N\OC}& A(\SUUW

Midterm Exam — 23/11

Cairo University

e 1 Faculty of Enginecring Efectronics 11 - ELC2020
i : Department of Electronics Fall Semester
. 7 and Communications Engineering Time Allowed: 1.5 hour.
%@' &l;nd Giza Campus Number of Pages: 9 Pages
Midterm Exam (25 points)
NaME: wuona s rmnanRem BN wasevissirss Section: ............

“I have neither given nor received unauthorized aid on this examination, nor have | concealed

any violations of the Honor Code.”
SigNaAture: .......cccevsvnsissreesnasaanns

Unless otherwise stated, in the following problems, use the device data shown in the following table and
assume that VDD = 3V where necessary. All device dimensions are in microns.

Parameter NMOS PMOS Units
|Ven| 0.7 0.8 Vv
A 0.1 0.2 y-1

K' = uCyp 139 38 UA]V? [—\
%5/

oo P

Question #1: (5 points)
Chose the correct answer for each of the following questions:

1. To reduce the channel length modulation effect (1) of a MOS transistor,
a) Reduce L b) Reduce W
¢) Increase L d) Increase W

[SS]

For a MOSFET in SAT region, to keep the drain current constant while increasing the
transistor’s aspect ratio (W /L),

a) [ncrease Vs b) Reduce V,,
¢) Reduce V¢ d)ybandc

For a PMOS transistor in SAT region, the drain current is proportional to
a) Vgs — Vrup b) Vs¢ — Vrup
¢) Vsg + Vrup d) Vsg + [Vruel

(VS]

4. For a PMOS as an ON switch, the lowest R, is achieved when the gate is connected to
a) GND b) VDD/2

B_V'D’D” d) It depends

5. Which V, corresponds to higher 7,?

a) =50V b) +50V
¢) —100V d) +100V

6. For two identical transistors having a size of (W /L) and are connected in series, the
effective size of the combired two transistors is:

a) W/L b) W /2L
¢) 2W/L @ 2w /2L

7. For the circuit shown below, the FULL range of Vj, that will simultaneously bias the NMOS
and PMOS in the saturation region is:
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VO\)\ = VGSQ _\}W
z & =\ = -8y
\/0\/2 z \ISC\.,_-— \VT\\-\

- = 4 \’Sv
M2 - LS—Z'S) =]

25V w  Vouy &Vp § Vpp-Vou,

5V

M1
a) 0.0 < VD <5.0 b) 1.0 < VD < 4.0
)15V, <35 d)2.0<V, <30

8. For the circuit shown below, assume A = 0, I, is equal to: Iod‘

VDD

e e

8) O-SIref b) lref ~
c) 21ref d) 4lref

9. For the cascode current mirror shown below, assume all transistors are operating in
saturation. If (W /L)y = (W/L), = 20 and (W /L), = 10. What should (W /L); be for a
proper operation?

VDD VDD
20uA
R *Iouf
Qo mo M3 HO
\o M1 M2 70
a) 10 b) 30
c) 20 d) 40

10. For the common source amplifier shown below, assume M1 is in saturation and A = 0. The
small signal gain is:
VDD

R

(U_/Y = 2 %N\ R
B vout (\}'3 \/
g ~N =
) - M1 (Ubd

VBias =

a) Av = _O-SQmR b_)__ﬁ_u:;gni
c) Ay, = —2gmR d) A, = —4gnmR
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Question #2: (6 points)
a) (2 Points) For the circuit shown below, derive an expression for the DC value of the V¢ as
a function of bias voltages Vg, and Vg,. Assume both transistors are in SAT. K, = K, and

Vrun = [Vruel.
Ignore the channel length modulation (A = 0).

VDD

¥

M2
VB2
Vout

M1
VB1 1

—.YD\ = S0 5’

) =
)i/ e L"se\—\\l««\,\{-r /\{/,)({ (L Vs - vaw)
Voui“ \)B\ ~—W = VB; - Vovd' —\,/\‘(

2 Vovj= \}Bl = “BL

_ V8| + VB7~
Vot = 53 #
3/
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b) (4 Points) For the circuit shown below. Vgias1 = Vpiasz = 1.6V, W/L = 10/0.1 and Iss =

7mA.

. Calculate the DC value of Vj,.
II.  What is the voltage across Iss?
Ignore the channel length modulation (4 = 0).

If:wn_ 2W/Lk wiLt
I
VBias2 (f?__‘

VDD

R=1k

R=2k

Vout

\ASS\:M& Al Sl"ﬂ‘)

M\/ Hz, M‘3

T « &)

M1 "4 ? VBias1

hane e Same NV Gs

> TD <2 Ty = 4 Lo ——9@ @

Toy + Tos +5p; = Top =D

}:for* O and @ => ID| \mfl) Tp, -2mA, SD = 4mA

Qov\*/';\/ob- Ip, Q', 3~ ImpAx2ESL = 1\//

2Tp1

=, Yesi= Vi x 2

Vﬂ\+J§

Q’s\ = g a8, = Ye Vi,

C),,fcjc ASS“-*P Hea
o M\

—

\/051 = VDD—TD,& "‘V,S

= Y = o-52 = o U8V

| Nov, - VG5, -V = 0-38V
Vos, > Vo,
A
2 T/

Ko = M Gx&), < 13.9 mp Jv2
o-f ¥+ o-38 = .8V

= Vs~ 1-68 = 69

£
1V rL—=

Checle Assumpiion

of Ma
\/QSz . \/oo -Toz Qz_\/g
=3 - 2-0-S2
= 64UV
Voy = 0-38V
\105).7/ \foV,\
= DT e

Vps; = Vpo- Vs
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Question #3: (7 points)

For the current mirror circuit shown below, /..y = 100uA. M4 and M5 double cascode the current
source M2. Transistors M1 — M35 are identical having size of W /L = 10/0.1.
Both M6 and M7 are used to bias cascode devices.
Assume all transistors are in saturation. Consider channel length modulation.
a) Whatis /,,,?
b) What is the minimum value of V,, that ensures M2, M4 and M5 are in SAT?
¢) What is the optimal value of Vj, that ensures there is no current mismatch between /,,,, and
lief?
d) What is the optimal bias voltage V;,, for M3/M4?
e) What is the optimal bias voltage V,,, for M5?
f) What is the size of M7 (W /L) required to generate the bias voltage V,, obtained in (¢)?
Ignore A in your calculations. Assume V,, = 0.3V.

vDD VDD VDD

Iref/4 Iref/4 Iref
lout

Ve

M5

"y

Vb1 M4
y

o Lﬂf o ﬁpl

Vb2 ¢——m 1 —

LT
=

a) Todt = Lrel /o Pp @ z Godinue  Soldien of (D)

\{ o-l S o2
b\ vpnm'r\ = Vc\l,_ *Vw“ % Nevs ( ll:l:;@(!'B?-ﬁ- Q%)’p‘lo'?)'\’ \3'9

c) Ve opt = VY yVovs = Ve'ﬁ\ ’*"V°V5® o-\234

| N o
A) Vi, opt = Vas3,4 -\—Vo\/|,1 &—6 | LLB—{ z |-28Y = o-\

@) Vysopt = VG55 + VGS@ @ —
1

f) Vag = Vass+Vase = 2Vas, |

\L J_@_ N} 2}1;'_“_]
n Kn:{. 'QYW* o

IYep - V + 7 l'gveﬂ

m L <0y |
ﬂn (o& O ‘\?3 mﬁ‘\lz Page 6/9
ooy = 0139 AL 2139 MmA N \
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Question #4: (7 points)

For the amplifier shown below. assume M1 and M2 are identical and in saturation.
a) What is the DC current in M1 and M2? (Ignore A here only).
b) What is the DC voltage of V,,,,,?
¢) What is the conﬁﬂurauon of this amplifier?

d) Draw the small signal model.

e) Derive an expression for the amplifier transconductance (Gy)
f) Derive an expression for the amplifier output impedance (R,,,)
g) Derive an expression for the small signal gain (A, = vy, /Vin)

VDD

ovout

Ds) To' = TD,_ = zzsi ﬁ aMl ‘-‘am-." ;o @
(beame Ves,=Ves, (), = Cr“i?) < &) To Gl Qe
b) \é& \’09 ﬁIss Sss R C \ch

&) Gomdon: Seive. Wik clegen J
QJ\A‘ Res\stive- (quk ‘ N,N 33‘ a '\5%
Cﬁ M2 n swmald StJnQQ s divde

Vs

CO(\f\ec:"«’l~ A Cff YG? ‘ét\'\—

[ [ﬁ rc {
_;’)é (I\> H Cod= "‘8“‘( A \RS’\
p- \t \]0{ /U3 = Via / )

G (U . =G & (Y‘?’ Jm

X 22!l /gm>-
Vg5 ou’l {“f Im, &Yoz” "> (_Yz / 30\,

V.o E

(oﬁ “f)m'
. - -
Yoo 2 T o O R (e g)
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= =l i) iy » 7 B 4 + S

Yoy

o ( b G o) 1 G ) - e

Zdown = (]‘——J(i— - Vo‘ - @h—" / ) 9m Yoi (‘V"z” %)
=RV Zlin |\

@ Pu= G Gy Red Gj c
\ o\ o>/ gm 3:\&."6((75;” Jm=,
M” . A\ 7

HV i |+ Jm (Wz”/g)m)

Yo

Page 9/9

Scanned with CamScanner


https://v3.camscanner.com/user/download

