ECE-255
Final Exam

May/01/2012

Name: Chedas Tosh;

(Please pnint clearly)

Student ID: QQ\ ui{ o\

INSTRUCTIONS

This 1s a closed book, closed notes exam. Calculators are allowed.

Carefully mark your multiple choice answers on the scantron form. Work
on multiple choice problems and marked answers in the test booklet will not
be graded. Nothing is to be on the seat beside you.

When the exam ends, all writing is to stop. This is not negotiable. No
writing while turning in the exam/scantron or nisk an F in the exam.

All students are expected to abide by the customary ethical standards of the
university, i.e., your answers must reflect only your own knowledge and
reasoning ability. As a reminder, at the very minimum, cheating will result
1n a zero on the exam and possibly an F 1n the course.

Communicating with any of your classmates, in any language, by any means
for any reason, at any time between the official start of the exam and the
official end of the exam is grounds for immediate C_]CCthD from the exam
site and loss of all credit for this exercise.
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1. A silicon sample at room temperature has an intrinsic carrier concentration of n;
= 10" cm™. It is doped with N, = 1x10" boron atoms/cm’® and Np = 6x10"
arsenic atoms/cm’. The electron mobility is measured as p, — 1000 cm®/V-s. What
are the electron and hole concentration in this material and electron current density

when an external field of E=100 V/cm is applied?
(q=1.6x10" C)

(1) p=1x10"® /em®; n =6x10" /em’; j, ~9.6x107A/cm?
(2) p=1x10'" /em®; n =6x10'"% /cm®; j, =1.6x10"*A/cm’
(3) p =6x10"* /cm* n =1x10"® /em®; j, =1.6x10*A/cm®

\)ﬁﬁ) =1x10"% /em®; n =100 /cm’; j, =1.6x10"%A/cm?
(5) p —1x10" /em®; n =100 /em?; ji, ~1.6x10%A/cm’
(6) None of the above

.2,7 [):: YI'IZ/Y\
ﬁ—\-Np\:{HND =i —
nt 10 = 10%%m + gxi0l?

70
Wy 108n = gaom 00

e 3
hq‘—\» 1om@éfn - IO'L =0 — N~ loo /cw\

1% 3
p = n.I’L/*y\ = 1010/100 - 10 /Cm
- z
Fq = 9gnMnE = [EX 1O lq;<10 KIOOO"(”’@@

= 1.6 X ‘0—\?, Alem®
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2. For the diode circuit below, determine the current, I (indicated in the graph),
using the constant voltage model with Von =0.7V.

+HV

+5V +HV

(1) 1=0A
2) 1=0.3mA
A Eayly W= i -0F = 3.3V
(5)I=3.7mA
(6) None of the above I( o -0F — 3.3 . lmﬂ
g et LI T
[ K
Iq_—SFO*?—gB - ‘YV\A
<
T3 = X - 3,3 mA
t I
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/ 3. In the circuit below, the Zener diode has a breakdown voltage Vz,=8.0 V and a
measurement has shown that V, = 8.2 V when I = 20 mA. What is the value of
/ Vou When Ry 1s infinitely large?

— A +

12V Iz Ry Vo

|,l||+
U

(1) Vo — 0V
(2) Vour =82V
(3) Vou =8.8 V

) Vou =84V

(5) Vou = 8.0V
(6) None of the above Ny = V7o I‘LQ'Z'

62 = %+ wI(RD)

= Rz = 0.2/0 = (00

When Rp j5 o0, No et fragh RL

G002 - 4 = T (q0+10) = T(lo0)

N == T = #8140 ynh
Rz

!

\Ioujc — V‘Z_O + IZ R?— |
= 8+(40C!0)/IOOD i
= %+ 04 = B4N '

|
|
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4. Determine the collector current, Ic, for the following BJT circuit.

Br=99, Vge(on)=0.7V.

Vec=10V
R¢=4.65kQ
0, %V
0N
T = 10-0F
(1) Ic —2mA 1465
Ic -1.98mA
(3) Ic =2.15mA - 9.3
(4) Ic =0.02mA —
(5)Ic =1.435mA 4.65
(6) None of the above
Ie = dTE
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5. For the MOS circuit shown below, what is the output voltage, V,?
3=0. V=1V, Kx=0.3 mA/V*

Vpp=3V
/

\/(,r{ V, =2V

Q) V,=2.5V

(3) Vo3V S Romatk
(4) V, =35V
(5) Vo =4V Ve

(6) None of the above QN .__i M,

\/&:’_2_2/(9 = 5(32, =gV Ngs = 2V > VAN
204 30 '

s - V4N = 1V

.
asseming s Tp = L Ko (Voo = Vin)
2
= _Ji—CO,EDQO = 0.15 mA

Vo -5 -TpRp= 5 -~ ZOCOJ5> = §-3 =2V
Nps = oV > Ngs - VEN

CGY\‘G m\ffi S Cdﬂ

Scanned by CamScanner




P R

PRSP R S BER SR B SRt S SN e

6. Determine the voltage gain, input resistance and output resistance (both are
indicated in the graph) of the amplifier circuit shown below.

B, —80, V4 —oc, VT —25mV.

+1

W

Vi 1 mA l

- Ve

(1) A, =1; Ry; =204.5kQ; Ry =372
(2) A, =100; R;, —20kQ; Ry =37Q2
(3) A, =-100; R;, =2kQ; Rouy =2.5k2
(4) A, =1; Ry, =400kQ; Ry =250
(5) A, =100; R;;, —1kQ; Ry =5kQ

\}ﬂ) None of the above

5kQ
our IC -_:O(IE
= 8o (9
gl
= JG ~ 0.99 mA
Im /VT E_L'L
at ~ [ mRA
25
= Lo mA/Jv
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'.‘Z? Q?SCU' - V) - Y,
D 615V = 65.5V0

=) e = 0485

T — iy

Uy

This 5 ¢ (emitler o
d\'{(’_ﬂ}kt'ﬂ g'\/\535 ‘30\.\“ tV\

Rim = LB +NCve 7 RL)
= (1) 25+ 2500)
= 045 KN

Reut = 7 Il 5kQ

= & |l 5K
gm

2602 || 5K

W
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7. Determine the input resistance, R;, for the amplifier circuit below (currents for
Q- and Q; are indicated in the figure, and it needs to be calculated for Q).
Assume By—100, V4~oo, Vgg (on)—0.7V, Vr—25mV for all BJTs, and V+-5V.

E
|
h
_ Ic
16, = =2 E
3 'g g
= L |
[00 E
- 0.9 mA
1 : |
= Te, = 0.5 +o0.0] = 0.5 mA E«
(1) = 500kQ N :
(2) = 5kQ
(3) = 250kQ [R\' = T Cﬁ*')””‘]\ E
(4) ~ 1.5MkQ
l/(@leQ IEI = Tgq = IC‘Z/ = 5] AR
(6) None of the above I, = OTE| = 5] E
<
_L
s - pNT
e @ B gm =LY o M “Ip,
v
T
9 _ 25’“00””’3
s M- PP ke 5
18, 5 = 490 K2

Ri = 490+ (101)43 = 40 +490 = 480 1L l
R A SO RRTA * 8
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8. What are the common-mode gain (JAv,]) and differential mode gain (|Avq]) for
the circuit shown below? Assuming B>>1.

(1) |Av, =0.1; [Avyq =10
(2) |Av[=0.1; |Avg| =33
(3) |Av,| =0.2; |Avy4 =50
L}é() |[Av] =0.1; |Avy| =25
(5) |Av | =25; |Avg4 =0.1
(6) None of the above

e sohdion,  look e Fiva| Exem fall 2083 - Qe
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9. Choose the value of C at it can be negleeted-at-frequencies larger than the
15| .
low cutoff frequency\fy, Z 10 Kﬁﬂ euse(H O 10 D—{;E— s the design rule.
/

- D ST L I TR e b

bhel il A -

0—‘

~
C'Z | OJ/LRls

+V,,,, =12V

(1)Cy>79nF

(2)C,>723 pF

(3) C, > 106 pF

(4) C;>0.0178 nF
C,>0.178 nF

(6) None of the above

Ris = (Re I R+ Rr

- (1.511 2.2) MO+ 2Kk2
0.89IML + 2K

-—
-

WL = 2TTC‘°) K"'Q"I/S

ol

(JJI i
RisCy

(JJ|<< wl,
10 W << wi
10

o —

Ris C

< WL

|0

- @942 - 3939k D G 2 LR[S
T8
Z e —————
G 27 T = ‘?S°I3’-‘1““’G
C\l G
¢ 0.13% WF S B B
= Rl% Rr.s
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(1) ~94MHz
7) ~15MHz
(3) ~35MHz
(4) ~50MHz
(5) ~10MHz
6) Non of the above

Fox golui;m. [ook Od:
Fral Beam Fal| 2013 + @ 20

. g —

PP R AT . Ny Py e a———

.

WP T A pm——— y——— -

-
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11. For the amplifier circuit shown below Iz=?
Assume =180, Vo=, and Vgg(on)=0.7V

Vo9V

9
R1=]0' g

R
V(Xf~87HA ‘ S
(2) ~182pA NB 1”“\
3)~73 —
E4§~1.4;A:A = q 500 £ Ra3
(5) 100pA RE
(6) None of the above —qv

\ = Kt -9
th |8 Rl‘}’R’D

g ) — - OV
l%(w FEg

~94 Tel500) + 0.3 + Tg(SK) = 0
= &3 = [(@ +;)C500)+ Soooj T = Ts = %69 MA

1B
R

VB/\ Rth = R| ” Re.
= 5K
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12. Mid-band gain (An;q), lower cutoff frequency (@), and higher cutoff frequency
(@y) for the amplifier transfer function given below are
A ()= 4x10° s°
v (s+1)(s+2)(s+1000)(s+2000)

(1) A= =4x10%, ;=2 rad/s, @g=1000 rad/s
(2) Apia=200, op=1 rad/s, ©z=816.5 rad/s
(3) Ani—400, o —2.24 rad/s, wy—1000 rad/s
(4) Aia—200, @ —2.24 rad’s, wy—2000 rad/s

) Amia=200, 0 =2.24rad/s, 0x=894 rad/s
(6) None of the above

8 2.
e s o) w0 Sfor Yo ¥ 1L fise0 )
i ' =
c [ X 10 s : Py
] %106 GYNIsTY u+5/u ooo)C l )
d 1}
Amd =200 GL = T (/L/W
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13. What ; . _
at1s the configuration of the multi-stage amplifier shown below?

_L 12 V/60 mA
0.01 pF==
N ¢
- 1 kS ’
TR-2
| N
+1.4V
TR1 1 ’__{(_/\/\/\/_0 out
' 43 Q 50 uF
. Va o—ANN—) |08V
50 uF
50 © 150 @ < 1.5 kg:[‘ pF 210082 on g
o o

\}XfCB cC

(2) CE-CC
(3) CB-CB
(4) cc-cC
(5) CB-CE
(6) None of the above

caliriel
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14. What is V,? if V;=0.725V and I=10"“A (Assume Vr=25mV)

100Q2
D
I
Vr o——Pi \
—_— 0\/ ——0YVY9
ip /
+
(Hov
(2) -0.725V
V(}y 3.9V
@) 0.1V
(5) -2.5V

(6) None of the above

eQ’D/VD

ID%:IS
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15. For the MOS circuit shown below, In=?

Vi1V, Ky—0.1 mA/V?

o VDD=5V
4 Vp=5Y
’_—< M,
V(k;:5\/ L Vg

To ‘£ Re=10kQ

(1) 0.1mA
(2) 0.4mA
(3) 0.5mA
0.2mA
‘/fg 1mA
(6) None of the above

z Ng = R
2 yn
Ip = J(:(O'O (5' Ip Re - D

2
= J{(o.l'XLt - ToRE)

n .
Vg = Vp D) sdl egion

= '_ro :O,’Z_MA Ng = 2V, Vps =3V
V=T
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16.  Figure below show
(A=Vo/V)? Assume g,

(1) -20
(2) -400
(3) -2

(4) -100

l./(?) -6.67
(6) None of the above

M) Vo o=

Uy

$ a cascode MOSFET, what is the mid-band gain
»=2mA/V and =0 for both transistors

—— e

L O

Av:_ﬁ’-’ I %

T e e—

Nz V% Y
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(oK 11 10K) + 1ok

%?_ = E!XZO)L—%—) = — 6.67

MLC.CED
_g)(—'- ::"9W1RD = "37\/‘! Cyﬂm) :.—’

J
iv\ngc imp- of M

geRD = Gm(l0K) = 20
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17.  Which one of the current gain (A;) frequency response curves belong to the

amplifier shown below?
I (b R% L é G L
A
A; T A,
4
\y’f C))
| . +
A, 1‘
@) (5) Circuit cannot provide
any current gain
£
A; 1“

3) ’\ (6) None of the above

=~
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18.For the amplifier circuit shown below estimated value of fy is? For BIT
assume =150, V,=75V, Vgg(on)=0.7, Vr=25 mV.

Vee
20pA Rc=4kQ
®
Vv,
R,=1250Q 1|0(I)}1F 3
ANV
O
?’ Ig = 20 MA
| = I
f’ VEe YN = N /IB
* > 2530
(1) ~1kHz . 100 U F = 1,29 K{X
(2) ~10Hz L A
%)~ 0.64Hz el e
\)(?)OHZ ] i ]
(5) ~2.5Hz - %T')I
(6) None of the above -
E____
Rei = Re + »m
= LIS K 4+ .25 = 2.5KQ
fL= L - 0.64 Hz
o (Reg)C i (25)(160)
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19.  What is the value of output impedance (Ro) for the current mirror shown
below? Assume f=o, Vz(ON)=0.7V, V4=75V. Two transistors are identical

5V
10kQ lIREF
v Ip
—l 3 <9
“Ro T
QR + (QM Vour
; Ve _
} * . —o0
I |
- _ 5443
(2) [
(3) 174 kQ .
81 kQ = 0.93 mA
(5) 500 kQ e
(6) None of the above
BR BH
o’ y ROu,JL
(ol& L4+ N[ 3T Goa\T 2 Y0
= <o
L Rout =
E = N =0 VA
Tc
= 75/0.93
= 80.¢5 KLL
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20.  What is the voltage gain (vo/v;) for the amplifier below? Assume the
MOSFET Q points are (2mA, 7.5V), K,=1mA/V-, and 2=0

——
—— —— —
— — — ————— —
——— a— —

10kQ

(1)-7.8
\/g)f:;/fol _ D) (2)
g; ;?n is zero since we ignored the channel length modulation - 9 A ]\]
6) None of the above
CE Yo _ g (Ro IR
UX
= —2(349 7,40> = — &1
Vx _ 1M - 04
PET——. -— -_—
i IM + (0K

e £ .P__'i-.n_\fx.‘ = nl}.Ql

\7; UX V)
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