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INSTRUCTIONS

Closed book, closed notes.

Calculators are allowed, but borrowing is not allowed.

Your mobile phones must be turned off during the exam.

You must show your work for all problems to receive full credit; simply providing answers will
result in only partial credit, even if the answers are correct.

Put your name on any additional material that you submit.

Be sure to provide units.

Please indicate the number of page where your work is to be continued.

Do not spend all your time on one problem and on one part and attempt to solve all of them.
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ETE 232 ' Microelectronic Devices and Circuits Spring 2011/2012
Midterm Exam 1 April 7,2012

Q1. (30 pts)
(a) (10 pts)Fill in the missing blanks.

i | The region around the p-n juntion containing no mobile electrons or holes is called depletion region.
ii Electrons in the outermost shell are called valence electrons
iii | The valence electrons shared betwen atoms form a covalent bond

iv | In order to break the covalent bond, the valence electron must gain a minimum energy called bandgap
energy. ‘

v | An intrinsic semiconductor is a single crystal semiconductor material with no other types of atoms within
the crystal

vi | The lack of an electron in the covalent bond is called a hole.

vii | Group V elements are called donor impurity.

viii | Group lll elements are called acceptor impurity.

ix | Adding Group lll or Group V elements into a semiconductor crystal is called doping.

x | A semiconductor that contains Group Il atoms is called p-type semiconductor.

xi | A semiconductor that contains Group V atoms is called n-type semiconductor.
xii | The movement of an electron due to electric field is called drift.
xiii | The flow of electrons due to concenration difference is called diffusion.

xiv | The velocity of the electrons in an electric field is proportional the electric field intensity. The
proportionality constant is called mobility.
Xxv | In an n- type semiconductor electrons are majority carriers whereas the holes are minority carriers.

(10 pts) Consider the diode circuit given on the

right with Ry = 10 kQ, Ry = 20 kQ, E = 6 Volts. '\?\}\/ or .
Assume that the diodes are ideal. L +
(b) Determine the range of vs where the diode is ON Vv R D2

and the region where the diode is OFF. : 2 ]’;: i 8 Vo
(c) Plot the output voltage vo if : T )

_l_ <
vs=12 sin 2n°50 t volts -

(d) (10 pts) A capacitor C is added to the output of the circuit given in part (a). Plot the output voltage
waveform. Determine the peak and the ripple values.

Ri1 R} Vs= 12 sin 27°50 t volts
MN— %, R; = 10kQ,
D2 Rz =20 kQ.
Vi R2§ ¥ C== Vo E=6V
E -TP C=10pF
Solybion:
(o) (01 D4 is OFF (Var<0) and Py i OFF (350 . (Vp =0)
| R+ Ny —
MMM Y] GTT—:W—N—»—“: \/91 = \/I =0 = \/_1- <0
§ | 'f Yo S50 Ng<O = 0, & Qyane aff.
¥ —
. 1T s e
/ y ¢ i(‘
2 (Mot thgt if D, 15 oFF,Dyis also

0%, it cannol be oN )




(L, Dy is oN (T, 20); Dy is OFF (Vp<0) -
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6V 4\ £ V1 g
I \/
— (Lnoﬂ
.- \fo(VuaHxCX
' t

¢
THE T = J{“: 2o = 0.02 sec. (Disharg? peciod)
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Q2. (30 pts) Consider the following diode circuits.

(a) (10 pts) Assuming all diodes are ideal, determine
and verify the states of the diodes, if

D2
1
N
Va= 6 volts
V=4 volts Vo = Ry Rz
Vc= 8 volts ki
Ri=2kQ I _— VC ——

R2=2kQ _L

N5

(b) (10 pts) Assuming all diodes are ideal, determine
and verify the state of the diode and the output
voltage Vo, if § Ri R3 §
Ri= 6 kQ
R2= 3 kQ < .
R3=3kQ \ %
R4= 3 kQ

V =12 volts § R R4 g Vo

(c) (10 pts) Consider the two stage logic gate given on

the right. :

- For all diodes, the turn-on voltages Vy = 0.6 volts.

- The input voltages corresponding to the logic
levels at V,, Vg, and V¢ are specified as: Va s

“Logic 0” = 0 volts; “Logic 1” = 5 volts

Obtain

- Voltage Truth Table V¢ o

and

- Logic Truth Table
for logic gate given for the outputs X and Y in terms R § R §
of the inputs A, B, C.

Y7

Va o

MY

Vx

o Vy

AVA
¥4




Q4 s OFF (Check = Vp4<0)
D, is 0N (Check : Tp,>0)

Ty, = YeVa _ 8-0Y _4ma>0/
R,tRy 2Zt2K

=6V
| Vgy = Vg ~Vg = 6-6=0V
(leﬁ éwsf qf (Drij?n - I‘Dl:0 an A \/M\:—_o}

() , ~ D 5 0ff (Check Vp<0)
_ Kz — 3 12=3.12=4V

- +€Q\/ T 346 9

Ry 3 3
. - N = £
RngL,V 3+73 12 1 12 d

. V-V, = -6 __oyz0O Vv~

i

~Lopic Lovels - ou 8 5V
Diode furnon = 0.6V

Va Ve Ve | Dy Dy Nx | D3 Dy -Vy

hB8C| XY
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X =0B+C

Y= A+Xx=P+B+C
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Q3. (20 pts)
a) Consider the zener voltage regulator circuit given below. The circuit parameters are listed on the right.
R Circuit Parameters
AMA Vss = 8 volts
+ —» i il o+ vs = 0.5 sin w.t volts
v <+> iR, ¢ ‘ R=1kQ
S
= RL=3kQ
vz
VIN - EA B § Vo
Vs —— Zener Diode
T Vz =5 volts
- - rz=15Q
L

i. Determine the DC component of the output voltage vo.

ii. Determine the AC small signal component of the output voltage vo.

iii. Calculate Viipple-peak/Vpc ratio at the input and output.

iv. Determine the range of RL over which the zener diode is always in the zener region.

b) Consider the circuit given below, with R='5 kQ, V¢c = 12 V. The input signal vs (vs = 25 sin oot millivolts) is
a small signal source. The capacitor C is assumed very large.

The diode is a pn-junction diode with turn-on voltage of V,=0.7 V.

i. Draw the DC equivalent circuit and determine the Ve
DC component of the output voltage Vo. R=5kQ

ii. Draw the AC small signal equivalent circuit and V=12V
determine the AC small signal component of the Io | Io=05mA
output.

iii. Determine the total voltage (DC+AC) at the output, C D1

[
iv. Determine the limit on v; for proper linear small

signal modeling. ve Ci) R g vo




;. 0C output vollgge €curcents
1k %IZ h. ¥ Vo= Vg = 5V

. AC model
_15.0//30002 21552

Récl
J> = R@ﬂ Ue :ﬂﬁ—»f’v,s‘
0 qu‘l"ﬁ S 1000+15
Y 45 posiowt volt
1015

% = O'!ﬂgggmuj't millsvo) +.

3 ,
(- Veigle peak » 0.45610° g 45,15 = 0.015 %
Vor 5V |
v, Tn the DC model,there should be zenec curceat
Suc‘ﬁ H‘ldf jﬁ)().

- §-5V_
T, = A IR_,&QZ - 3mh |

5,
Y SR o5 =166K
- S 32 2
TZ:I&—lLf—g*'%?O Z >f<,_>L 3
: : Modol = ;= 260V _ 280V _ 591
(bYLDC Model: \”*ﬁc —fdé A 0.5
\/CCZTR,V ‘i {J_J ra
5m A \\ ? + e S P
To=0- 21 % ne e T Yte )
5K 0 _ 5009 (- =0. 99
V}j \/‘O’:IOR _ = 5052 S 3
% o | | =293 snwot mV
K

CoL U, =25 Va4 24.7 Sinwyt mV/

v, 5y <<6.2my (Small signg) voltagl over diode )

Gy = A g = 2L U << 52 mV 5 Us << 5052 mV
rd+R '3‘000“’52 \%(505‘27{]\/
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Q4. (20 pts) Consider the @MOS amplifier given below. The input coupling capacitor C; and the load
coupling capacitor C; are assumed very large.

v Circuit Parameters
bD Vop=12V
Rs=1kQ
Rout R1 = 9 MQ
Rin RD RD =1KQ
Ry § Ca R.=4KQ

'___I * Transistor Parameters
Vm=1V

; R, Vo Ku = 4 mA/V?
Vs Rz § Va=100V

(a) Draw the DC equivalent circuit.

(b) Determine the values of R; so that Vgsq=3 V.

(c) Determine Ipq and Vpsq and also the state of the transistor.

(d) Find gmand rys.

(e) Draw acomplete AC small-signal equivalent circuit for the amplifier.
(f) Find the input resistance Ri, and the output resistance Rout.

(g) Determine the voltage gain Ay = v,/ Vs.

() 9¢ Equvalat ciccuit - (b)Y Vesg=3V
\IDD:12\/ \/G.D !
Ro K2 -Voofwih:\/“&
R1 fl?i /\K Rﬁ@.’z
§ 1y =+
o = wn o273
, RiIR =Ry |
Ry | e at
[ Ny T { B LTV
4 . Jz 4 Ligy= Rt K> B2 =737
3-9
(2{; Qi}ﬁg S =2.25M

(c) Assem2 AT (Vyeq 2 Vesg- Vo, =3-1V =2V )
SAT Cu,((“ﬁﬂjt z 45@ = Kh (\f65g~\/'r) = L““@/\l (3- 4\/) Smﬁ
Vocg = Voo — Spg Fo = 42J8m¥ﬂ(”® Y 7~ZV/(9T 5 0K)
(&) 9y = KnVeeg - V7o) = (4 ey V) =8 mA /v

Coo=Na o _ 100V _ 495K
C\S - Fmh
EOP
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R 0 9V, % s Ro 3
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R{(\ = Rﬁh = ?»QS MS)_

Rout = sl Ro (2. 5kDMLK) = 0.83 K

a,=_Kth R whece  Rog = Tac /1 Rol/ Ry
VT R Fn (=3 Req €4

%eq :J/Z\'MMK =(0.89K) 14K = 0,82k

0.89K
Ay =(22C Y (- gma ) (0.82K) = - 655
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