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이하 모두 교과서로 사용된 Foundations of Analog and Digital Electronic Circuits, Anant Agarwal and Jeffrey H. Lang, Morgan Kaufmann 책에서 출제되었음.

Solve the following problems: deadline - October 5
(301-456, teaching assistant: Shinhaeng Kang)

Chap. 2. Exercise 2.6, 2.8 (c)(e), 2.9 Problem 2.2, 2.11
Solve the following problems:
Exercise 3.1, 3.2, 3.11, 3.16, Problem 3.3, 3.8, 3.11, 3.13

Due: October 19th, 2010. 
Solve the following questions.

Chap. 4: Exercise 4.4, 4.7, Problems 4.11, 4.12
Chap. 5: Exercise 5.10

Deadline: Oct. 26
Solve the following questions.
(Due: November 23)

Chap. 6
Exericse 6.2, 6.3, 6.4, Problems 6.2, 6.7 

Chap. 7 
Exercise 7.6, 7.9, 7.10, Problems 7.2, 7.3, 7.17
Solve the following problems

Exercise 9.6,
Problem 9.3
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Problem 2.2 Determine the current o in the circuit in Figure 2.24 by working with resis-
tors i serics and parallel

iy
20 20

Figure 2.24:

Solution:

“The cireuit simplifis 262 i parallel with 262 The current divides into 0.2A for cach
branch. On the right branch, the current divides evenly again among the 202 resistors. So.
o= 0.1

ANS: 0.1A
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Solution:

a) Power dissipated in resistor

P= Lyl
Ve

P st
v 2
Plag-o e
VL
o =0

So. power dissipated in R, maximum when s = 0. Otherwise power in f
decteases as R increases.

b

el
v

Mo nad

i
P
Maximize with respect o Ry

AP (Rs+ R(V2) — (VRS + Ry)) _
iR s+ Rt -

v o,

(Rs+ Bu}? ~ (Rs + Re)®
(Rs + RV = 2V2 R,

0

= R = Ry (when this holds power maximized in Ry)
) Maximum power in circuit s dissipated when s = Ry :

v
Ll

P = T
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(Rs+ Be)?

PRy = Ry
Pas=P.

v
iy i
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Solution:

Node equations:

Figure 3.2
Salving the above two equations,
= 113207
= 098113V

ANSERSIA




image10.png
Solution:
Left network;
Ry =32 = 1.2 Q when 5 V' source s made a short circuit.

T'= 5/3 A when the indicated terminals are connected with a wire (“shorted”) since
then no current flows through the 2 £ reistor

Riaht etk
Rr = Ry + Ry, when the V; source is shorted and the /s source is made an open
ot
To+ = by superposition
N Ri+R ¥ supep
comion
fsi
W
NS Let120,5/0,Righs o, + o i+ i
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Solution:
Rr=63=20
Voo =4V +2V =6 Volts

Find Vo by superposition

Figure 3.14:
‘When current source i off

Vo Volts

Figure 315

‘When voltage source is off:

ANS: Ry =2 0 and Voc = 6 Volts
Figure 5,13

‘When voltage source is off:

ANS: Ry =2 0 and Voc = 6 Volts
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Solution:
Redraw:

g 321
Sopepoiion:
.
Vi of o
V' Dsine nocument trongh
2
Vyom Vyand ot
m
R
s
Ry

Figure 3.22.
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Vi on; Vi and 1 o

Superposition

ANS: ¥

Vi g

Figure 3.23,

nQ g
R

Figure 3.24,

BBy
AT

[Solution0] 52
= shiang

=3t ot +
[oioi0; &

. 7}/
R B BRI
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(1) Node Method
Label the nodes ¢; and e as shown in Figure 3.50.

20 <L 20 o
s e

w P w(®) w3

Figure 3.50:

By the node method, we obtain the ollowing two equations:

ek~ ot + O A+ R =0
Fows ~ 0w = 0
Thus, Vy = ey = 857V

(@) Superposition

Find the voltage duc to cach source independently, as shown in Figure 3.51 and
Figure 3.52.

v

Figure 351

Vo = (8 V) (e

Via = (6 A) (2 (6 Ohns) = 514V
Vo= Vou + Vi

43V

7y

ANS: 857V
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Solution:

a) See Figure 3.64.

7

i 20 24

Figure 3.64:

I =000 = (2 A) Lo g1y
e = 0,500 = (2 ) 4

Hence, by inearity, » = (2.55 Oms)i — 311 ¥

b) See Figure 3.65

Figure 3.65

70
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©) See Figure 3.66.

2500
Do
Figue 366

) See Figure 3,67,

124(Y 2560F

Figure 3.67:

ANS: (3) = (2.550hms)i ~ 311V
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Solution:

Let s assume that the network is lincar and that the Thévenin equivalent voliage of
the network be denoted Vryr and resistance Ry

Without the test resistor, the measured voliage of 1.5V is the open circuit voliage.
Thus Vi = LV

With a 100K resistor the voltage measured across the st resistor is

__Lsviook
=00+ R

With a 1M resistor,the voltage measured across the test resistor is
LoviM
B0k + 101

“Thisis corroborated by our measurement, Thus,the network is  lincar network, and can
be represented by Vi and Ay

w
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Solution:

@ oy = 100kOkms
o1 = 00 = (100 KOhms) (~ s Si) = ~103Vs
Ry ¢
v n
5

Figure 3.81

) P=I"R = Ryl = ViRo(Re + o)

To maximize P, we write P as a function of At and set ts derivative with respect
to Ry, cqual o zero. So,

PRy = VE(Ry + Re)™* = 2R (B + R)
== Ry

ANS: (a) Ry = 100K, 07 = ~103Vs () By = Ry
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Salution:

Figure 4.5

@ v > 1: Diode on

" o0 1000

04 < 1: Diode ofl.

b) Load line:
KVL
35V —ip (1000) vy = 0
PREET
™= oo

Operating point occursat interscction, and we find that

ir=2md

ANS:: (b)ir = 2mA
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Diode on:
i(t) = (Vi(t) + 5V)/R

Diode off:
it =0
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Figure 4.10:

Figure 411
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ANS:: Diode on: (i(t

Vilt) +5V)/R: Diode oft: i)
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Solution:

b) o0 = 0.6V, ip = 0.8mA

2 exp(2) =

1 1070

755 % 1070 cosit

ANS: () Ren = 05K, Vo = v () vy = 06V
2 xp(ER) = 0,40 % 10740 @) 0y = 755 1077 cosct

= 08mA © r =
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Solution: DC component: 51/
AC component rom current source: 0,002V
AC component from voltage source: 0.008V
ANS: DCISV, AC from current 0,002V, AC from voliage: 0.008V
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Solution:

a) See Figure 5.15

b) See Figure 5.16

Figure 5.16

©) Vo =05V
@ Von
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©) Vi = 05V
1) Vig = 44V
2 No.

ANS: () 05V () 44V (0) 05V (D 44V (@ No
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Solution:

@ out

b OUT=T1B=4-B

9 OUT =77

@ OUT =TAT BT 0 EN
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a) Sec Figure 6.5 for transfer curve.

A

-

Figure 6.5

b) Yes, the inverer satisfes the static discipline, as llustated in Figure 6.6. 1f the
input s lessthan Vi then output i always greater than Voy. Similarly. ifthe input
i greater than Vi, then the output i always less than Vor.

w

- -,
Vi V=2 Vi
w "

Figure 6.6:

) No. A case wherethis would not work isin the input voltage range: 2 < vy, < 2.5
Under the new voltage threshold, input voltages in this range should be interpreted
as  logical 0. However,since V- is at 2V, these would result in v = 0, which is
alsoa logical 0, thereby breaking the statie diseipline for an inverter.
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d) The maximum value of Vs, i the threshold voltage Vr. So Vi, < 2.

) The minimum value of Vi is also the threshold voltage Vr, because voliages
reater than or cqual 0 V. will be interpreted as a logical 1. So Vi > 2.
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ANS:: (b) yes () o (4) 2 (e) 2
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) First find the relevant threshold output and input values for the inverter:
‘The output high voltage is 5.
“The output low voltage i

The lowest input voltage recognized as a logial | is
VeV

The highest input voltage recognized as a logical 0 is less than 2V
With Vor = Vig, = 1V and Vogr = Vigg = 4V:

No, the static discipline is not satsfed. A failure case i for an input voltage which
i greater than Vo = 4V (3., valid 1). Since this high input voltage is greater
than the threshold, the inverter output voltage is 2.2V, which is greater than Vo,
1V But thisis not a valid 0. Valid 0 outputs would be outputs tht arlessthan 1V.
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Figure 6.7:

b) With Vo 25V and Vou = Vi = 3

No. Now we have a failure case when the input s, say, 2.3V (., a valid 0). But
since 23 > Vr, the output will be 22V, For  valid inverter the output should have
been a vald 1. Thus,this violates the inverte’s stati discipline.

Vi

©) See Figure 6.7 for transfer curve

@) No. The lowest value the inverter output ever reaches is 2.2V, which is sill higher
than 2V, Thus the inverter output can never tum the MOSFET in  teceiving inverter
OfF. This implies that we will never be able to satify the discipline

@ @) Rov=1k

With Vo, = Vi, =
es, we satify the sati discipline. For valid 0 input (< Vi), then output is
always a valid | (> Vo). For valid | input (> Vi), the output s always o
Valid 0 (< Vo)

b) With Vo = Viz, = 2.5V and Vo = Vig = 3V:

No. Counter case isif the input is 2.3V which is < Vi, (valid 0), then it will
produce an output 0 as well (.., < Vor).

©) See Figure 6. for transfer curve.

ANS: (2) 0 (b) 10 (d) 10 (e:0) yes (¢:6) no
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Figure 6.12:

a) See Figure 6.12(2)
Giraph of i Versus v ips = 0 for vss < —1 and fns = vps/ R for vs >
)

b) See Figure 6.12(b)

Graph of s versus vps in an ideal MOSFET: For vz < Vi, ips versus ups is
2ero for all vps. For tas > Vi, ips is 2er0 until vps > 0, when ips increases
lincarly with aslope of 1/ Ry
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Solution:
Using the same steps as in the previous problem:
“The relevant issue in the design i to ensure that the output low voltage produced by
the inverter is lower than or equal to Vor.

Thercfore, to find the respective (L/WV) raios:

e
P R

Vor
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18 =
“The ratios remin the same:
)

W= Wy = 1/12VE

it
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b) vo = Vs = Ryips

©) s = £~ Vi) for o > Vi i = D otberwise
& w0 = Vi = 555y — Vo for oy > Vi v = i otherwise
o Vo= Ve - 85501, - Vi?

Vs = BENY; - Vi)?
Vi = 2V = HE(NV; - Vo)
~2Wo) = (NV; = Vo)

wxll

NV -

)

RS

Seale Vi by factor N
0 Vo = Vs = BV~ Vr)*
“This can be accomplished by changing Vs, Ry o by changing both.

By changing R,

2Wo = Vs — Kt (1, — vy
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Scale Ry, by factor Ny This will only work if 2V < Vs
By changing Vs

2o = NoVis = KBa(V; - Viy?

Seale Vs by factor Ny

By changing Vs and It
Seale Vs by factor X and scale R by factor ¥ where

Bl i il only work 275 < XV

) The altemative from part  resuls in the lowest power consumpion.

ANS: (8t = Vo = Ryips (€)ips = & (tr = Vo)? for vy 2 Vi ips = 0 otherwise

@0 = V=B (0y—Vo)? for vy > Vi o = Vs otherwise (0)V = L2
(@e
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b

o= Vs —ichy,

o

4
R
o

L u-06
vo= Vo= Lp2im

O, substitting known values

v =62-20

1) to = 48V, in = 0.2, ic = 204, and iy = 202304,

ANS:E (0) g = Vs = icRy (6) ic: = A2 @) is = in(3+1) () vo = 62~ 201
(Do = 48V, ip = D20, ic = 20uA, and 1k = 2.2
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)

w06

o=V

O, substitting known values
v =62-20
b
=06V

“The BIT goes nto cutofTif v, goes any lower,

“The corresponding values of i, ic, and vo are as follows. iy = 0, ic: = 0, and
=5V

©) As vy increases, the BIT enters saturation when the collector diode gets forward
biased. This happens when the base voltage i greater than the collector vliage by
0.4V, In other words, when v, = u — 0.4, or when v = v falls 10 02V, The
corresponding value of vy is obained by solving

to=02=62-2
Solving, we get vy = 3V In other words, when uy rises to 3V, the output fuls to
02V, and the BIT goes into saturation

The cormesponding values of i, ic, and v are as follows. i
A80pA,and vp = 0.2V

4/50, ic:

q

A graph of v versus uy is made up of three sraightline segments
I the fist segmen, v is at SV for 1; ranging from 0V 10 0.6V.

I the second sgment, v decreases lincarly from SV 10 0.2V as o increases from
0.6V 10 3V. In other words,the second segment follows the equation

02

2-2y

for vy = 0.6V to vy =3V
I the thind scgment, v stays at 02V for y greater than 3V.

ANS: (@) 10 = 62 - 207 (b) vy = 06V, iy
i = 24/50A, ic: = 480, and v = 02V

ic = 0,and o
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) When there is current going through R, the curtent i imited by two quantitics:
ither % or & (ugs — V)7, whichever islower. Ifhelimits 5/, then the MOS-
FETis i the losed-switch region. 1 the limit i &(rcs — V)2, then the MOSFET
i inthe saturation region.

apen-witeh region For vcs < Vi, the MOSFET isapen, tersore o = Vs

Saturaion regon When ts begins t0 xceed V, the quantiy vos — V s stil
mal o the curent s it by & (v~ V1, Thiscurnt detines he
output volage, which s give by Tous = Vs - (i — V)

closed-switch region s icreass uni it reaches % at some gate volage Vi,
Now s drops 0 7eos,and b i and v ar no longer affctd by the

o summary,
Ve O<uw<Vr
vour =1 Vo~ EB(ux — Va)? vr < ony < Vi
0 Vi < o < Vivggax
b) The lowest value of i for which v = 0 occurs when tr i a the ransition

betuveen the saturation region and the closed-switch region. At this point, the sau-
Fation region current limit and the clased-switch region curent limitare the same,

Solving for Vix, we get

) Combining the resultsof part (a) and (b), we obtain the following equations,

{15 D<my<l

15- 15— 1) 1<un<2
0 25y <3

“The raph i shown in the fgure.

q

Region 1 i the open switch region, where o
ration region, where vy drops according 1o Vs
enters the closed-switch region when iy

Vs = 15. Region Il is the satu-
S(up, ~ V7)? - The MOSFET
3 tn'this region vous
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) The sccond amplifier does not change the operation of the frst because its input
draws no current. 1fthe second amplifer drew current from th firs,then the out-
put of the fist amplifier would be affcted by the input resistance of the sccond
amplifier

b)

“There are three modes of operation for cach amplifir. The cutoff and the satura-
tion modes will be considered, and the triode mode will be ignored for now. In
saturation,the cquations derived in Problem 8.2 remain valid, s does th threshold
Voltage. We must also figure out the threshold between the saturaion and triode
regimes. The MOSFET is in saturation when Vs > Vs ~ Vr. This implics that
onap > orx — Vi, or that Vs — 2 — Va)? > uny — V. This impies that

~1+ VITIRA:

< Ve
<Vt —7g

Let us define Vi, 10 be this threshold.
A similar caleulation can be made for vou VS, 1.
Forthe first amplifier

Ve 0<u < Vr
= Ve~ B — Vi) Vi € o < Vg
e Vixe < oix < Viae

Forthe second amplifer,

v 0 < o <V
vour = § Vs~ E&(uymp ~ Va)? Vi < v < Viamy
(o) Voo < 1 < R
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) This part s rickicr
Firstof all, if oy < Vi then vy = Vi, s the second FET will be cither in

saturation or triode, depending on the value of R. Let s find the condition for

Sarion.
R |

‘implifying this, ne gets:

. 20
<M
K e

Let us assume that R s large enough that if v < Vi, the second FET will be in

triode. Then, while the first FET is in saturation, we can find the minimum value
for which the second FET also enters saturation.

L
T

1
oo 2 Ve = e+

Substituting in for eyqr and simplifying, we get that

2 T
o T o

< Vit

KROKR

Now, we can prove tha the second FET entered saturation before the first FET lef
it. We prove that the value just derived i les than the boundry condition for the
irst FET to leave saturation,

“This expression:

2

S
KR KR ER

KRR

Mustbe les than this expression:

1

Vi- %R

“This simplifis to
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“This is always true for NFETS, which is what e e using, so we have proven that
there will be a range for which both FETs are i saturation. Next, either the first
FET will ente tiode, o the second will enter cutoff. Since we are not deling with
the triode region, it s casicr to assume that the second will enter cutoff whie the
fiestis tll in saturation. Therefore, we want t have both ofth following equations
satsfed:

N

< Vom ED
B ol
V- KR —vap < vy

7

‘We fnd the threshold condition for these two inequalities by settng the lower and
upper bounds of iy the same. Simplifying, we gel that

200 — Vi)
7

K>

Wenow have o conditons on K hat must bt be met. For now,assume that
Vi = 2V and 1, = 5V. Therfor, we must make Kt > 3. We will choose
K =210 and R = 1

‘We must now ealeulat the final branch of our voltage transfer graph, which is when
ol inverters are in saturation. Subsituing previously derived equations, we get
that

vour = Juw) = Vs = 0% - By —vat - vy

I sunmary, if

Va = Vs
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Cmsiy
slom) VoS o < Vi
wovr = fo) Vi< < Vit
3 Mw7,m

P
Ve Vit o <o

Cisa constant,and g is an undetermined function,since both would requirethe use
oftriode equations

q

“Thisis the third region i the previously calculaed transfer function.

KR, KR

vour = fum) = Vs = = (Vs = (e = Va)? = Va)*

“This holds when

P N W2
- ‘@ . <o <or
ki KR TR O\EE TR VER~*R

Using the formulas derived in pat (¢), we find

0<uy<2
2S <243

Blon -2 =27, 23S un <236
256 < o

“Thisis shown in Figure 7.14,

Note that the transiion region of this two-stage amplifier is much narmower than
that of the single-stage amplifir carlier This is because when the second smplifier
i saturaed, the first amplifir is also saurated. Since vy s the output of the first
Stage,is range maps into a much smaler range of vy values.

Tt ot ot o <o Svr VBB

ANsi @)/




image1.png
Exercise 2 In the circuit in Figure 2.9, v, i, and Ry are known. Find R,.

Figure 2.9:

ok

Solution:
KL

ANS: 750K 0




image46.png
First of all, define v to be the gate voltage. Also, define three currents iy, iz, and iy
0be the currents lowing through Ry, 1, and the MOSFET, especively. Define iy to be
flowing towards ground, and let iy = 1, = 3. This is shown in Figure 735

“The gate voliage can be found through a voltage divider rule since no curtent flows.
from between £ and R to the ate.

R SR . S
6= I ot
In cutof, the output voltage and the input voliage are elated by a voltage divider rule:

Va(R+ Ro) + ViR

S TR TR Ry
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Figure 7.35

I saturation, we have an exta current o worry sbout. We substitute ino our aginal
KCL equation 0 gt
. T
T [OEEAVIED AR Ty PR

We can solve this o vour, but it ends up being quite monstrous. Let Ry = R, + .

RaeVs _Raw B Ry JIFNEN

CUSTR TR KRR KR KRR

with the following subexpressions:

L= Ry(Re + R

M = K*RLREVi(Ry ~ Ra) 2By ~ Ve R),

N = 2K(VeR R, — ViRiRaR (Ry + Ra + Ru) + v RURs R (R + Ra)).

“The boundaris for which the device s in saturation can be found by evaluating v >
Vo and vour > g ~ vr. This evaluation is even more complicated than the previous
quation,since v is given n terms of oy, and needs 0 be put in terms of . In terms
of both upy and vour, the boundary conditions are derived much more easily.

Between saturation and cutoff:
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T vt 2 Y
Between sauration and triode:
vour 2 e~ P,
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©) See Figure 215

isa

©

Figure 2,15,
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@) See Figure 217

(/) + (o/5+2)

)
e

sa

e

a0 "

© ZAaE

Figure 2.17:
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a) See Figure 2,19,

Figure 2.19:

b2
93

@) KVL

m
Va4 Vet Vot Va=0

@

o-Vo=
KL
0

@

Satisfy KCL

b =is=24 084
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) Satisy KVL:
Vo= -2,
Ve=2v,
Vi

) Power conservation:
il =0

iV +iaVa+ inVa + icVe + iV = 0
Check:

02X 2402 % (~1) 402 141 (-2) + (~08)(~2) =0V

V' so, comrect

ANS: (b)2 6)3 (d) (Depending on your assignmen of branch variables, your answer
may be different). KVL: Vi + Vi + Ve + Vi = 0. Ve = Vp = 0KCLi g i~ 1p = 0,

0=+ =0(6) i =24 ip =084
—2V Vo= -2V Vi v





