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EEE210B: Electronic Devices and Circuits Tuesday, 03 March 2015

Third Quiz

REMARKS: 1. Hand held non-communicating calculator is al-
lowed,

2. Closed book quiz,

3. Formula sheets are attached,

4. Marks distribution:
Question #1: 4 points
Question #2: 3 points
Question #3: 3 points

5. Justify all your answers.

# 1

# 2

# 3

1. The parameters of the enhancement-type N-channel MOSFET in the circuit of �gure
1 are Vt = 0:8 V and K = 10 mA/V 2. Calculate the coordinatesI D ; VGS ; VDS of its
Q-point and show that it is biased in the active (a.k.a. saturation or pinch-o�) region.

Figure 1:
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2. The parameters of the MOSFET in the circuit of �gure 2 areK = 48 mA/V 2 and Vt =
2:1 V. The MOSFET is biased in the active region andVGS = 2:61 V, VDS = 5:67 V.
Calculate the drain current I D and resistorRD . You are not required to calculateR1.

Figure 2:
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3. The MOSFETS in the circuit of �gure 3 are biased in the active regions: the transcon-
ductance gain ofQ1 is gm1 and the transconductance gain ofQ2 is gm2. Sketch the
(small signal) AC model of the circuit in its simpli�ed form. Assume the capacitors
are all very large.

Figure 3:

END

3 / 3



Formula Sheets

cos� = sin( � + 90� ) 2 cosu cosv = cos(u � v) + cos(u + v)

2 sinu sinv = cos(u � v) � cos(u + v) 2 sinu cosv = sin( u � v) + sin( u + v)

2 sin� cos� = sin(2� ) 2 cos2 � = 1 + cos(2� )

2 sin2 � = 1 � cos(2� ) cos� = ej� +e � j�

2

sin� = ej� � e� j�

2j
!
2�

R
2�=!

�
A cos(!t + � )

� 2
dt = A 2

2

T = 1
f = 2�

! P = V 2

R = RI 2

v = Ri i = C dv
dt $ v = 1

C

R
idt

v = L di
dt $ i = 1

L

R
vdt ZR = R

ZC = � j
!C ZL = j!L

x1kx2k : : : kxn =
� P n

i =1
1
x i

� � 1
Req = ( R1jjR2) ) R1 =

�
Reqjj (� R2)

�

vR1 (t) = v(t) R1
R1+ R2

iR1 (t) = i (t) R2
R1+ R2

q = C v v(1 ) +
�
v(o+ ) � v(1 )

�
e� t=�

� =

8
<

:

ReqCeq

Leq=Req

I = I s
�
eV=nVT � 1

�

VT = kT
q k = 1:38� 10� 23 joules/Kelvin

q = 1:602� 10� 19 Coulomb VT � 25:2 mV at 20 � C

n �
�

1 for Germanium
2 for Silicon

Rdynamic = nVT
I D + I S

� nVT
I D

VGS > V t

VDS > VGS � Vt

VGS > V t

0 < VDS < VGS � Vt

I D = K
�

2
�
VGS � Vt

�
VDS � V 2

DS

�
I D = K

�
VGS � Vt

� 2



Formula Sheets (continued)

gm = 2K
�
VGS � Vt

�
VBE < 0:7 V

I B > 0
VCE > 0:2 V

I B > 0
0 < I C < � I B

I C = � I B hie � nVT
I B

(n = 1 usually)

hfe � � I B = I s
�
eVBE =nVT � 1

�

A I = A V Z in
RL

AP = AV A I

VA � VCE � (VB � 0:7 V)
�
1 + RC

RE

�
if RB � �R E and � � 1

For the CMOS inverter:
NM H = VoH � ViH NM L = ViL � VoL

where
dVo
dVi

�
�
�
Vi = ViL

= � 1 and ViL � logic 0

dVo
dVi

�
�
�
Vi = ViH

= � 1 and ViH � logic 1


