EE2301 Basic Electronic Circuit Problem Set 2

Q1. Problem P11.1

Solution:
Known quantities:

For the transistors shown in Figure P1l}=3V .

Find:
The operating state of each transistor.
Analysis:

a)

b)

d)
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This is an n-channel enhancement MOSFE
with M =3 V. To operate in the triode regiol

the condition isvg, >V, . To operate in the
saturation region, the condition isg, <V, .
To turn the transistor on, the condition is.
Vgs > Vr.

We can compute:

Vgs =25V vps =25V Vgp = Vgg ~Vps = -25-25=-5V

Ves V5 Vg SV

Therefor’e, the transistor is in the eutoff region.

This is a p-channel enhancement MOSFET, Withe -3 V. To operate in the triode region, the
condition is:vg, <V;. To operate in the saturation region, the coonlits: v, 2V, . To turn the
transistor on, the condition i8gg <V .

We can compute:
Ves =2V Vps=-1V. Vap =Ves ~Vps =2 (1) =3V
Ves > V5 Vg 2V,
Therefor’e, the transistor is in the eutoff region.
This is a p-channel enhancement MOSFET, With= - 3 V. To operate in the triode region, the
condition is:vg, <V;. To operate in the saturation region, the coonlits: v, 2V, . To turn the
transistor on, the condition i8gg <V .
We can compute:
Vgs =5V Vpg = -1V Vop =Vgs —Vps =—5—(-1) =4V
Vas <Vr Vgp <Vr.
Therefor’e, the transistor is in the triode region.
This is an n-channel enhancement MOSFET, Witks 3 V. To operate in the triode region, the
condition is:vg, >V, . To operate in the saturation region, the coodits: vy, <V;. To turn the
transistor on, the condition igsg >V; .
We have: vgg =2V . Vpg =6V Vgp =Vgg —Vpg =—2-6=-8V
Ves <V Vg <V,

Therefore, the transistor is in the eutoff region.
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Q2. Problem P11.3

Solution:

Known quantities:

The threshold voltag&/r = 2 V, of an enhancement-type NMOS that has wscegrounded and a 3
V DC source connected to the gate.

Find:

The operating state if:

a) vp=05V.

b) vp=1V.

C) vp=5V

Analysis:

As Vgsis 3.0V >\t in all case, it must not in cutoff region

Vps =Vp =05V
a) Vgp =Vgs —Vps =3—-05=25V
VGD >VT

The transistor is in the triode region.
Vps =Vp =1V
D) Vgp =Vgs ~Vps =3-1=2 V
Vop =Vi
The transistor is either in the triode or in thRusation region.
Vps =Vp =5V
C) Vgp =Vgs —Vps =3-5=-2V
VGD <VT
The transistor is in the saturation region.

Q3. Problem P11.5

Solution:

Known quantities:

The threshold voltag&/r = 2 V, of an enhancement-type NMOS transistor. 1 mA whervgs = Vps
=3V.

Find:

The value ofp forvgs =4 V.

Analysis:

Becausevgg >V, v, =0V <V, =2V, the transistor is in the saturation region:

ip =kQvgs —Vy)2 =k [(3-2)2 = 0001A
= k = 0001.

Forves = 4 V we have:

ip =0.0014-2)* = 4mA.
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Q4. Problem P11.6

Solution:

Known quantities:
Characteristics of an n-channel enhancement-mod8MRED operated in the ohmic region:

vps= 0.4 V,Vr = 3.2 V. Effective resistance of the channelegiby: Rps =%
GS ™ Y-
Find:
The value ofp whenvgs =5 V,Rps = 500Q, andvgp = 4 V.
Analysis:
Sincevgs >V v, = 46>V, = 32V ,the transistor is operating in the ohmic regicrhe effective
resistance iSRpg = —220_ = 277780 .
(5-32)
; _Vbs
Since Ryg = T we have .
D
Q5. Problem P11.9
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Solution: .
Known quantities: o} W)V =
The threshold voltageVr = 1.5 V, of the NMOS v | |H: e
5
transistor shown in Figure P11.8= 04mA/NV?2. ¢
Find:
The voltage levels of the pulse signal at the doaitput, 1 if
Vg is a pulse withOVto 5 V. "
Analysis: ‘“J—|_
SinceVr = 1.5V, withvg= 0V, Vgs < V1, the transistor 2 is

cut off. Therefore,d=0A, no voltage drop atiR,, thusvp=5 V.

Whenvg =5V, vgs =5V, sovgg >V, and transistor i_:

a) Assume NMOS is operating in the saturation region:
ip =Kk (Vos- V1)2= 0.4 (5 - 1.5% = 4.9 mA. Thereforeyp = 5V - 4.9mA1kQ = 0.1 v.-
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Q6. Problem P11.13
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Solution: 1%
Known quantities: o s = 10Vl

] VGg S,

Thei-v characteristic of Figure P11.13(a), and the circugi ' i v
in Figure P11.13(b)Vgg =7V, Vpp =10V,Rp =50 B # )
Find:
The currentpg the voltage/nsy, and the region of 06 A
operation of the MOSFET. o
Analysis: =3
The operating point can be determined using the: lioa %W A R ALl W e B e
method. @

_Vbp _Vps _

R R =2-0.2vpg R
By superimposing the load line on Figure P11.13ajl 4o
by noticing thatvgg =Vgg =7V, we obtain
ipg = 08A,Vpgy =6V

The MOSFET is in the saturation region.

y
25°C

Drain current

RN
]

Ci) Von

Q7. Problem P11.17
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12V

Solution:

Known quantities:
The power MOSFET circuit shown in Figure P11.17

AAAA,
YyYyvy
=
[

VCCS will operate.
b) If R =1Q, determine the range of for which
the VCCS will operate.
Analysis:
The MOSFET should be working in the saturationoegsovgp <3=Vp >V -3
a) Vg =5V, Ip=K(vgs-Vr)?=155-3)> =6 A S0

VD—12 RLID >VG 3= 2:>R|_ <1—0

D) Vo =12-R >V -3V, <15-R 1, =151,

Ip = K(Ves —Vr )2 =KV -Vp

®

Find: j +>
a) If Vg =5V, find the range oR_ for which the 1 w 2V

ave
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Q8. Problem P11.19
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5y
Known quantities:
The Class A amplifier shown in Figure P11.19
Find: Iy 3 00
a) Determine the output current for the given Vout
biased audio tone inpwg =10+ 0kog50Q)V . |
Let K =2mA/NV? andVy =3V . Y6 1
b) Determine the output voltage. —
c) Determine the voltage gain of thegs0a) signal.

d) Determine the DC power consumption of the resigtal the MOSFET.

Analysis:
a) The MOSFET should be working at the saturationaegi
oip =Klves ~Vr ) = 000410+ Ocod500)-3) = oooz(49+ 14cod50Q) + 0010052(5001))
= 000249+ 14cog500t)+ 0005co100G) + 0005) A
b) Vout =Vop —ipR=15-60x000449+ 14c0g50@)+0005c04100Q)+ 0005 V

¢) gain=Vou| - =60x000214_

0.1
G lw=500
d) We can ignore the cosine part signal when tatiog the DC power consumption.
ib_pc = Q00249+ 0005)= 0098A

-168

Pr=ip_pc”xR= 0576W
Puoser =io oe XVos =i oc * Voo —i5 pe X R)= 0098 (15— 0098x 60) = 0894 W
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Q9. Problem P11.20
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Solution:

Known quantities:

The source-follower amplifier shown in Figur

P11.20. =5
Vg =9+ 0Xcod50a)V, K =30mA/N?andvy =4V v, — ,
g '—O ‘Inul
Find:
a) Determine the load current . 45; w”
LY 5

b) Determine the output voltage.
c) Determine the voltage gain of tkeg50a)
signal.
d) Determine the DC power consumption of the resigtal the MOSFET.
Analysis:
The MOSFET should be working at the saturationaegBo thev,,, =Vg =vgs -V =5+ 0ko450a)
a) I, _Vou _ 5+ 0%cod50a)

= 125+ 0025co50t)

R 4
C) gain:—vOUI -9,
VG |y=500 01

d) We can ignore the cosine part signal when taticig the DC power consumption.
iD_DC =125A

Pr=ip_pc’xR=625W

PvosFeT =ip_bc XVps =ip_pc *Vbp ~ip_pc ¥ R)=125%(12-5)= 875W

Q10. Problem P11.21
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Solution: I,
Known quantities: 0.002 Q
The circuit shown in Figure P11.21.
- - 2 _ Ly
Vg =8V,K=4A/N andvy =3V =
Find: Ve 127V

The discharging current, and the required MOSFET
power rating.

Analysis:
Obviously, the MOSFET should be working in the satiion region.

ip = K(vgs —Vr )* = 48-3)? =100A
P = v, xi, = (127 - Rxi, ) xi, = (127 - 0002x100)x100=1250W

il
|



