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" The basic equations of the output characteristics of an NMOS transistor

Vas Vs Ip
1) VGS < VTn - 0
a) Vps <Vgs -V K, l 2 (VGS -V, )VDS —Vrz)s]
ii) Vgs >V
b) Vos - Vi < Vps K, (Vos = Vi, )
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whereK, = 2“ (%j and K| =p,C,,




Q1. (25 pts) Consider the operational amplifier circuits given below.

Part (a)
The circuit given on the right is similar to
the inverting amplifier except the resistor R
Rz has been added. The circuit parameters AN
are
Ri=5kQ,R2=25kQ, R3=125kQ , R,
Ri=5KkQ Vino—ANN - R;
i) Derive the expression for Vo in terms N ° Vou
. 4_
of the input voltage V. + %
ii) Derive the expression for I3 in terms of - R
the input voltage Vin. =
iii) What happens to I3 if R3 is doubled, i.e., =
Rz =25 kQ
Part (b)
i) For the ideal op-amp circuit given on the _
right, determine the voltage gain R, R;
Av = Vout/ Vin l\/\/\/ IV\/\,
ii) Determine the range of V;, so that the
output of the op-amp stays in the linear Ry Ry
range?. -l— - —
The circuit parameters are = ° Vour
Ri=5KkQ,R;=25KkQ ,R3=5KkQ, Vm"——/
Rs=5KkQ '
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, 13 = ( Ry
Rg =13.5K,R_=9K
R -5K, Ry=25K, F3 2. L '
2 = 42V
12:(1*7351&: Jrﬂs l i
A i, L Ty oshays agatis.
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L . W) X RV
T R 5K (vp oav)
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Ve _ EYm 4avy  (Vinin mV)
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Q2. (25 pts) Consider the current mirrors given below.

Part (a) Consider the circuit (a) given below

Vob Circuit Parameters
7 \Z Vop=5V
IREF =0.25mA
Vbp l§ 1T Ro Io=0.1 mA
° I R
REF f v lo ' Vesi=2V
Vesz3=1.5V
IRer l§ Rp Vo *———l I:M3 Transistor Parameters
. R Kn' =50 pA/V?
IO Vin=1V
M - A=0 1
1 2 M :l l_____I EM | ) _ . Vil
(W/L) j I I (W/L): : : Ny= My =004V
3 @ 3 ®

a) Determine Rr.
b) Determine the ratio of the aspect ratios (W/L)s of the transistors M; and M. i.e.,

¥,
)

c) Determine the output resistance R, of the current miror.
d) Determine the minimum value of Vo so that all transistors stay in SAT region?

Part (b) Consider the circuit (a) given above.

Repeat Part (a) for the c1rcu1to ig. (b) above A
t () = Voo-Yest _ 5-2V. . fak
fﬂr 2 ks Trer 0.25MmA |
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Part(h)

(a) \/53 = Ves3 +Vegr = 244.56=3.5V
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Q3. (25 pts) Consider the differential amplifier given below. R, indicates the small signal resistance of the
current source I,

(a) Determine the DC values of the transistors when v; = v, = 0. Check whether the transistors are in
forward active region or not.

(b) Find the differential-mode gain.
(c) Find the common-mode gain.
(d) Find CMRR

(e) Ifvs=2sin(2n*50t) + 0.005 sin(2m*1000t) volts, and vz = 2 sin (21*50t) - 0.005 sin(21*1000t) volts,
then find vy = vy - Ve

(@)

(b

Circuit Parameters
T VCC = 12 V
R,=3K

ch gRG I,=5mA

Ry=40K

. Transistor Parameters

I: :| | B=100
vi Q1 Q2 Ve VBE[ON] =07V

1 ;ro VT=26mV
= Z V=0
Z \ 4
IOIRO
- Ve

Y1 =2500
I€1:~I—Q~;-2‘5mﬂ =2 1o =1¢ 2

Vegs = Vee ~ R Tcy = 42~ (3)%)(2.5mA) = “~5V2 Negq = 45-C01)V

= — Nggrow) = - 0-1V Vegy = 5.2V % VegsaT)
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- o
be = T a(pH)0
Re ’ : .
b2 Ufz bz = ’__ﬁr ” 2($+4~)rg
ng\)}i? fon |
| ! UZ‘ = - F?c"(/}ﬂ
Z L = \f
QR‘O \ycg = - ?QC tha <

. 0.01 Sin 21000 F volts

Ury = uiels és;n aMx50t volts

m t volls
S G = (288.5)(0.01) Sin 27x1000
Up = AgmUa t JemTem

2.895 Siy 2= 1000 £ volts
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Q4. (25 pts) Consider the differential amplifier given, with mismatched V7 voltages of the transistor, so that
the g, of the transistors are not identical. Qutput is measured as v, = v¢; - V¢,
Vee Circuit Parameters
T ) VCC =12V
RC =3 kQ

Rc ; § Re Transistors’ Parameters
VT1 =27 mV

T—° Vc1 Ve2 Vrz =25 mV
B=100

Qu Q2 % Veeny= 0.7V
. VA =0
Ro = l lo

- Vg

i. Determine Ry to setIo; = I, = 2 mA. (Let v; = v, = 0 in the DC analysis)

For the remaining of the problem assume R, =3 kQ.
ii. Determine g,,; and g,,, for the transistors Q; and Q,. Also determine Ag,, = g1 - Gmz and Gm =Gm1 + Imz )2

ili. Determine the differential mode gain.
iv. Determine the common mode gain.
V. Determine CMRRgz .

0 Ty= Tp+Ten T Totlep = 4mA
\[’E = = \ggon)=—-4-7V '

¢ = VE-GVee) =07V 5095 ko
0 T, ‘ 4 A

- R = 3 k£

B
M Q;’ r{’;\é)(loo = 4.35 k2 > 9, -ﬁ =740 mAN
Lo
N1aR . = f/V
Tig = \/;2 (25%/20@0”9; = 1.25 k2 3 9(“2:,%2 - 8om
deo

BBy = -6 WAV 5 Gy = FF mAN

~ " \fd . \r = i):d" Ud

e - \Y\»’i’ ) P2 2 Ufm =‘-~Qm|RC% )»UZQ:»QMF?C—’T
\p = Uy - Ueo ‘*(QM!+QMQ'\RCT

Vi
K - GnRe |

Ay = E 3R = -(@EmAV ) (5%
am
ﬁém:~231




iv) Uy=Vem V2= Uem
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(v) CMRR ~1 P'cm} - - 5 935100
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