Find the short circuit transconductance G
b) D ;_:_;ﬁ the operatlon regions I, II, and IIL of this amplifier. (2.5%)
' (b) Find the voltage gain Vou/Vis- (2.5%)
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a 3 Fig. 8 is a layout of CMOS inverter. (3 %) 11. Assume g,, = ImA/V, gmp» = 0.2 gm, Rs= 10k£2,
‘k . (a) Draw the cross section from A-A’. (2.5%) and Rp = 100k<2 in the circuit of Fig. 11. (§%)
0 (b) Identify and index all the name of layers. (a) With r,= oo, find input impedance. (2.5%)
' (2.5%) (b) With r,= 100k, find the output impedance.
(2.5%)
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9. A differg.ntial pair 1s shown in Fig. 9. Assume |
all the MOSFETs are biased with I‘Kd =200mV Fig. 11 A }j

and Ivthl — 06V The ID(M3) f EA_; Eml — &m2 \ﬁ\/

e e i
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= ImA/V, Rp; = Rpy = 100kQ, r,(M,) = ro(M,) 12. A cascode current mirror as shown in Fig. 12,

= ro(M3) = 100kQ, and Vpp = 1.8V. (10%) assume M; and M, are biased with |V,,| =

(a) Find the differential gain A, py. (2.5%) 200mV, |Vi| = 0.6V, Irer = 10UA, gm1 = gm2 =

(b) Find the common-mode gain A, cp. (2.5%) IMA/N  Tol : = W T .= Wots el BUKEL

(c) Find the maximum differential input signal (W/L)s/(W/L); = (W/L)s/(W/L)2= 4, and Vpp =
1.8V. (10%)

(a) Find the g,3 and g,u.4. (2.5%)

ind the minimum V, and related output
V

oltage Vou for proper current mirror
operation. (2.5%)

(c) Find the output resistance Ry (2.5%)
@ketch a circuit to generate the required
optimal bias Vy, in (b). (2.5%) \[ ! «\’\l‘?é
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13. A differential to single-ended amplifier is K (1) The threshold voltage( %}%
shown in Fig. 13. Assume all the MOSFETs are Mcreased by n+ channel implantation. (1%)

biased with |V, = 200mV, |Vul = 0.6V, r, = : (J) The depletion width of p/n ratio (W,/W,) in
100kQ2, and u,C,x = 0.001F/V*S. The Ip(Ms) = diode 1s correlated to doping concentration
80uA and Vpp = 1.8V. (5§%) - _(Na/Np) as W,/W, = Na/Np. (1%)

(a) Find the_ mln%mumlnplt[)c/ blﬂS vo]tage_ (k) The transconductance Em of MOSFET 1S i‘)
(2 5%) i proportional to| V,, 'at known constant %
Y

{md the voltage gain Vou/(Vini-Vin2). biasing current. (1%)
() The channel charge of MOSFET \

0L o 1 IV . .

Nl 'S proportional to W*L and overdrive voltage

L V,, as well. (1%)

(m)The output resistance of MOSFET at
saturation region is inversely proportional

to bias current. (1%)
(n) The addition of source resistor on

smmon-source amplifier improves the

and linearity. (1%)

(0) The output impedance and available swing
of current source can be increased by

14. Answer the following questions with TRUE or cascode structure. (1%)

FALSE: (15%) Mi N
(a) The angle of ion implant 1 ro”’ degree W
for better depth control. (1%) S\

X
osition is a common \l\\"\. 8 _tl/’

— (b) Chemical vapor . | ks ]JO
process for (meta 1 11:\ ationt ine 1 C \NK
manufacturing. (1%) _T\}

(c) Annealing is for crystal lattice reforming \\\J( > ‘\HK

E | | I 3 after OXIdﬁ{OI‘l (1%) \(\(‘\

'; (d) Shallow trench isolation is wused 1In
. advanced technology for its higher
% precmon (1%)

proportional to \\%
blasmg voltage. (1%) @” NS
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