Electronic Circuits
Solutions for Homework




Exercise 1.2 (Homework)

Exercise 1.2 (Homework)



Exercise 1.2 (Homework)

Draw the waveforms of v and vy if v = V},, sin wt, where V,,, = 4 [V], f = 10 [Hz].
The diode characteristic of 1IN4148 is given by the graph below.

ip [mA]
ip 30
—— 25
D w |vp 20 L
vk,\) 1N4148 | _| <
RAJ e
1[kQ] 101 j
s |
-  vp [V]



Exercise 1.2 (Answer)

1 1 1 1 1




Exercise 1.3 (Homework)
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Exercise 1.3 (Homework)

(1)

D Assume that
Dy v, =V, sin wt
——P—— s
D — : -
2 v, = I, sin (wt 2) ,
”J@ ”4@ K. H VR and the diodes D; and D, are ideal diodes.
Draw the waveforms of v, v, and vp.
Hint: A positive and higher source voltage appears
across R;
(2) >
! [ Assume that
D3N v, =V, sinwt,
VT@ Ry [] VR and the diodes D;~ D, are ideal diodes.
< Draw the waveforms of v and vjp.
D
) < Hint: If v > 0, then D; and D, conduct.

D, If v < 0, then D3 and D, conduct.



Exercise 1.3 (Answer)

(2) b N _ N/.\ v
4 >t t
v D, w b | ‘ \/ \/
T@ [] . v -
D, ¢ t
¢




Exercise 2.3 (Homework)

Exercise 2.3



Exercise 2.3 (Homework)

Find the empirical constant m of this transistor. The temperature T = 25 [°C].

ip [MA] ip = 4.88 x 1078 exp(27.1vgg)
5 _

0 1 1 1 1 J UBE [V]
0.6 0.62 0.64 0.66 0.68 0.7



Exercise 2.3 (Answer)

ig [UA] ip = 4.88 X 1078 exp(27.1vgE)

. q
ip = lyexp (—ka UBE)

2 -

1t T = 298 [°K]

0 ,  vgg [V] k=138x10"%3
0.6 0.65 0.7 q=16x10"1

1 27.1

mkT




Exercise 2.5 (Homework)

Exercise 2.5



Exercise 2.5 (Homework)

Confirm that the approximate equation i, = —0.303v.r + 1.53 meets the load
line of the circuit below. In the experiment, V. = 5.04 [V] and R, = 3.30 [kQ].

1.2
1 -
0.8 Tr lic
06 B |<_r — VCC
04 e 5.04 [V]
02
0 1 1 1 1 J vCE [V]

iC = —O.BOBUCE + 153 R;
3.30 [kﬂ]§




Exercise 2.5 (Answer)

1162 [r_nA] ir = —0.303v.5 + 1.53 o e

1 r |< [ L Ve

08 L Ve 5.04 [V]
0.6 r
04 r
0.2 r

0 1 1 1 1 J
o 1 2 3 a4 5 VcelV]

Veg = Vee — Ric

. —Vcg + Vec
lC = RL
_ _vCE + 504

B 3.30
= —3.03v.¢ + 1.53




Exercise 2.6 (Homework)

Exercise 2.6 (Homework)



R,

33 U“”é This is a transistor circuit for a p — n — p transistor.

Tr lic For the operation of this circuit, the polarities of
ig 2N3906 ' Vg and V. are opposite to those forann —p —n
— I,l/\ Ve transistor. Assume that v + Vg = 0.005 sin wt —

Vg %} Yer 5[V] 0.66 [V], f = 100 [Hz] and v = —3 [V].
Vip = VBE Draw the waveforms of v, and v,,. Note that v,
and v, are AC components.

ic [mA] ic [mA]
1 _ Aic=10.168 [mA] _1g . Aic=0168[mA]
-0.8 -1
06 - 0.8
- 0.4 ] 3:461
-0.2 | = 0.77 [uA] -0.2

(J IR EE S V') B
0 -1 -2 -3 -4 -5




Exercise 2.6 (Answer)

~ 0.56 |V
o1 L [V]

-03 t



Exercise 3.1



Exercise 3.1

This is an output characteristic of an n — p — n transistor. The intercept of i, line is
denoted by Iy. Derive an equation of i as a function of vg, [ and V4.

0.6

054

veg [V]
1120 -100 -80 .60 -40 .20 0



Exercise 3 .1(Answer)

ic [mA]

-120 -100 -80 -60 -40 -20 0




Exercise 3.2 (Homework)
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Exercise 3.2 (Homework)

Assume that Iy is 0.5% of I. Find a and hgg.

n —type p —type n —type
Emitter by ! ! * Collector
A . 1 (@) 1 . K
— 5 _i—
-— = Lo P <
IE * 1 R f 1 * IC
TT1
Base
| to
¢ i |
£




Exercise 3.2 (Answer)

_le_0995 _ o
a = T
I 0.995



Exercise 3.3 (Homework)
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Exercise 3.3 (Homework)

The graph below is an input characteristic of a transistor. The approximate equation
of this characteristic is also given below. Q is the operating point. Show that the input
resistance h;, = 12.9 [kQ] at Q.

ip [MA]
5 —

4 + Operating Point |

\

ipo = 2.85 [UA]

ip ~ 4.88 x 10 % exp(27.1v5;) [pA]

I
I
| :
|

0 | |

' ' vpg [V]
0.6 0.62 0.64 0.6%\0.68 0.7

UBEQ = 066 [V]




Exercise 3.3 (Answer)

Vr
hie = —
lBQ
B 1
- 2.85x%x10°6x27.1
= 1.29 x 10* [Q]
= 12.9 [kQ]




Exercise 3.4.1 (Homework)
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Exercise 3.4.1 (Homework)

Find the DC current gain hpg at the operating point Q.

1 -

0.8

ico = 0.606 b

04

0.2

0




Exercise 3.4.1 (Answer)

,_lcg _0606x107
FEC ™ ige 285X 1076




Exercise 3.4.2 (Homework)

Exercise 3.4.2 (Homework)



Exercise 3.4.2 (Homework)

Assume that, R, = 3.3 [kQ],V, = 100 [V],V¢c = 5 [V], and i¢g = 0.606 [mA].
Find Iy, and show that h,, = 5.88 [uS] and its approximated value is 6.06 [uS].

ic [mA]

1r Load Line
09 F . Vee—veg

. ic =
ic=1co(1+vﬂ> 08 - / Ry

Va

. 0.7
lCQ
QA —— ——

05 r) Ico

04
03
02
01

D




Exercise 3.4.2 (Answer)

[c is given as

iC = l’CQ
Then, from eq. (2)

Veeg = Vee — Riico- (3)
Thus, from eq. (1) and (3)

L _ieg  _ ico __0606x10°F oo
0= Vre T Ve Rilcg |, 5-33x0606 00 [A]
Va t— 100
= 0.588 [mA].
Iro  0.588 % 1073
hoe = ~— = —5.88x 1076 [S
N A 100 [S]

= 5.88 [uS]

Icg  0.606 x 1077
Ve 100

Approximated value hye = = 6.06 [uS]



Exercise 3.5 (Homework)
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Exercise 3.5 (Homework)

Derive the equation of v, /v, from the three equations (1)~(3)

. Upe
I Ic ly, = — 1
R ‘ Lo b= (D
Us (t) Vpe hie % ?hfeib 1/hoe | Vce § R, ic — hfeib + hoevce (2)
- ' ) Vee = =R, (3)
Vce hfeRL

Upe o hie(1 + hoeRL)



Exercise 3.5 (Answer)

From (3)
Vee = =R,

Replacing i, with (2)
Vee = _RL(hfeib + hoevce)

V.. term on the right hand side is moved to the left, and
(1+ RLhoe)vce = _Rtheib

Then

hfeRL .
1+ hyeR;

Vee =

ip is replaced with (1), and

hfeRL Vs
Uee = — X
1+ h,.R;, hye
Thus
Vce hfeRL

Us o hie(1 + hoeRL)



Exercise 4.2 (Homework)
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Exercise 4.2 (Homework)

Find the input resistance R;, voltage gain A,,, and the current gain 4;,
output resistance R,,.

—W
Vs C_D " hie% hrelp KZV § R,
— YCE

hie = 12.9 [KQ], hye = 217, Ry = R, = 3.3 [kQ]



Exercise 4.2 (Answer)

—\W\
(O [ D |ry g

hie = 12.9 [kQ], ke = 217, Rs = R, = 3.3 [kQ]
Ri - hie - 129 [k.Q]

. hfeRL

= —55.5
hie

A, =

A; = —hpe = =217

R, =



Exercise 4.3 (Homework)
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Exercise 4.3 (Homework)

Find the input resistance R;, output resistance R,, voltage gain A,, and the
current gain A4;.

R. I =1 yels c L=—I

S — ‘e E /\ - c
—WA—= <o
V.

+ Vv 2 §

Vs <_> _1V hle — Vcb RL
eb T
B|11,

hie = 12.9 [KQ], hs, = 217, Ry = R, = 3.3 [kQ]



Exercise 4.3 (Answer)

o=
(2

D h ie Zz Ven §RL

hie = 12.9 [KQ], hye = 217, Ry = R, = 3.3 [kQ]

ie

R; = = 59.2 [Q ' '
=T+ h, [()] 4m smallinput resistance
h¢.R
A, =212t =555
hie

A; = fre — 0.995 4m Currentis not amplified.



Exercise 4.4.1 (Homework)
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Exercise 4.4.1 (Homework)

Show that the performance measures for this common collector amplifier
are given by these equations.

Ri= 1" = hie + (1 + hyo)R,

M Aoz (1 + hse)R,
he PV, he+ (14 heo)Ry,

o=
€,
=
o
(9}
AV
=
2
=

A=2_14p
E: l_Il_ fe

A Ry + hy,

R = —
° 1+ he,

—1
2lR; =00, Vs=0



Exercise 4.4.1

hsely

c
Vlzhiell-I_VZ /ﬂ( V2=RL12 ]
= h;, I, + R,
iel1 LzTilzzll_l_hfell]

= hiely + R(1 + hee) 4

4

Vi
E = hie + (1 + hfe)RL

(Answer)

>"» VZ = (1 + hfe)RLll

!

—_—

Vo (+ Ry
Vi i+ (1+heo)Ry

Ay



Exercise 4.4.1 (Answer)

V2
h=—r1n
S le

12 - (1 + hfe)ll

V2
Rg + hie

= —(1 + hfe)

3

R, = —
21R; =00, Vs=0

v, _ Ry + hye
- 1+hg,




Exercise 4.4.2 (Homework)
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Exercise 4.4.2 (Homework)

Find the input resistance R;, output resistance R,, voltage gain A,, and the
current gain A4;.

%
v(@ n
° <_ = Ve § Ry

S

hie = 12.9 [KQ], hs, = 217, Ry = R, = 3.3 [kQ]



Exercise 4.4.2 (Answer)

[

hie = 12.9 [KQ], hye = 217, Ry = R, = 3.3 [kQ]

R; = h;, + (1 + hfe)RL = 732 [kQ] 4= Large input resistance

_ (+heR,
" hie + (14 hee)Ry

= 0.982 4m \Voltage is not amplified.

Al:1+hfe:218

Ry +hy

1+ hye =9.22[Q)] <4m Small output resistance

(0]



Exercise 5.1 (Homework)
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Exercise 5.1 (Homework)

Assume that Ry is mistakenly set at 500 [(1]. Find R,.

R, =51[ka] 2 éRL ~ 33 kq

Tr

K — Vee =5[V]




Exercise 5.1 (Answer)

Ry = 500 [Q]

Vee =5 [V]

VBGQ = VBEQ + RE(IBQ + ICQ)
= 0.66 + 500 x 0.609 x 1073
= 0.965 [V]

Ri(I1 + Ipg) = Ve — Vpgo wb I, = 76.3 [A]

%
R, = ’Z"'Q = 12.6 [kQ]




Exercise 5.2.1 (Homework)

Exercise 5.2.1 (Homework)



Exercise 5.2.1 (Homework)

Show that Vg and Ry in the equivalent circuit are given by the following equations.

! Vern = R, Vv
BB_R1+R2 cc

Tr Rg Tr R1R2

R. =
4~—| = V¢ » AAAY K T Ve B R1 + RZ

RZ § %RE VBB T %R
E

Single battery bias circuit Equivalent bias circuit




Exercise 5.2.1 (Answer)

Voo =
BB = R LR, CC

Tr R1R2
RB -
o K Voo = 0 R, +R,

ﬁ Short circuited




Exercise 5.2.2 (Homework)
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Exercise 5.2.2 (Homework)

Assume that Ry is mistakenly set at 500 [Q1]. Find Sy, Sy, Al¢g and AVg.

R
Ry =51[kQ] 2 é =33 [kQ]
Tr ‘ Ie

500 [Q]

V
R, =7 g Rg = % “




Exercise 5.2.2 (Answer)

R, = 51 [kQ], R, = 12.6 [kQ]
R, R,
§ = 3.3 [kQ] Vg = R, +R, Vee = 0.991 [V]
Tr lIC
W T T Ry = —12_ _ 101 [ka]
V} =5 [V] Rl + Rz
Ves ~mm Rp = % Vee hpgg = 213,Vggo = 0.66 [V]
500 [Q]
‘ Vss — Vaeo)(Rg + R
S = (Ve = Vi) (R EZ) =2.56 x 1077
—h
S, ik = -1.82x 1073

~ Rp + Rp(1 + hpgo)
Cho = 0.5 [%/°C], Cyq ~ —2.0 [mV/°C], AT = 40 [°C]

AICQ =~ ShCthFEQAT + SVCVQAT
= 160 [uA]

AVCG — _RLAICQ
~ —0.53 [V]



Exercise 5.2.3 (Homework)
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Exercise 5.2.3 (Homework)

Show that the stability factor S;, and Sy, are given by the following equations:

[] R dl¢ Ve — VBEg
L Sh = =
o Iy Tr lIC Ohrg 0 Rp
—— K =V,
V\ aIC _hFEQ
BE SV = —
Vg ~mm aVBE 0 RB

Equivalent bias circuit



Exercise 5.2.3 (Answer)

Along the loop 1, KVL gives
VBB - RBIB + VBE'

[] o From Eq.(3.3)

> 1 Ic = hpglp.

— = L
N

.o BE Then
| @ ~ hpe(Vsg = Vgg)
I, = R .

VC Cc

Thus
Equivalent bias circuit _0lc | Vg —Vgeg
" Ohgg|, Rp
_ aIC _ _hFEQ
Y Vg Rp




Exercise 5.3 (Homework)

Exercise 5.3 (Homework)



Exercise 5.3 (Homework)

Show that the voltage gain of this bias circuit 4,5 is given by the equation below.

Rht Ip

Ic
ANN——— —
Ry,
' Unt = Vg
vhf(t} Vhe hl€§ l hfelb 1/h’O€ Vee §RL RS +R12
| ReRi
o ) he = Rs + Rqy
Uce
Avs - v_
S
_ Rthe 1 R12

— X X
1+ RLhoe Rpe + hie Rs + R12



Exercise 5.3 (Answer)

Ryt lp

L
MN——= T
Unt Cf) Uhe hieé hrelpy = 1/hoe |Vee §RL

% = R12 v
MR ARy, S
RsR1,
R —
TR+ Ry,

V.p = —Li = — Rthe X 1 %
“ h.. + i b 1+ RLhoe Rht + hie n
oe R
L
Rthe 1 R15
= — X X US
1+ RLhoe Rpe + hie Rs + Ry
. Uce . Rthe 1 R12
Avs -

= — X X
Vs 1+ RLhoe Rht + hie RS + R12



Exercise 6.1 (Homework)
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Exercise 6.1 (Homework)

L Ve : .
Show that the ratio V—2 is given by this equation.
ht

Rp¢ L
AN ‘
V2 _ hfeRL x 1 +](UCERE
hie§ <l>hfe1b Vhe Rx 4 _|_](UCERES§(ht + hie)

Vit C_r) V, § R,

RX = Rht + hie + (1 + hfe)RE




Exercise 6.1 (Answer)

Vs §RL

V2 . _hfeRL
Vie 1+h
" Rpe+hie +7 +jwcl;eRE R

—hgeR, (1 + jwCgRE)

 (Rpe + hie)(1 + jwCgRE) + (1 + hso )R
—hreR (1 + jwCgRE)

 Rpe + hig + (14 hyo )Ry + jwCgRe(Rpe + hie)

_ _hfeRL 1 +](,()CERE
Ry 1 _I_ijERE(Rht + hie)
R
X

Ry = Rue + hie + (1 + hye )R



Exercise 6.2 (Homework)

Exercise 6.2 (Homework)

Exercise 6.2 This is your homework.



Show that the following equation is obtained from the circuit below:

_ _ngL
1+ % + jwr, (C + Cy)

v Vi

IV |V, §RL

o
©
o~
-
0——’\/\/\,—#' ai

o

ey 0—| I—ﬂ
D

R



Exercise 6.2 (Answer)

o~

B’
/\/\/\/ \ * l l \
) 4] Vyr éﬁ _[ C1 _‘— Ca ImVy' |V, § R,

E
1
—+ jw(C; + )
Vb’ —_ V1
&1 + 1
—+ jw(C; + C3)
Y,
1
= 7 Vl
1 .
1 + E +](1)T1(Cl + Cz)
Vo = —gmRLVy

V2

_ —9ImRL

1+ % + jor (Cy + Cy)

Vi



Exercise 7.5 (Homework)
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Exercise 7.5 (Homework)

: . v .
Find the voltage gain 4,, = Vis of this circuit.
gs

o~
®
/
N
175}

: nggs To Vas § Ry,

gm =330 x1073 1, =346[kQ] R, =3.3[kQ]

Pause the video, and answer the problem.



Exercise 7.5 (Answer)

B
)
&
<
| v

gm‘{qs To Vas § Ry,

gm =330 x1073 1, =34.6[kQ] R, =3.3[kQ]

Vds
4, =3
v Vgs
1
= —9Im
T, 1
ro RL
1
=—-330x%x1073 x 7 7
34.6 x 103 1 33 x 103
=99

-
This is the answer to Exercise 7.5. The absolute value of A4, is 10 % smaller than that

in Experiment 7.2, which was 10.9. This is mainly due to the inaccurate settings of
Experiment 7.3.1 for i, vs. v;¢ curve in which v,¢ should have been kept constant.



Exercise 8.5 (Homework)
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Exercise 8.5 (Homework)

: . v .
Find the voltage gain 4,, = Vis of this circuit.
gs

o=
®
/
N
175}
Q
3
N
175}
oﬁ
o
[,
AN\
=y
~

gm =534 x103 1,=508[kQ] R, =3.3[kQ]



Exercise 8.5 (Answer)

gm =534 x103 1, =508[kQ] R, =3.3[kQ]

Vds
4, =%
v Vgs
1
= —gm—
T, 1
7"0 RL
1
= —534x%x1073 x 7 7
508 x 103 1 33 x 103
~ 16.5

This is the answer to Exercise 8.5. The absolute value of A, is 6 % smaller than that
in Experiment 8.2, which was 17.6. This is mainly due to the inaccurate settings of
Experiment 8.3.1 for ij, vs. v;s curve in which v,s should have been kept constant.



Exercise 9.1 (Homework)

Exercise 9.1 (Homework)



Exercise 9.1 (Homework)

Find the input resistance R;, voltage gain A,,, and the current gain A4;,
output resistance R, .

L

=

®

/
N
175}

o~
0

Im To Vas § R,

gm =534 x103 1,=508[kQ] R, =3.3[kQ]



Exercise 9.1 (Answer)

gm =534 x1073 1, =508[kQ] R, =3.3[kQ]

In Exp. 8.2
A =—g 8L _ 165 Aol = 176
v m o +RL - -
In Section 8.3
A; = —oo A, =-18



Exercise 9.2 (Homework)

Exercise 9.2 (Homework)



Exercise 9.2 (Homework)

Find the input resistance R;, output resistance R,, voltage gain A,, and the
current gain A4;.

AN
R, I _gmvsg 5 I,
WS
v ) w L 2 Zop,
G

gm =534 X103 1, =50.8[kQ] R, =R, = 3.3[kQ]



Exercise 9.2 (Answer)

W= (S
I gm =534 x1073 1, =508[kQ] R, =3.3[kQ]
i () v | L . 2
G
o+ R, ] CSA —
=T = 200 [Q]
09m Rl = 0
147 In Exp. 9.2
Ay =—29m _ 166 A = 165
1+ |4, = 18.1 v = ~16.
L
A;=1 Aj = —o0
R, = 1,(1 + gnRs) + Ry = 13.8 [MQ] R, = 50.8 [kQ]

N J




Exercise 9.3.1 (Homework)
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Exercise 9.3.1 (Homework)

Show that the input resistance R;, voltage gain A,,, and the current gain
A;, output resistance R, are given by the following equations:

Vi
1
L, =1 I, =—1
1—£G Vgs S —2> ’
'_L ! 2 o ImToRL
v—_—

V 1, + R; + g,.,7,R
| /£ . ImVys r, | V2 §RL 1 0 L T Imlolty,
=ng :VSd

1

Z To



Exercise 9.3.1 (Answer)

12 VZ gmroRL

=< = <1
14 Vi 1+ R+ gnhR,

T0+RL

[ CSA: A; = — ] [ CSA: A, = —g, ToRt J




Exercise 9.3.1 (Answer)

I{qs ==V
V2
I =——+ nggs
rO
V2
=== gnls
R V2 _ To
N 1+ g, [CSA'RO_TO ]




Exercise 9.3.2 (Homework)
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Exercise 9.3.2 (Homework)

Find the input resistance R;, voltage gain A,,, and the current gain A4;,
output resistance R, .

o~
)
=
b<
i 1
| —
: '
Q
3
o~
195}
[ ]
oﬁ
IS
<
195}
Q
AN
Sy
h

gm =534 x1073 1, =50.8[kQ] R, =3.3[kQ]



11:

I

9

Exercise 9.3.2 (Answer)

I

_IS

Vsa § RL

r, =508 [kQ] R, =3.3[kQ]

— G Vs X S A _>_

Vs <-I__> 111 5 ¢gml{gs To ZZ
= Vyq

— \
Jm = 5.34 x 1073
Ri = 00
ImToRy
A, i = 0.943

T CSA —
Ri = 00
A, = —16.5
Ai = —0OO
R, = 50.8 [kQ]
- Y,




Exercise 9.4 (Homework)

Exercise 9.4 (Homework)



Ry

510[kQ)] §

o

Exercise 9.4 (Homework)

Find R, which sets V;syp = 3 [V]. Note that at I, = 0.606 [mA],

Tr
2N7000

VGS

é

l—
Gl

A
4

VDGND

Hint: IG — O




Ry
510[kQ]

o

Exercise 9.4 (Answer)

E

2N7000

Tr

l—
Gl

\_

VG S

Ip
R,
3.3

VDGND

5 [V]

Veenp = Vs + Vgs

Vrs = RSIDQ

Veenpg = Veso + Rslpg
=22+510% 0.606 X 1073
= 2.51 [V]

Because I; = 0,

Vv __f Vv
GGNDQ — R1 + RZ DD

VenpoR1

R, =
? Vop — Venbo
 2.51x 510 x 103

5 — 251
= 514 [kQ]




Exercise 10.5 (Homework)

Exercise 10.5 (Homework)

Exercise 10.5 This is your homework.



Exercise 10.5 (Homework)

: : Vg . .
Find the voltage gains 4, = % in the circuits below.
S

V; and I, are effective values of AC components of v; and v, respectively.

R, TIr R, Tr

v (3) .- g ? . <l>

ol
o
[os]

]

|

(a) (b)

Pause the video, and answer the problem.



Exercise 10.5 (Answer)

Vii = (Rs + hye)Ip /A\: Veg _ hreRy

"" Ve Rg+hp+ (1+he)R
VEZRE(1+hfe)Ib ﬁ - s S ie ( fe) E
Vs =Vi1 + Vg

= (Rs + hie)ly + Ro(1 + hyo )l

In the circuit in (b), Ry = oo.
ch = _hfeRLIb

A, =0



Exercise 10.6 (Homework)

Exercise 10.6 (Homework)

Exercise 10.6 This is your homework.



Exercise 10.6 (Homework)

The temperature stability of operating point Q of the circuit below depends on
the stability of I. The stability factor Sy, is defined as

R R Vv
Iem i - % % . BElq
1 VCC
Reum § R Ty Tr, T Find Sy, and compare the value

with those in Section 5.2, which
Us ' | were
777

Robust bias circuit:

AWA
\
o
|
3

Tr, Tr, Sy =—9.37 x107*
T VB \1 Non Robust bias circuit:
0 Sy = —0.0307

Pause the video, and answer the problem. Find the temperature stability of this circuit.



Trs

Exercise 10.6 (Answer)

AWA

B _ 2Vee — Vg
Ig = Iow = —5
cM
dal
s Vee Sy = 0VE
BE|q
B 1
o Rem
= —-286x10"%
— Vee
In Section 5.2

Robust bias circuit:
Sy =—9.37x107*
Non Robust bias circuit:
Sy = —0.0307



Exercise 10.10 (Homework)

Exercise 10.10 (Homework)

Exercise 10.10 This is your homework.



Exercise 10.10 (Homework)

Find the voltage gain A, = V.. /V;,. of high gain amplifier below by
assuming that h;.3 = 13 [kQ], hfez = 210,and hyep = hpe3 = 6 [US].

e
Iy
_> _
RS lp Tr3 v
— |-t - /cC
W\ N R Vhe Rie3 § 1/h,e3 1/hoe2 Ve
Vs 1 hfeslp
v Uce
VBB T BE *® *
High gain amplifier Equivalent circuit

Pause the video, and answer the problem.



Exercise 10.10 (Answer)

Iy
—>
. : Vce
e 2 Y Vg
V e ie3 1 hoe 1 hoe Vce ¢
b hfe3[b / 3 / 2 . hfeg 1
¢ ¢ hieS hoez + hoeS

~ 1350

Equivalent circuit



Exercise 11.1 (Homework)

Exercise 11.1 (Homework)



Exercise 11.1 (Homework)

The connection of this circuit is wrong. The input terminals are
reversed. The virtual short is not valid in this circuit, i.e. V; # 0.
Find v,, if v; > 0.

RZ T VCC
MN 5 [V]
Ry
+V
; N
UI * 0 A
21 >y | v 777
777

777 r— VCC
Ts V]




Exercise 11.1 (Answer)

v, goes up to the limit. The limit is at most
+ V, depending on Op-Amp hardware.

R 4
’\/\/i cc If the limit is +V, then
5[V]
Ry
+\ +V
=0 A
(21 Vr T 7 _y v, 777 v > 0717 717 717172 =4V
777
7-7 —T_ VCC
5 [V] szl + R1v2
v =
! R, +R,
R,v, + R,V
— 2Y1 1 >0

R; + R,



Exercise 11.3 (Homework)

Exercise 11.3 (Homework)



Exercise 11.3 (Homework)

Show that, if R; = R,, then v5 is given as follows:

R
U3 - _R_i(vl + vz).

Virtual short




Exercise 11.3 (Answer)

According to Ohm’s law,

) %1
l’l — R_
1
(%
ly = R_
2
Because R; = oo,
i3 - il + iz
1 v, Then,
777 Vr3s = gs l3 P
3 3
=R_Ul +R_U2<[ R1 _RZ J
1 2
Virtual short R;
= — (v, + v3)
Ry
Thus,
U3 = _l;?RS Vin
3
= —— (W +v
7+ v2)
= Av(vl + 172)
R
A4, =——



Exercise 11.4 (Homework)

Exercise 11.4 (Homework)



Exercise 11.4 (Homework)

. R, R .
Show that, if R—z = R—4 = k, then v5 is given as follows:
1 3

V3 = _k(vl — Uz). Hints:

1. Since R; = o, we can find the
relationship between vy, and v,.

2. Using the virtual short, we can find
the voltage v, at node “a”.

3. We can express iy with v4, v,.

4. Since R; = oo, we can express i,
using v4, vs.

5. Now we can find vp, as a function of
V1, Us.

6. Note that vy = v, — vp,. Find v3 as a
function of v, v,.

L Virtual short 7. Substitute the condition Bp = Ba _ k

Ry

Ry R3
in to the above equation, and show
that vy = —k(v; — vy).



Exercise 11.4 (Homework)

AN AN

Vg ”
R4 .
717 = 5. Vra = Ry i3

R, $
¥ i
& <—> \+ 0P Vs =R—:(U1—Va)
PO | B2 N —0 T R4< Rz )
=—|\v — v
. R;\'' R, +R, °

1. R, = oo 3. =1 la - M v—&<v— R, ”)
ST R, Y R, Ri+R, ° Rs\'' Ry +R; ?
Vg2 = V>
Ry +R, , Rz_R4
" R, Rs
Vg = Vpr2 iy = iy BT k2 TR



Exercise 11.5 (Homework)

Exercise 11.5 (Homework)



Exercise 11.5 (Homework)

R, 100 [kQ]
AN

———r

€1 1[pF]

+V

L
21

-V

vy

OP
'/ TLO82CP

These were the results of Experiment 11.5,

Virms = 0.675 [V], Varms = 1.08

where v; =V, sinwt, f = 100 [Hz].

1. Show that the ratio V5,5 /Virms is given by,

VZ rms 1

Virm B (UC1R1'

2. Confirm that the experimental and
theoretical values of the above ratio
coincide with each other.

You can neglect R, for its large resistance.



Exercise 11.5 (Answer)

If v, =V}, sin wt, then
1

GR,
Vm

N wCi R4

v, = ] V. sin wt dt

cos wt.

Then, by the definition of rms value,

Vin Vin

Virms = —=, Varms =
1rms \/E 2rms \/ia) ClRl

Thus

VZrms — 1
Virm wC1 Ry

2.
f =100 [Hz], C; = 1 [uF], Ry = 1 [kQ]

1 1
wCiR; 2m x 100 x 10~ x 1000
= 1.59
VleS - 0675
Vorms = 1.08
Varms _ 1.08 _ 0
Virm  0.675



Exercise 12.2 (Homework)

Exercise 12.2 (Homework)



Exercise 12.2 (Homework)

1. Find the cutoff frequency of the R — C filter in (a) where Z; = R;.

2. Explain why the cutoff frequency in (b) is not influenced by Z;.

R,
AN\
C
i L
AN ? :_ ------- : R4 ) Ver2
n (@) % C‘Vz | %Rl : R reTT

(a) R — C low pass filter (b) Op-Amp low pass filter



Exercise 12.2 (Homework)

1
T R;
R R, T/wC T+ jwCR,
== V2= Vl Vl
MV R R+1+RiCR
—L =+ jwC JWt I

= - 1= : V1
— : R + R; + jwCRR; R+R:" (1 4 jwc RR+R;?1-
1
Je = RR;
R, 2nC p— ;?i
AN
C
0—| I—(-
Ry  Vere Assume that the virtual short is working
AN — it | in this circuit. Then, V, is determined by
v V=0 . n | | Verz, and Vg, is determined by V;.
1\ _ V. I |
oP 24
, | V5 is not influenced by Z;




Exercise 12.3 (Homework)
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Exercise 12.3 (Homework)

1. Show that the voltage gain Gy and the phase difference iy, _y, of the
circuit below are given by the following equations:

wCR
g
J1+ (wCR)?

I
v, (T R V.
' <_> % 1 [kQ] [ ? l’bVZ_Vl = 90° — tan_la)CR

V.
C 0.1 [uF] Gy = 2010g72 = 201o
1

2. Show that the cutoff frequency is expressed as follows:

1
~ 2nCR

fe

3. Find the value of cutoff frequency.



Exercise 12.3 (Answer)

C 0.1[upF]
H 2
v, (T R V. AtwCR =1
| CD § I ‘ 2 G 201 - 3 [dB]
= 00— = —
|74 g\/i
L R
Vz = —1V1 l'bVZ_Vl == 900 - tan_ll - 4‘5 [O]
R+700
_ JjwCR v
" 1+ jwCR ! fe = SR Cutoff Frequency
2 3. _ 1
C 201 v, 201 wCR 2m X 0.1 X107 x 103
v = 0g = 0g
" V1+ (wCR)? = 1.59 [kHz]

Yy, -y, = 90° —tan"'wCR



Exercise 12.4 (Homework)
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Exercise 12.4 (Homework)

1. Show that the voltage gain Gy and the phase difference iy, _y, of the
circuit below are given by the following equations:

2. Find the value of cutoff frequency.

R, 1[kQ
2 [ ] VZ RZ (,UCRl
IZT ~ I\/\/\/ GV = 20 log_ — 2010g
Ry C N Vg 41 Ry \/1 + (wCR,)?
I 1[kQ] 0.1 [IlllF]
M y =|(|) l \ _ lsz—V1 — —9(0° — tal’l_leRl
" CtD I 2 Uy
OP 777




Exercise 12.4 (Answer)

fo 11K0] Vo ==Vre =V}
LA Wy R, jwCR4
PR = TR 1+jwCR; !
i 1[kQ] 0.1 [uF] L 11+ Jjwlky
——W\—| -
vi=0 4 |, s v, R,  &CR,
V1 V2 Gy = 20log— = 20log
777 Vi R4 \/1 + (wCR,)?
777
I'DVZ_Vl = —90° — tan_l(,()CRl
1. V.
VI - O E> 11 — ! 1
Ry +j_wC
Zi=0 0 L= 2
wCRy =1 ) f. = R, 1.59 [kHz]
1
R, 1
VR = Ral; = R, 1 Vi
1+ -0Cr,
Rz ](UCRl

= V.
Ri1+jwCR, *



Exercise 12.5 (Homework)

Exercise 12.5 (Homework)



Exercise 12.5 (Homework)

1

Jer = e R T2 = 2ncoR,

Show that I f K f.q, fer
Gy = 20logw(CyR,

R (o]
’\/\j\/ 1/JV2—V1 =—-90
C2 Iffcl <<f < fcz
| | RZ
R, ¢ ' Gy = ZOIOgR—1
MA—| = Wy, v, = —180°
+
e v f foa foo <
oP 777 1
777 777 Gy = 20log wCoR,

Yy,-y, = —270°



Exercise 12.5 (Answer)

a)ClRl

G, = 20log 1 1
R 2 2 =5~ p Je2 =
t\/l + ((,UClRl) \/1 + (U)Csz) fCl chlRl ifCZ 27-[C2R2
l/}VZ_Vl = —90 tan wClRl — tan (l)CzRZ
Ff < fa Gy =20log2 OL 2010g wC; R
& for. — og ~ 08 WLyhip
vl Ri 1+ (@eR)?1 + (@8R,
Yy, vy, ® —90° —tan™'0 — tan"'0 = —90°

ffo, K f < foy Gy=20l 0y 20 log 2

— og ~ 085~

c1 2 k. X+ (@GR + (065R,)? f

If fer, foo L f

Yy,—y, ® —90° —tan" oo — tan"'0 = —180°
Gy = 201 Rz Wik 201
08 ~ 0g
- Ry \/X"‘ (CUC1R1)2\/1K+ (wCyR,)? wC, Ry

Yy, -y, ® —90° —tan~ oo — tan” oo = —270°



Exercise 13.4 (Homework)

Exercise 13.4 (Homework)



Exercise 13.4 (Homework)

Prove the following equations:
Xo(X1 + Xo) = X2X1 + XX

X + X1Xo = (X7 + X)X, + Xo)

Xl + XO — X]_XO

X]_XO + Xl)?o + X1X0 — Xl + XO



Exercise 13.4 (Answer)

Xo(X1 + Xg) = X2 X1 + XX,

X, X Xo XitXy X(Xi+Xp) XX X, Xy XXX X
0 0 0 0 0 0 0 0
0 0 1 1 0 0 0 0
0 1 0 1 0 0 0 0
0 1 1 1 0 0 0 0
1 0 0 0 0 0 0 0
1 0 1 1 1 0 1 1
1 1 0 1 1 1 0 1
1 1 1 1 1 1 1 1

X+ X1 Xy = (X; + X)Xz + Xp)

X X Xo XiXg XotXiXo XotX| X0+ Xy (Xo+Xo)(X;+Xo)
0 0 0 0 0 0 0 0
0 0 1 0 0 0 1 0
0 1 0 0 0 1 0 0
0 1 1 1 1 1 1 1
1 0 0 0 1 1 1 |
1 0 1 0 1 1 1 1
1 1 0 0 1 1 1 1
1 1 1 1 1 1 1 1




Exercise 13.4 (Answer)

X1 Xo X1+Xo X1+X, X; X, X1Xo
0 0 0 1 1 1 1
0 1 1 0 1 0 0
1 0 1 0 0 1 0
1 1 1 0 0 0 0

X1 X0+ X Xo + X1 X0 = X; + X
X1 Xo X, Xo XiXo XX, XXy, X Xo+X Xo+X Xy, X{+X,
0 0 1 1 1 0 0 1 1
0 1 1 0 0 0 0 0 0
1 0 0 1 0 1 0 1 1
1 1 0 0 0 0 1 1 1




Exercise 13.5 (Homework)

Exercise 13.5 (Homework)



Exercise 13.5 (Homework)

Design a logic circuit with three inputs X,, X; and X, and one output
Y which meets the truth table below.

<
<
2

- A A a0 O O
- A O O ~ O o ol

- A O O »~ ~ O O
_ O -~ O -~ 0O -~ 0




Exercise 13.5 (Answer)

Y = X2X1X0 + X2X1X0 + X2X1X0
== X1X0 + X2X1

<
<
=<

A A OO0 -~ 0O 0o ol

_ A a2 O O O O
. A O O =~ o O O
_ OO -~~~ O ~ O -~ 0

FD}IDY




Exercise 13.5 (Answer)

1
X, {
0 't [ms]
0 2.5 5 7.5 10
1 -
X, {
0 't [ms]
0 2.5 5 7.5 10
1
X0 |
0 't [ms]
0 2.5 5 7.5 10

2.5 5 7.5 10



Exercise 14.4.1

Exercise 14.4.1



Exercise 14.4.1

Design logic circuits that satisfy the truth table below. You can use any of AND, OR,
NOT, NAND, NOR, XOR gates. You can easily find a circuit that has 6 logic gates by
using an XOR gate. You are encouraged to find a circuit that has 5 gates.

<
e
23

- O -~ O -~ O -~ O

O O ~ O O -~ ~a~ o




Exercise 14.4.1 (Answer)

X, | X, | X, | Y
00|00
00| 1] 1
0| 1]0]/| 1
o/ 1]1]0
110]0] 0
1101 1] 1
1111010
111]1]0

Y — )?_2)21_)(0 + X2X1_)ZO + ){2X1X0
- Xz(X]_XO + X1X0) + X1X0

D

-



Exercise 14.4.1 (Answer)

X
w
X
N
x

O O -~ O O —~ ~ 0|

= A A A O O O 0O

- O -~ O -~ O -~ 0O

Y = X3X2X1 + XngXl + X3X2X1

— X3X2X1 + szl

- X2X3X1 + X2X1
— X2X3 + Xl + X2X1

it
Do—y ) O

5 gates

Y = XngXl + XSXZ)?l + X3X2X1

— X3X2X1 + )?2X1

— X3X2X1 + X2X1

=X3 +)?2 +X1 +)?2X1

o

)
|/

5 gates



Exercise 14.4.2

Exercise 14.4.2



Exercise 14.4.2

Design a logic circuit that has the input-output relationship below.

)
0
)
0

L
U-
)
D
G
I
D
'-

— = o o |
»—AO»—AOON




Exercise 14.4.2 (Answer)

X, 510 /\< - >/\ S10
) - WA | R
\ = \Z
510 /\< ¥ >/\ 510
M 777 W\
510 T i
W\
) D \/ _
¥ >




Exercise 14.5

Exercise 14.5



Exercise 14.5 (Homework)

Design a logic circuit that performs the additions below.

00 00 00 00 01 01 01 01
+ 00 + 01 + 10 + 11 + 00 + O1 + 10 + 11
000 001 010 011 001 010 011 100

10 10 10 10 11 11 11 11
+ 00 + 01 + 10 + 11 + 00 + 01 + 10 + 11
010 011 100 101 011 100 101 110

Pause the video and answer the problem.



Exercise 14.5 (Answer)

107
11

-101
N2

0 —

B, | FA | S,
Ay — iCl
HA




Exercise 15.3 (Homework)

Exercise 15.3 (Homework)



Exercise 15.3 (Homework)

Design a CMOS NOR gate by using two PMOSs and two NMOSs.



Exercise 15.3 (Answer)

Tr,, Tr,
ZVP2106A
Trs, Tr, Tr,
2N7000 G
:j S
|+ ]
Tr,
G :j S
||—
D
+
v O us
AN ® - T Vee
Ux1 Ci)




Exercise 15.4 (Homework)

Exercise 15.4 (Homework)



Exercise 15.4 (Homework)

Design a CMOS OR gate by using 3 PMOSs and 3 NMOSs.



Exercise 15.3 (Answer)

Try, Tr,, Trg
ZVP2106A
Trs, Tr,, Trg
T
2N7000 ¢ )
L 2 ::b
[+ ]
Tr,
G - S
|K Trs R/
mn D cc
Uso \ _ G S
v () i
x1 ’}D
Trg b Tr, p Tre D
G 15 G js G ﬁs Vy
L 4
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