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Chapter 1

1.

Copper has 20 orbiting electrons with only one electron in the outermost shell. The fact that
the outermost shell with its 29" electron is incomplete (subshell can contain 2 electrons) and
distant from the nucleus reveals that this electron is loosely bound to its parent atom. The
application of an external electric field of the correct polarity can easily draw this loosely
bound electron from its atomic structure for conduction.

Both intrinsic silicon and germanium have complete outer shells due to the sharing (covalent
bonding) of electrons between atoms. Electrons that are part of a complete shell structure
require increased levels of applied attractive forces to be removed from their parent atom.

Intrinsic material: an intrinsic semiconductor is one that has been refined to be as pure as
physically possible. That is, one with the fewest possible number of impurities.

Negative temperature coefficient: materials with negative temperature coefficients have
decreasing resistance levels as the temperature increases.

Covalent bonding: covalent bonding is the sharing of electrons between neighboring atoms to
form complete outermost shells and a more stable lattice structure.

a. W=QV=(>12uC)6V)=T72u]

leV

b. 72x10°J= {—19
1.6x107 J

} =2.625 x 10" eV

48 eV =48(1.6x10"1=768x10"J

W 76.8x107"° ]

=— =240x 107" C
0=y

32V
6.4 x 107" C is the charge associated with 4 electrons.
GaP  Gallium Phosphide E,=2.24eV
ZnS  Zinc Sulfide E, = 3.67 eV

An n-type semiconductor material has an excess of electrons for conduction established by
doping an intrinsic material with donor atoms having more valence electrons than needed to
establish the covalent bonding. The majority carrier is the electron while the minority carrier
is the hole.

A p-type semiconductor material is formed by doping an intrinsic material with acceptor
atoms having an insufficient number of electrons in the valence shell to complete the covalent
bonding thereby creating a hole in the covalent structure. The majority carrier is the hole
while the minority carrier is the electron.

A donor atom has five electrons in its outermost valence shell while an acceptor atom has
only 3 electrons in the valence shell.



10.

11.

12.

13.

14.

15.

16.

17.

Majority carriers are those carriers of a material that far exceed the number of any other
carriers in the material.

Minority carriers are those carriers of a material that are less in number than any other carrier
of the material.

Same basic appearance as Fig. 1.7 since arsenic also has 5 valence electrons (pentavalent).

Same basic appearance as Fig. 1.9 since boron also has 3 valence electrons (trivalent).

For forward bias, the positive potential is applied to the p-type material and the negative
potential to the n-type material.

kT (1.38x 107 J/K)(20°C + 273°C)
q 1.6x107°C
=25.27mV

a. V.=

b. IDZIS(eVD/nVT _1)
=40 nA(e(O-5 V)/(2)(25.27mV) _ 1)

=40 nA(e”® -1)=0.789 mA

_ k(T) (138 x107*J/K)(100°C +273°C)
q 1.6x107"°
=3217mV

a. V,

b =1, -1y
=40 IlA(g(O-5 V)/(2)(32.17mV) _ 1)

=40 nA(e”"" -1)=11.84 mA

a. Tx=20+273=293

kT, (138107 J/K)(293°)
q 1.6x107"° C

=25.27mV

Vi, =

b, I,=1(""" 1)
=0.1 uA (e—lO/(Z)(25.27 mv) _ 1)

-0.1 luA(67197.86 ~1
= 0.1 A



18.

19.

20.

21.

22.

kT (1.38x107J/K)(25°C + 273°C)
q 1.6x107°C
=25.70 mV
Ip= 1, -1)
SmA = Is (e(O.SV)/(l)(25.7O mV) _ 1) — Iv (28 X 108)
8 mA

[ =——— =28.57 pA
fo28x%x108 P

Vi =

I, =1, 1)
6 mA =1 nA(e'?" V™) _1)
6x10° =P/ ™ _q
e = 6x10° —1=6x10°
log, e'?"*™ =log, 6 x10°

VD
26 mV
Vp=15.6126 mV)=0.41V

=15.61

(@) .
y=e

1
2.7182
7.389
20.086
54.6
148.4

N kW= O=

(b) y=e"=1
(¢) Forx=0,¢’=1land/=1I(1-1)=0mA

T=20°C: I,=0.1 uA

T=30°C: I;=2(0.1 uA)=0.2 uA (Doubles every 10°C rise in temperature)

T=40°C: I,=2(0.2 uA) = 0.4 uA
T=50°C: I,=2(0.4 uA) = 0.8 uA
T=60°C: I,=2(0.8 uA) = 1.6 A

1.6 #A: 0.1 uA = 16:1 increase due to rise in temperature of 40°C.

For most applications the silicon diode is the device of choice due to its higher temperature
capability. Ge typically has a working limit of about 85 degrees centigrade while Si can be
used at temperatures approaching 200 degrees centigrade. Silicon diodes also have a higher
current handling capability. Germanium diodes are the better device for some RF small signal
applications, where the smaller threshold voltage may prove advantageous.



23.

24.

25.

26.

27.

28.

From 1.19:
=75°C 25°C 100°C | 200°C
Ve 1.1V 08V |10V |06V
@ 10 mA
I 0.01 pA | 1 pA 1 uA | 1.05 uA

Vr decreased with increase in temperature
1.7V:0.65V =2.6:1

I; increased with increase in temperature
2 uA: 0.1 uA =20:1

An “ideal” device or system is one that has the characteristics we would prefer to have when
using a device or system in a practical application. Usually, however, technology only
permits a close replica of the desired characteristics. The “ideal” characteristics provide an
excellent basis for comparison with the actual device characteristics permitting an estimate of
how well the device or system will perform. On occasion, the “ideal” device or system can be
assumed to obtain a good estimate of the overall response of the design. When assuming an
“ideal” device or system there is no regard for component or manufacturing tolerances or any
variation from device to device of a particular lot.

In the forward-bias region the O V drop across the diode at any level of current results in a
resistance level of zero ohms — the “on” state — conduction is established. In the reverse-bias
region the zero current level at any reverse-bias voltage assures a very high resistance level —
the open circuit or “off” state — conduction is interrupted.

The most important difference between the characteristics of a diode and a simple switch is
that the switch, being mechanical, is capable of conducting current in either direction while
the diode only allows charge to flow through the element in one direction (specifically the
direction defined by the arrow of the symbol using conventional current flow).

VDEO.7V,ID=4mA
\% .

Rpc= _D=07_V =175Q
I, 4mA

Atly=15mA, V=082V
V, 082V

I, 15mA
As the forward diode current increases, the static resistance decreases.

=54.67 Q

DC —
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30.

31.

32.

33.

34.

35.

Vp=-10V, I, =1,=-0.1 A

V

RDC= L= 10V =100 MQ
I, 0.1uA

VD=_3OV, ID=IS= —O.IﬂA
V

RDC=—D= 0V =300 MQ
I, 0.1uA

As the reverse voltage increases, the reverse resistance increases directly (since the diode

leakage current remains constant).

ID= lOmA, VD= 076 V

Vv .
RDc=—D=O76V=76Q
I, 10mA
AV, 079V-0.76V 003V
rg= = = =3Q
Al, 15mA -5mA 10mA
RDc>>rd
AV . -0. .03V
@ 1= d:O79V O76V=003 _30
Al, I5SmA-5mA 10mA
®) 1= 26mV:26mV 260
I, 10 mA
(c) quite close
AV . -0.
Iy=1mA. r,= d=072V 061V:SSQ

Al, 2 mA -0mA
AV, 08V-0.78V

ID=15mA,rd= = =
Al, 20mA-10mA

ID:ImA,rd:2(26mvj:2(269):529v3559(#30)

D

Ipy=15mA, ry= 20mV _26mV. 23 0vs 2 Q (#30)
I, 15mA

L AV 09V-06V g

Al, 13.5mA-12mA

AV, 08V-07V 009V
Al, 7mA -3mA 4mA
(relatively close to average value of 24.4 Q (#32))

=225Q

n

rg=



36.

37.

38.

39.

40.

AV, 09V-07V 02V

= = =14.29 Q
Al, 14mA-0mA 14mA

Yav =

0.7V ideal diode

—|lM——o

Using the best approximation to the curve beyond V, =0.7 V:
AV, 08V-07V 01V 07V

AL S 25mA —0mA 25mA 0 °—+|'|'—_“fﬁ_"_°

Germanium:
_042V-03V

o T 0 mA—0mA
%

o~ —W—p—

03V 4Q

4Q

GaAa:
_132V-12V

o T 0 mA—0mA
%

o~ —W—p—

12V 4Q

4Q

(@) Ve=-25V: Cr=0.75 pF
Ve=-10V: Cr=1.25 pF

|AC, | [1.25 pF-0.75pF| 0.5pF

= = = 0.033 pF/V
|AV| | 10V -25v | 15V

(b) Vek=-10V: Cr=1.25pF
Ve=—-1V: Cr=3pF
|AC; | _[1:25 pF -3 pF| _1.75pF _ o, DEIV

AV| |10V -1V |7 9V

(c) 0.194 pF/V: 0.033 pF/V =5.88:1 = 6:1
Increased sensitivity near Vp =0V

From Fig. 1.33
VD=OV, CD=3.3pF
Vp=0.25V,Cp=9 pF



41. The transition capacitance is due to the depletion region acting like a dielectric in the reverse-
bias region, while the diffusion capacitance is determined by the rate of charge injection into
the region just outside the depletion boundaries of a forward-biased device. Both
capacitances are present in both the reverse- and forward-bias directions, but the transition
capacitance is the dominant effect for reverse-biased diodes and the diffusion capacitance is
the dominant effect for forward-biased conditions.

42,  Vp=02V,Cp=173pF
S ! =3.
27fC ~ 27(6 MHz)(7.3 pF)
Vp=-20V, Cr=0.9 pF
1 1

64 kQ

Xc

Xo= - =29.47 kQ
27fC  27(6 MHz)(0.9 pF)
43. Cr= O n il 12
(1+[ve /vie])" (1+]5 V707 V)
_ 8pF _ 8 pF _ 8 pF
(1+7.14)"  8.14 2.85
=2.81pF
44, C =&ﬂ
(1+]vervi])
4pF= 10 pF

(1+]vr0.7 v|)”
=(1+V,/0.7 V)" =25

1+V,/0.7 V=(2.5) =15.63
Vp/0.7 V =15.63-1=14.63
Vp =(0.7)(14.63) =10.24 V

10V 5V

45. ;= — =1mA Leverse = 7o = 0.5 mA
T 10kQ iimay A 10K
t,+t,=t,=9ns !

t,+2t,=9ns

s s /
t,.=3ns -

t,=2t,=6ns 0 5 8 14

//K 1s)
~0.5F , t :

ty |



A I
46. HmA)
2001
100+
50T
10T
- >
00800° Ve
47. a.  As the magnitude of the reverse-bias potential increases, the capacitance drops rapidly
from a level of about 5 pF with no bias. For reverse-bias potentials in excess of 10 V the
capacitance levels off at about 1.5 pF.
b. 6pF

c. AtV,=-4V,C,=2pF
C(0)
(1+] Ve /v, )"

6 pF
~(1+[avio7 V)’

(1+|4V+0.7 V|”)=3

(6.71)" =3
nlog,,6.71=log,,3
n(0.827) =0.477

n= Ml = (.58
0.827

48. At Vp=-25V,Ip=-0.2nA and at Vp =-100 V, I, = —0.45 nA. Although the change in I is more
than 100%, the level of I and the resulting change is relatively small for most applications.

49. Log scale: Ty =25°C, Iz =0.5nA
T4 =100°C, Iz = 60 nA
The change is significant.
60 nA: 0.5 nA =120:1
Yes, at 95°C I would increase to 64 nA starting with 0.5 nA (at 25°C)
(and double the level every 10°C).

50. Ir=0.1 mA: r;=700 Q
Ir=15mA: r;,=70Q
Ir=20mA: r;,=6Q

The results support the fact that the dynamic or ac resistance decreases rapidly with
increasing current levels.



51.

52.

53.

54.

55.

56.

T=25°C: Ppax =500 mW
T = 100°C: Pyax = 260 mW

Pmax = VFIF
P

[p= D S00mW 0 mA
V., 07V
P

[p= e 200mW o0 3 mA
V., 07V

714.29 mA: 371.43 mA = 1.92:1 = 2:1

Using the bottom right graph of Fig. 1.37:
Ir=500mA @ T'=25°C
At Ir=250 mA, T=104°C

Iz
2V (V) 168V (Vy T 20 W; R
t - A z

—————————————— 10 mA (IZT)

—————————————— 40 mA (Izy)

AV.
Te=+0.072% = ——~—x100%

V(T = Ty)
0072= —2V 00
10 V(T, - 25)
0.072= 12

1

T,—-25°= e =104.17°
0.072

T,=104.17° + 25° = 129.17°

= L X 100%
VZ(TI _E))
5V —48V)

~5V(100° - 25°)

Tc

x 100% = 0.053%/°C

20V -6.8YV)
24V -6.8V)

x 100% = 77%

The 20 V Zener is therefore = 77% of the distance between 6.8 V and 24 V measured from

the 6.8 V characteristic.
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58.

59.

60.

61.

62.

Atl;=0.1 mA, T = 0.06%/°C

BV -36V)
6.8V -3.6V)
The 5 V Zener is therefore = 44% of the distance between 3.6 V and 6.8 V measured from the

3.6 V characteristic.
Atl;=0.1 mA, Tc=-0.025%/°C

x 100% = 44%

20 !

1
________ 1
AN :
=13Q | N24V
10 mA
24 V Zener:
0.2 mA: =400 Q
1 mA: =95 Q
10mA: =13 Q

The steeper the curve (higher dI/dV) the less the dynamic resistance.

V¢ =2.0V, which is considerably higher than germanium (= 0.3 V) or silicon (= 0.7 V). For
germanium it is a 6.7:1 ratio, and for silicon a 2.86:1 ratio.

-19
0.67 X {w}zlmleo—” ]

1 ¥
626x107 10
Eg=£:>/1=£=(66 6x10 Js)(i: 0*) m/s
A E, 1.072x107°J
=1850 nm

Very low energy level.

Fig. 1.53 (f) Ir=13 mA
Fig. 1.53 (e) Vp=2.3V

(a) Relative efficiency @ 5 mA = (.82

@ 10 mA =1.02
1.02-0.82 1 00% = 24.4% increase
0.82
ratio: —— =1.24

(b) Relative efficiency @ 30 mA = 1.38
@ 35mA =142

w X 100% = 2.9% increase

ratio: ﬂ =1.03
1.38

10



63.

64.

(c) For currents greater than about 30 mA the percent increase is significantly less than for
increasing currents of lesser magnitude.

@ 2B _02s
3.0

From Fig. 1.53 (i) X =75°
(b) 05=> x£=40°

For the high-efficiency red unit of Fig. 1.53:

A
20 mA

Average
forward
current

_~—02mA/C

o[ 25 50 75 100 125 150 =~ °c
100°C

0.2mA 20mA
°C X
20 mA

x=————=100°C

"~ 0.2mA/°C

11



Chapter 2

1. The load line will intersect at Ip = E = 12V =16 mA and V=12 V.
R 750Q

(a) VDQ =085V
Ip, =15mA
Ve=E-Vp =12V-08V=1LI5V

(b) Vp, =07V
Ip, =15mA
Ve=E-V, =12V-07V=113V

(c) VDQ =0V
Ip, =16 mA
VR=E—VDQ =12V-0V=12V

For (a) and (b), levels of VDQ and [ p, are quite close. Levels of part (c) are reasonably close
but as expected due to level of applied voltage E.

2. @ Ip=L=%Y _30ma
R 02kQ

The load line extends from I, =30 mA to V=6 V.
Vp, 2095V, I, =253 mA

E 6V
b) Ip=—=
® o= = 0a7k0
The load line extends from Ip = 12.77 mA to Vp =6 V.
Vp, =08V, [, =11mA

=12.77 mA

E 6V
I = —=
© o= =068k
The load line extends from I, =8.82 mAto V=6 V.
Vp, =078V, I, =78 mA

=8.82 mA

The resulting values of V;, are quite close, while I, ~extends from 7.8 mA to 25.3 mA.

3. Load line through [ D, = 10 mA of characteristics and V, =7 V will intersect I, axis as
11.3 mA.
E_TV

Ip=113mA= —=—
R R

with R = l =619.47 kQ = 0.62 kQ standard resistor

11.3 mA

12



(a)

(b)

(a)
(b)

(©)

(a)

(b)

(a)
(b)

E-V, 30V-07V
R 1.5 kQ
Vo=07V,Vg=E-Vp=30V-07V=293V

ID=IR= =19.53 mA

E-V, 30V-0V
R 1.5 kQ
VD=0V, VR=30V

=20 mA

ID=

Yes, since E > Vrthe levels of I, and Vy are quite close.
I =0 mA; diode reverse-biased.

Voo =20V =0.7V =19.3 V (Kirchhoff’s voltage law)

120 Q) = 193V =0.965 A
20 Q
V(10Q)=20v-0.7V=193V
I(10 Q) = 193V =193 A
10 Q
I1=1(10 Q) + 1(20 Q)
=2.895 A
1= IO—V =1 A; center branch open
10Q

Diode forward-biased,
Kirchhoff’s voltage law (CW): =5V +0.7V-V,=0

V,=-43V

|%
Ir=1Ip= Pl _ 43V _ 955 mA

R 22kQ
Diode forward-biased,
I = 8V+6V-07V 225 mA

1.2kQ + 4.7 kQ
V,=8V-(225mA)(1.2kQ)=53V
- 10kQ12V -0.7V-03V) _917V
2kQ+10kQ

V,=10V

13



8.

10.

11.

(a)

(b)

(a)

(b)

(a)

(b)

(a)

(b)

Determine the Thevenin equivalent circuit for the 10 mA source and 2.2 k€2 resistor.

Epm=IR = (10 mA)(2.2kQ) =22 V

RTh = 2 21(9
Wv N oV, Diode forward-biased
+ 2.2kQ - _
— Ip o = -22V=07V _ 4gamaA
T2V 2k 22kQ+2.2kQ
V, =I(1.2 kQ)
= = (4.84 mA)(1.2 kQ)

=581V
Diode forward-biased
I = 20V+20V =07V — 578 mA
6.8 kQ
Kirchhoff’s voltage law (CW):
+V,-0.7V+20V =0

V,=-193V

V, =12V-07V=113V
v, =12V

vV, =0V
V, =0V
2
Both diodes forward-biased
Si diode turns on first and locks in 0.7 V drop.
R:12V—0.7V — 24 mA
4.7kQ
ID = IR =24 mA
V,=12V-07V=113V

Right diode forward-biased:
_20V+4V-07V
- 22kQ

Vo=20V-0.7V=193V

Ip =10.59 mA

Si diode “on” preventing GaAs diode from turning “on’:
_ 1V—0.7V:0.3V —03mA
1 kQ 1 kQ
V,=1V-07V=03V

_16V-07V-07V+4V 186V
B 4.7kQ 47 kQ
V,=16V-07V-07V=14.6 V

1 =3.96 mA

14



12.

13.

14.

15.

16.

17.

18.

19.

20.

Both diodes forward-biased:
Vo1 =0.7V, V02 =07V

20V-07V 193V

I = = =19.3 mA
Hhe 1kQ 1kQ
lha7ko = 0 mA
I:IIkQ_I()_47kQ= 19.3 mA — 0 mA
=19.3 mA
10V
o—
2kQ
10V ¥ Vo
o—l
2 kQ 2kQ
Superposition: V, (9.3 V) :M: 3.1V
! 1kQ+2 kQ
Vv (38V)=0KB3Y)_, oqy
2 1kQ+2 kQ
Vv, = VO1 + V02 =6.03V
=23V =003V 635 ma
2kQ

Both diodes “off”. The threshold voltage of 0.7 V is unavailable for either diode.
Vo=0V

Both diodes “on”, V,=10V-0.7V=93V

Both diodes “on”.
V,=07V

Both diodes “off”, V, =10 V

The Si diode with —5 V at the cathode is “on”” while the other is “off”. The result is
V,==5V+07V=-43V

0V at one terminal is “more positive” than =5 V at the other input terminal. Therefore
assume lower diode “on” and upper diode “off”.
The result:

Vo=0V-07V=-07V
The result supports the above assumptions.

Since all the system terminals are at 10 V the required difference of 0.7 V across either diode
cannot be established. Therefore, both diodes are “off”” and

Vo=+10V
as established by 10 V supply connected to 1 kQ resistor.

15



21. The Si diode requires more terminal voltage than the Ge diode to turn “on”. Therefore, with
5V at both input terminals, assume Si diode “off” and Ge diode “on”.

The result: V,=5V-03V =47V
The result supports the above assumptions.

Vi 2V

22. Vee=0318V, =V, = = =628V
0.318 0.318
AY;
6.28V Yy
74 oV
0 > 0 >
\/ &/
—-6.28 V
vV, 628V Iy
I,=—"="= 10 =3.14 mA 314 mA
ys
0‘ >
23. Using V4. = 0.318(V,, — Vp)
2V= 0318(‘/171 - 07 V)
Solving: V,, =698 V = 10:1 for V,,:Vr
AV AV A VR A = Ga)

6.28V

6.98 V
h 0.7V ///\

//\3.14mA
5 Z
IRV

\
Y

—6.98V
\%
24. V= de  _ 2—V =628V
0318 0.318
AY; AV,
6.28V 6.28V
v N\ ov -
L = 6.28 V =0.628 mA
ax 10 kQ

16



iL
0.628 mA

///\ 0 mA

o| >
Lnax(2 kKQ) = 6.28 v =3.14 mA
Iy =1, +In(kQ)=0.678 mA +3.14 mA = 3.77 mA
iy
3.77 mA
ys
0 mA -
O| -

25. V,=+/2(120V)=169.68 V
Ve =0.318V,, = 0.318(169.68 V) = 53.96 V

Vi 169.68V

| >
26. Diode will conduct when v, = 0.7 V; that is,
1 kQ(v,
b= 0.7V = 220
1kQ+1kQ
Solving: v;=14V

Forv;>21.4V Sidiodeis “on” andv,=0.7 V.

For v;< 1.4V Sidiode is open and level of v, is determined

by voltage divider rule:
1 kQ(v, Yo
BRLL L UV 0
1kQ+1kQ

0.7V
0 t
For v;=-10 V: S
v, =0.5(-10V)
=—5V -5V
A i
Whenv, =07V, v =v, —-07V 9.3 mA
=10V-07V=93V
_93V 9.3 mA 2 >
R T RQ 0 \/j
-5 mA
I .x(reverse) = L =0.5mA
1 kQ+1kQ

17



27.

28.

29.

(@) Pumax=14mW = (0.7 V)Ip

_ 14 mW — 20 mA
07V

D

(b) ILmx=2x%x20mA =40 mA

(c) 4.7kQ|68kQ =4.4kQ
Vk=160V -0.7V =1593V
1593V
4.4 kQ

=36.2 mA

max —

I
I;= % =18.1 mA

(d) Total damage, 36.2 mA > 20 mA

(@ V,=+2120V)=169.7V
VLm = ‘/im - 2VD
=169.7V—-2(0.7V)=169.7V - 1.4V

=1683V
Vi = 0.636(168.3 V) =107.04 V

(b) PIV=V,(oad)+ Vp=1683V+0.7V=169V

V
(¢) Ip(max) = tn 1683 V =168.3 mA
R, 1 kQ

(d) Prax = Vplp = (07 V)Imax
=(0.7 V)(168.3 mA)
=117.81 mW

Tng PIV=100V

>

-100V

100 V

= — =4545mA
2.2kQ

max

18



30. Positive half-cycle of v;:
Voltage-divider rule:

o o diode” 22kQV, )
Network redrawn: + 9" ¢109¢ vV, = =
mxo 22 kQ+2.2kQ
2.2kQ 1
Ui §22 kQ = E(‘/imax )
2.2kQ — %(100 V)
° =50V
Negative half-cycle of v, :
o——3¢ . .. .. Polarity of v, across the 2.2 kQ
N ¢ ondiode resistor acting as a load is the same.
=
v, - Vo Z2.2kQ Voltage-divider rule:
202k y 22kQ(V, )
¥ 22k mx T 22 kQ+2.2kQ
© 1
=—(V,
2 ( Imax )
1
Y, =—(100V)
50V 2
=50V
Vs z _ Va=0.636V,,=0.636 (50 V)
0| T =318V
31. Positive pulse of v;:

Top left diode “off”, bottom left diode “on”
22kQ [|2.2kQ=1.1 kQ
1.1kQA70V)

= =56.67V
ek 1.1 kQ +2.2 kQ

Negative pulse of v;:

Top left diode “on”, bottom left diode “off”

- LIKQATOV) o oy
k1.1 kQ+2.2 kQ

Vie = 0.636(56.67 V) = 36.04 V

32. (a) Sidiode open for positive pulse of v;and v,=0V
For =20 V <v;<£-0.7 V diode “on” and v, =v; + 0.7 V.
Forv,=-20V,v,=-20V+0.7V=-193V
Forv;=-0.7V,v,=-07V+07V=0V

D()
0V

A

-193V
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(b) Forv; <8V the 8 V battery will ensure the diode is forward-biased and v, =v; =8 V.
At V= 8V

v, =8V-8V=0V

Atv;=-20V

Vv, ==20V-8V=-28V

For v; > 8 V the diode is reverse-biased and v, =0 V.

A

\ Vo

28V
33. (a) Positive pulse of v;: N
_ Ao
. 1.8 kQ(12V -0.7V) _500V S 09V
1.8 kQ +2.2 kQ
Negative pulse of v;: <~ ov >
diode “open”, v,=0V
AV
(b) Positive pulse of v;: 153V
V,=12V-07V+4V=153V y’
Negative pulse of v;: 7 0V
diode “open”, v,=0V >
34. (a) Forv; =20V the diode is reverse-biased and v, =0 V.
For v;=—=5V, v; overpowers the 4 V battery and the diode is “on”.
Applying Kirchhoff’s voltage law in the clockwise direction:
v
-SV+4V-y,=0 ?
v,=—1V
0V ov_
| L] T
-1V
(b) Forv; =20V the 20 V level overpowers the 5 V supply and the diode is “on”. Using the

short-circuit equivalent for the diode we find v,=v; =20 V.

For v;

How

=5V, both v; and the 5 V supply reverse-bias the diode and separate v; from v,,.
ever, v, is connected directly through the 2.2 kQ resistor to the 5 V supply and

v,=5V.

VoA20V

S
/

)z
7

/

5V

Y

20



35. (a) Diode “on” forv;>24.7V Y,
Forv;>4.7V,V,=4V+07V=47V 47V
For v; < 4.7 V, diode “off” and v, = v; Y

(b) Again, diode “on” for v;>3.7 V but v,
now defined as the voltage across the diode
Forv;23.7V,v,=0.7V

For v; < 3.7V, diode “off”, Ip=I =0 mA and V,, o =IR=(0mA)R=0V

Therefore, v,=v; -3V Av,
Atv,;=0V,y,=-3V
vi=—8V,y,=-8V-3V=-11V

0.7V
Y — — >
0
N2
S
-1V

36. For the positive region of v;:
The right Si diode is reverse-biased.
The left Si diode is “on” for levels of v; greater than
53V+0.7V=6V.Infact,v,=6V forv,>26V.

For v; < 6 V both diodes are reverse-biased and v, = v;.

For the negative region of v;:
The left Si diode is reverse-biased.
The right Si diode is “on” for levels of v; more negative than 7.3V + 0.7V =8 V. In
fact,v,=-8 V forv;<-8 V.

For v; > —8 V both diodes are reverse-biased and v, = v;.

U()

6V
<

\///
-8V

ig: For =8 V <v; < 6V there is no conduction through the 10 k€ resistor due to the lack of a
complete circuit. Therefore, i = 0 mA.
Forv;26V
VR=Vi—V,=Vv;— 6V
Forv;=10V,vw=10V-6V =4V

and ig = 4—V =0.4 mA
10 kQ

N,
>

Forv,;<-8V
VR=Vi—V,=V;+ 8V
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37. (a)

(b)

Forv;=-10V
ve=—10V+8V==2V
and ig = =2V 02mA

10 kQ
" A

N
42 \ ).
+6V = == -\/ t
4
;) 04pA

0 \\ V—Olé m/:

\
........ A Y
-8V R4 !

Starting with v; = =20 V, the diode is in the “on” state and the capacitor quickly charges
to =20 V+. During this interval of time v, is across the “on” diode (short-current
equivalent) and v, =0 V.

When v; switches to the +20 V level the diode enters the “off” state (open-circuit
equivalent) and v, =v; +v¢=20V+20V=+40V

D()

40V

0V =
0| i

Starting with v; = =20 V, the diode is in the “on” state and the capacitor quickly charges

up to —15 V+. Note that v; = +20 V and the 5 V supply are additive across the capacitor.

During this time interval v, is across “on” diode and 5 V supply and v,==5 V.

/4 }total swing of v,, = total swing of v;

When v; switches to the +20 V level the diode enters the “off” state and v, = v; + v¢ =
20V+15V=35V.

AV, +35V

/ 40V swing (= that of v; )
s

i

=)

L~ iz
-5V -5V
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38. (a) For negative half cycle capacitor charges to peak value of 120 V = 120 V with polarity
(- —|F +) . The output v, is directly across the “on” diode resulting in v, =0V as a
negative peak value.

For next positive half cycle v, = v; + 120 V with peak value of
v,=120V + 120V =240 V.

240V

- T vertical shift of 120 V
h2ov

>

0

(b) For positive half cycle capacitor charges to peak value of 120 V —20 V =100 V with
polarity (+ —|{— -). The output v, =20 V=20 V
For next negative half cycle v, = v; — 100 V with negative peak value of
v,=—120V =100V =-220 V.

l vertical shift of —100 V

39. (a) 7=RC=(56kQ)(0.1 uF)=5.6 ms
57 =28 ms

1 ms

(b) 57 =28 ms > g = =0.5ms, 56:1

(c) Positive pulse of v;:
Diode “on” and v,=-2V+0.7V=-13V
Capacitor chargesto 12V+2V -0.7V =133V

Negative pulse of v;:
Diode “off” andv,=-12V - 133V =-253V

AV,
-13V

/

/

-253V

40. Solution is network of Fig. 2.181(b) using a 10 V supply in place of the 5 V source.
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41. Network of Fig. 2.178 with 2 V battery reversed.

(e, II 0
+ I\ N
v, + v,
3 _— 2V
- -
42. (a) In the absence of the Zener diode
180220 V)

"7 180Q+220Q
V=9V <V;=10YV and diode non-conducting

Therefore, I; = Iz = 20—V =50 mA
220Q +180 Q
with I, = 0 mA
andV; =9V

(b) In the absence of the Zener diode

y, = HORQOV) 50y
470Q+220Q

V. =13.62V > V,=10V and Zener diode “on”

Therefore, V., =10V and VRx 10V
Iy =Vi /R =10V/220 Q = 4545 mA

I =V/R,=10V/470 Q = 21.28 mA
and Iz= I —1I;=4545mA - 21.28 mA =24.17 mA

(c) P, =400mW = V= (10 V)(Iz)

max

= 200mW o mA
10V
I, =1y —1, =4545mA-40mA =5.45mA
v,
Ri= =0V 1834860
I, 545mA

Large R; reduces /; and forces more of I, to pass through Zener diode.

(d) In the absence of the Zener diode
R, (20 V)
R, +220Q

10R, + 2200 = 20R,,
10R, = 2200
R =220Q

V=10V =

24



43.

44.

45.

46.

V
Vi _ 12V — 600
I, 200mA
RV, 60Q(6V)
R, +R;, 60Q+R,
720 + 12R, =960
12R, =240
R, =20Q

(a) VZ= 12 V, RL=

VL=VZ=12V=

by B =V,

= (12 V)(200 mA)
=24W

. Vo Vo oL . . : :
Since I, = L= R—Z is fixed in magnitude the maximum value of I, will occur when I is a
L L
maximum. The maximum level of I, will in turn determine the maximum permissible level

of Vl'.

P 400 mW
[, =tm A0OMW 5o A
Ty, 8§V
v, V.
n=r Yz 8V 336 ma
R, R, 22090
Ip =I,+1,=50 mA +36.36 mA = 86.36 mA
V.-V,
IR

s RS

orVi= Iz R, +V;
=(86.36 mA)(91 Q) +8 V=786 V+8V=1586V

Any value of v; that exceeds 15.86 V will result in a current I that will exceed the maximum
value.

At 30 V we have to be sure Zener diode is “on”.
RV, 1kQ(30V)

R, +R, 1kQ+R,

Solving, R, = 0.5 kQ

V=20V =

Ats0V, 1, =20V =20V oAz, = 22V —20ma
s T 05kQ 1kQ

Izy= Iz, — [ =60 mA - 20 mA = 40 mA

For v; =+50 V:
Z, forward-biased at 0.7 V
7, reverse-biased at the Zener potential and V, =10 V.

Therefore, V, =V, +V, =07V +10V =107V
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For v;=-50 V:
Z, reverse-biased at the Zener potential and V, =-10V.

Z, forward-biased at —0.7 V.
Therefore, V, = VZl + VZz =-10.7V

AV,

/7

10.7v

.
——

W\

-10V

For a 5 V square wave neither Zener diode will reach its Zener potential. In fact, for either
polarity of v; one Zener diode will be in an open-circuit state resulting in v, = v;.

N, 4 sv

7

7

-Sv

47. Vi =1.414(120 V) = 169.68 V
2V, =2(169.68 V) =339.36 V

48. The PIV for each diode is 2V,
S PIV =2(1.414) (Vi)

26



Chapter 3

1. -
2. A bipolar transistor utilizes holes and electrons in the injection or charge flow process, while
unipolar devices utilize either electrons or holes, but not both, in the charge flow process.
3. Forward- and reverse-biased.
4. The leakage current I is the minority carrier current in the collector.
5. -
6. -
7. -
8. I the largest
I the smallest
IC = IE
9 Ip= LI = Ic=100/,
' "7 100 ¢ T ’
IE = IC + IB = 10013 + IB = 10113
1 8 mA
= Lt =—"=7921
"7 101 101 HA
Ic = 10015 = 100(79.21 uA) =7.921 mA
10. -

11. IE=5HlA, VCB=1V: VBE=800mV
Veg=10V: Vg =770 mV
VCB =20V: VBE =750 mV

The change in V¢pis 20 V:1 V =20:1
The resulting change in Vg is 800 mV:750 mV = 1.07:1 (very slight)

12 @ rav:A_V:O.9V—O.7V
Al 8mA -0
(b) Yes, since 25 Q is often negligible compared to the other resistance levels of the
network.

=25Q

13. (@) Ic=Ilg=3.5mA
(b) Ic=Ip=3.5mA
(c) negligible: change cannot be detected on this set of characteristics.

(d) Ic=lg
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(a) Using Fig. 3.7 first, [y =2 mA
Then Fig. 3.8 results in /- = 2 mA
(b) Using Fig. 3.8 first, Ir =5 mA
Then Fig. 3.7 results in Vg = 0.77 V
(¢) Using Fig. 3.10(b) Ir =5 mA results in Vpz=0.81V
(d) Using Fig. 3.10(c) Ir=5 mA results in Vg =0.7 V
(e) Yes, the difference in levels of Vg can be ignored for most applications if voltages of

15.

16.

17.

18.

19.

20.

several volts are present in the network.

(@) Ic=alg=1(0.998)(4 mA) =3.992 mA
®) Ig=Ilc+1lz=Ic=1g—I3=2.8 mA —0.02 mA =2.78 mA
e _278mA 0
I, 2.8 mA
o 0.98
Ie=plg=|——1I, = 40 uA) =1.96 mA
O temu= )1y~ 220y = 190
1
1E=_C=1‘96—mA=2mA
o 0.993

(a)

(b)

Fig. 3.13(b): Iy =35uA
Fig. 3.13(a): Ic=3.6 mA

Fig. 3.14(a): V=12V
Fig. 3.14(b): Vp=0.75V

I. 2mA

a = —= =111.11

@ A I, 18uA

) a= L - LI _ g9y
p+1 111.11+1

(C) ICEO =0.3mA

(d) Icgo=01-DIcko

(a)
(b)

=(1-0.991)(0.3 mA) = 2.7 uA
Fig. 3.14(a): Icgo = 0.3 mA

Fig. 3.14(a): Ic=1.35 mA

fo = Lc _135mA
dc - .

=< =135
I,  10uA
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21.

22.

23.

24.

© a=-L =135 _g99
p+1 136
Icgo = (1 — Alcro
=(1-0.9926)(0.3 mA)

—22 A
1. s.

(@) fo=c_3MA _grs
1, 60uA
. 3.

0) fe=c-3BMA _ g3
I, 30 uA
I. 1.

© fu= e LBmA _ag
I, 10uA

(d) Yes, highest at lowest levels of 1.

Al 9mA - 4.
c _S9mA-46mA _

a ac = =
@ A Al 70 uA —50 uA
Al 4.1 mA -2.3mA
(b) ﬁac= € = =9
Al 40 uA - 20 uA
Al . -0.
© Bo=c - 2.4 mA -0.3mA 105
Al 20 uA -0 uA

(d) Yes, highest at lowest levels of /.

(e) I C ﬁdc ﬂa J VCE ﬁdc/ ﬁac
a. 5.25 mA 87.5 65 4V 1.35
b. 3.25 mA 108.3 90 7V 1.20
c. 1.35 mA 135 105 10V 1.29

B > P although ratio consistent over scope of characteristics.

1 2.9 mA

L= 5= 0 =116
I, 25uA
V;; 116

o= ——= =0.991
B+1 116+1

Ig=1d/a=29mA/0.991 =2.93 mA

a 0.980

- _ — 49
@ =17 T-00%0
b a=-B - 12099
B+1 120+1
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25.

26.

27.

28.

1
© I='c=208
£ 120

Ig=Ic+I3=2mA + 16.66 uA =2.017 mA

= 16.66 LA

= V=V, =2V —-01V=19V
\%
Av=4=1'9—v=0.9551
v, 2V
v .
Ie= _E=19_V =1.9mA (rms)
T 1kQ

Output characteristics:

e CE Curves are essentially the

> same with new scales as shown.

> >
! Vip | Vec

Input characteristics:
Common-emitter input characteristics may be used directly for common-collector
calculations.

PC =35 mW = VCEIC

max

Co. 35 mW
Ie=1. | Vep= —Sm =583V
T G T T 6mA
P
Ver=Viy de= —Cm 2 33MW )33 A
max Ver 20V
P
Vep= 10V, o= —Cm 330V 50 A
Ve, 10V
F 35 mW
Ie=5mA, V= —me = 2MW 5455y
1. 5mA
P
Vep= 15V, o= o 330V )51 1A
Ve 12V
A I;(mA)
7
6
5
4..
3..
2..
1..
0 20 Veg(V)
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c 42 mW
29. Ie=1, ,Vegg=—"""= =6V
O G T T TmA
P
Vep=Voy o= —Con 2W ) 4 mA
max Vep, . 20V
le=4mA, Vo= —Con 22V _ g5y
1. 4 mA
P
Ver=10V, Io= ~Cox - 2I0W 5 g ma
Ves 15V
A I (mA)
7 4
614
o/
21 / /
0 510 15 20 f/CB(V)
30. The operating temperature range is —55°C < 7, < 150°C
°F= 2°C +32°
5
9
= —(-55°C) +32°=—67°F
5
°F = %(ISOOC) +32° =302°F
- —67°F < T, < 302°F
31. I =200mA, Vo, =30V, P, =625mW
P
le=1o V=t 05mMW 4 5y
max Ie 200 mA
P 25 mW
Vee = VCE WEE P = 625 m =20.83 mA
max Ve 30V

31



32.

33.

34.

Py, 625mW

Ic =100 mA, Ve = S ToomA 6.25V

Ver =20V, Ic = if; = 6225011\1]W =31.25 mA
A lc (mA)

200

150+

100

50

0 10 20 30 ;VCE(V)

From Fig. 3.23 (a) Icpo = 50 nA max

_ ﬁmin +ﬁmax
ﬁavg - 2
504150 _ 200
2 2
=100

ICEO = ﬁICBO = (100)(50 nA)
=5uA

hFE (ﬁdc) with VCE =1 V, T=25°C
Ic=0.1 mA, hpr=0.43(100) =43

Ic =10 mA, hre=0.98(100) =98

hpe(Byc) with Ve =10V, T=25°C
IC =0.1 mA, ]’lfg =72

IC= 10 IIIA, hfe =160

For both hgg and hy, the same increase in collector current resulted in a similar increase
(relatively speaking) in the gain parameter. The levels are higher for Ay, but note that Vg is
higher also.

As the reverse-bias potential increases in magnitude the input capacitance Cj, decreases (Fig.
3.23(b)). Increasing reverse-bias potentials causes the width of the depletion region to

increase, thereby reducing the capacitance (C = 83) .
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35.

36.

37.

(a)

(b)

AtIC= 1 IIIA, hfe =120
At IC =10 IIIA, hfe =160

The results confirm the conclusions of problems 21 and 22 that beta tends to increase
with increasing collector current.

Ty =+125°C: 1.45(B0m)

T,=+25°C: 0.95(B, )

T,=-55°C: 0.5(B,m)

Yes, 34% drop between +125°C and 25°C. 65.5% drop between +125°C and —55°C.

Al —-12. .
@ [Bo= "l =16mA 122mA=38mA=190
Al [Ver =3V~ 80 uA—60 uA 20 uA
1
(b) fru=-C=12MA o917
I, 59.5uA
© Bo= 4 mA — 2mA: 2 mA — 200
18 uA -8 uA 10 uA
1
@) fo=lc=3MA 53077
I, 13 uA
(e) Inboth cases Sy is slightly higher than £,. (= 10%)
(H(g)

In general B, and f,. increase with increasing /¢ for fixed V¢ and both decrease for
decreasing levels of Vg for a fixed 1. However, if I increases while Vi decreases
when moving between two points on the characteristics, chances are the level of £, or
L. may not change significantly. In other words, the expected increase due to an
increase in collector current may be offset by a decrease in V. The above data reveals
that this is a strong possibility since the levels of £ are relatively close.
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Chapter 4

1. (a)

(b)
(c)
(d)

(e)
)

(b)

(©)

(d)

(b)

(c)

(d)

4. Ic

(b)

(©)

; Ve Ve _16V-07V 153V _
Fo R, 510kQ  510kQ

30 LA

Ie, = Bly, =(120)30 uA) = 3.6 mA
Ver, =Vee = Ic,Re =16V = (3.6 mA)(1.8kQ) =9.52 V
Vo= Ve, =648V

VB=VBE=0.7V
VE=0V

Ic = Bl = 80(40 uA) = 3.2 mA

Ve _Vee=Ve _12V-6V _ 6V

RC= = = = 1.875 kQ
I 1. 3.2mA 3.2mA
V, 12V-07V .
Ry= —2 = 07V _13V _18r5k0
I, 40 uA 40 uA
VCE= VC=6V
Ic=1g—Iz=4 mA — 20 uA =3.98 mA =4 mA
VCC = VCE + ICRC =72V + (398 mA)(22 kg)
=1596 V=16V
1 .
p=le J3BMA_ 199909
I, 20 uA
V, Voo =V . -0.
RBZ RB: cC BE=1596V 07V:763k9
I, I 20 1A
Vv
= L€ = 16V =5.93 mA
R, 2.7kQ
. . . 21V
Load line intersects vertical axis at I- = 3@ =7 mA
and horizontal axis at V=21 V.
Voo =V -0.
Iz =25 uA: Ry= <5 V0TV gpko

1, 25 uA
Ic, =34mA, Vg, =1075V
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I :
) ﬁz_C=34mA — 136
I, 25 uA

g 136 136

(e) a=——= =— =10.992
p+1 136+1 137
V
® I =£=21_V:7mA
“ R, 3kQ

(& -
(h) Pp= Ve, Ic, = (10.75 V)(3.4 mA) = 36.55 mW

(i) Po=Vecle+1I5) =21 V(3.4 mA + 25 yA) = 71.92 mW
() Pr=P,—Pp=71.92mW - 36.55 mW = 35.37 mW
Vee = Vg 16 V=07V

R, 510 kQ
Ve, =85V, I, =4.1mA

(b) IBQ =

=30 uA

1 .
© B=1c-21D% 13667
I, 30uA
I, _16v-07V =16.81 uA
© 910 kQ

Ie, = ﬂIBQ =(120)(16.81 uA) = 2.017 mA
(from characteristics) Vp, =11.5V, I =2.4mA

@ 1 Vee=Ver ___20V-07V___ 193V
%o " R, +(B+DR, 270kQ+(126)22kQ  5472kQ
=35.27 A

(0) 1, =Bly, = (125)(35.27 uA) = 441 mA

(c) VCEQ =Vec—Ic(Rc+ Rp) =20V — (4.41 mA)(470 kQ + 2.2 kQ)

=20V-1177V
=823V

d) Ve=Vee—IcRc=20V - (441 mA)(470kQ) =20V -2.07V
=17.93V

() Vp=Vec—IgRg=20V —(35.27 uA)(270 kQ2)
=20V-952V=1048V

) Ve=Ve—Vg=1793V-823V=97V
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10.

11.

12.

(a)

(b)

(c)

(d
(e)

(a)

(b)

(©

(d
(e)

(a)

(b)

(c)

I, = = =
“o T R.+R, 470Q+22kQ  2.67kQ

Iy, =35.27 uA using S from problem 8.

20V

W= ———————— =749 mA
22kQ+470 Q

I, =4TmA, Vg =75V

! :4.7—mA =133.25

=-_C
g I, 3527 uA

reasonably close

different fand Q pt.

Vee =Ve 12V-76V 44V

Re= = =22kQ
1. 2 mA 2 mA
vV, 2.
IEEIC: RE=—E=—24V =1.2kQ
I, 2mA
Ry i Vee Vop =V _12V-07V-24V 89V
I, I, 2 mA/80 25 uA

VCE= VC—VE=7.6V—2.4V=5.2V
VB= VBE+ VE=O7V+24V=3.1V

\% .
Ie=Ily= £t = 21V =3.09 mA
R, 0.68 kQ
1 .
ﬁz_Cz?’Og—mA=154_5
I, 20 uA
VCC: VRC + VCE+ VE

=356 kQ

=B.09mA)2.7kQ)+73V+21V=834V+73V+21V

=17.74V
R - Ve, Vee =Ver =V 1774V -07V-2.1V
= - =
I I 20 uA
_ 1494V oo
20 u
Vee 20V 20V

=7.49 mA
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13. (a)

(b)

(©)

(d)

(e)

14. (a)

(b)

(©)

(d)

(e)

Vee 24V
R-+R; R, +12kQ
24V

I =68mA=

Re+12kQ = s =3.529 kQ
Rc=233kQ
I
p=lc _AMA 43333
I, 30uA
Ry = Vee _Vee =Vir =V _ 24V =07V - (4 mA)(1.2kQ)
Iy Iy 30 uA
S8V G667k
30 uA
PD= VCEQICQ

=(10V)4 mA) =40 mW

P= IR, = (4 mA)’(2.33 kQ)
=37.28 mW

Problem I: [ =3.6mA, Vi, =648V

1 B, = 30 uA (the same)
ICQ =ﬂIBQ = (180)(30 #A) = 5.4 mA
Vep, =Vee — ICQ R. =16 V-(54mA)(1.8 k) =6.28 V

Q

AN [5:4mA - 3.6 mA| x 100% = 50%
|  36mA |
AN |9'5 2;/2;6\'/28 VI x 100% = 51.6%

About 50% change for each.
Problem8: I, =4.41mA, Vi, =823V (I =35.27 uh)

I. = Vee =Vee  _ 20V-0.7V
Bo Ry +(B+DR, 270kQ+ (187.5+1)(2.2 kQ)
ICQ = ﬂIBQ = (187.5)(28.19 uA) = 5.29 mA

=Vee = Io(Re + Rg)
=20V -(529mA)470kQ +2.2kQ)=588V

=28.19 uA

37



_[5.29 mA - 4.41 mA|

() %AIc—| 1Al mA |>< 100% = 20%
%AV p = IS '88;/2; i']23 VI x 100% = 28.6%

(g) For both Ic and Vg the % change is less for the emitter-stabilized.

?
15.  BRe = 10R,
(80)(0.68 kQ) > 10(9.1 kQ)

54.4kQ Z 91 kQ (No!)

(a) Use exact approach:
Ry =Ry || R, =62k 9.1 kQ =7.94 kQ
R\Vee — (9.1k)(16 V)

Th = = =205V
R, +R  9.1kQ+62kQ
I, = En — Ve _ 205V-07V
Po T R, +(B+DR,  7.94kQ + (81)(0.68 kQ)

=21.42 uA

(b) I, =pBl,, =(80)(21.42 uA) =1.71 mA

0

(© VCEQ =Vec— ICQ (Rc + Rp)

=16 V- (1.71 mA)(3.9 kQ + 0.68 kQ)
=817V

(d) Ve=Vee—IcRc
=16 V - (1.71 mA)(3.9 kQ)

=933V

() Vep=IgRp=IcRg=(1.71 mA)(0.68 k€2)
=116V

(f) VB= VE+ VBE=116V+O7V
=186V

16.  (a) Ry =62kQ[9.1kQ =7.94kQ

.. 91KQI6V) _, oy
9.1kQ + 62 kQ
E, —Vy 205V-07V

I = =
Po R, +(B+DR, 7.94KkQ+ (140 +1)(0.68 kQ)
=13 pA (vs. 21.42 yA)
Ie, = Bly, = (140)(13 pA) = 1.82mA (vs. 1.71 mA)

VCEQ = VCC - ICQ (RC + RE)

=16 V- (1.82 mA)(3.9 kQ + 0.68 kQ)
=7.66V (vs.8.17V)
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VC = VCC - ICRC
=16 V- (1.82mA)(3.9 kQ)
=89V (vs.9.33V)
VE = IERE = ICRE = (182 IIIA)(O68 kQ)
=124V (vs. 1.16 V)
VB= VE+ VBE= 124V+07 V
=194V (vs. 1.86 V)

(b) I 5, affected the most

Ve =V. 18V -12V
17. (@) Io=-—<“<—€C=
RC

=128 mA
4.7kQ

(b)

VE= IERE = ICRE = (128 IIIA)(12 kQ) =154V
(©)

VB= VBE+ VE=O7V+ 154V=2.24V
V
d R =—L.

Vi =Vec—Vp=18V =224V =1576 V

s 224V
R, 5.6kQ

18.  (a) Ic=fls=(100)20 LA) = 2 mA
(b) Ip=Ic+Iz=2mA +20 uA
=2.02 mA
Ve =IgRg = (2.02 mA)(1.2 kQ)
=242V
(©) Vee=Ve+IRe=10.6V +(2 mA)2.7 kQ)
=106 V+54V
=16V
(d) VCE = VC - VE = 106 A\ 242 \Y
=818V
(e) VB = VE + VBE =242V+07V=312V
(6) Ig =1y +1,
312V
8.2kQ

+20 1A = 380.5 1A + 20 uA = 400.5 uA
Vee =V, 16V =312V
R, = =

=32.16 kQ
I 400.5 uA
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Ve 16 V 16 V

IC — — = =3.49 mA
w T R.+R, 39KkQ+068kQ  458kQ

19.

20. (a) Testing SR, 210R,
(140)(0.68 k) >10(9.1 kQ)
95.2 kQ =91 kQ satisfied (barely)

Applying the approximation approved:

- RV OTKIUOV) _ 5 o5y (vs. 1.95 V)
R +R, 62kQ+9.1kQ

Ve=Vy— Ve =205V -0.7 V=135V (vs. 1.24 V)

V, 135V

Ie=lp=—= =1.99 mA (vs. 1.82 mA
=T R, T 068k v )

Ve=Vec—IcRc=16V = (1.99 mA)(3.9 kQ2) =8.24 V (vs 89 V)
Vee=Ve—Vg=824V-135V=6.89V (vs 7.66 V)

21.  (a) PRe>10R,
(120)(1 kQ) > 10(8.2 kQ)
120 kQ > 82 kQ (checks)
RVee  (82KkQ)(18V)
R +R, 39kQ+82kQ
Ve=Vs— V=313V =07V =243V
V, 243V

IczlE= — =

R, 1kQ

S V= =313V

=243 mA

(b) Veeg=Vee—Ico(Re + Rg)
=18V -(2.43 mA)(3.3kQ +1kQ)

=755V
1 2.43 mA
Iy= S =""""""2-20.25
(¢ Iy 8 120 HA

(d) Ve=IgRp=IcRr= (243 mA)(1kQ)=243V
(e) V=313V

22. @ Rpm=R||R:=39kQ82kQ=6.78kQ
R.V, .
gy o ReVee _ 82KQA8V) 4.y
R +R, 39kQ+82kQ

_ Ep Ve . 313V-07V
R, +(B+DR, 6.78kQ+(121)(1kQ)
243V

T 12778 kQ
Te = I, = (120)(19.02 4A) = 2.28 mA (vs. 2.43 mA #16)

Ip

=19.02 uA
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) Veg=Vee—Ic(Rc+ Rp) = 18 V—(2.28 mA)(3.3 kQ + 1 kQ)
=18V -9.8V =82V (vs. 7.55V #16)

(©) 19.02 yA (vs. 20.25 uA #16)
(d) Ve=IgRe=IRp= (228 mA)(1 kQ) = 2.28 V (vs. 2.43 V #16)

() Vp=Vpe+Vg=07V +228V =298V (vs.3.13V #16)
The results suggest that the approximate approach is valid if Eq. 4.33 is satisfied.

R, _9.1kQ(16 V)
TR +R, ¢ 62kQ+9.1kQ
Ve=Vs— V=205V -07V=135V
Ve 135V

IE= —

R, 0.68kQ
I. =1;=199mA

Q

VCEQ =Vee—Ic (Re + Rp)

=16 V - (1.99 mA)(3.9 kQ + 0.68 kQ)
=16V -9.11V
=689V

; I, 1.99mA

o T B 80

(a) Vg =205V

=1.99 mA

= 24.88 uA

(b) From Problem 12:
ICQ =1.71 mA, VCEQ =817V, IBQ =21.42 uA

(c) The differences of about 14% suggest that the exact approach should be employed when

appropriate.
V, 24V 24V
(@ I. =75mA=—C—= =
st R.+R; 3R, +R, 4R,
R, 24V 24V — 0.8KO

T 475mA) 30 mA
Re=3Rp=3(08kQ) =2.4kQ

(C) VB=VE+VBE=4V+O.7V=4.7V
& 4.7V = R,(24 V)

d) V= 47V = 22t U
@ Vs R, + R, R, +24 kQ
R, =584 kQ
I
© fo=-1c=MA _qxg
I, 385 uA
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(f) BRe=10R,
(129.8)(0.8 kQ2) > 10(5.84 kQ)
103.84 kQ > 58.4 kQ (checks)

25. (a) From problem 12b, I =1.71 mA
From problem 12c, V=817 V

(b) [ changed to 120:
From problem 12a, Ez, =2.05 V, Ry, = 7.94 kQ

I.= ET B VBE _ 205V-0.7V
"T R, +(B+DR, 7.94kQ + (121)(0.68 kQ)
=14.96 uA

Ic = Pl = (120)(14.96 uA) = 1.8 mA
Vee=Vee = Ie(Re + Rg)
=16 V- (1.8 mA)(3.9 kQ + 0.68 kQ)

=776V
© %Al = (L8 mA = LTLmA| o000 5269
| 171mA |
%AV, = 776 V=817 V] 6000 = 5.02%
| 817V |
(d) 1lc 11f 20c
%Al 49.83% 34.59% 5.26%
%AVey — 48.70% 46.76% 5.02%

— —_— Y—
Fixed-bias Emitter Voltage-
feedback divider

(e) Quite obviously, the voltage-divider configuration is the least sensitive to changes in £.

26. (a) Problem 21: Approximation approach: ICQ =243 mA, VCEQ =755V
Problem 22: Exact analysis: I =2.28 mA, Vi, =82V
The exact solution will be employed to demonstrate the effect of the change of £. Using

the approximate approach would result in %Al- = 0% and %AV g = 0%.

Problem 22: Ep,=3.13 V, Ry, =6.78 kQ

s B Ve _ 313V-07V 243V
"7 R, +(B+DR, 6.78kQ+(180+1)1kQ 187.78 kQ
=12.94 uA

Ic= = (180)(12.94 1A) = 2.33 mA
Vep=Vee— Id(Re + Rp) = 18 V — (2.33 mA)(3.3 kQ + 1 kQ)
=798V
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27.

28.

(b)

(a)

(b)

(c)

(a)

(b)

(©)

(d)

(e)

_[2.33mA -2.28 mA|

AN x 100% = 2.19%
| 228mA |
YoAV g = ‘7988\]2# X 100% = 2.68 %

For situations where SRy > 10R, the change in I and/or V¢, due to significant change in
P will be relatively small.

JoAlc=2.19% vs. 49.83% for problem 14.
YoAVcEp =2.68% vs. 48.70% for problem 14.

Voltage-divider configuration considerably less sensitive.
The resulting %Alc and %AV will be quite small.

Ve Ve 16 V-07V
" R, +B(R.+R;) 270kQ +(120)(3.6 kQ +1.2 kQ)
= 18.09 LA

Ip

Ie = Bl = (120)(18.09 uA)
=217 mA

Ve=Vee—IcRc
=16V - (2.17 mA)(3.6 kQ)
=819V

Vee =Vor _ 16V =0TV 4 g\
“” R.+R, 3.6kQ+12kQ

I, =3.19mA vs 2.17 mA (not too close)
0

R'=R.+R, =48kQ, R./f=270kQ/120=2.25kQ

SR =2Rp16)
Yes, Ic =ﬁ13 _ ﬁ(VCC_VBE) _ VCC_VBE
0 ¢ Rp+PB(R-+R;) R./B+R.+R;
Voo =V
For R. +R, >>R,/p, I, =< —BE
16V-0.7V
ICQ = 570k0 =2.58 mA vs. 3.19 mA (much closer)

+3.6 kQ +1.2 kQ
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29.

30.

31.

(a)

(b)

(c)

(d)

(a)

(b)

(a)

(b)

(©)

(d)

b Ve Ve 30V-07V
"7 R, +B(R. +R,) 550kQ+180(82kQ +1.8kQ)

= 1247 uA

Ic= flz = (180)(12.47 yA) = 2.24 mA

VC = VCC - ICRC
=30V —-(224mA)8.2kQ)=30V - 1837 V=1163V

VE = IERE = ICRE = (224 IIIA)(IS kQ) =403V

Ver = Vee — I(Re + R) = 30 V — (2.24 mA)(8.2 kQ + 1.8 kQ)
=76V

R'=R. +R; =82kQ+1.8kQ=10kQ
R /=550 kQ/180 =3.06 kQ
R’ =3.27(R; /) should be close

Vee=Vie _ 30V-0TV g0
“  R.+R, 82kQ+1.8kQ

1 = 2.93 mA relatively close to 2.24 mA

pe Ve Ve _ 2V-07V
T R, +P(R.+R,) 470kQ+(90)(9.1kQ +9.1kQ)
=10.09 uA

Ie = Bl = (90)(10.09 4A) = 0.91 mA
Ver = Vee— IRe + Re) =22 V = (0.91 mA)(9.1 kQ + 9.1 kQ)

=544V
Ve -V _o.
L=135, Iz= cc Ve _ 2V-07V
R, + B(R. +R;) 470kQ+(135)(9.1kQ +9.1kQ)
=7.28 uA

Ie = Bl = (135)(7.28 uA) = 0.983 mA
Ve = Vee — Id(Re + Rp) = 22 V = (0.983 mA)(9.1 kQ + 9.1 kQ)
=411V

10.983 mA —0.91 mA|

%Al = x 100% = 8.02%
| 0.91 mA |
DAV, = |4'115V4;5\‘]44 VI x 100% = 24.45%

The results for the collector feedback configuration are closer to the voltage-divider
configuration than to the other two. However, the voltage-divider configuration

continues to have the least sensitivities to change in £.
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IMQ=0Q, Rz=150kQ

I - Vee = Ve 3 12V-07V
s Ry +B(R- +R;) 150kQ + (180)(4.7 kQ + 3.3 kQ)
=7.11 uA

Ic= ;= (180)(7.11 uA) = 1.28 mA
Ve=Vee—IcRe =12V = (1.28 mA)(4.7 kQ)
=598V

Full 1 MQ: Rp=1,000 kQ + 150 kQ = 1,150 kQ = 1.15 MQ

pe Ve Ve _ 12V-07V
T R, +B(R.+R,) 1.15MQ+(180)(4.7 kQ+3.3kQ)
=4.36 uA

Ic = plp = (180)(4.36 uA) = 0.785 mA

Ve=Vee—IcRc=12V —(0.785 mA)(4.7 kQ)
=831V

V¢ ranges from 5.98 V to 8.31 V

(a) VE=V3_VBE=4V_O.7V=3.3V

V, 33V
b) le=lp=—Et=
() fe=1r R, 12kQ

=2.75mA

(©) Ve=Vee—IcRc=18V - (2.75 mA)(2.2 kQ)
=1195V
(d) Veg=Vc—-Vg=1195V-33V=8.65V

Ve, Ve=Vy 1195V-4V

Iy= = 24.09
© =% ="% 330 kQ HA
. 2
0 p=c=2PMA 41416
1,  24.09 uA

VetV =V . 6V4+6V 07V

(a) Ig= =
Ry + (B+ DR, 330kQ+ (121)(1.2 kQ)
=23.78 uA
Ir= B+ DIz =(121)(23.78 uA)
=2.88 mA

_VEE+ IERE - VE =0
Ve=—Veg+ [gRp=—6V + (2.88 mA)(1.2 kQ)
=-2.54V
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35.

36.

37.

38.

(a)

(b)

(0

(a)

(b)
(c)

(d)

(a)

(b)

(©)

(a)

(b)

2kQ(12 V
y, = 2KQUZV) g 4y
82 kQ + 22 kQ

V,=V, -V, =946V -0.7V =876V
V, 876V

Ig=—= =7.3mA
R, 12kQ
I .

= e _T3MA s a7 uA
B+1 111

I =Bl =(110)(65.77 uA) =7.23 mA
V, =946V, Vc=12V, V;=8.76 V

Vec=Vp—Vc=946V-12V=-254V
VCE= VC—VE=12V—8.76V=3.24V

Ve Ve . 12V-07V
T Ry, +(B+DR,  9.1kQ+(80+1I5kQ
=9.26 uA

Ip

Ie = Bl = (80)(9.26 uA) = 0.741 mA

Vee = Vee + Veg — Ie(Re + Rg)
=16V + 12V —(0.741 mA)(27 kQ)
=8V

Ve=Vec—IcRc=16 V- (0.741 mA)(12kQ) =711V

_8V-07V _ 73V

I = = =3.32mA
2.2kQ 2.2kQ

Ve=10V - (3.32 mA)(1.8 kQ) =10V -5.976
=4.02V

Vee=10V + 8V - (3.32 mA)(2.2 kQ + 1.8 kQ)
=18V-1328V
=472V

Ve=4V-07V=33V
IE=V—E=V—E= 33V

R, R, 1.1kQ
Ic=1;=3 mA
Ve=8V =Vee—IcRc=14V — (3 mA)R.
Rc=2KkQ

I
L=3mA, Iy= —£ =308 _ 3597 4

p+1 91
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39.

40.

(c)

(a)

(b)
(©)

(d)

(a)

(b)

(©)

(d)

VBC=VB—VC=4V—8V =—4V
VCE= VC—VE=8V—3.3V=4.7V

PR > 10R; not satisfied .. Use exact approach:
Network redrawn to determine the Thevenin equivalent:

v
AN
510 kQ 510 kQ
ETh < Th — 510 kg =255 kQ
+ — Thevenin
__18V+18V _ 3520 A
510kQ + 510 kQ
En=—-18V +(35.29 4A)(510 kQ)
=0V
e Ie 18V-07V
' P 255 kQ + (130 + 1)(7.5 kQ)
-18v =13.95 uA

Ie= Bl = (130)(13.95 uA) = 1.81 mA

VE=-18 V + (1.81 mA)(7.5 kQ)
=-18V+1358V
=—442V
Ver=18 V+ 18 V= (1.81 mA)(9.1 kQ + 7.5 kQ)
=36 V-30.05V=595V

Ve, Vo=V, 8V-07V

Iz = = = =13.04 uA
"7 R, R, 560 kQ “
Vee =V, -
[o= Yee Ve =18V 8V: 10V = 2.56 mA
R 3.9 kQ 3.9kQ
1 .
L= _C:M =196.32
I, 13.04 uA
VCE= VC=8V
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n I,= =2.5 mA

=31.25 uA

_ Ve, _Vee =V _12V-07V
I, I, 31.25 uA

Vee=Ve Vee Ve, 12V-6V_ 6V
I, I, I, 25mA  25mA

=2.4kQ

=361.6 kQ

Standard values:
RB = 360 kQ
Rc=2.4KkQ

IC =‘/C—C=10mA

sat RC+RE
0V =lOmA:>20V=10mA:>5RE= 20V
4R, + R, 5R, 10 mA

_2kQ

42.

Rg =400 Q

Re=4R; = 1.6 kQ
I. 5mA
Iz= S =""" =41.67 uA
T8 120 H
20V-0.7V-5mA0.4kQ) 193-2V

Ry = Viglly = _
BT R 41.67 A 41.67 uA

=415.17 kQ
Standard values: Rr =390 Q, Rc = 1.6 kQ, R = 430 kQ

_ VE V_E=3_V =0.75 kQ
Ic

R.— K Ve Ve _VCC_(VCEQ +Vi)
c= = =
Ie Ic Ie
_24V-@BV+3V) 24V-11V 13V

4 mA 4 mA 4 mA
VB=VE+VBE=3V+O.7V=3.7V

Ry, R,(24V
o RVee 50y RGAY)
R, +R, R, +R,

=3.25kQ

} 2 unknowns!

.. use SR> 10R, for increased stability
(110)(0.75 kQ) = 10R,

R, =8.25kQ

Choose R, = 7.5 kQ
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44.

45.

Substituting in the above equation:

3y 15KQ24V)
75kQ+R,
R, =41.15kQ

Standard values:
R;=0.75kQ, Rc=3.3KkQ, R, =7.5kQ, R =43 kQ

Ve= =V = %(28 V) =56V

< |+~

Rp= I—E = 2‘6—\7 =1.12 kQ (use 1.1 kQ)

=

Ve= %+VE -8BV
Ve =Vee=Ve=28V-19.6 V=84V
V,
Re= e 84V 4 68k0 (use 1.6 kQ)
I. S5mA
VB= VBE+ VE=O7V+56V=63V
RV, R,(28 V
Vp= —< =63V= R@8Y)
R, +R, R, +R,
I
p=lo SmA 55y
I, 37 uA
ﬂRE: 10R2
(135.14)(1.12 kQ) = 10(R,)
R, =15.14 kQ (use 15 kQ)
(15.14 kQ)(28 V)

15.14kQ + R,
Solving, R; = 52.15 kQ (use 51 kQ)

+5.6V=14V+56V=196V

(2 unknowns)

Substituting: 6.3V =

Standard values:

R =1.1kQ

RC= 1.6k9

R1=51 kQ

R2=15 kg

@ v, = 47KQQ20V) _ v

' 4T7kQ+18 kQ

Vg =414V -07V =344V

1. =1, 3V amA
: b 1kQ

Ve, =20 V- (344 mA)(22kQ) =1243V

3kQ(20V
v, = 3IKQAV) 561y

> 33KkQ+22 kQ
Vy, =2.61V-07V=191V
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_, _lotv
BE=7G T2k
Ve, =20 V- (159 mA)2.2 kQ) =165V

=1.59 mA

1 44 mA
(b) 1 = % = 3lT =21.5pA, I, =1, =344mA
Ie, 159 mA
132 :7:T = 17.67[!A, IC2 EIE2 =159 mA

(@ B, =66 =(50)(75)=3750

® 1, = Vee _VBEI _VBE2 _ 18V-07V-07V
' R, +(B, +DR, 2.2MQ+(3750+1)470 Q
=4.19 uA
Iy =B+ DI, =50+ 1)(4.19 uA) = 213.69 uA

© Ig =B, =(50)4.19 uA) = 0.21 mA
Ie, = Bl =(75)(213.69 uA) = 16.03 mA

) Vo =18V, V., =18V
Vi, =I,R; =1 R, =(16.03 mA)470 Q)

=753V
Vi =Vy +0.7V=753V+07V=823V

3.3kQ(22V)

BT 33KkQ+4.7 kQ+8.2 kQ
Vy =V, 07V =378V
Vi 3.78 V

=], =—t= =3.44 mA
'R, L1kQ

=448V

(a)

IC
Iy =0 =573 pA, I, =344mA

G

Iy, =75 = 28.6TuA, I, =344 mA

(b) Vy = 448V
_ (47kQ+3.3kQ)(22V)

BT 33kQ+4.7kQ+82kQ
Vi =378V, V., =V, —07V=10.16 V

Ve, =1016 V, Vo =22V - (3.44 mA)(22kQ) =14.43V

=10.86 V
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48.

49.

50.

51.

52.

53.

54.

Vee =V, -
@ I, = cc ~Vem  _ 12V-07V _2454A
' Ry +B LR, 1.8 MQ+(80)(160)(220 Q)
Ie =Bl =(80)(2.45 uA) =196 uA
Iy =1, =196 pA

Ie, = Bl = (160)(196 4A) =31.36 mA

(b) Vy =I5 R, =(245 uA)(1.8 MQ) =441V
Vy =12V —1.(220 Q)=12 V- (31.36 mA)(220 Q) =51V
Vs, =Vgs, =07V, Vo =V, =51V, V, =V, =07V, V, =0V

Lo= M =8.65mA =/
2kQ

For current mirror:
IB3kQ)=12.4kQ)=1=2mA

6V —1I,R, —Vy, —I,R, =0

6V—1,100kQ-0.7V—(B+1)I;12kQ=0

6V—0.7V—-1,0100kQ+(120+1)(1.2kQ))=0
6V-0.7V

57100 kQ + 145 kQ
=1, =fI, =(120)(21.61 uA) =2.59 mA

=21.61 uA

_43kQ
T 43KkQ+43KkQ
Vpi=-9V-07V=-97V
,_ ZI8V-(97V)

(18 V) =—9V

E =4.6mA =/
1.8 kQ
Vv, =V, dAV-0.
o= Yz Vor (SAVZO0TV 560 A
R, 1.2kQ

Vee =V _12V-07V _ 113V
Ry 510 kQ 510 kQ

Te = Bl = (100)(22.16 uA) = 2.216 mA

Ve=—Vec+ IcRc = 12V + (2216 mA)(33 kg)
=—4.69V

Vee=Ve=—4.69V

IB=

=22.16 uA
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55.

56.

57.

ﬁRE > 10R2

(220)(0.75 k€2) = 10(16 kQ)
165 kQ = 160 k€ (checks)
Use approximate approach:

16 kQ(-22 V)

T 16kQ + 82 kQ
Ve=Vp+07V=-359V+0.7V=-289V
Ic=1Ip = Vi/Ry = 2.89/0.75 kQ = 3.85 mA
I 385mA
T8 220

=-359V

B

=17.5 uA

Ve==Vee+ IcRc
=-22V +(3.85 mA)(2.2 kQ)

=-13.53V
V-V, -0. .
I, = e _8V-07V _173V — 2212 mA
Ry 3.3kQ 3.3kQ
Ve=—Vec+ IcRc = 12V + (2212 mA)(39 kg)
==-337V
V.
o =ve _ OV _ 4167 mA
“ R, 24kQ
From characteristics 1, =31 uA
V.-V -0.
Ip= 25 _10V-07V =51.67 uA

R, 180 kQ
51.67 uA > 31 uA, well saturated

AV ~
y—Atcutoff I, 0.1 mA = Icgg

9.76
V, =10V — (0.1 mA)(2.4 kQ)
// =10V =024V
Ve =03V =976 V

52



58. I, =8mA=—

B=

£ 100
Use 1.2 (80 uA) = 96 uA

96 uA

Standard values:

59. (a)

(b)

Ry =43 kQ
Re=0.62 kQ

From Fig. 3.23c:

Ic=2mA: t;=38ns,t, =48 ns, t;,=120ns, £, =110 ns
ton =t + ;=48 ns + 120 ns = 168 ns
totr =ty + ;=110 ns + 38 ns = 148 ns

Ic=10mA: t;=12ns,t,=15ns,1;,=22ns, t, = 120 ns
ton=1t+1t;=15ns +22ns =37 ns
Togg =ty + ;=120 ns + 12 ns = 132 ns
The turn-on time has dropped dramatically
168 ns:37 ns = 4.54:1
while the turn-off time is only slightly smaller
148 ns:132 ns = 1.12:1

2 mA: 10 mA:
“on” ; “off”

I 1

| 1

| 1

| 1 |

| 1 1

\ ! 120> 1\_12
} 1 1 1 L.
0 1(ns) 0 120 168 t(ns)

fon fogr = 148 ns fon =37 18 for = 132 18

60. (a)

(b)

(©)

Open-circuit in the base circuit
Bad connection of emitter terminal
Damaged transistor

Shorted base-emitter junction
Open at collector terminal

Open-circuit in base circuit
Open transistor
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61. (a) The base voltage of 9.4 V reveals that the 18 kQ resistor is not making contact with the
base terminal of the transistor.

If operating properly:

BE 18 kQ6 V) =2.64Vvs. 94V

T I8kQ+91kQ

As an emitter feedback bias circuit:

_ VCC _VBE _ 16 V-0.7V
"R +(B+DR, 91kQ+(100+ 1.2 kQ
=72.1 uA
Vi = Vee — Ig(R) = 16 V = (72.1 1A)(91 kQ)
94V

(b) Since Vg > Vj the transistor should be “off”
18 kQ16 V)
18 kQ +91 kQ

.. Assume base circuit “open”
The 4 V at the emitter is the voltage that would exist if the transistor were shorted
collector to emitter.
_ 1.2kQ16 V)

T 12kQ+36kQ

With Iz =0 uA, Vg = =264V

E

62.  (a) Ryl Ipd, 1cd, veT
o) Al il
(¢) Unchanged, I c, Dota function of 8
(d) Veel, Il 1
@ phid, v L, v, L, vel

E, -V E, -V
63 (a) IB - TH BE = T BE
Ry, +(B+DR, Ry, + PR,
E, -V E, -V
IC — ﬁIB — ﬁ Th BE | _ ZTh BE
RTh + ﬂRE h

+ R;

As A1, R_;u, 1T,V 1

VC = VCC - VRC
and VpL

(b) R,=open, IBT, ICT
Vee = Vee = Ie(Re + Rg)
and VCEsL
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64.

65.

66.

(©)
(d

(e)

(a)

(b)

(c)
(d
(e)

(a)
(b)
(©)

(d)

(a)

(b)

(©)

Veel, Vb, Vi, 1L, Icd

IB =0 /,lA, IC = ICEO and IC(RC + RE) neghglble
with VCE = VCC =20V

Base-emitter junction = short IBT but transistor action lost and /- = 0 mA with

VCE = VCC = 20 V

Rp open, Iy = OIUA, Ic=1Icpo= 0 mA

and ch VCC =18V

m, ICT, VRC T s VRE T s ‘/CE‘L

R, LT, 1T, v T

Drop to a relatively low voltage = 0.06 V

Open in the base circuit

SUp) = =120

S(Vgp)=—BIR, —120/510 kQ =-235x 10° S

SB=1c/f =3.6mA/120=30 x 10° A

Al =S o)A o + SV ) AV + S(B)AL

=2.12mA
S(. )= B+ Ry/R,) 125(1+270 kQ/2.2 kQ)
77 B+RyR,  125+270kQ/2.2kQ
=62.44
—BI R, ~125/2.2 kQ
S(Vg) = =
B+R, IR, 125+270kQ/2.2kQ
=-2293x10°S
S(B) = I, A+ Ry /R;) 441 mA(1+122.73)

= (120)(10 uA — 0.2 uA) +(-2.35x107*8)(0.5 V-0.7 V)

+(30%x107% A)(150 —120)

" BBy +R, IR, 125(156.25+122.73)

=15.65x 10° A
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(d) Al.=SUp)A ) + SV AV, + S(DAB
=(62.44)10 4A — 0.2 uA) + (—229.36x107° $)(0.5V -0.7 V)
+15.65x107° A(156.25 —125)

=1.03 mA
(1+ Ry, / Ry) 1+7.94 kQ/0.68 kQ
@ Sy =PIl Re) _ g0 )
B+R, IR, 80+ 7.94 kQ/0.68 kQ
=11.06
—-B/R —-80/0.68 kQ
(b) S(Vge) = PR _
B+R, /R, 80+7.94kQ/0.68 kQ
=-1280x 107°S
I.(1+R, /R
© S = o A+ Ry /R) 171 mA(1 +7.94 kQ/0.68 kQ)

BBy +Ry /R, 80(100+7.94 kQ/0.68 kQ)
=243x10°A

(d) Alc=SUco)Alco + S(Vgg) AVe + S(B)AL
= (11.06)(10 uA - 0.2 uA) + (-1.28 x 10_33)(0.5 V-07V)+ (243 % 10_6)(100 - 80)
=0.313 mA

B+ Ry /R.)  196.32(1+560 kQ/3.9 kQ)
B+ Ry /R 196.32 + 560 kQ/3.9 kQ

(@ SUco)=(B+1)
= 83.69

-fIR.  -196.32/3.9kQ
B+R, /R, 196.32+560 kQ/3.9 kQ
=-1.48.04 x 10°°S

() S(Vgp) =

© s ta®etR) 256 mAGEOKR+39 k)
B(Ry +BR.)  196.32(560 kQ +245.4(3.9 kQ))
=4.83x10°°A

(d) Alc=SUco)Alco + S(Vie) AVe + S(OAL
= (83.69)(10 1A — 0.2 uA) + (—1.48.04 x 107°S)(0.5 - 0.7 V)
+(4.83 x 10°A)(245.4 — 196.32)
=1.087 mA
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69.

70.

Type SUco) S(Vgg) SB)
Fixed-bias 120 -235%x10°°S 30x 10° A
Emitter-bias 62.44 | -22936x10°S | 15.65%x 10° A
Voltage-divider 11.06 | -1280x 107°S 243 x107°A

Collector feedback 83.69 | —148.04x10°S |4.83x10°A

S(Ico):  Considerably less for the voltage-divider configuration compared to the other three.

S(Vpe):  The voltage-divider configuration is the most sensitive .

S(p): The voltage-divider configuration is the least sensitive with the fixed-bias
configuration very sensitive.

In general, the voltage-divider configuration is the least sensitive with the fixed-bias the most
sensitive.

(a) Fixed-bias:
S(Ico) =120, Al-= 1.176 mA
S(Vie) = =235 x 107°S, Al = 0.047 mA
S(B) =30x 107°A, Al- = 0.90 mA

(b) Voltage-divider bias:
S(¢co) = 11.06, Al = 0.108 mA
S(Vip) = —1280 x 10°°S, Al = 0.0256 mA
S(B) =2.43 x 107°A, Al-=0.0048 x 10° A

(c) For the fixed-bias configuration there is a strong sensitivity to changes in /o and £ and
much less to changes in V.

For the voltage-divider configuration the opposite occurs with a high sensitivity to
changes in Vg and less to changes in I and S.

In total the voltage-divider configuration is considerably more stable than the fixed-bias
configuration.
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Chapter 5

1. (a) If the dc power supply is set to zero volts, the amplification will be zero.
(b) Too low a dc level will result in a clipped output waveform.

(¢) P,=PR=(5mA)2.2kQ =55mW
P:=Veel = (18 V)(3.8 mA) = 68.4 mW
_ P (ac)  55mW

- =0.804 = 80.4%
P(dc) 68.4mW

3. No, because they intersect to define the Q point.

1 1
" 27fC 27(1 kHz)(10 uF)

f=100 kHz: Xc=0.159 Q
Yes, better at 100 kHz

=15.92 Q

4. Xc

VatVer, 100V+8V

6. a) r
@ 7 I 4 mA
Q

=27kQ

b) rn=—"L=A =—%=

7. () Z=

(b) Vo = ICRL
= CZIL.RL
=(0.98)(0.5 mA)(1.2 kQ)
=0.588 V

() A==

(d) Z,=0Q
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(e)

®)

(a)

(b)

(c)

(d)

(a)

(b)

(c)

Aj=-2 =—%=0=0.98
Ii e
I,=1—1
=0.5 mA - 0.49 mA
=10 uA
= 26mV:26mV 130
I;(dc) 2mA
Z; = fr.=(80)(13 Q)
=1.04 kQ
I, o, 1, 1,
Ib= —_—= = —_ =
BB B+l B+l
= 2mA =24.69 uA
AN
LI,
i ’},(,Blb)
L=
r,+R,
r{)
-Bl,
7;) +RL ra
A= = ¥5)
//b ro +RL
_ 40 kQ (80)
40kQ +1.2kQ
=1717.67
ao R 12 kQ||40 kQ
o 13Q
_ L165kQ
13 Q
=-89.6

Z;= Br. = (140)r, = 1200

=120 _¢s70
140
V. 30 mV
I,= - = =25
T 7 12k HA

1. = fl, = (140)(25 uA) = 3.5 mA

59



rl _ (50 kQ)(3.5 mA) _

@) I=-—" 3321 mA
r+R, 50kQ+2.7kQ
I )

Ai: —L:M - 132-84

I 25uA
V. -—-AR .

© A= o= TAR (13584 2TEY
V. Z 12 kQ

= _298.89
v
0. (@) r=a-BMV 59

I,' 3.2 IIIA

b Zi=r,=15Q
(©) Ic=al,=(0.99)3.2 mA) = 3.168 mA

(d) V,=IR,=(3.168 mA)(2.2kQ) =697V

<

=145.21

\% .
© A==
V., 48mV

) I=(-al=(-099)=(0.01)3.2 mA)
=32 4A

Vee Vg 12V =07V
R, 220 kQ
I = (B+ DIz = (60 + 1)(51.36 uA)
=3.13mA
_26mV _ 26mV

I, 313mA

Z:=Rp| Pr.=220kQ || (60)(8.31 Q) =220 kQ || 498.6 Q
=497.47 Q
Ty 2> IORC S 2, = RC =2.2kQ

11. @ r:. Izg=

=51.36 uA

=831Q

e

R. 2.
) AR _—22K0

= =-264.74
r, 831Q

(c¢) Z;=497.47 Q (the same)
Z,=1,|| Rce=20kQ || 2.2 kQ
= 1.98 kQ

-R.|r =
A= —0 = 1.98 kQ =-238.27
r 8.31Q

R R .
. =R, R _ATKQ_ 550
r A, (-200)

e
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13.

14.

15.

r = 26 mV = 26mV:26mV — 1106 mA
I n 2350
1 .
po e _LI06mA 15
A+1 ol
Ve =V
IB= —cc_BE :>VCC=IBRB+VBE
RB
=(12.15 uA)(1 MQ) + 0.7 V
=1215V+0.7V
=12.85V

@ Ip= Vee =Vie _ 8V-07V
R, 390 kQ
Ie=(f+ DIp=(101)(18.72 pA) = 1.89 mA
_ 26mV= 26 mV — 13760
I 1.89 mA

Ie= Bl = (100)(18.72 uA) = 1.87 mA

= 18.72 uA

e

(b) Z:=Rp || fr.=390 kQ || (100)(13.76 Q) =390 kQ || 1.38 kQ
=1.38 kQ
Ty 2= IORC Zu = RC =5.6 kQ

R. 5.
(© Ay=-Re 50K 45608
r, 1376 Q
R.|r 5.6 kQ) [ (30 kQ
d A, =-—1L° =—( )¢ )=—4'72kg =-343.03
re 13.76 Q 13.76 Q
_R _ .
A= —C= 406.98 =-203.49

Te
R =(-203.49)(13.76 Q) =2.8 kQ

(a) Test SR> 10R,
()

(100)(1.2 k) 2 10(4.7 kQ)
120 kQ > 47 kQ (satisfied)

Use approximate approach:
V= RV _ 4.7kQ(16V)
R +R, 39kQ+4.7kQ
Ve=Vp—Vpe=1721V-0.7V=1.021V
Ve 1021V
R, 12kQ
_26mV_ 26 mV

I,  0.8507 mA

=1.721V

E=

=0.8507 mA

=30.56 Q

Ve
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16.

17.

(b) Zi=R/ || R, || Br.
=4.7kQ || 39 kQ || (100)(30.56 Q)
=1.77kQ
Ty 2> IORC L, = RC =3.9kQ

© A= R, 39kQ
' 30.56 Q

e

=-127.6

d) r,=25kQ

(b) Z(unchanged) = 1.77 kQ
Z,=Rc|r,=3.9kQ || 25 kQ = 3.37 kQ

© Ae- (Re||r,)  GI9kQ[(25kQ)  337kQ
' . 30.56 Q 30.56 Q
=—110.28 (vs. —127.6)
?
BR = 10R,

(100)(1 k) = 10(5.6 kQ)
100 k€ > 56 kQ (checks!) & r, 2 10R: = 50 k€ >210(3.3kQ) =33 kQ (checks)
Use approximate approach:

R R 3.3kQ

A= -Be R = 20.625Q
r, A -160

poo 20V, _20mV_ 26mV_ o6 mA
I, L 20625Q

V
Ip= R—E=> Ve=IgRg=(1.261 mA)(1 kQ)=1.261 V
E
Ve=Vee+ Vg=07V+1261V=1961V

_ 5.6kQV,.
T 5.6 kQ+82kQ

5.6 kQ Vee=(1.961 V)(87.6 kQ)
VCC = 30.68 V

=1961V

B

Test ﬁRE > 10R2
?
(180)(2.2 kQ) = 10(56 k)
396 kQ < 560 kQ (not satisfied)

Use exact analysis:
(@) Rpy=56kQ | 220 kQ =44.64 kQ

Ep= 22OV _ 055y
220 kQ + 56 kQ
=P Ve _  4058V-07V
Ry, +(B+DR,  44.64 kQ + (181)(2.2 kQ)
=7.58 uA
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18.

Iz = (B+ DIz = (181)(7.58 uA)
=1.372 mA
_ 26 mV _ 26 mV

= =18.95Q
I, 1372mA

e

(b) Ve=IgRg=(1372mA)(2.2kQ)=3.02V
VB= VE+ VBE= 302V+O7 V
=372V
VC = VCC - ICRC
=20V — flzRc =20V — (180)(7.58 tA)(4.7 kQ)
=13.59V

(©) Zi=R\|| R, pre
=56 kQ || 220 kQ || (180)(18.95 kL)
=44.64 kQ || 3.41 kQ
=3.17 kQ
r, <10R.
33.33 kQ <10(4.7kQ) =47 kQ (checks)

R-||r
A= -
r,
_ (6.8kQ)|(50 kQ)
B 18.95 Q
=-298.15

(a) Test: SR, 210R,
(70)(2.2 k€2) 2 10(68 k€2)
154 kQ =680 kQ No!

..Exact method:
Ry, =27 kQ 168 kQ=19.32 kQ

kQ(12 V
= BRAZY) g5y
68 kQ + 27 kQ
;oo En Ve 9.59V-07V
BT R, +(B+DR,  19.32kQ+ (70 + (2.2 kQ)
= 44.95 uA

I, =(B+ DI, = (70+1)(44.95 uA) = 3.19 mA
_26mV _ 26mV

= =815Q
I, 3.19mA

Te

(b) Vy =V +1,R; =0.7 V +(3.19 mA)(2.2 kQ)
=772V
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(©)

(d)

19. (a)

(b)

(c)

(d)

V. =24V —I.R. =24V —(fI,)33kQ)
=24 V = (70)(44.95 uA)(3.3kQ)
=13.61V

Vg =V =V, =13.61 V=772V =589V
V,=V,-07=772V-07V =702V
Vep =V =V, =13.61 V-7.02V =6.59 V

Z, =68 kQ||27 kQ|| AR, =19.3 kQ|| (70)(2.2 kQ)
=19.32 kQ||154 kQ =17.17 kQ

-R
4, =R __33kQ o
R, 2.2kQ
I = Vee =Vee 20V -0.7V
"T R, +(B+DR, 390kQ+(141)(1.2kQ)
559.2 kQ

Ie=(f+ DIz = (140 + 1)(34.51 uA) = 4.866 mA
:26mV: 26 mV _5340
I, 4.866 mA

e

Z,=Pr.+(B+ DR
=(140)(5.34 k) + (140 + 1)(1.2 kQ) = 747.6 Q + 169.9 kQ
=169.95 kQ

Z;=Rgp || Z, =390 kQ || 169.95 kQ = 118.37 kQ

Z,=Rc =2.2KkQ

BR.  (140)(22kQ)

- ~1.81
Z, 169.95 kQ

A= -

Z,=fro+ [ (BrD+ R /1, }RE

1+ (R +Rg)/r,
(141) + 2.2 kQ/20 kQ 12 kO
1+ (3.4 k€2)/20 kQ

=747.6 Q + 14472 kQ
= 14547 kQ

=747.6 Q [

Z;=Rp || Z, =390 kQ || 145.47 kQ = 105.95 kQ
Z,=Rc=2.2kQ (any level of r,)
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20.

21.

A, = 70_ - o
r{)
—(140)2.2kQ)[. 5.3 22 kQ
1+ +
145.47 kQ AKQ | 20kQ
22kQ
1+
20 kQ
_ 274000 o

1.11

(a) dc analysis the same
S r.=5.34Q (asin #19)

(b) Zi=Rp||Zy=Rz || fr.=390kQ || (140)(5.34 Q) =746.17 Q vs. 118.37 kQ in #32
Z,=Rc=2.2KkQ (as in #32)

~R. _-22kQ
r, o 534Q

e

©) A, = = —411.99 vs —1.81 in #19

(d) Z;=746.17 Q vs. 105.95 kQ for #19

Z,=Rc|r,=22kQ || 20 kQ = 1.98 KQ vs. 2.2 kQ in #19
R.|\r
A= ——Slo-_ 198kQ —370.79 vs. —1.81 in #19
r, 534 Q

Significant difference in the results for A,

r, 210R.
100 kQ >10(8.2 kQ) =82 kQ
Therefore:
__BRe _ _PRe __Re _ 4
Zh ﬂRE RE
R .
p=te 82K ke
10 10
= 20mV _26mV e mA
I, 38Q

Ve = IgRr = (6.842 mA)(0.82 kQ) =561V
Ve=Veg+ VBE=5.61 V+07V=631V

I .
= e _O82mA oo A
(B+1) 121
Ve V.-V —6.
and Ry = —& = €€ 5 20V=631V b 09kO
I, 1, 56.55 uA
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_Vee Vi

22. a) Iz=
@ I R, +(B+DR,
_ 2V-07V 213V
330 kQ + (81)(1.2 kQ + 0.47 kQ)  465.27 kQ

=45.78 uA
Iz =B+ DIz =(81)(45.78 uA) =3.71 mA
_ 26mV: 26 mV 70
I, 3.71 mA

e

(b) r,<10(Rc+ Rg)

+D)+ R/
zy=fro | LIDIR
1+ (R, +Rp)/r,

(81) +5.6 kQ/40 kQ
1+6.8 kQ/40 kQ

=(80)(7 Q) + { }1.2 kQ

81+0.14

=560 Q +
1+0.17

}1.2 kQ

(note that (8+ 1) =81 > Rd/r,=0.14)
=560 Q + [81.14 /1.17]1.2 kQ = 560 Q + 83.22 kQ
=83.78 kQ

Z;=Rp || Z,=330kQ || 83.78 kQ = 66.82 kQ

-DOR R
—PRe (1+Qj+c

b ra

R
1+

"o

—(80)(5.6 kQ) (1 % )+ 5.6 kQ

83.78 kQ kQ ) 40kQ
1+ 5.6 kQ/40 kQ
(535 +0.14
T 1+40.14

=—4.57

23. (a) Test: SR, 210R,
(200)(1.2 kQ) > 10(120 kQ)
240 kQ>1.2 MQ No!
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24.

(b)

(c)

(d)

(e)

(a)

Exact method:
R, =430 kQ | 120 kQ =93.82 kQ

120 kQ(16 V)

™ = =349V
120 k€ + 430 kQ
I = Ep —Veg 349V-0.7V
i Ry, +(B+DR;  93.82kQ+ (200 +1)(1.2 k)

=8.33 uA
I, = (B+1)I, = (200 +1)(8.33 1A) = 1.674 mA
_26mV _ 26mV

r, = =15.53Q
I, 1674mA

V, =V, +0.7V=(,)(R,)+0.7V + (1.674 mA)(1.2 kQ) + 0.7 V
=271V

1. = B, = (200)(8.33 uA) = 1.67 mA

V.=V, —I.R. =16 V - (1.67 mA)(4.7 kQ)
=16 V-785V
=8.15V

V, =I,R, =(1.674 mA)(1.2kQ) =201V
Vep =V =V, =815V =201V =614V
Vg =V =V, =815V =271V =544V

Z. =120 kQ||430 kQ || AR, = 93.82 kQ|| (200)(1.2 kQ)
=93.82 kQ || 240 kQ = 67.45kQ

Z, =4.7kQ
-R
A - c__ 4.7 kQ —_3.92
R, 1.2 kQ
Z. -(3. .
a=a Lz (3.92)(67.45 kQ)
R (4.7 kQ)
=56.26
I = Vee =Vae 16V-07V 153V
? Ry +(B+DR, 270kQ+(111)(2.7 kQ) 569.7 kQ
=26.86 uUA
Ir= B+ DIz= (110 + 1)(26.86 uA)
=2.98 mA
= 26mV: 26 mV _8720
I 2.98 mA

Pr.=(110)(8.72 Q) = 959.2 Q
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(b) Z,=pfr.+ B+ DR
=959.2Q + (111)(2.7 kQ)
=300.66 kQ
Z:= Rzl Z» = 270 kQ || 300.66 kQ
=142.25 kQ
Z,=Rpllr,=2.7kQ[8.72Q = 8.69 Q

R, _  27kQ
R, +r.  27kQ+8.69Q

e

(c) A, = =0.997

Ve =V, - 0.
25.  (a) Iy CE__BE __ 8V-07V

T R, +(B+DR, 390 kQ+ (121)5.6 kQ

Ir=(f+ DIz =(121)(6.84 uA) = 0.828 mA
_26mV _ 26 mV

Te = =314Q
I, 0.828mA
r, < 10Rg:
+1R
I+R; /7,
(121)(5.6 kQ)

=(120)(31.4 Q) +

1+ 5.6 k€2/40 kQ
=3.77 kQ + 594.39 kQ
=598.16 kQ
Z: =Ryl Z, = 390 kQ || 598.16 kQ
=236.1 kQ
Za = RE ” Te
=5.6kQ|31.4Q
=31.2Q

_(B+DR,1Z,
B I+R; /7,
_ (121)(5.6 k€2)/598.16 kQ

1+5.6 k€2/40 kQ
=0.994

() A,

VO
C = — =0.994
© A=

Ay
V,=A4,V;=(0.994)(1 mV) = 0.994 mV
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?
26. (a) Test fRr > 10R,
(200)(2 k) > 10(8.2 kQ)

400 kQ = 82 k€ (checks)!

Use approximate approach:

= S2KQQRO0V) 5 soisy
8.2 kQ +56 kQ

VE = VB - VBE =25545V-07V=1855V
V., 1855V

IE: —_—=
R, 2kQ
1 .

e _0977mA o

(B+1) 200+ 1)
I = By = (200)(4.61 yA) = 0.922 mA

=0.927 mA

Ip

_ 26mV_ 26 mV

= =28.05Q
I,  0927mA

(b) 7.

(©) Zy=pPr.+(B+ DR
= (200)(28.05 Q) + (200 + 1)2 kQ
=5.61 kKQ + 402 kQ = 407.61 kQ
Z:=56kQ || 8.2 kQ || 407.61 kQ
=7.15kQ || 407.61 kQ
=7.03kQ
Z,=Re| r.=2kQ | 28.05 Q = 27.66 Q

R, 2 kQ

d A,= = =0.986
R, +r, 2kQ+28.05Q
V.. -V, V- 07V
27. (a) Ip= —EE_BE _ 6 0 =0.779 mA
R, 6.8 kQ
r= 26 mV B 26 mV ~ 33380

I, 0779 mA

(b) Zi=Rg||r.=68kQ] 33.38Q
=33.22Q

ZU=RC=4.7kQ

aR. _ (0.998)(4.7 kQ)
r 33.38Q
=140.52

(© A=
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28. o= izﬁ =0.9868
B+1 76

Vee =Vee _5V-07V _ 43V _
R, 39kQ  3.9kQ

= 26 mV _ 26 mV ~13580
I 1.1 mA

R.  (0.9868)(3.9 kQ) 163.2

IE=

sza—c_
r, 23.58 Q
Ve =V - 0.
9. (a) Ip= Yee " Vor _ 12V-07V
R, +BR. 220kQ+120(3.9 kQ)
=16.42 uA
Ig = (B+ DIg= (120 + 1)(16.42 uA)
=1.987 mA

r= 26 mV _ 26 mV _13.080
I, 1.987 mA

R
(b) Zi=pr.l =
|
Need A,!
-R =3.
c _ 3.9 kQ _ 508
r 13.08 Q

e

A=
220 kQ
Z:= (120)(13.08 Q
(120)( )i ~08
= 1.5696 kQ || 738 Q

=501.98 Q
Z,=Re || Rr=3.9 kQ || 220 kQ

=3.83 kQ

(c) From above, A, =298

_RC
30. A = =-160
T,

e

Rc=160(r,) = 160(10 Q) = 1.6 kQ

R 200R
A= _PRe =19=19= L
R. + PR, R, +200(1.6 kQ)

19RF + 3800RC = 2OORF
_ 3800R.  3800(1.6 kQ)

Rp
181 181
=33.59 kQ
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31.

Bz‘QC_VM

Ry + IBRC
Ig(Rr+ PRc) = Vec — Ve
and Ve = Vi + Ig(Re + BRC)

with [, = 20mV. _20mV ) oA
. 10Q
I .
= e _20MA o4 A
p+1 200+1

“Vee= Vg + Ig(Rr + BRe)

=0.7V +(12.94 uA)(33.59 kQ + (200)(1.6 k€2))

~528V
RF
© AW
[L’ [_» . o)
g ‘
. e Py 4
— 10
Vi © NCERVA 2

@ Ay Vi=Lpr.+ (B+ DIRe
10+I,:Iczﬂ1h
but;=I+1,

and I’ = I,' - Ib
Substituting, I, + (I; — I,) = AI,
and I, = (B+ DI, - [;

Assuming (B+ DI, > I,

Io = (ﬁ+ 1)117
and V, = —I,Rc =—(f+ DI,Rc

—(B+DI,R.

Vv
Therefore, - =

V, 1B, +(B+DI,R,

AR
/glb"e +/g1;9RE
R R
andszﬁz— € =-—¢C
V r,+Rg R,

i




(b) Vi=pI(r. + Rp)
Forr, < Rg

V;= BI,Re

Now ;=1 +1,

V.-V,
MEERLEY
RF

Since V, > V;

0

Ii=_

+1,
F

4

orl,=1I+
F

Vi=,31bRE

Vi=BReli + B

Vo=AVi

and
V()
RF

but
\%

1

and ‘/, = ﬂREIi +

F

L ABRY,

i

or
F

BAVR
R

R

E

= PRl

R
Vi|:1_ﬁi|=[ﬂRE]li
RF
$O Zl:&_ PR; __ PReR:
I; 1_AvﬂRE Ry + (AR,
RF
Zi=-"1=x|y where x = fRr and y = Ry/|A,|
. R(Ry /
withz 2 £ _ PRO®: /|4,
x+y ,BRE+RF/|AV|
Z.zﬂRE—RF
AR [4, ]+
Z, SetV,=0
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Vi=Lpr.+ B+ DI,Rg
Vi=pBl(r.+Rg) =0
since B, r.,+R;#0 I,=0and fI,=0

v, V 1 1
sl = 42 =V{—+—}

R. R, °|R. R,
\% 1 R-R
and Z, = 2 = =—<L —Rc|IRr
IU L + L RC + RF
Rc F
R .
A, = ——C=—22k9 =-1.83
R, 12kQ
S PRR. _ (90)12kQ)(120k®)

BR; |A|+ R, (90)(1.2 kQ)(1.83) +120 kQ
=40.8 kQ

Z, = Rc || Rr
=22kQ | 120 kQ
=216 kQ
foo Vee Ve _ OV-0.7V
R, +BR. (39 kQ+22 kQ) + (80)(1.8 kQ)
83V 83V

= = =40.49 uA
61kQ+144kQ 205 kQ

Ir=(f+ DIz = (80 + 1)(40.49 uA) =3.28 mA
_ 26mV: 26 mV 7030
I 3.28 mA
Zi = RFI ” ﬂre
=39 kQ || (80)(7.93 Q) =39 kQ || 634.4 Q =0.62 kQ
Z,=Rc|| Ry, = 1.8 kQ || 22 kQ = 1.66 kQ

Ve
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R —R|Ry, 18kQ[22kQ

b) A= —= -
®) r, r 7.93Q
— m =-209.82
7.93Q
33. (@ Z = Ry = 0.68 kO
1 (Rg+Ro) [1+ (0.68kQ+1.8 kQ)}
Vi R, 80 61 kQ
~ 0.68 kQ _ 0.68kQ
[12.5><10—3+4.066><1o—3] 53.16x107
=12.79kQ

Z, =R.||R, =18kQ| 61 kQ =175 kQ

R .
b A,=--5=- 18kQ ;65
R,  0.68kQ
V.-V _o.
4. (@) = e Ve I8V 20TV o5 14 m
R, 680 kQ
Iy = (B+ DI = (100 + 1)(25.44 yA)
=2.57 mA
=22V 01160
2.57 mA
R .
AV —__C _ _ﬂ =-326.22
N r 10.116 Q

Z:=Rg|| fr.=680KkQ || (100)(10.116 Q)
=680kQ | 1,011.6 Q

=1.01 kQ
Z,=Rc=33KkQ
(b) -
R, 4.7 kQ
c = = -326.22
© 4, RL+R0AVNL 4.7k£2+3.3k£2( )
=-191.65

Z. (1.01 kQ)
d A =-A —L=—(-191.65—-""
@ 4, AVR ( )4.7k£2

L

41.18
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35.

36.

(a)

(b)

(a)

(b)
(c)

(d)

(e)

®

(2)

()

A, =-32622

NL -
R,

AR w R,

Ro=47kQ: A = — K2 37629) =-191.65
+ T 47kQ+33kQ

Ri=22kQ: A = — =22 (3762) =-130.49
+ T 22kQ+33kQ

Ri=05kQ: A = — K2 (35600) - 4202
T 05kQ+23kQ

As RLJ/, AVL \L

No change for Z;, Z,, and AVNL !

V.-V 12V-07V
Iz= —<€ BE — 0 =11.3 uA
R, 1 MQ
Iz =B+ DIz=(181)(11.3 uA) =2.045 mA
_ 26 mV B 26 mV — 12710

I,  2.045mA

R
4, =R 3KQ _ 5
w2719

e

e

Z;=Rg|| fr.=1MQ| (180)(12.71 Q) = 1 MQ || 2.288 kQ
= 2.283 kQ
ZOZRC:3kQ

No-load: A,= A, =-236

A = Z, A = 2.283 kQ(-236)
* Z,+R M 2283 kQ+0.6 kQ
=-186.9
No change!
Z, 2.283 kQ(-236)
= : = =-164.1
A, Z +R, (A 2283 kQ+1kQ
RT, A
No change!
Z, .
A=A L= _(_236)M
c 3kQ
=179.6
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37, (a)

(b)

(©)

(d)

(e)

®)

(2

Vee =V 24V -07V
R,  500kQ
L= (B+ Dlg= (80 + 1)(41.61 uA) = 3.37 mA
_26mV _ 26 mV

Iy= =41.61 uA

Te = =7.715Q
I 3.37 mA
R .
A = __Lz_ﬂz_557_36
N r, 7.715 Q

Z:=Rg|| Pr.=560kQ || (80)(7.715 Q)
=560kQ | 617.2Q

=616.52 Q
Z():RC:4.3kQ
A = vV, R A 2.7 kQ(-557.36)
LV, R +R, ™ 27kQ+43kQ
= —214.98
VO VO ‘/I
ATV TV,
ZV 61652QV
Vo= i L =(.381V,

"~ Z, +R  61652Q+1kQ
A, =(-214.98)(0.381)
=-81.91

R +Z, 1kQ+616.52 Q
== T = (8191
A A”( R, j ( )( 2.7 kQ j

=49.04

R, _ 5.6 k€(-557.36)

14
A == A = =-315.27
LTV, R +R ™ 56kQ+43kQ

<

L the same = 0.381

< -~

=—2.-L =(-315.27)(0.381) = -120.12
A, = b= )(0.381)

As RLT,l AVXlT

Ay

AVL the same = —214.98
V. Z, 616.52 Q

l l

RO = =0.552
V. Z +R  61652Q+05kQ

v, V.
A, = 7" . V—’ =(-214.98)(0.552) = -118.67

AsRd, AT

No change!
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38. (a) Exact analysis:
R, 16 kQ16 V)

Ep=—2 vy =0V 3048V
"TR+R, C 68kQ+16kQ

R =R, || Ry =68 kQ || 16 kQ = 12.95 kQ

o En=Va __ 3048V-07V
BT R +(B+DR, 12,95 kQ+ (101)(0.75 kQ)
= 26.47 uA
Ir= (B+ DIy = (101)(26.47 uA)
—2.673 mA
,_26mV_ 26mV oo
I, 2673mA
4 =Re__22KQ _ r6a
w = T T9m60

e

Z,=68kQ | 16 kQ || Br.,
=12.95kQ || (100)(9.726 Q)
=12.95kQ [ 972.6 Q
=904.66 Q

Z,=Rc=22kQ

(b) -
R, 5.6 kQ(-226.2)
c = = =-162.4
© A, R +2Z, (A 5.6 kQ +2.2 kQ
Zi
d AiL = _AVL R_L
_C162.4) (904.66 Q)
5.6 kQ
=26.24
© ~Rc|R,  —22kQ|5.6 kQ
e = =
L r 9.726 Q
=-162.4
Z=68kQ| 16kQ1972.6 Q
H_J
Br.
=904.66 Q
Zi
AiL = _AvL R_L
_(-162.4)(904.66 Q)
- 5.6 kQ
=26.24
ZO = RC = 2.2 kg

Same results!
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R,

39. a =
@ A, R +Z, A
R.=47kQ: A = 4.7 kQ (-226.4) =-154.2
L 47kQ+22kQ
R, =22kQ: A = 2.2kQ (-226.4) =-113.2
L 22kQ+22kQ
R, =05kQ: A = 0.5 kQ (—226.4) =—41.93

L 0.5kQ+2.2kQ
R, A L

(b) Unaffected!

Iy = Vee =Viee  _ 1I8V-0.7V
R, +(B+DR, 680 kQ+ (111)(0.82kQ)
=22.44 uA
Ie= (B+ DIp= (110 + 1)(22.44 uA)
=249 mA
_26mV _ 26 mV
T I,  249mA
_ R 3 kQ
A T L+R,  1044Q+0.82kQ

=-3.61
Zi=Ry | Z, =680 kQ || (Bre + (B+ DRg)
= 680 kQ || (610)(10.44 Q) + (110 + 1)(0.82 kQ)
=680 kQ || 92.17 kQ
= 81.17 kQ
ZO = RC =3kQ

40.  (a)

=10.44 Q

Ve

(b)) -
vV, R, 47 kQ(-3.61)

C = 2= =
© 4, V. R +R ™ 47kQ+3kQ

>
|
B
I
<|=

Vi
LV v
o AV _ BLITKQWD o0
Z +R,_ 81.17kQ+0.6 kQ
A, =(-2.2)(0.992)
=-2.18

(d) None!

78



(e) AVL —none!
V. Z 81.17 kQ

—= —= =0.988
V. Z +R, 81.17kQ+1kQ
A, =(=2.2)(0.988)
=-2.17
R,T, A, l, (but only slightly for moderate changes in R, since Z; is typically much larger
than R;)
Z, (81.17 kQ)
=A, —=(22)———
O A=A, R, 22 4.7 kQ
=37.99
41. Using the exact approach:
E, -V, R
Iy = Th — VBE Ep, = 2y
Ry, + (B+ DR, R +R,
_ 233V-07V _ 12 kQ 20V) =233V
10.6 kQ + (121)(1.2 kQ) 91 kQ +12 kQ
=10.46 A Ry =R || R,=91kQ | 12kQ =10.6 kQ

Iz =B+ DIz =(121)(10.46 uA)
=1.266 mA
_ 26 mV B 26 mV

e = =20.54Q
I, 1266mA

® 4= R, _ 12k
L +R, 2054 Q+12kQ
Zi=Ri || Ry || (Br. + (B+1)R)
=91 kQ || 12 kQ || ((120)(20.54 Q) + (120 + 1)(1.2 kQ))
=10.6 kQ | (2.46 kQ + 145.2 kQ)
=10.6 kQ || 147.66 kQ

=0.983

=9.89 kQ
Z,=Rg||r.=12kQ | 20.54 Q
=20.19 Q
(b) -
R, 2.7 kQ(0.983)
C = =
© A, R, +7Z, M T 271020190
=0.976
Z, 9.89 k€Q(0.976)
A, = A, =
Z +R, 9.89 kQ + 0.6 kQ
=0.92
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(d) AVL =0.976 (unaffected by change in R;)
7 ~9.89kQ(0.976)
A, = Z. +R, A =989k kO
=0.886 (vs. 0.92 with R, = 0.6 kQ)
AsRT, A, L

(e) Changing R, will have no effect on AVNL ,Z;,,or Z,.

R, 5.6 kQ(0.983)
A, = R, +Z, (AVNL) 5.6 kQ +20.19 Q
=0.979 (vs. 0.976 with R, = 2.7 kQ)
_z _9.89 kQ(0.979)
A, = Z. +R, )= 589 ka+06 ka
=0.923 (vs. 0.92 with R, = 2.7 kQ)
AsR T AT, AT

Z, :
(g A=A, —= (0979)%
LR, 2.7 kQ
=3.59
Ve =V -0.
42. (a) Ip=-t£ e OV -07V
R, 2.2kQ
=241 mA

r= 26mV: 26 mV ~ 10790
I, 2.41 mA

4 =B _ATKQ 3559
r .
m 10.79 Q

e

Zi=Rellr,=22kQ | 1079 Q = 10.74 Q

Z,=Rc=4.7kQ
(b) -
_z __107#QV) ey

V= =
Z.+R ' 1074 Q+100 Q

i s

v, V,
A, =—> L =(236.83)(0.097)

Vi Vv
=22.97
(d) ‘/1 = Ie cTe
‘/0 = _IURL
4.7 kQ(I)
= < =—-0.45631,
4.7 kQ +5.6 kQ
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A = V, _ +(0.45631)R, _ 0.4563(5.6 kQ)
v, L 10.79 Q

=236.82 (vs. 236.83 for part c)

A, 122kQ[10.79Q=10.74 Q
Z, 10.74 Q(V,)
v —

i= —-V, = =0.097 V;
Z +R, 10.74 Q+100 Q
vV V
=—2.— =(236.82)(0.097
A, =y = (236820.097)
=22.97 (same results)
R, 2.2 kQ
e = = 435.59
© A, R, +R, A 2.2 kQ +4.7kQ ( )
= 138.88
v, V. V. Z. .
e 72 o021

TV V. V. Z+R 1074 Q+500 Q
A, = (138.88)(0.021) =2.92
Av.‘. very sensitive to increase in R; due to relatively small Z;; RST, Av.‘. N
AVL sensitive to R;; RLi, AVJ/

() Z,=Rc=4.7kQ unaffected by value of R;!

(&) Z;=Rg]| r.=10.74 Q unaffected by value of R;!

Z, (236.82)(10.74 kQ)

(h) A=4, "
LR, 5.6 kQ
=0.454
@ A - R A, 1kQ(-420) pps
' R, +R, 1kQ+33kQ ’
R _
A, = LA, 2.7 kQ(—420) _ 189

R, +R, 27kQ+33kQ

(b) A, = A, -A, =(-97.67)(-189)=18.46 x 10°

—_0__o _a 4
A v V, V., V,
Vi
=AVZ'AVI‘V—S
A% 1 kQV
V= S o W) 605

"~ Z, +R  1kQ+0.6kQ
A, =(-189)(=97.67)(0.625)
=11.54 x 10°
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44.

(© A =

1

A,

CAZ (97671 kQ)

R,

_ -A,Z, _ —(-189)(1 kQ) _

1kQ

R,

70
2.7 kQ

=97.67

- — _ 3
) A, =A A =(97.67)(70) = 6.84x 10

(e) No
(f) No

effect!

effect!

(g) Inphase

i 1.2 kQ
a -2 - =™
@A, Z, +Z, v = 12kar 200
= 0.984
R, 2.2kQ
A, = R +Z, Yo T2 k0+46k0
= -207.06
(b) A, =A, -A, =(0.984)(-207.06)
=-203.74
— Zi
ATz M
_ ﬂ(_zm 74)
50 kQ +1 kQ '
=-199.75
(© A =-A b
i
kQ
= —(0.984) 20K
1.2 kQ
=41
A, ==A, F
2 2 RL
= ~(-207.06) 12K
2.2kQ
=112.94
) A, =-A, —-
L L RL
_ (203,74 Q0K
2.2kQ
=4.63x 10°
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(e) A load on an emitter-follower configuration will contribute to the emitter resistance (in
fact, lower the value) and therefore affect Z; (reduce its magnitude).

(f) The fact that the second stage is a CE amplifier will isolate Z, from the first stage and R,.

(g) The emitter-follower has zero phase shift while the common-emitter amplifier has a
180° phase shift. The system, therefore, has a total phase shift of 180° as noted by the
negative sign in front of the gain for A, in part b.

45. For each stage:

o 02KQ  isvyZ308v
24 kQ + 6.2 kQ
Ve=Vs—07V=308V-07V=238V
1% .
IEEIC= £ = 238V =1.59 mA
R, 15kQ
VC = VCC - I(:RC: 15V - (159 mA)(51 kg)
=689V
46. (a) r.= 20my_ 26mV__ 16.35 Q
I, 1.59 mA
R =R, =Ri| Rl fr.=62kQ |24 kQ || (150)(16.35 Q)
=1.64 kQ
Re|R, 5.1k | 1.64kQ
A =-— = =-75.8
1 r 16.35 Q
R. 5.
A =-—C= 21K 19
2 r, 1635Q
Ay= A, A, =(-75.8)(-311.9) = 23,642
I Z
b) A =—2=A, L
(b) A, ;MR
_(23,642)(1.64 kQ)
5.1kQ
=17602.5
47. V, = 39 kO (20 V) =44V
I 39kQ+62kQ+7.5kQ
6.2 kQ +3.9kQ

B, = (20V) =1148V
> 39kQ+62kQ+7.5kQ

V, =V, —0.7V=44V-07V=37V
1 1

Ve 37V
ICI EIEI =R—El=m =37mA= IEz Elcz
ch = VCC - IcRC =20V - (37 mA)(lS kg)
=1445V

Ve, =V, — Vi, =1148 V=07V =10.78 V
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_ 26mV_ 26 mV

48. Te = =7Q
I, 3.7mA
T
A =—*=-1
Te
R. 15kQ
=—= =214
i r, 7Q

A, =A A, =(1)(214)=-214
V,= A,V =(-214)(10 mV) =-2.14 V

49. R,=Rp=15kQ (V, (from problem #48) = -2.14 V)
R
V,(load) = —-—(V, )= &(—214 V)
R +R, 10 kQ +1.5 kQ
=-1.86V

50. () f,=p8p,=(50)(120)=6000

I _VCC_VBEl ~ Vs, B 16V-14V
b R, +ByR, 2.4 MQ + (6000)(510 Q)
=2.67 uA
Vs =16 V—(1,)(24 MQ) =16 V - (2.67 uA)(2.4 MQ)
=9.59V
Ve, =16V
VE2 = IEz Ry = bplpRy
= (6000)(2.67 uA)(510 Q)
=8.17V

Vg, =Ve, = Vg =16 V=959V =641V
Vep, =16 V=V, =16 V-8.17V =7.83V

(b) 1y =26TpA, I, =1, =f1, =(50)(2.67 uA)=133.5pA
I, =V, /R, =8.17V/510 Q =16.02mA

©) Z =R, || B R, = 2.4 MQ|| (6000)(510 Q) = 2.4 MQ||3.06 MQ

=1.35 MQ
I
Z,=—+r, with I, =(B+DI, =(51)(2.67 uA) =136.17 uA
2
and re = 26 mw = 26 mw = 190.94 Q
LI, 13617 A
_26mW _ 20mW 60

r =
“7 I,  1602mA

Z =%+1.62Q=1.59Q+1.62Q

o

=3.21Q
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@ A4, =1

4 < BoRy (6000)(2.4 MQ) 144 x10° MQ
" R, +fP,R, 2.4 MQ+(6000)(510 Q) 5.46 MQ
=2.64 x10°

51. (a) and (b) the same as problem 50

@) Vy =959V, V=16V, V, =817V, Vs, =641V, V., =783V
(b) Iy =2.67pA, I, =133.5pA, I, =16.02mA

(C) Z,‘ =RB ”ﬂ(RE “RL)
= 2.4 MQ|| (6000)(510 Q1.2 kQ) = 2.4 MQ || 2.15 MQ

= 1.13MQ
.
Z,= ﬁEI =r,, notaffected by R, , Z, = 3.21 Q from problem 50
2
d A =1
A= PRy _ (6000)(2.4 MQ)
"Ry +B,(R,IIR,) 2.4 MQ+(6000)(510 Q0.2 kQ)
=3.16 x 10°

52. From Problem 51, Z, = 1.35 MQ, and AVNL =1

1.35 MQ(V,)
V.= . =0.999 V,
1.35 MQ +1.2 kQ
sA =V IV =1
Vee =V, _
53 @ I,= cc ~ VBE 16V-16V 324 uA

TR, +B,R, 2.4 MQ+(4000)(510 Q)
Vs, =Vee —13R, =16 V= (3.24 uA)2.4 MQ) =822V
Vg, =1y Ry = BplR, = (4000)(3.24 uA)(510 Q) =6.61V

Ve, =Vee I, R =16 V=1, R,
=16 V - ,1,R. =16 V — (4000)(3.24 1A)(470 Q)
=991V

Vg, =Ve, =V, =991V =661V =33V
Vg, =Ve, = Vg =V, —Vi =991V -822V =169 V

1
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54.

(c)

(d)

(e)

(a)

(b)

(©)

(d)

(e)

I, = By1, = (4000)(3.24 4A) = 12.96 mA
_26mV _ 26 mW

Ty, 1296mA

Z, =24MQ| Byr,, =2.4 MQ | (4000)(2 Q) = 2.4 MQ||8 kQ
=8 kQ

=2Q

Z,=R. =470 Q
—B.R. _
A = BorRc _ (4000)(470 Q) 235
Z, 8 kQ
“AZ —
R 470 Q
Vee =V, -
cc ~VBE 16 V-0.7V 4.16 uA

I = = =4,
BTR, +BBR, 1.5 MQ+ (160)(200)(68 Q)

Vy, =15 Ry = (4.16 uAY(1.5 MQ) =6.24 V

V, =0V

Ve, =V, =16 V-1.68 Q=16 V - (85,1, )68 Q

=16 V- (160)(200)(4.16 ©A)(68 )=6.95V

2

Vy, =Vys, =07V
Ve =Vy, =07V
V=V, =695V

IBl =4.16 uA
ICl = ,6’1131 = (160)(4.16 uA) = 0.666 mA
IB2 = IC1 = 0.666mA, IC2 =I.= ,6’1,6’2131 =133.12 mA
IE2 = IC2 =133.12 mA
Z; =Ry ||ﬁ1ﬁ2Rc
=1.5 MQ || (160)(200)(68 £2)
=2.17 MQ
Z,=Rc|lr, =68Q

A =1

-13.06 x 10°

4 = -BBR,  —(160)(200)(1.5 MQ)
TR, +BBR. 1.5 MQ+(160)(200)(68 Q)
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55.

56.

(a)

(b)

(c)

(d)

(e)

(a)

(b)
(c)

~ Vee = Vi 16V-07V _
R, + BB R, 1.5MQ+ (160)(200)(68 Q)
Vs, =15 Ry =(4.16 uA)(1.5 MQ) =624V

4.16 uA

Vi, =I5 Ry = 1¢, Ry = (B, )R, = (160)(200)(4.16 4A)(22 Q) =293V

Ve, =16 V()68 2)=16 V = (B,B,1, )68 Q)
=16 V — (160)(200)(4.16 uA)(68 Q) =695V

Vi, =Vip, +Ve, =07V +2.93V =3.63V
Ve, =V, =3.63V
=V, =695V

2

5 =416 uA
¢ =Bl = (160)(4.16 uA) = 0.666 mA
5, =l =0.666mA, I =1, =f1, =13312mA
5 =lc, =13312mA
2 2

Z,‘ =RB ||ﬁ1ﬁ2RC
=1.5 MQ || (160)(200)(68 €2)
=0.887 MQ

Z,=Rc |1, =68Q

A, =1

14

In

4 = -BAR,  —(160)(200)(1.5 MQ)

= = -13.06 x 10°
R, + BB R, 1.5MQ +(160)(200)(68 Q)

dc same as 54

dc same as 54

Z_ =Ryl 55 (R IR,)
=1.5 MQ|| (160)(200)(68 Q||1.2 kQ)
=1.5 MQ || (160)(200)(64.35 Q) =1.5MQ || 2.06 MQ)
=0.867 MQ

Z, =68 Q
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57.

38.

59.

60.

61.

62.

63.

@ A =1

A= =B LRy _ —(160)(200)(1.5 MQ)
" Ry +BB(R-IIR,) 1.5 MQ+ (160)(200)(64.55 Q)
=-13.49x 10°
r= 26mV: 26 mV _21.670
Ipg 1.2mA

Pr.=(120)(21.67 Q) = 2.6 kQ

Vv
@ A== =-160

V,=-160V;
Vi _hreVO _Vi _hreAvVi _‘/i(l_hreAv)
h; h h;

v, (1-2x107)160))

- 1kQ
I,=9.68 x 107*V;

(®) I,=

V.
I,= —— =1x107%V;
© 5=1io

1x107°V, =9.68 x 107V,

(d) % Difference = 3 X 100%
I1x107™V,
=3.2 %
(e) Valid first approximation
. . RL _RL”l/hue
% difference in total load = —— x 100%

L

_ 22kQ-(22kQ[50 kQ)

x 100%
22kQ
_ 22kQ—-2.1073 kQ « 100%
2.2 kQ

4.2 %

In this case the effect of 1/A,, can be ignored.

88



64.

65.

66.

67.

(a) V,=-180V; (hie =4 kQ, h,, =4.05x 107

V. —(4.05%x107)(180V,)

b) I,=
®) L 4kQ
=2.32x107%V;
V. V
(c) I,=—‘+=—1_=25x107%V;
h— 4kQ

25%x107V, =232 %1074V,
i L % 100% =7.2%

(d) % Difference =

2.5%107'V,
(e) Yes, less than 10%
From Fig. 5.18
min max
hee 14S 3048 Ave= LF3OM 58

1/h, =64.53kQ
3.3kQ-(3.3kQ[64.52 kQ)

3.3kQ
.. Ignore effects

x100% = 4.88%

(@) hp=p=120
hie = fr. = (120)(4.5 Q) = 540 Q
11
hpe= —=—— =25
r 40 kQ o

h.
® r=le 1 410
90

B
B=h.=90
1 1

ro = =

h. 20 uS

oe

=50 kQ
(a) r.,=8.31Q (from problem 26)

(b) hfe = =60
h, = Br.=(60)(8.31 Q) = 498.6 Q

(©) Z=Ryll hi=220KkQ || 498.6 Q = 497.47 Q

Z,=Rc=22KkQ
-h, R _
d) A,= feltc _ (60)(2.2 kQ) 26474
h, 498.6 Q
Ai=h, =60
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(e) Z;=497.47 Q (the same)

1

Zt):ro”RC’ ro= —- =40 kQ
25 uS

=40 kQ || 2.2 kQ
=2.09 kQ

0 4= —BlR)

—(60)(2.085 kQ)

h

e

498.6 Q

-250.90

A;=-A,Z/Rc=—(-250.90)(497.47 Q)/2.2 kQ = 56.73

=2.7kQ | 1 MQ = 2.7 kQ

68. (a) 68KkQ|12kQ=102kQ
Z,=102kQ || hy = 102 kQ || 2.75 kQ
=2.166 kQ
Zu = RC ” Fo
= 22KkQ | 40kQ
=2.085 kQ
_hfeRé
(b) A, =—— R, =Rc| r,=2.085 kQ
_ —(80)2085 k) _ .
275 kQ
_ 1, L.I_f
LI
h, 102 kQ
1+h RL 10.2 kQ+2.68 kQ
(0.792)
14 (25 ,LlS)(Z 2kQ)
=135.13
69.  (a) Z =Rl hy
—12KkQ(9.45Q
=938Q
1 1
Z,=Rell — =27kQ || —————
h, 1x10° A/V
iy Re|1/ 1) ~(~0.992)(=2.
© Ao |17y, _ —(-0992)(=2.7 kQ)
I, 945 Q
=284.43

l'E—l
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(¢) a=-hy=-(-0.992) =0.992

B= a_ _ 0.992 — 124
I-a 1-0.992
re=hl~b=9.45§2
=Lz ! =1MQ
h, 1uAN

_ (180)(2 x 107*)(2.2 kQ)

’ hfehreRL
70. (@ Z, =h, ——=2.75kQ

C" 1+ h,R, (1+25uS)(2.2 kQ)
=2.68 kQ
Z:=102kQ | Z' =2.12kQ
e 1 _ 1
© hy —(hyh, Ih,) 25 uS—(180)(2x107)/2.75 kQ
=83.75kQ

Z,=2.2kQ | 83.75kQ =2.14 kQ

(b) A = MRy _ ~(180)(2.2 kQ)
hie + (hiehge) - hfehre )RL 2.75kQ + ((275 kQ)(25uS) — (180) * 2 x 10—4))2‘2 kQ
=-140.3
, h,, |
© A = (1%9) ~170.62
1+h,R,  1+(25u8)(2.2kQ)
T S .
Ly 10.2 kQ + 2.68 kQ
=135.13
h,h R
71. a r= - el
(@ Zz TP AR,
—4
_ o086 ko — (140(15x10™)(22 k)
1+ (25 uS)(2.2 kQ)
=0.86 kQ — 43.79 Q
=816.21Q
Z;, =Rg|| zZ!
=470kQ | 816.21 Q
=814.8Q
~h, R
(b) Av — fe" L
hy + (hhy, = hyh R,
_ —(140)(2.2 kQ)
0.86 kQ + ((0.86 kQ)(25 48) — (140)(1.5x107))2.2 kQ
=-357.68
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I hy,
© A=ttt oD
I, 1+h,R,~ 1+(25uS)2.2kQ)
=132.70
A= L, (L)1 Lo 410k 1/
TR A Y " 470 kQ +0.816 kQ
1.
= (132.70)(0.998) L =0.998
I;
= 132.43
@) 7= 1 . 1
hy, = (R, 0, + R)) 25 1S —((140)(1.5 X 10™*) /(0.86 kQ + 1 kQ))
-1 _moka
13.71 uS
, hyhy R 0. ).
7 @z =hy R g 45 CO9NAX107)2.2 KO
1+h,R, 1+ (0.5uA/V)(2.2 kQ)
=9.67 Q

Z=12kQ| Z =12kQ9.67Q=9.59Q

by 0.997 ~
1+h,R, 1+(0.5 uA/V)(2.2kQ)

I I 1.2 kQ
A =—‘;«I4=(—O.996)( )

—-0.996

® A

1.2 kQ +9.67 kQ

1

=-0.988

~hyR,
B hib + (hibhab - hfbhfb )RL

_ ~(-0.997)(2.2 kQ)

9450+ (945 Q)(0.5 wAIV) = (0.997)(1 x10™)) (2.2 kQ)
=226.21

© A

, 1
a z, =
hyy = I:hﬂahrb /hib]

B |
0.5 MAIV = [ (-0.997)(1x107)/9.45 Q|
=90.5 kQ

Z,=22KkQ| Z, =2.15kQ

73. -
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74.

75.

76.

7.

(a)

(b)

hy (0.2 mA) = 0.6 (normalized)
he (1 mA)=1.0

B |th (0.2mA) - h,, (1 mA)|

% change = x 100%
| h02mA) |
= (9621 00%
0.6
= 66.7%
he(5 mA) = 1.5
h,(I1mA)—-h,(5mA
% change = | e A )| x 100%
\ hy, (1 mA) \
= ‘1_1‘5 x 100%

=50%

Log-log scale!

(a)

(b)

(a)

(b)

(a)

(b)

1.=0.2 mA, h;, = 4 (normalized)
I.=1mA, h;, = 1(normalized)

x 100% = 75%

% change = ‘%

I, =5 mA, h;, = 0.3 (normalized)
1-03

% change =

Boe =20 4S @ 1 mA
I.=0.2mA, h, =0.2(h,, @ 1 mA)

x 100% = 70%

=0.2(20 uS)
=418
1 1
ro= —=—— =250kQ > 6.8 kQ
h, 4 uS

Ignore 1/h,,

I.=10 mA, h,, = 1020 uS) =200 4S

1 1

h 20048

oe

Not a good approximation

r()

=5 kQ vs. 8.6 kQ
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78. (a)

(b)

79. (a)
(b)
(©
(d)
80. ()
(b)
(©

(d)

(e)

8.  (a)

h,(0.1 mA) = 4(h,.(1 mA))
=4(2x 107
=8x10™
hrevce = hreAv : Vi
= (8 x 107H(210)V;
=0.168 V;
In this case #,. V.. is too large a factor to be ignored.
hy
hoe
hye =30 uS (normalized) to h,, = 0.1 uS (normalized) at low levels of I,
mid-region
h;. is the most temperature-sensitive parameter of Fig. 5.33.

h,. exhibited the smallest change.

Normalized: Agpmax) = 1.5, Ageminy = 0.5
For hy, = 100 the range would extend from 50 to 150—certainly significant.

On a normalized basis r, increased from 0.3 at —65°C to 3 at 200°C—a significant
change.

The parameters show the least change in the region 0° — 100°C.

Test:

PR:> 10R,

70(1.5 kQ) = 10(39 kQ)

?
105 kQ > 390 kQ
No!
Ry, =39 kQ || 150 kQ = 30.95 kQ
kQ14 V
ETh = 39 ( ) =289V
39 kQ +150 kQ

I,= E, -V _ 280V-07V

Ry, + B+ DR,  30.95 k€ + (71)(1.5 kQ)

=15.93 uA

VB = ETh - IBRTh
=2.89 V — (15.93 1A)(30.95 kQ)
=2397V
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VE=2397V-07V=1697V

v, 1.
and 1, = Ve _ 1697V
R, 15kQ

=1.13 mA

Vee= Vee = Ie(Re + Rg)
=14V -1.13mA2.2kQ + 1.5 kQ)
=9819V
Biasing OK

(b) R, not connected at base:
Vee =0 14V-07V

Ip

=6.22 V as noted in Fig. 5.194.
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TR, +(B+DR, 150kQ + (71)(1.5 kQ)
V= Vee— IRy = 14 V = (51.85 uA)(150 kQ)

=51.85 uA



Chapter 6

1.

2.

From Fig. 6.11:

(a)

(b)

(c)

(d)

(e)

)

(2

(h)

@)

(a)

(b)

Ves=0V,Ip=8mA

VGS= -1 V, ID =4.5mA
VGS= -1.5 V, ID = 3.25 mA
VGS= -1.8 V, ID =2.5mA
VGS=_4V,ID=0mA
VGS=_6V,ID=0mA

Vpsz 14V

rg= K=14—V =233.33Q
I 6mA

Vpsz 1.6V

rg= K=16—V =533.33Q
I 3 mA

Vpsz 14V

Fa= K= L4V =933.33Q
I 1.5mA

r,=233.33Q

r 233.33 Q ~233.33Q

o

[1=Ves Vo] i [1-(-1V)/(~4 V)" 05625
=414.81Q

233.33Q 23333Q
[1-(2V)/(=4V)]) 025

=933.2Q

g =

533.33 Q vs. 414.81 Q Eq. (6.1) is valid!
93333 Q vs 933.2 Q

Vs =0V, Ip =8 mA (for Vps > Vp)
VGS= -1 V, ID=4'5 mA
AID =3.5mA

VGS= -1 V, ID =4.5mA
VGS:—ZV,IDZZHIA
AID =2.5mA
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10.

(C) VGS=—2V,ID=2H1A
VGS= -3 V, ID= 0.5 mA
Alp=1.5mA

(d) VGS =-3 V, ID =0.5mA
VGS:—4V,ID:OIHA
Alp =0.5 mA

(e) As Vs becomes more negative, the change in I, gets progressively smaller for the same
change in Vgs.

(f) Non-linear. Even though the change in Vgy is fixed at 1 V, the change in I, drops from a
maximum of 3.5 mA to a minimum of 0.5 mA—a 7:1 change in Al).

The collector characteristics of a BJT transistor are a plot of output current versus the output
voltage for different levels of input current. The drain characteristics of a JFET transistor are
a plot of the output current versus input voltage. For the BJT transistor increasing levels of
input current result in increasing levels of output current. For JFETS, increasing magnitudes
of input voltage result in lower levels of output current. The spacing between curves for a
BIJT are sufficiently similar to permit the use of a single beta (on an approximate basis) to
represent the device for the dc and ac analysis. For JFETs, however, the spacing between the
curves changes quite dramatically with increasing levels of input voltage requiring the use of
Shockley’s equation to define the relationship between Ip and Vs. VCsm and Vp define the
region of nonlinearity for each device.

(a) The input current /; for a JEET is effectively zero since the JFET gate-source junction is
reverse-biased for linear operation, and a reverse-biased junction has a very high resistance.

(b) The input impedance of the JFET is high due to the reverse-biased junction between the
gate and source.

(c) The terminology is appropriate since it is the electric field established by the applied
gate to source voltage that controls the level of drain current. The term “field” is
appropriate due to the absence of a conductive path between gate and source (or drain).

Ves=0V, Ip=1Ipss=12 mA

VGS= Vp:—6V,ID:OmA

Shockley’s equation: Vgs=—1V,Ip=8.33mA; Vgs=-2V,[p=533mA; Vgs=-3V,
Ip=3mA; Vgs=—4V,Ip=133mA; Vge=-5V, Ip=0.333 mA.

Ipss
10
-1V
5 -2V
-3V

—V_-5v

5v,10 15 20 25 v,

For a p-channel JFET, all the voltage polarities in the network are reversed as compared to an
n-channel device. In addition, the drain current has reversed direction.

(b) IDSS =10 mA, Vp =—6V
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11. VGSZOV,ID:IDSS:12H'1A
VGS= Vp:—4V,ID:OmA
V 1
Ves= L =2V, Ip=-25 =3mA
GS > D 4
VGS:O.SVPZ—LZV, ID:6IT1A
Ves=-3V, Ip =0.75 mA (Shockley’s equation)

12. (a) ID=IDSS=9mA

(b) Ip = Ipss(1 = Vsl V)
=9 mA(l — (-2)/(-4))?
=2.25mA

(C) VGS=VP=—4V,ID=0mA

@ |Vgs|2|Ve|. In=0mA

13. Ves=0V,Ip =16 mA
Ves=03Vp=03(=5V)=-15V,Ip=1Ips/2 =8 mA
Ves=0.5Vp=05(-5V)==-25V,Ip=Ipss/4 =4 mA
VGS= Vp:—SV,ID:OmA

14, Ip=Ipss(1 — Vsl Vp)?
4 mA = 12 mA(1 — (-3)/Vp)*
2
(-3)

P

J0.333=1- (‘_/3)

P

(=3

0.333= 1-

0.577=1-—2~
P
0.423=—
VP
V, = S o gqav
0.423
15. @) Ip=Ipss(1 — Vgl Vp)* = 6 mA(1 — (=2 V)/(—4.5 V))?
=1.852 mA
Ip = Ipss(1 = V! Vp)? = 6 mA(1 — (3.6 V)/(—4.5 V))?
=0.24 mA
I
®) Ves=V, 1- |22 —(45v) 1- 204
DSS 6 mA
=-1318V
I .
Vos=V, 1- |42 —(—45v) 1 [22MA
DSS 6 mA
=-0.192V



16.

17.

18.

19.

Ip = Ipss(1 = Vs Vo)

3 mA = Ipss(1 — (=3 V)/(—=6 V))*
3 mA = 1055(025)

IDSS =12 mA

VGS =0 V, I[) = IDSS =7.5mA

Ves=03Vp=(0.3)4V)=12V, Ip=1Ips/2 =7.5mA/2 =3.75 mA
Vs =0.5Vp=(0.5)4 V) =2V, Ip = Ips/4 =7.5 mA/4 = 1.875 mA
VGS= Vp=4V,ID=0mA

From Fig. 6.22:
—05V<Vp<-6V
1mA<IDSS<5mA

For Ipss=5 mA and Vp=—-6 V:
VGS=0V,I[)=5H1A
Ves=03Vp==1.8V,[p=25mA
Ves=Vpl2=-3V,Ip=125mA
VGS= Vp:—6V,ID:OmA

For IDSS =1 mA and Vp =-05V:
VGSZOV,ID: 1 mA
Vs =03Vp=-0.15V, Ip=0.5 mA
VGS = Vp/2 = —025 V, I[) = 025 mA
VGS= Vp= -0.5 V, ID =0mA

At 25°C, Pp =625 mW
45°C —25°C =20°C
5 mW

20° —— =100 mW
°Z
P} =625 mW —100 mW
= 525mW
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P 100 mW
=25V, [y= Lo W g 0A
Vs 25V

100 mW

max_ __

I 10mA
V,=20V, I, =6.67 mA

20 VDS = VD

S max

P,

ID=ID55=10mA, VDS= =10V

V,=15V, I, =5mA

 [p(mA)

21. VGS=—O.5 V,ID=6.5111A 2.5 mA
VGS:—I V,ID:4IT1A
Determine Alp above 4 mA line:

ZOmA X 15mA
05V 03V

Ip=4mA + 1.5 mA = 5.5 mA corresponding with values determined from a purely
graphical approach.

22. Yes, all knees of Vs curves at or below |Vp| =3 V.

23. From Fig 6.25, Ipsgs = 9 mA
At VGS=_1 V,ID=4IT1A
Ip = Ipss(1 = Vsl Vi)’

I
D =1- VGS/VP
IDSS
VLS =1- Ip
VP IDSS

-1V

1%

VP= GS —
[t [4mA
I 9 mA

=-3 V (an exact match)

24, Ip=Ipss(1 = Ves/Vp)’
=9 mA(l — (-1 V)/(-3 V))*
=4 mA, which compares very well with the level obtained using Fig. 6.25.
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25.

26.

27.

28.

29.

(@) Vps=0.7V @ Ip=4mA (for Vgs=0V)
o AVps _ 07V-0V 1750
Al, 4mA- OmA
(b) ForVgs=-05V,@Ip,=3mA, Vp3=07V
r=O'7—V=233£2

3 mA
r 175 Q
(©) ra= - > = 2
A=V 1Vp) (1-(-0.5V)/(-3V)

=252 Q vs. 233 Q from part (b)

The construction of a depletion-type MOSFET and an enchancement-type MOSFET are
identical except for the doping in the channel region. In the depletion MOSFET the channel is
established by the doping process and exists with no gate-to-source voltage applied. As the
gate-to-source voltage increases in magnitude the channel decreases in size until pinch-off
occurs. The enhancement MOSFET does not have a channel established by the doping
sequence but relies on the gate-to-source voltage to create a channel. The larger the
magnitude of the applied gate-to-source voltage, the larger the available channel.

AtVes=0V, Ip=6 mA
At Vgs=—1V, Ip=6 mA(l — (-1 V)/(-3 V))* = 2.66 mA

At Vgs=+1V, I =6 mA(l — (+1 V)/(=3 V))* = 6 mA(1.333)> = 10.667 mA
At Vgs=+2 V, Ip =6 mA(l — (+2 V)/(=3 V))* = 6 mA(1.667)> = 16.67 mA

Al, =4.67 mA

30.

VGS ID
-1V 2.66 mA
0 6.0 mA
+1V  10.67 mA } Al}, =4.67 mA
+2V 16.67 mA } Al = 6mA

} Al, =3.34mA

From -1V to 0V, Alp =334 mA

while from +1 V to +2 V, Al = 6 mA — almost a 2:1 margin.

In fact, as Vs becomes more and more positive, I, will increase at a faster and faster
rate due to the squared term in Shockley’s equation.

V

VGS=OV,ID=IDSS=12mA; VGS:—8V,ID:OmA; VGS: 71)

=—4V,Ip=3mA;
VGS= O.SVP: 2.4 V, ID =6 ITIA, VGS =-6 V, ID =0.75 mA
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31.

32.

33.

34.

35.

36.

From problem 20:
V= Vos +1V __FIV. 41V
1_\/ I, 1_\/14mA 1-/1.473  1-1.21395
1 s 9.5 mA
S =-4.67V
-0.21395

Ip = Ipss(1 = Vil V)
I, 4 mA

(1-Vos IV, (1=(2V)/(=5 V)’

Ipss = =11.11 mA

From problem 14(b):

Iy _ sy - [20mA
T pss 2.9 mA
(=5 V)(1 - 2.626) = (=5 V)(~1.626)

8.13V

VGS= VP 1-

From Fig. 6.34, PDmax =200 mW, Ip =8 mA

P=VDle
P 200 mW
and Vs =~ = OmW _ sy
D

(a) In a depletion-type MOSFET the channel exists in the device and the applied voltage
Vgs controls the size of the channel. In an enhancement-type MOSFET the channel is
not established by the construction pattern but induced by the applied control voltage
VGS-

(b)) -

(c) Briefly, an applied gate-to-source voltage greater than V; will establish a channel
between drain and source for the flow of charge in the output circuit.

@) Ip=k(Vgs— Vp)?=0.4x%x107(Vgs— 3.5)°

Vs Ip
35V 0
4V 0.1 mA
5V 0.9 mA
6V 2.5 mA
7V 4.9 mA
8V 8.1 mA
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(b) Ip=0.8%10"(Vgs — 3.5

Vis Ip
35V 0 For same levels of Vg, I attains
4V 0.2mA  twice the current level as part (a).
5V 1.8 mA  Transfer curve has steeper slope.
6V 5.0mA  For both curves, Ip = 0 mA for
8V 16.2 mA
ID(on) _ 4 mA

37. (a) k= =1mA/V?

2 _ 2
(VGS(on) _VT) 6V-4V)
ID = k(V(;S - VT)2 = 1 X 10_3(VGS - 4 V)2

(b) VGS ID For Vcs< VT:4V, ID:OHIA
4V 0 mA
5V 1 mA
6V 4 mA
7V 9 mA
8V 16 mA
(©) Vs Ip (Ves < Vr)
2V 0 mA
5V 1 mA

10V 36 mA

38.  From Fig. 6.58, V;=2.0V
Atlp=6.5mA, Vgs=5.5V: Ip=k(Vgs— Vp)*
6.5mA =k(5.5V -2 V)’
k=531x10"
Ip =531 %107 (Vgs — 2)

39 Ip= k(Vasion Ve
ID

and (VGS(OH) -V )2 = %

~
>}

VGS (on) VT 7
Iy
k

SV L AN
0410

=4V-2739V
=1261V

VT: vGS(on) -
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40.

41.

42.

Ip=k(Vos = V1)’

% =(Vos— Vo)°

\/% =Ves—Vr

Ves=Vr+ \/% =5V+ 4/%
=2736V

Enhancement-type MOSFET:
Ip=k(Vy —V,)?

di,, d
=2k(Vs =Vy) — -V

= Vs =Vr) dVGSleGS )

Ao 2 (Ves~V2)

dVi

Depletion-type MOSFET:
Ip=Ipss(1 = Vsl V)’
2

di, d Ve
v I pss T
VGS VGS VP
Vos _d  y_Ves

=12 1-
Dss V, dVg v,
L
Ve
1
=2, 1--%
DSS VP VP
— _21055 1— Vs
v, Vp
— _2IDSS V_P 1 GS
Vo V, Ve
dl 21
L= DZSS (Vs —Vp)
dVis Ve

ik
For both devices dl, =k(Vgs — K»)
Vs

revealing that the drain current of each will increase at about the same rate.

Ip=k(Vgs — Vi) =0.45 x 107 (Vgs — (=5 V))?
=0.45% 107 (Vg + 5 V)?

VGS:—S V, ID:OITIA; VGS:—6 V, ID:045 mA, V05:—7 V, ID: 1.8 mA,
VGS= -8 V, ID:405 mA, VGS: -9 V, ID: 7.2 mA, VGS: -10 V, ID: 11.25 mA

104



43.

44.

45.

46.

(b) For the “on” transistor: R = K = OI—V =25 ohms
I 4 mA
For the “off” transistor: R = v = 49V =9.8 MQ
I 05 uA

Absolutely, the high resistance of the “off” resistance will ensure V, is very close to 5 V.
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Chapter 7

1.

(a)

(b)

(©)

(d)

(a)

(b)

(©)

VGS= OV, ID=IDSS= 12 mA

VGS= Vp:—4V,ID:OmA

VGS= Vp/2 =-2 V, ID = ID55/4 =3 mA
VGS= 0.3Vp= -1.2 V, ID 21055/2 =6 mA

I(mA)
12
T8 I, =47 mA
+3 DQ_ m
g e s T
Ip, =47 mA
Vis, = Voo = I, Ry =14V = (4.7 mA)(1.8 kQ)
=554V
Iy, =1Ipss(1=Ves/Vp)' = 12mA(1 = (-1.5 V)/(=4 V)’

=4.69 mA

Vps, = Voo = Ip, Ry =14V = (4.69 mA)(1.8 kQ)

=556V
excellent comparison

Ipy, =Ipss(1=Vys/V,)
=10 mA(1-(-3 V)/(-4.5 V))’
=10 mA(0.333)’

Ip, =111 mA

Vs, =3V

Vs = Vpp — Ip(Rp + Ry)
=16V —(1.11 mA)(2.2 kQ)
=16V -2444V
=13.56 V

VD = VDS = 13.56 V

VG = VGSQ = —3 V

VS=0V
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Vop =Vp _12V-6V
R, 22kQ

=2.727 mA

(a) IDQ =

(b) Vps=Vp-Vsg=6V-0V=6V

1
(© Ip=Ipss(1 = Vo V)’ = Vgs=V,, 1- |2
IDSS
2.727 mA
Ves=(-4V) 1-,|———
os= (=4 V) T
=-1.66 V
VGG =1.66V

VGSQ :OV, ID:IDSSZS mA

Vb =Vpp—IpRp
=20V - (5mA)(2.2 kQ)
=20V-11V
=9V
VGS = Vp = —4 V
~Ap, =0mA
and Vp = Vpp— IDQRD =18V - (0)(2kQ)
=18V
£ID(mA)
(@)(D)Vgs=0V, Ip=10mA 10
VGS=VP=—4V,ID=OIIIA T9
VGS=V7P=—2V,ID=2.5mA T8
T7
VGS=0.3VP=—1.2V,ID=5H1A leg
Vos = ~IpRs ls
Ip =5 mA: )
Ves = —(5 mA)(0.75 kQ) T
=375V CEAR L
1,%0
© I, = 2.7 mA : 2
0 X 1
Vs, =19V . v . .
-4 3 N -l 0 '
Vgs(V
(d) Vis=Vip—InRp+Ry) AN » 6s(V)

=18V - (2.7 mA)(1.5 kQ + 0.75 k€2)
=1193V
Vb = Vpp = IpRp
=18V - (2.7 mA)(1.5 kQ)
=1395V
VG = 0 V
VS = ISRS = IDRS
= (2.7 mA)(0.75 kQ)
=203V

107



21,R, IR}
Ip=Ipss(1 = Vgl V) = I, 1425 425

V, 45
Ipss RS 21, R
DSS2 S Ié_l_ DSS”*S -1 ID+IDSS =0
P P
Substituting: 351.561;, —4.75I, + 10 mA =0
~b\b> -4
Ip= W =101 mA, 2.60 mA
a

1 Dy = 2.6 mA (exact match #6)

Vs = —IpRs = —(2.60 mA)(0.75 kQ)
=-1.95V vs. -2V (#6)

Ves=0V, Ip=Ipsg=6 mA I(mA)
VGS= Vp:—6V,ID:OmA
6
VGS= V?P =-3 V,ID: 1.5 mA
-5
VGS = 03Vp =-1.8 V, ID =3 mA
Vs = —IpRs r 4
Ip =2 mA:
Ves = —(2 mA)(1.6 kQ) +3
=-32V
3 QPT 1,
———————— >
@ I, =1.7mA . In,
1
T1
VGSQ =-28V :
O t } W\ 1 t >
(b) Vis = Voo = In(Rp + Ry) oo v o T %
=12V -(1.7mA)(2.2kQ + 1.6 kQ) e
=554V
Vb =Vpp—IpRp
=12V —-(1.7mA)(2.2 kQ)
=826V
VG = 0 V

Vs =IsRs = IpRs
= (1.7 mA)(1.6 kQ)
=272V (vs. 2.8 V from Vg = (VGSQ ))

Vs LTV =3.33mA

Vs
Ry 0.51kQ

@ Iy, =Is=

(b) Vgs, = ~Ip, Ry =—=(3.33 mA)(0.51 kQ)
=-1.7V
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10.

11.

(c)

(d)

(e)

(a)

(b)

(©)

(d)

Ip=Ipss(1 = Vsl V)’

333 mA = Ipss(1 — (=1.7 V)/(=4 V)
333 mA = 11)55(0331)

IDSS =10.06 mA

VD = VDD - IDQRD

=18 V-(333mA)2kQ) =18 V-6.66 V
=11.34V

Vps=Vp—Vs=1134V-1.7V
=9.64V

VGS= 0 \Y
ID = IDSS= 4.5 mA

Vs = Vpp — Ip(Rp + Ry)
=20V+4V -(4.5mA)2.2kQ + 0.68 kQ)
=24V -12.96
=11.04 V

VD = VDD - IDRD
=20V - (4.5 mA)(2.2 kQ)
=101V

—4V + IRs— Vg =0
Vs=IRs— 4V =IRs— 4V = (4.5 mA)(0.68 kQ) — 4 V
=306V -4V
=—0.94V

Network redrawn:

VGS=0V,ID=IDSS=6II1A

14V Vos=Vp=—6V, I,=0mA
V
22kQ VGS= ?P =—3 V,ID=15 mA
Ipss=6mA Vos=0.3Vp=-1.8V,Ip =3 mA
VP =6V VGS = _IDRS = _ID(039 kg)
ForIp=5mA, Vgg=-195V
.39 kQ
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3.55mA

n

From graph [/ Dy

Vos, = -14V
Vs = —(VGSQ) = —(-14V)
=+14V
R 110kQ(20 V
(a) Ve = R DD — ( )
R +R, 910 kQ +110 kQ
=216V

VGS=0V,ID=IDSS=IOII1A
VGS= Vp=—3.5 V,ID=OIIIA

Vs = %P =175V, I,=25mA £

VGS=O.3VP=_1.05 V, ID=SIT1A
VGSQ = Vs —IpRs

Vs, =216~ In(1.1 k)

Ip=0: Vgy, = V=216V

216V
Vos, =0V =11

=1.96 mA

(b) IDQ =3.3mA
Ves, =-1.5V

_ _ 7V _
© Vo = Voo Ip Ry ! 3o et 0 b2 3 Ve
=20V - (33 mA)(2.2 kQ)
— 1274V
Vs =IsRs = IpRs
= (33 mA)(1.1 kQ)
~3.63V

(d) VDSQ = VDD - IDQ (RD + RS)

=20V-(33mA)2.2kQ+1.1kQ)
=20V-10.89V
=911V
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13.

14.

(a)

(b)

(a)

(b)

(c)

(d)

Ip=1Ipss=10mA, Vp=-3.5V _110kQ(20 V)
Ves=0V, Ip = Ipgs =10 mA 110 kQ+910 kQ
VGS= Vp=—3.5 V, ID=OIIIA :2'16\7

Vs = V?P: ‘3'25 Y 175V, 1p=25mA

Ves=03Vp=-1.05V,Ip=5mA

I, =5.8mA vs. 3.3 mA (#12)
Vos, =—0.85V vs.—1.5 V (#12)

V, =20V -1,(22kQ)
3 0 1, =58mA
=20V —-(5.8mA)(2.2 kQ) S Dy

=20V -12.76 V ., _ 216V _
QX ID_ O—.Sle_4'24 mA
=724V

Vy = IR, = (5.8 mA)(1.1 kQ)

=6.38V
_4:1 T3 —I2 —'1\\ 0 1 2 Vis(V)
Vis, =Vp =Vs =724 V-6.38 V Ygs5 085V
=0.86V

As Ry decreases, the intersection on the vertical axis increases. The maximum occurs at
ID = IDSS =10 mA.
Vo 216V

5 =—C-= =216 Q
Ips 10mA
v, - _
oV Ve =Vp _I8V-12V_ 6V 4
R, R, 2kQ 2kQ
Vi = I,Rs =1, R, = (3 mA)(0.68 kQ) =2.04 V

Vs =Vpp —Ip(Ry + R) =18 V— (3 mA)(2 kQ +0.68 kQ)
=18 V-8.04 V=996V

110 k(12 V)

¢ 110 kQ + 680 kQ
Vi =V, — IRy =V, — IRy =V, —V =1.67 V—2.04 V

=167V

=-0.37V
voo Ve _ 037V _ 037V _-037V
[ | [mA 1-0612 0388
Ipgs 8 mA
=-0.954V
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16V-10V_ 6V _ A IpmA)

5. 1, = 3mA
0 2 kQ 2 kQ 12
12 kQ16 V
sy
12 kQ + 36 kQ L 10
A 4V+4V A\
R =AY _24VHIV_8V ;610

Al 3 mA 3 mA L g
)
4

--------- Ip,=3mA
r2
-8 —6 —4 -2 0 2 Ii.‘ VGS(volts)
G
— — _
AV
Ip(mA)
16. (@) Vg =0V, I,=I, =6mA

Vo=V, =6V, I, =0mA 6

Voo =V,/2=-3V, I, =1.5mA

V=03V, =—18V, I, =3mA s

Vos =Vss —IpRg -4

Voo =4V = 1,(22kQ)

4V
V..=0V, I, =——— =1.818mA
oS b2k

I, =0mA, Vo =4V

Ip, = 27mA, Vg = -2V

(b) Vpg =Vpp +Vy —I,(R, +Rg)
=16 V+4V —(2.7mA)(4.4kQ)
=812V

Vo = Vi +1,R; = =4 V+(27mA)(22 kQ)
= 194V

or Vg =—(Vgs, ) =—(2 V) =2V
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17.

18.

19.

20.

VotV =Vps 20V=2V-4V 14V

(@ Ip =
R, + Ry 3kQ+1.2kQ 4.2 kQ

=3.3mA

(b) Vp=Vpp—IpRp =20V - (3.33 mA)(3 kQ)
=10V
Vs =IsRs+ Vgs = IpRs + Vs
=3.33mA)(1.2kQ)+(2V)
=4V+ 2V
=6V

(©) Ves=Vs—Vs
=0V-6V
=—6V
(a) IDQ =4 mA
(b) VDQ =18 V-4mA(1.8kQ)=18V-72V =108V

Vis, =Vp —Vs =108 V—-1I,R; =108 V- (4mA)(1.2kQ) =108 V-48V =6 V

(c) P;=(18 V)(4 mA) =72 mW
P,;=(6 V)4 mA) =24 mW

1.2 kQ)16 V)
= —————————— =4V
1.2kQ+3.6 kQ
_ 4V

Ig=1,=—— =4mA
1kQ
V, =16 V—1,(1.8kQ) =16V —(4 mA)(1.8 kQ)
=88V

Vos =V =V =4V -4V =0V (requiring I, = I,i; =4 mA)

VGS=0V,I[)=IDSS=6II1A

Ves=Vp=—4V,I[p=0mA Vs = —IpRg = —Ip(0.43 kQ) I(mA)
VGS= Vp/2:—2V, ID:ID55/4:1.5 mA ID:4IT1A, V05:—1.72V 6
VGS = OSVP =-12 V, ID = IDSS/2 =3 mA
45
() Vs = Vip — In(Rp + Ry) 4
=14V -2.9 mA(1.2 kQ + 0.43 kQ) I, =29mA 1,
=927V e == > ,=29mA
Vb= Vpp —IpRp ‘687 12y : 2 ¢
=14V - (29 mA)(1.2 kQ) I 0
=10.52V Co\
:
, A >
24 3 =2 -1 o ”
VE-12V Vs
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21.

(@) Ves=0V,Ip=Ipss=8 mA
VGS: Vp=—8V,ID=OmA
VGS: v?P :—4V,ID:2mA
Ves=03Vp==24V,[p =4 mA
Ves=+1V,Ip=10.125 mA
VGS=+2 V, I[)= 12.5 mA

VGS = _VSS - IDRS
=—(=4 V) — I5(0.39 kQ)
VGS =4- ID(039 kQ)

ID=0: VGS=+4V

Ves=0: Ip= =10.26 mA
a8 "7 039 kQ

Ip, = 9mA

Vos, =+0.5V

I(mA)

T

(b) Vps=Vpp—Ip(Rp + Rs) + Vss
=18V-9mA(1.2kQ +039kQ)+4V
=22V -1431V
=7.609V

Vs= —(VGSQ) =05V
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22. Ip=k(Vgs — Vi)*

1
k= D(on) —

2
(VGS(on) _VTh)

5 mA _5mA

(TV — 4V)2 9V?

Ie =0.556 x 107 A/V?
and Ip=0.556 x 107(Vgs — 4 V)?

A

Vps = Vpp — Ip(Rp + Rs)

Vv
VDS=OV;ID= DD
R, + R,

22V

1.2 kQ+0.51 kQ
12.87 mA
Ip=0mA, Vps=Vpp

=22V

(©) Vp =Vpp—IpRp
=22V —-(8.25mA)(1.2 kQ)
=121V
Vs =IsRs = IpRs
=(8.25 mA)(0.51 kQ)
=421V

(d) Vps =Vp=Vs
=121V-421V
=789V

vs. 7.9 V obtained graphically
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23.

R, 6.8 MQ

a) Vo= ——— = 24V) =971V
@ Ve R+R, ™ oMo+68Ma )

Vis = Vs — IpRs

VGS = 971 - I[)(075 kQ)

Atlp=0mA, V55=9.71V

At Vgs=0V, Ip= 271V =12.95 mA

0.75 kQ
k= ID(on) _ SIIIA _ 5II1A

2 = ~ 7= >
(VGS(OH) _VGS(Th)) 6V-3V) 3V)

=0.556 x 10°A/V?
~dp=0.556 % 107> (Vs — 3 V)?

Vs Ip

3V 0 mA

4V 0.556 mA

5V 2.22 mA

6V 5 mA

7V 8.9 mA
I(mA)

71
6+
57 1
4 |
3 !
1
21 |
1
1+ 1
o Y
0 1 2 3 4 5 6 7 8 9 10 Vgs(V)
%s,
Ip, =SmA
Vos, =6V
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24.

25.

(b)

(a)

(b)

(©)

(d)

(e)

®)

Vo =Vpp—IpRp=24V — (5§ mA)(2.2 kQ)
=13V
VS = ISRS = IDRS
= (5 mA)(0.75 kQ)
=375V

Voo Ry L BKQ 00
R +R, 91 kQ+18 kQ

=33V

VGSZOV,ID:ID55:6ITIA

VGS= Vp=—6V,ID=OIIlA
V

Vs = 7" =-3V,Ip=15mA

VGS= Vp=—1.8 V,ID=3IIIA

Ip, =375 mA
Vos, =-1.25V

IE= ID =3.75mA

I. _375mA

Ir =
TR 160

=23.44 uA

VD = VE = VB - VBE = VCC - IBRB - VBE = 20 V- (2344 ,UA)(33O kg) - 07 A%

=11.56 V

Ve=Vec—IcRc=20V = (3.75 mA)(1.1 kQ)
=15.88V

Testing:

(a)

(b)

(©)

BR:> 10R,
(100)(1.2 kQ) > 10(10 kQ)
120 kQ > 100 k (satisfied)

R\V,,  10kQ(16 V)
Ve=Vs= =
R +R, 40kQ+10kQ
=32V

VE= VB_VBE= 32V—O7V=2.5V

V, 25V
R, 12kQ

IczlE= 2.08 mA
Ip=1c=2.08 mA

Ig= =2.08 mA
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26.

27.

1 2.08 mA
d) Iz=-S£=""3=20.8uA
(d) Ip 8 100 M

() Ve=Vs—Vgs

1
VGS= VP 1- D
I pss
= (=6 V) 1—- 2.08mA
6 mA
=247V
Ve=32-(-247V)
=5.67V
VS = VC = 5.67 V
Vb= Vpp—IpRp
=16V —(2.08 mA)(2.2 kQ)
=1142V
&) Veg=Ve—-Vg=567V-25V
=317V
(g) Vps=Vp—Vs=1142V -5.67V
=575V
1
Vos=Vp 1= |2 =(-6V) 1- |2 mA
I 8 mA
=-175V
VGS=_IDRS: RS= —vﬁzw =0.44 kQ

I, 4 mA

Rp =3Rs=3(0.44 kQ) = 1.32 kQ
Standard values: Rs= 0.43 kQ
Rp=13kQ

I 2.5 mA
Ves=Vp 1— =2 =(-4V) 1- =22
I s 10 mA

=2V
VGS=VG_VS
andVS=VG—VGS=4V—(—2V)
=6V

_Vs_ 6V
T I, 25mA
Rp=2.5Rs=2.5(2.4 kQ) = 6 kQ = use 6.2 kQ

R R,(24V
VG=Aj4V=¥
R +R, 22 MQ+R,

= 2.4 kQ (a standard value)

= 88 MQ + 4R2 = 24R2

20R, = 88 MQ
R, =4.4MQ
Use R, =4.3 MQ
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28.

29.

30.

Ip=k(Vos— Vo)’
1
7’) = (Vgs— Vo)’

Vi
\/TD:VGS_VT
6 mA
and Vgg=Vr+ =746V
amr \/ TN 05x10° ANV

RD=VRD:v _Vop—Ves _16V-746V 854V
I, ID ID 6 mA ~ 6mA
=1.42 kQ
Standard value: Rp=0.75 kQ
Rs =10 MQ
(@) Ip=1Is= Ys _ 4V =4 mA
Ry, 1kQ

Vps=Vpp — ID(RD + Rs) =12V - (4 mA)(2 kQ+1 kQ)
=12V - (4 mA)3 kQ)
=12V-12V
=0V

JFET in saturation!

(b) Vs=0 V reveals that the JFET is nonconducting and the JFET is either defective or an
open-circuit exists in the output circuit. Vi is at the same potential as the grounded side
of the 1 kQ resistor.

(c) Typically, the voltage across the 1 MQ resistor is = 0 V. The fact that the voltage across
the 1 MQ resistor is equal to Vpp suggests that there is a short-circuit connection from
gate to drain with I, = 0 mA. FEither the JFET is defective or an improper circuit
connection was made.

Vg = 75 kQ(20 V) = 3.7 V (seems correct!)

75 k€ + 330 kQ

Ves=3.7V =625V =-2.55V (possibly okay)
Ip = Ipss(1 = Voo Vp)

=10 mA(1 — (=2.55 V)/(=6 V))*

= 3.3 mA (reasonable)

However, I = V—Sz 6.25 V =6.25mA #3.3 mA
R, 1kQ
VRD = IDRD = ISRD = (625 IIIA)(22 kQ)
=13.75V
and Vp +V, =625V +13.75V
= 20 V = VDD
VDS =0V

Possible short-circuit from D-S.
Actual Ipgg and/or Vp may be larger in magnitude than specified.

[\
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31. ID:IS:V—S=6'25V =6.25 mA
R 1 kQ
Vps = Vpp — In(Rp + Ry)
=20V - (6.25 mA)(2.2 kQ + 1 kQ)
=20V-20V
=0V (saturation condition)

o= RVpp _ T5KQ20V) 3.7V (as it should be)
R +R, 330kQ+75kQ

VGS= VG - VS= 37 V- 625 V= —255 \Y
2
1%
Ip= I 1—% =10 mA(1 — (—=2.55 V)/(6 V))?
P

=33 mA # 625 mA

In all probability, an open-circuit exists between the voltage divider network and the gate
terminal of the JFET with the transistor exhibiting saturation conditions.

32. (a) VGS=0V,ID=IDSS=8H1A

VGS= Vp=+4 V,ID=OII1A ID(mA)
VGS=V7P=+2V,ID=2IHA 8
Vos=03Ve=12V, [p=4mA |
+6
Ves = IpRs Ls
Ip =4 mA;
Ves = (4 mA)(0.51 kQ) T4
=2.04V IDQ-<3- ----
IDQ =3 mA, VGSQ =155V i) :
1
41 ]
(b) Vps=Vpp+ Ip(Rp + Rs) ' A4 ; ;
=—-18 V+ (3 mA)(2.71 kQ) 0 1 ‘\/ 2 3 4 Vo (V)
=987V %o

(©) Vp=Vpp—IpRp
=-18V-(3mA)(2.2kQ)
=-114V
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I pon) _ 4 mA _ 4 mA
) (TV-(3V) (=4V)

33, k=
(VGS(on) - VGS(Th)

=0.25x 107 A/V?
Ip=0.25%10">(Vgs + 3 V)?

VGS ID

-3V O0mA  Vgs=Vps=Vpp +IpRp

-4V 0.25 mA AtlD=0mA, VGS= VDD=—16V

-5V 1 mA _ _VDD_16V_

-6V 2.25 mA AtVes =0V, Ip= R, _2k9_8mA

-7V 4 mA I(mA)
-8V 6.25 mA

-16 -4  -12 -10 -8 -6 -4 -2 0 VasV)
(b) VDS = VGS =-725V

(C) VD = VDS =-7.25V
or Vps = Vpp + IpRp
=-16 V + (4.4 mA)(2 kQ)
=-16 V+88V
VDS = —7.2 V = VD

Vos - 7LV _ 0375

Wl 4v

Find —0.375 on the horizontal axis.

Then move vertically to the Ip = Ipss(1 — Vis/ Vp)2 curve.

Finally, move horizontally from the intersection with the curve to the left to the Ip/Ipgs axis.

34.

1
L =039

DSS
and Ip = 0.39(12 mA) = 4.68 mA vs. 4.7 mA (#1)
VDSQ =Vpp—IpRp =14V — (4.7 mA)(1.8 kQ)

=5.54V vs.5.54 V (#1)
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_ Wl 4V

m
IRy (10 mA)(0.75 k€2)
=0.533
M= mVG_G _ 0.533(0)
V,| 4V
=0
Draw a straight line from M = 0 through m = 0.533 until it crosses the normalized curve of I
2
V,
= I, 1- % . At the intersection with the curve drop a line down to determine
P
Vos. =-0.49
ia

s0 that Vgs =-049V,=—0.49(4 V)
=-1.96 V (vs. -1.9 V #6)

If a horizontal line is drawn from the intersection to the left vertical axis we find

1
b =027

I pss
and Ip = 0.27(Ipss) = 0.27(10 mA) = 2.7 mA
(vs. 2.7 mA from #6)

@ Vg, =196V, [, =2.7mA

(O
(© -
(d) VDS = VDD - ID(RD + Rs) =11.93V (llke #6)

Vb= Vpp — IpRp =13.95 V (like #6)
V=0V, Vg=IpRs=2.03V (like #6)

RYV,, _ 110kQ(20V)

VGG= = =216V
R +R, 110kQ+910kQ
1%
m= .| = 35V =0.318
IR (10 mA)(1.1kQ)
216 V) =0.196

M=mx Y55 = 0318
Vel

Find 0.196 on the vertical axis labeled M and mark the location. Move horizontally to the
vertical axis labeled m and then add m = 0.318 to the vertical height (= 1.318 in total)—mark
the spot. Draw a straight line through the two points located above, as shown below.
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/- normalized curve I, = Ipgs (1 — Vesvp)

Am AM

LG 0.318{
v, | :

A

0.196

Continue the line until it intersects the I, = Ipss(1 — Vgs/Vp)” curve. At the intersection move

horizontally to obtain the Ip/Ipss ratio and move down vertically to obtain the V / ‘Vp‘ ratio.

=0.33 and Ip, = 0.33(10 mA) =3.3mA

I pgs vs. 3.3 mA (#12)
Vg
v_| =—0.425 and Vgs =-0.425(3.5 V)
| =-1.49V
vs. 1.5V (#12)
1%
37. m= | P| = 6V
IR, (6 MA)2.2KkQ)
=0. 4545
=0. 4545 (4 V)
| PI
=0.303

Find 0.303 on the vertical M axis.

Draw a horizontal line from M = 0.303 to the vertical m axis.

Add 0.4545 to the vertical location on the m axis defined by the horizontal line.

Draw a straight line between M = 0.303 and the point on the m axis resulting from the
addition of m = 0.4545.

Continue the straight line as shown below until it crosses the normalized

ID = IDSS(I - Vgs/Vp)z curve:

Am AM

104

+ 0.2

~<
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At the intersection drop a vertical line to determine

Vas _ 034
V|

and Vg, =-0.34(6 V)
=-2.04 V (vs. =2 V from problem 15)

At the intersection draw a horizontal line to the Ip/Ipgs axis to determine

I _ 0.46

I s
and IDQ =0.46(6 mA)

=2.76 mA (vs. 2.7 mA from problem 15)

@ Ip, =276mA, Vg, =-2.04V

(b)  Vis=Vpp + Vss— In(Rp + Ry)
=16 V+4V - (2.76 mA)(4.4 kQ)
=7.86 V (vs. 8.12 V from problem 15)

Vs==Vss+ IpRs=—4V + (276 mA)(2.2 kQ)

=—4V+6.07V
=2.07 V (vs. 1.94 V from problem 15)
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Chapter 8

2lps  2(12mA)

L. &mo = = = 6mS
Vel Y
2. gm0 = 2 s |VP| 2l 2(12 mA) o4y
V| 2,  10mS
Vp=-24V
21 \%
3. ge= Zbss g o @no)(Vo) _SmSGAV) _ o
|VP| 2 2
V p—
4. gn= 8,0 1- oo _202mA) | S0SV ¢
Ve |_3 V| -3V
5, g — 21& _VGSQ
Vel Vp
6 mS = 2Upgs -1V
25V 25V
Ipss =12.5 mA
6. gn= &m0 ’ ID :21DSS IDSS/4:2(1OII1A) l
"N s |VP| Ipss 5V 4
_20mA L, o
T osvo2
T = o= 280 gy g
Tl sy
|%
gn=gmo 1-—¢ =32ms 1-2222 _3oms 11 —30ms 2
P P 4 4
=2.4mS
8. (@) gu=ys=4.5mS
b) == =40k
Yos 2548
9' Em = gfs =45mS
r=—=—1_ —40ka
8, 25uS
Zu=r¢1=40 kQ

A(FET) = —g,rs = —(4.5 mS)(40 kQ) = -180
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~A, __ (=200)

quz_gmrdjgm= =

r 100 kQ)
@ g0 2Upss _200mA) _ AmS
V| 5V
b) gy = Al _ 9 mA —7 mA — 3.64 mS
AV, 0.85V-03V
Vv _
(©) Eq.86 gn=g., 1——22 —ams 1=V _36ms
v, -
d) gy = Al :8mA—5mA —3mS
AV, 15V-05V
Vs -1V
e) g,= 1-—% =4mS 1-—— =32mS
( ) g gm() VP _SV
AV, -
(@ rg=—2=2 __W3V=SY) 10V sa3k0
Al (9.1 mA-8.8 mA) 0.3 mA

D Vs constant

(b) AtVps=10V,Ip=9mA on Vgg=0V curve
_ 25 2(9mA)

oGm0 = = =4.5mS
SV T av
From 2N4220 data:
(@) gu=Yys=750 uS =0.75 mS
(b) rg= L=L =100 kQ
Yos 1048

2y 2012 mA)

a m(@Ve=—6V)=0,2,(@ Vg=0V)=g,0= = 4 mS
(a) g( GS ) g( GS ) &m0 |VP| 6V
21
(®) gn (@ Ip=0mA) =0, g, (@ Ip = Ipgs = 12 MA) = gno = |VDS|S=2(1§;“A) —4mS
P

gm:yfv:5'6mS, rq= Lz; =66.67 kQ
15 48

y()S
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2 I_VGSQ _200mA) 2V

16. g.= =2.5mS
V| V, 4V —4V
== 1 _s0ke
Yos 25 S
17. Graphically, Vg, =-1.5V
21 Vi 1.
o= Hoss | oo _ 200mA) | LSV o
V| V, 6V -6V
Zi = RG = 1 MQ
Z,=Rp |l rs=1.8kQ [ 40kQ = 1.72 kQ

A, =—-g.(Rp |l rg) =—=(2.5 mS)(1.72 kQ)
=-4.3

18. (a) VGSQ =-1.5V, Graphically, IDQ =1.25mA

=1.67mS

o = 2 s I_VGSQ _25mA) | -15V
A V, 3V -3V
Z,' = RG = 1 MQ
Zo = RD ” ra
=1.8kQ || 40 kQ
=172 kQ
A, =—gu(Rp || 7o) = —(1.67 mS)(1.72 kQ) = —2.87

(b) Z, and Z, the same, 33% drop in A, .

19. (@ Vg, =25V
2pss | Vos _200mA) 25V

STy Ty, 4V v
= 5 mS[1-0.625]= 5 mS[0.375] = 1.875 mS
Z =2MQ

Z,=4.7kQ || 20 kQ = 3.81 kQ
A, = —g,(ra || Rp) = —1.875 mS(3.81 kQ)
=-7.14

(b) Z, =2MQ (the same), Z, = 4.7 kQ || 40 kQ = 4.21 kQ (increased)
A, =—-g.Rp|l ry) =—1.875 mS[4.21 kQ] =-7.89 (A, increased)
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20. 8 =Y =3000 4S =3 mS

= 1o 1 ke
Yos S0 uS
Z:=Rs =10 MQ

Z,=rq|| Rp =20 k| 3.3 kQ = 2.83 kQ
A, =—=gu(rall Rp)

= —(3 mS)(2.83 kQ)
= -8.49
21 gn=3mS, ry=20kQ
Z; =10 MQ
z,= Ry _ 33kQ
I+g,Rs Bt Ry Gms)a kg)+M
a 20 kQ
__ 33K _33KQ .00
14334022 452
A= Ry —(3 mS)(3.3 kQ)
1+ngS+M 1+(3 mS)(lle)+M
a 20 kQ
99 99

=-2.19

T 14334022 452

22. 8m =Y =3000 4S =3 mS
ry= Lz; =100 kQ
Yos 10 1S

Z;= R; = 10 MQ (the same)
Z,=rq|| Rp =100 kQ || 3.3 kQ = 3.195 kQ (higher)
A, =—gu(ra |l Rp)

=—-(3 mS)(3.195 kQ)

=—9.59 (higher)

23 (a) Av = _ngD
2 =—g,(2.7kQ)
2

4= =074 mS
27 kQ
g, = loss y_Vos
vl 7,
0.74ms = 20MA) Vs
8V 8V

0.74 mS =2.25 mS l—Vi =2.25mS +2.25 mS Vos
v 8V

—1.51 mS =2.25 mS Vos
8V
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S Vas, =—0671)E V) =537V

VGSQ = IpR,
Vs 537V
Ry=—2b== from Q pt. on graph) = 3.83 kQ
ST, T Tama (oM @PLonerph)
(b) Av = _ngD
2=-£,2.7kQ | 30 kQ) = —g,,(2.48 k)
&n = 2 =0.81 mS
2.48 kQ
gn = 2pss _Vos _20mA) 4 Ves 505064 205 ms e
V| v, 8V -8V 8V
0.81 mS = 225 mS +2.25 mS &5

—1.44 mS =2.25mS Vos

Vs _ _
—0.640 W , VGSQ =—(0.640)(8 V)=-5.12V
VGSQ = IpR),

R = VGSQ 512V

= = from t. on graph) = 3.41 kQ
s Iy, I.SmA( Q pt. on graph)

Repeat with new value of gm. Ry decreased to 3.41 k€2 from 3.83 k€.

24. VGS =0V, 8m = 8mo = ZIDSS = 2(6 mA) =2mS, r;= L = —1 =25kQ
’ A 6V y,, 40 uS
Z,' = 1 MQ
Z,=r4l| Rp=25kQ || 2kQ = 1.852 kQ
A, =—g.(r4|l Rp) =—(2 mS)(1.852 kQ) = -3.7
25.

Vgs, =—0.95V

21 Ve
g —DSS 1 GSo

V, V,
_202mA) | 095V
T3V 3V
=547 mS

Z,=82MQ| 11 MQ=9.7 MQ
Z,=r4]| Rp=50kQ || 2 kQ = 1.92 kQ

A, =-g,(rs|| Rp) = —(5.47 mS)(1.92 kQ) =-10.5
V,=A,V;=(-10.5)(20 mV) = -210 mV
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26. VGSQ =-0.95 V (as before), g,, = 5.47 mS (as before)

Z;=9.7T MQ as before
RD

Z,=
R,+R
1+g,Rs +—2—5
ta
but | PP IO(RD + Rs)
R, 2 kO 2kQ  2kQ

-'Zoz = = =
1+g,R, 1+(547 mS)(0.61 kQ) 1+3337 4.337

=461.1Q
= 8B Ghce > 10R) + RY)
1+ g, R
_ —(547mS)2kQ) 1094
T 4337 (from above)  4.337
V,=A,V;=(-2.52)(20 mV) = —-50.40 mV (compared to —214.4 mV earlier)

=-2.52 (a big reduction)

27. VGSQ =-0.95V, g, (problem 23) = 5.47 mS

Z; (the same) = 9.7 MQ

Z, (reduced) = r, || Rp =20 kQ || 2 kQ = 1.82 kQ

A, (reduced) = —g,,(r4 || Rp) = —(5.47 mS)(1.82 kQ) = -9.94
V, (reduced) = A,V; = (-9.94)(20 mV) =—-198.8 mV

28. VGSQ =-0.95V (as before), g,, = 5.47 mS (as before)

Z; = 9.7 MQ as before
Ry

R, +R
1+g,R; +—2—5
Ta

Z,= since r; < 10(Rp + Ry)

2 kQ

1+ (5.47 mS)(0.61 kQ) + 2 K2 +0-61kQ
20 kQ

2kQ  2kQ

1+3.33+0.13  4.46
=448.4 Q (slightly less than 461.1 Q obtained in problem 24)

_ngD

A =
v R, + Ry

1+g,Rs+
Ty
—(5.47 mS)(2 kQ)

1+ (5.47 mS)(0.61 kQ) + 2 K2 +0.61kQ
20 kQ

. -1094  -10.94
T 1+333+0.13 446

= —2.45 slightly less than —2.52 obtained in problem 24)
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29.

30.

31.

32.

33.

Vos, =175V, g, =2.14 m$

ra2 10Rp, ~.Z;=Rs|| 1/g,=15kQ | 1/2.14 mS
=15kQ| 467.29 Q
=356.3 Q

g2 IORD, .'.Zo = RD =3.3kQ

ra> 10Rp, < A, = g,Rp = (2.14 mS)(3.3 kQ) = 7.06

V,=A,V;=(7.06)(4 mV) =28.24 mV

2pss | _ Vos, _ 28 mA) L5V

Vgs, ==1.75V, g = =2.14mS
: v, vV, 28V = 28V
+R , .
Z=Rs|| FRo _ysyq| RXHIIKE o283k
+ 8,0y 1+ (2.14 mS)(25 kQ) 545

=1.5kQ | 0.52 kQ = 386.1 Q
Z,=Rp || ra=3.3kQ 25 kQ = 2.92 kQ
_ g.R,+R, I, (214 mS)(3.3kQ) +3.3kQ/25 kQ

1+R, /7, 1+3.3kQ/25 kQ
_7.062+0.132 _ 7.194

1+0.132 1.132
V, = A,V = (6.36)(4 mV) = 25.44 mV

v

=6.36

Vgs, ==1.2V, g,=2.63 mS

ra=10Rp, - Zi=Rs| 1/gn=1kQ| 1/2.63 mS = 1kQ || 380.2 Q =275.5Q
Z,=Rp=22kQ
A, = g.Rp = (2.63 mS)(2.2 kQ) = 5.79

2pgs Ves, _20mA) | 285V

Vios, =285V, 8,= =1.47 mS
¢ Ve Ve 45V 45V
Z;=Rs=10 MQ
Z,=rq||Rs || 1/g,, =40 kQ || 2.2 kQ || 1/1.47 mS = 512.9 Q
%_J
680.27 Q

g, |Ry) (147 mS)(40kQ[22kQ)  3.065
1+, (1, |Rg) 1+ (1.47 mS)(40kQ [2.2kQ) ~ 1+3.065
=0.754

Vos, =285V, g, =147 m$

Z;=10 MQ (as in problem 32)
Z,=71, || Rsl|l 1/g,=20kQ 2.2 kQ | 680.27 Q =506.4 Q <512.9 Q (#27)
%_J

1.982 kQ
g, |Ry)  147mS(20kQ[22kQ) 2914

" v g, (R 14147 mS(20kQ[22kQ)  1+2914
=0.745 < 0.754 (#32)
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35.

36.

|38V

=0.733 mS

-6V
&'
-
En'ld
Vi G
+
=>
Vas
R _ S ¢—o0
The network now has the format examined in the text and
Z;=R; =10 MQ r] =rs+ Rp=30kQ +3.3kQ =333kQ

g7 (0733mS)30kQ)  21.99
r,+R, 30kQ+33kQ  333kQ
=333kQ | 3.3kQ| 1/0.66 mS
=3kQ | 1.52kQ
=1kQ

=0.66 mS

Z,=1] |Rsll 1/g,, = g, =

R)  066mS3kQ) 198 198
Ry) 1+0.66 mSG3kQ) 1+198 2.98

&
B A O
= 0.66

ry= %:501@, Vs, =0V

Yo 20
8m = 8mo = 2IDSS = 2(8 mA) = 533 IIIS
V, 3
A, =—g,Rp=—(5.33 mS)(1.1 kQ) =-5.863
V,=A,V;=(-5.863)2 mV) =11.73 mV

Vas, =—0.75V, g, =54ms$

Z;=10 MQ

r,2 10Rp, ©. Z,=Rp=18kQ

r,2 10Rp, ». A,=-g.Rp=—(5.4 mS)(1.8 kQ)
=-9.72
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37.

38.

39.

40.

Z; =10 MQ
Z,=rys|| Rp=25kQ || 1.8 kQ = 1.68 kQ
A, =—=gu(rall Rp)

21 g 1_VGSQ _22may) 075V,

Em =

A, =—(5.4
=-9.07

v, v, 35V 35V
mS)(1.68 kQ)

gm=yp = 6000 4S = 6 mS

rq < IORD,

L =28.57 kQ

35 uS
A, =—=gu(ra |l Rp)
= —(6 mS)(28.57 kQ || 6.8 kQ)
-

549 kQ
=-32.94

V,=A,V;=(-32.94)(1.8 mV)
=-59.29 mV

Z;=10MQ || 91 MQ =9 MQ

2 s 1—

Em = Vp

Vos, _2(02mA) =~ -145V
Vp 3V -3V

=4.13 mS

Z,=14|| Rs |l /g,y =45kQ || 1.1 kQ || 1/4.13 mS

&l

=1.074kQ || 242.1 Q
=197.6 Q

R (4.13mS)(45 kQ[1.1kQ)

4

T 2, (1| Rg) 1+ (4.13 mS)(45 kQ[|1.1kQ)

_ (413mS)(1.074kQ) 4436
1+(4.13 mS)(1.074 kQ) 1+ 4.436
= 0.816

gm= 2k (VGSQ - VGS(Th)

=2(0.3
=3mS

x 1078V -3V)
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41 Vg, =67V

gm= 2k(VGSQ —VT) =2(03% 107)(6.7V =3 V) =222 mS

 Re+r R, 10 MQ +100 kQ 2.2 kQ

T 14 g, [Ry) 14222 mS)(100 kQ[22 kQ)
__10MQ+215kQ oo
1+2.22 mS(2.15 kQ)

Z,=Re|l rall Ro=10 MQ | 100 kQ || 2.2 kQ = 2.15 kQ
A, =—gu(Rre || 4 | Rp) = —2.22 mS(2.15 kQ) = —4.77

2. gu=2k(Ves, =V =202% 10967 V=3 V)
= 1.48 mS
10 MQ +100 kQ||2.2 kQ

T 14 g, [Ry)  1+(1.48 mS)(100 kQ[22 kQ)
o JOMQT2I KD, 39 Mo > 173 MQ #39)
1+ (148 mS)(2.15 kQ)

R, +71,|R,

i

Z,=Rpl|l rall Rp =215 kQ =2.15 kQ (#39)
Av = _gm(RF ” raq ” RD) = _(148 mS)(215 kg)

=-3.182 < -4.77 (#39)

3. Vg, =57V, gu= 2k(VGSQ —VT) =2(03%x10)(5.7V-3.5V)

=1.32mS
1

rg= —— =33.33kQ
30 4S

A, =—gu(Rr |l 14|l Rp) =—-1.32 mS(22 MQ || 33.33 kQ || 10 k)
=-10.15

V,=A,V;=(-10.15)20 mV) = =203 mV
44, Ip = k(Vgs — Vi)*

k= ID(on) _ 4 mA
Vosom —Vy) (IV—-4V)

=0.444%x 107
&n= 2k(Vgs, —Visam) = 2(0.444 % 10°) 7V =4V)
=2.66 mS
A, = —gu(Rr || r4 || Rp) = —(2.66 mS)(22 MQ || 50 kQ || 10 kQ) = —22.16

8.33 kQ

= 8.33kQ
V,=A,V;=(-22.16)(4 mV) = —88.64 mV
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45.

46.

47.

48.

Vas, =48 V. 8= 2k (VGSQ Vs, ) =2(04 % 107)(4.8 V=3 V) = 1.44 mS

A, =—=gu(rs || Rp) = —(1.44 mS)(40 kQ || 3.3 kQ2) =—4.39
V,=A4A,V;=(-4.39)(0.8 mV) =-3.51 mV

= -1 _soka
Yos 2048

2, 2(8 mA)

Vo, =0V, gn=gm= = =6.4mS
%0 SnZE0 T T 25V
|A,| = gu(rall Rp)
8 = (6.4 mS)(50 kQ || Rp)
8 askg= KR,
6.4 mS 50kQ+R,
and Rp = 1.28 kQ
Use Rp =1.3 kQ
v. =iy L3y ooy
GSQ_E P_g(_ ) =-—
2
V _ 2
I, =l 1--22 —jomA 1-22Y —533mA
0 v, -3V
Rs= Ys .1V 187600 - Use Rs=180 Q
I, 5.33mA
2] Vv _
o= Hoss | Yoso _202mA) -V
v, v, 3V -3V
Av = _gm(RD ” rd) = _10
orRp || 40 kQ = — =1.876 kQ
5.33 mS
=1.876 kQ

40 kKQRp = 1.876 KQR), + 75.04 kQ*
38.124Rp = 75.04 kQ
RD= 1.97 kQDRD=2kQ

Z =R; =1MQ
Z,=r,||IR, =R, =2.7kQ
From graph VGSQ =-34V

_ 2U pgs) l_vﬂ

8m =
|VP| Vp
_20mAT B4V s S[1-0.567]
6V -6V

=3.33mS[0.433] = -1.44 mS

A,, =—g,R,=(~1.44mS)(2.7 kQ) = -3.89

135



49.

(b)

(©)

(d)

(e)
(a)

(c)

(d)

R, 47kQ

A R, +R, A 4.7kQ+2.7 kQ( )
=-2.47
R 1 MQ
= : = -2.47
A, R, + R, a 1 MQ+0.6 kQ( )
=247
4, the same
1 MQ
= ——— (247
A, 1 MQ +10 kQ ( )
=-245
Slight drop in A,
remain the same
Z =R; =2MQ
From graph Vs =-3.5V
2 pgy) 1_Vﬂ _2[6mA] - 35V
A A 6V

=0.834mS

Z, =R.||1/g, =3.3kQ[[1/0.834 mS =0.72 kQ

g.Ry  (0.834)(3.3 kQ)

A =T, g, R, 1+(0.834)3.3kQ)
=0.733
A = R, 4 = 2.2kQ 0552
L R AR, M 22kQ+0.72kQ
R 2 MQ
= : = 0.552
A, R + R, A, 2MQ+0.5kQ ( )
=0.552
R, 4.7kQ
= = 0.733
A R, +R, Ao 4.7kQ+0.72 kQ ( )
=0.670 slight drop in gain
A, the same
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50.

(e)

(e)

A, the same

R, 2MQ
= d =——(0.552
A, R + R, o 2 MQ +20 kQ ( )

= 0.546 slight drop in A,

I

Z; and Z, the same.

(a) From graph VGSQ =-175V

(b)

(c)

(d)

(e)

®)

(2)

_2pss | Vo _ASmA] | 175V
V| v, 4V 4v
=1.41m$S

Em

Z,=R||1/g, =12kQ|1/1.41 mS = 1.2kQ[709.22 Q

=446 Q
Z, =R, =3.3kQ

A,, = &uRy =(1.41mS)(3.3kQ) = 4.65

R .
A = LA = 4.7kQ (4.65)=2.73
" R +R, ™M 47kQ+33kQ
R 446 Q
= i =—(2.73)=1.29
A, R + R, A 446 Q2+ 500 Q( )
R, 2.2kQ
= = 4.65)=1.86
A R, +R, A 22kQ+33 kQ( )
R 446 Q
= i =——(1.86)=0.877
A, R + R, A 446 2+ 500 Q( )
severe dropin A, + A,
R, 4.7kQ
= = 4.65) = 2.73 (no change
A R, +R, Ao 47kQ+33 kQ( ) ( ge)
R 446 Q
= ! =——————(2.73) = 2.23 (improved gain
A, R + R, A 446Q+100§2( ) (imp gain)
R, 2.2 k€2(4.65) .
= = =1.86 (as in part (d
Y TR AR M T 22K+ 33 K0 (as In part (4))
R 446 Q
= i =—(1.86)=1.52
A, R + R, 8 446 Q +100 Q( )

Increasing R, and decreasing R, will improve the gain.
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51.

52.

53.

54.

55.

From the graph: Vs, = -145V, I p, = 3.7 mA

Vo =Vpp —I,R, =18 V—-(3.7 mA)(2.2kQ) =9.86 V
Ve =1,Rs =(3.7mA)(390 Q) =144V

Vs =V, =Vs =986 V-144V =842V

Vo=0V

From Problem 51, VGSQ =-145V

Tl v, T asv 45V
=241'mS

_ 2Upgs I_VLS _ 2[8mA] - 1-145V

A, =A, =-g,R,=—(241m$)(2.2kQ) =-5.30
A, =4, A, =(-530)(-530) =28.1

From graph Vs =-14V, [, = 3.6 mA
Vp=Vpp, —I,R, =18 V= (3.6 mA)(2.2 kQ)
=18V-792V=10.08V

Vo =1,Rs = (3.6 mA)(390 Q) =14V
Vps =V, =V =10.08 V-14V =8.68V
Ve =0V

From problem 53: Vs, = -14V

2 | Ves _2012mA] | 14V

A TTA 3 3V
=8 mS[1-0.467] = 0.533(8 mS)
=4.26 mS

A, =A, =-8,(Rp |lr;) =—(4.26 mS)(2.2 kQ || 40 k)

= -89
A, =A, A =(-89)(-8.9) =79.21

Increase in AVT compared to problem 52.
gos = 25,1187 rd = 1/25 /’lS = 40 kg

Z, =10 MQ
Z, =2.7kQ
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56.

57.

From graph Vos, = 095V, Ip, = 2.9 mA

V,=10V-1,01.8kQ)=10V-(29mA)(1.8kQ)=10V -522V

=478V

V= I R, = (29 mA)(330 Q) =0.957V
Vs =V, -V, =478 V-0957V =3.82V
V, =0V

I,=1, =29mA

I, =0A

B 210R,
(150)(2.2 k) >10(8.2 kL)
330 k2 >82kQ checks

8.2 kQ(10 V)

8.2 kQ +24 kQ
V, -V, =255V-07V =185V

V, 185V

R, 22kQ

V=10V —-1.27kQ=10V —(0.84 mA)(2.7 kQ)
=10V =227V =173V

Vep =V =V, =773V =185V =588V

I. 084mA

B 150

VB = = 2.55 V

Ve

=0.84 mA

~
&
N

I =

I, = =5.6 A
Z, =82kQ|124kQ | A2.2 k)

=6.11kQ[330 kQ =6 kQ
A, =-8,(Ry1IZ,)

_2pss | Ve _206mA) | 095V
o |VP| Vp 3 3V
=2.73 mS
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38.

A, =—(2773mS)(1.8 kQ || 6 kQ)

=-3.77
R
A, =—=C
Te
= 26mV: 26 mV ~30.950
I, 0.84 mA
4 =- 2.7 kQ —_872
? 30.95 Q

A, =A, A, =(-377)(-87.2) =328.74

Z, =10 MQ
Z,=R. =27kQ
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Chapter 9

1.

(a) 3,1.699, -1.151
(b) 6.908, 3.912, -0.347
(c) results differ by magnitude of 2.3

(@) log;p0.24 x 10°=5.38

(b) log, (0.24 x 10% = 2.3 log;¢(0.24 x 10°) = 12.37
(c) log, (0.24 x 10°) = 12.39

(a) same 22.92

(b) same 23.98
(c) same 0.903

(2) dB =101ogi e = 10102020V = 10101020 = 10(1.301)
P 5W
- 13.01dB
() dB=101og;e 192 ™W _ 1010g,020 = 10(1.301)
5 mW
-13.01dB
100 4W
¢) dB=101o = 10 logye5 = 10(0.6987
(© g10 20 W Z10 ( )
- 6.99 dB
P
Gypm = 1010go—= =10 logm25—W
1 mWig,0 MW lgo0 0
— 43.98 dBm
Gas = 20 10g10 Y2 =20 Tog1o 222V =20 log;,2 = 20(0.301)
1 10V
— 6.02 dB
% 25V
Gas = 20 1ogio -2 =20 log, ——— =20 log;s 2500
dB 210 v 210 10 mV 210

=20(3.398) = 67.96 dB

(a) Gainof stage 1 =A dB
Gain of stage 2 =2 A dB
Gain of stage 3=2.7 A dB
A+2A+27A =120

A =21.05dB
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V
(b) Stagel: A, =21.05dB =20logj—*

b

. \%

2105 =1.0526 = log;o—2

20 Vil
1010526 — &

i

Ve
and - =11.288
Yi
Vv
Stage 2: A, =42.1dB =20 logjo—2
i
Vv
2.105 =log;o—2
|4
2
102.105 — ‘/(i

i

Vo
and —% =127.35
V,

i
V
Stage 3: : A, =56.835dB =20log;o—2
i

\%
2.8418 = logm %

\%
2.8418 o
10 =
i3

23

and =694.624

i

A=A A A, =(11.288)(127.35)(694.624) = 99,8541.1
?
Ar=120dB = 20 10g;099,8541.1
120 dB = 119.99 dB (difference due to level of accuracy carried through calculations)

(@) Gas=201logio 22 =10 log,, 25V = 69.83 dB
B S uWwW

1

NP R, 20 log,,/(48 W)(40 kQ
(b) Gv =20 logl()& =20 loglo o 0 _ OgIO ( )( )

v, v, 100 mV
=82.83dB
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10.

11.

(©)

(d)

(a)

2 2
Ri:V;.Z(IOOmV) 2 KO
P 5 uW

2
P,= ‘;v = V,= PR, =/(48 W)(40kQ) =1385.64 V

o

Same shape except A, = 190 is now level of 1. In fact, all levels of A, are divided by 190
to obtain normalized plot.

0.707(190) = 134.33 defining cutoff frequencies

at low end f; = 230 Hz (remember this is a log scale)

at high end f> = 160 kHz

) 7
Av,q1 100 Hz £, 1 kHz 10 kHz 100 Hz f, I MHz £ log scale

-1t B ! ' ' ' g

=27 I

34 Y

44

—5-

:g_' BW =/,~f, = 160 kHz - 230 Hz

-81 =159.77 kHz =/,

4 1 1 1
a ] B B — = =
@ 4l Vil 1+ (1 p)? J1= 5aRE ™ 22012 K2)(0.068 UF)
=1950.43 Hz
1
[4,|= 2
\/ 1950.43 Hz
I+ ——————
f

(b) AVdB

100 Hz: |A| =0.051  -25.8

1kHz: |A|=0456  -6.81

2kHz: [A|=0716  -2.90

SkHz: |A|=0932  -0615

10kHz: |A|=0982  -0.162
(c) fi=1950 Hz
(d)e) /i 0db(1)

1
23 dB (0.707) log scale
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1
12 (@ fi=—— =195kHz
@ =2 ke
i 1.95 kHz

6= tan! 7 =tan! f

(b) - _, 195 kHz
f =lan f
100 Hz 87.06°
1 kHz 62.85°
2 kHz 44.27°
5 kHz 21.3°
10 kHz 11.03°
100 Hz 1kHz 2kHz 5SkHz 10kHz
. } } t t t f (log scale)
80°1 < 90°
70°4
60°
50°t
40°1
30°1
20°1
10°4
0°
© fi=—— =195kH
O N oare T

(d) First find 8=45° at f; = 1.95 kHz. Then sketch an approach to 90° at low frequencies and
0° at high frequencies. Use an expected shape for the curve noting that the greatest
change in foccurs near f. The resulting curve should be quite close to that plotted above.

13. (a) 10kHz
(b) 1kHz
(¢) 20kHz — 10kHz — 5 kHz

(d) 1kHz— 10 kHz — 100 kHz
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14. From example 9.9, r, = 15.76 Q
—R-NIR |7,  —4KkQ|2.2kQ][[40 kQ

r. 15.76 Q
= -86.97 (vs. =90 for Ex. 9.9)

A, =

1
27(R_ + R)Cq
_ 1 3 1
" 27(R,+R,)C. 27(R.||r,+R,)C,
Rell o= 4 kQ || 40 kQ = 5.636 kQ
1

Jre = 5,636 k@ + 2 k)1 i)
= 28.23 Hz (vs. 25.68 Hz for Ex. 9.9)

fi @ rodoes not affectR; .. f; = the same = 6.86 Hz

Jic

1
27R,C
In total, the effect of r, on the frequency response was to slightly reduce the mid-band
gain.

= 327 Hz is the same.

fLE : R, not affected by r,, therefore, fLE =

15.  (a) PSR:=10R,
(120)(1.2 kQ) > 10(10 kQ)
144 kQ > 100 kQ (checks!)

Y= OKQAV) o5y
10 kQ + 68 kQ
VE= VB_VBE=1795V_O7V
=1.095V
p= Y LV 6 913ma
R, 12kQ

_26mV _ 26 mV

- =28.48Q
I, 0913mA

Ve

(R, [R.) —(33kQ[5.6 k)
® A, == Lr” = 28.4!9

e

=-7291

(© Z=R/||R:|l ﬁre
=68 kQ | 10kQ || (120)(28.48 Q)
%(_J

3.418 kQ
=2.455 kQ
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1 1

(d) fi = = =137.93 Hz
© 27RCy  2m(2.455 kQ)(0.47 uF)
fi. = 1 = ! = 38.05 Hz
27(R, + R,)C.  27(5.6 kQ+3.3 kQ)(0.47 uF)
R ||R
fi = ! with R, = Re ||| Lﬂ;
© 27R,C, Yij

R || R, =68 kQ |10 kQ =8.72kQ
R IR, 8.72kQ

=72.67Q
B 120

R, =12kQ|[[72.67 Q+28.48 Q=1.2kQ|101.15Q =93.29 Q
1 1

7 = - — 85.30 Hz
£~ 2R,C,  2m93.29 Q)(20 uF)
© fi=f, =137.93Hz
" -
(e -
6 @ e YeVe __ 20V-0IV_ 193V
' PT R, 4 (BDR,  4T0kQ+(1110.91kQ) 470 kQ +101.01 kQ
= 33.8 uA
Ie= (B+ DIy = (111)(33.8 A)
~3.752mA
o= —20mMV__ 6030
3752 mA
o 4 Vo  ZRIR) -GRQIATER) 1831k
"y r 6.93 Q 6.93 Q
— 264.24
(©) Z =Ryl fr.=470kQ || (110)(6.93 Q) =470 kQ || 762.3 ©
= 76107 Q
1 1
d fi, = =
s = 272,C, 2276107 Q)1 4F)
- 209.12 Hz
;e 1 ) 1
e T 22(R + R)C. 273 kQ+ 4.7 kQ)(I uF)
=20.67 Hz
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1

_ ~ Ry, _ 470 kQ
f1, 2R C, R =R, | i 0.91kQ|| +6.93Q
_ 1 =0.91kQ[|4.71 kQ
=30.69 Hz
(€) fi= f, =209.12Hz
® -
(e -
17. (@) BRe=10R,
(100)(2.2 kQ) > 10(30 kQ)
220 kQ ¥ 300kQ (No!)
Rp=Ry || Ry= 120 kQ || 30 kQ = 24 kQ
g, - 0kQ4V) oy
30 kQ +120 kQ
_ Ep—Vgy . 28V-07V
TR, +(B+DR, 24kQ+2222kQ
=8.53 uA
L= (B + DI = (101)(8.53 uA)
=0.86 mA
r= 26 mV _ 26 mV ~ 30230
I, 086mA
R, |R
) A4, - felf
™ r,+Rg ”RL
_ 22kQ[8.2kQ
3023 Q+22kQ[8.2kQ
=0.983
(©) Z=R/|R:| Br.+ R}) R, =Ry ||R,=2.2kQ| 82kQ=1.735kQ

=120 kQ || 30 k2 || (100)(30.23 € + 1.735 kQ)
=21.13 kQ
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18.

(d)

(e)

(9]
(2

(a)

(b)

(c)

(d)

(e)

1
T = 27R,C,
1

~ 22(21.13 kQ)(0.1 uF)

=75.32 Hz
| R; =R IR,
ch:— =120 kQ |30 kQ
27(R, + R, )C,.
=24 kQ
R/
R,=Rell —+r,
B
=22kQ || 24 kQ +30.23 Q

= 2.2kQ[]270.23 Q = 240.69 Q

1
Jre = 271(240.69 Q +8.2 kQ)(0.1 uF)
=188.57 Hz

fi =1, =18857 Hz

L= Vig =Vip _4V=0TV _ o\
R, 1.2kQ
= 26mV: 26 mV — 9450
I, 2.75 mA
A = R-IIR,  3.3kQ4.7kQ
md T 9.45 Q
=205.1
Z=Rep|r.=12kQ|9.45Q
=938Q
o= 1 1
b 2mz.Co 27(9.38 Q)(10 uF)
= 1.7 kHz
s 1 ~ 1
" " 27(R +R,)C, 2733 kQ+4.7kQ)(10 uF)
=1.989 Hz

fi=f, =1.7kHz
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19.

20.

6 -
(g -

From problem 15
(a) r,=28.48 Q

(b) A, =-7291

() Zi=2455KkQ

@&  f=——t !
LT 2mR + Ry)Cy | 271(2.455 kQ + 0.82 kQ)(0.47 4F)
f, =103.4 Hz

f1. = 38.05 Hz from problem 15

1
~ 27R.C,

fi,

e

R/
with R, = Rz ||| /)f+r and R, =R, || R || R,

R =0.82 kQ|| 68 kQ||10 kQ =810.2 kQ||10 kQ = 749.48 Q

R, .

Ry oy 20480 480 =625 Q42848 Q=3473 Q
I 120

£ ! 23579 Hz

" 272(33.75 Q)(20 uF)
() f=f, =23579Hz
" -

(g -

From problem 16
(@) r,=6.93Q

(b) A, =-264.24

() Z =761.07Q
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1 1

(d) fLS = =
2n(R, +Z,)C, 27(600 Q+761.07 Q)(1 uF)
=116.93 Hz
f o= 1 3 1
e = 27(R,+ R, )C. 2m(3kQ+4.7 kQ)(1 uF)
=20.67 Hz
_ 1 R R || Ry
Ju, = 27R.C, R =R, | z+re =0.91kQ T+r
1
- : 0.6 kQ || 470 kQ
272(12.21 Q)(6.8 1iF) =0.91kQ|| +6.93 Q
= 1917 Hz =0.91kQ (1238 Q
=12.21Q
(e fi=f, = 1.917 kHz
®» -
(& -
21. From problem 17
(a) r.=30.23Q
(b) A = 0.983
(©) Z;=21.13kQ
@ fo=— = 1 _71.92 Hz
* 2m(R, +R)C, 272(1 kQ +21.13 kQ)(0.1 uF)
1 R’
= _ S
=0k 1 R )C, R, =Rell =5+,
_ ! R =R IR IR,
= 193.16 Hz =0.96 kQ
R, =(22kQ)|| w+ 30.23 Q
=39.12 Q
(e) fllow = fLC =193.16 Hz
" -
(& -
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22.

23.

From problem 18

(a)
(b)

(©)

(d)

(e)

()
(2)

(a)

(b)

(©)

(d)
(e)

r.=9.45Q
AVmid =205.1
Z;=9.38Q
1 1
fL = = = 145.5 kHz
* 2m(R,+Z,)C, 27100 Q+9.38 Q)(10 uF)
fLC = 1 = ! =1.989 Hz
27(R, + R,)Cp  2m(3.3kQ+4.7 k)10 uF)
fi= fLS =145.5Hz
Vs = =IpRs
Vi 2 VGSQ =-245V
Ip= Iy 1——>
Vp IDQ =2.1mA
21
gno = —2 = 2(6 mA) =2mS
V| 6V
|% —
n= 8o 1- S =2 mS 1_M
Vp (-6V)
=118 mS
Avmid =—gu(Rp I Rr)
=-1.18 mS3 kQ || 3.9 kQ) = -1.18 mS(1.6956 kQ)
=-2
Z,' = RG = 1 MQ
A, =A,=-2
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1 1
+R,)C, 27201 kQ+1MQ)(0.1 UF)

() fLG = 272_(R5ig

=1.59 Hz

~ 1
Jie = 271(R, + R, )C,.
~ 1
T 2723 kQ+3.9 kQ)(4.7 uF)

=4.91Hz
1 1
f.=—— R, =R ||—=12kQ]| =1.2kQ || 847.46 Q
° 27R,Cs 4 ” 1.18 mS
- ! = 496.69 Q
272(496.69 Q)(10 uF)

=32.04 Hz
(&) fiz fi, =32Hz
(h, i) 1 i e 1o fis 100

I I f log scale

24. (a) same as problem 19
Ves, = 245V, 1 p, = 2.1 mA

) gm=2mS, g, =118 mS (r, has no effect!)
© A =—gn(Rp || R || ra)

=-1.18 mS(3 kQ || 3.9 k2 || 100 k€2)
=-1.18 mS (1.67 kQ2)
=—-1.971 (vs. -2 for problem 19)

mid

(d) Z;=R;=1MRQ (the same)

Z, 1MQ
e S = (-1.971
© A Z,+ Ry, ) = Mo+ 1k0 ¢ )

=-1.969 vs. -2 for problem 19
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(®  f, =1.59 Hz (no effect)
fr: Ro=Rpllra=3kQI 100kQ =291 kQ
1 1

Jre = 27(R, +R,)C 27(2.91 kQ +3.9 kQ)(4.7 uF)
=4.97 Hz vs. 4.91 Hz for problem 19
Jigt Req = 1 s
+Ry(1+ g, r)/(r, + (R, || R,))
~ 1.2 kQ
T 1+ (1.2 kQ)(1+ (1.18 mS)(100 kQ)) /(100 kQ + 3 kQ [ 3.9 kQ)
_12kQ
T 1+1.404
=499.2 Q
fLS : 1 1

" 2R, Cs  27(499.2 Q)(10 uF)

= 31.88 Hz vs. 32.04 for problem 19.
Effect of r; = 100 k€ insignificant!

_ 68kQ(20 V)
T 68 kQ+220 kQ
Vos = Ve — IpRs
Vos=472V - 1,22kQ)) Vo, =255V
Ip = Ipss(1 = Vgl Vi) } IDQ =3.3mA

25. (@) Vg =472V

_ 25 2(10mA)

b) g,0= = =3.33mS
n= &0 1_Vﬁ =3.33mS 1_w
v, -6V
=191 mS
© A, =—guRoll R0
=—(1.91 mS)(3.9kQ || 5.6 k€2)
=—4.39
(d) Z=68kQ| 220 kQ =51.94 kQ
Vo ¥i
(e) Avs(mid) = 7173
V. Z SL94kQ oo

V. Z+R  51.94kQ+15kQ

S

AV.v(mid) =(-4.39)(0.972) = —4.27
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1 1
+R)C, 2m(1.5kQ+51.94 kQ)(1 4F)

AT

sig

=298 Hz

1 1
Jie = 27(R, +R,)C. 27(3.9 kQ +5.6 kQ)(6.8 1F)
=2.46 Hz

1

1 1
=—— R =Rs|l — =15kQ||
27R,,Cy

1.91 mS
1 = 1.5kQ [ 523.56 Q

" 272(388.1 Q)(10 4F) ~388.1Q
— 41 Hz

i

(©) fi=f, =41Hz

(h, i) 1 e Jig 10 Jis 100

2~ =3 db) f log scale

26 (@ Cy =(-A)C,
=(1-(-120))(10 pF)
=1210pF

1
(-120)

10 pF

1
b C,, =0 —z)cf =1
=10.08 pF

(c) absolutely
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1

27. (a)
/) H =
27Ry, C,

1

" 27(614.56 Q)(931.92 pF)
— 277.89 kHz

1
T, = 27Ry, C,
_ 1
~ 27(2.08 kQ)(28 pF)
=2.73 MHz

1

Ry, = RO Ry [ Ry [ R;
=0.82 k]| 68 kQ |10 kQ || 3.418 kQ
2.547 kQ

= 0.81kQ

=614.56 Q
Ci= Gy +Cp +Cp(1-A)
=5 pF + 40 pF + 12 pF(1 — (-72.91))

=931.92 pF TProb. 15
Ry, =Rcl|R.=5.6kQ| 3.3kQ
=2.08 kQ

Co=Cy +C,+Cy,
=8 pF + 8 pF + 12 pF
=28 pF

1

(b) fp=

= 895.56 kHz
fr=Bfs=(120)(895.56 kHz)
=107.47 MHz

1
T

100kH /m T8 1 MHg

27 41, (Cy, +Cy,) - 272(120)(28.48 ©)(40 pF + 12 pF)
T Prob. 15

, 10 MHz .
' ’ "~ f log scale

(c)

(-3 db) /

1,250 kHz

(d) GBP=(4, )(BW)
= (72.91)(250 kHz)

=18.23MHz
1
W ST
iy “i
RThl =R, ” Rp ” R
VCC — VBE

20V-0.7V

Ri: Iz = =
TR, +(B+DR, 470kQ+ (111)(0.91 kQ)

=33.8 uA

I:= (B+ DI = (110 + 1)(33.8 tA)

=3.75 mA
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_26mV _ 26 mV

I, 375mA

Ri= fr.=(110)(6.93 Q)
=762.3Q

Ry, =R, | R || Ri=0.6kQ | 470kQ | 762.3Q

=335.50Q
1

Tn = 3233550 QX C)
Ci Ci= Gy +C,, +(1=A)C,

=6.93Q

e

_ —(RIIR.) _ ~(47kQ||3kQ)
r, 6.93 Q

= -264.2
C; =7 pF + 20 pF + (1 — (—264.2)6 pF

= 1.62 nF

A A

1
i 27(335.50 Q)(1.62 nF)
=293 kHz

fu

1
°© " 27Ry,C,

Ry, =RellRu=3kQ | 47kQ=1.831kQ

Tu

C,=Cy, +C, o +Cyy

H_}

= Cr=Cye
=11 pF+ 10 pF + 6 pF
=27 pF

1

© = 27(1.831 kQ)(27 pF)
=3.22 MHz

Tu

1
27 a7, (Cyp + C)
_ 1
~ 272(110)(6.93 ©)(20 pF + 6 pF)
= 8.03 MHz

(b) fp=

fr= Puidfs= (110)(8.03 MHz)
= 883.3 MHz
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100kHz

Juo 10 MHz

(©)

(d) GBP=(4, )BW)
= (264.24)(293 kHz)
=77.42MHz

29.  (a) 1

© 27R,, G

~ 1

"~ 27(955 Q)(58 pF)
=2.87 MHz

1
~ 27Ry, C,
1

Ju

Q

~ 27(38.94 Q)(32 pF)
—127.72 MHz

1
276 a7, (Cyp + C)
1

(b) fp=

f log scale

RTh1 =R R |IR, || Z,

Zy=Pre+ (B+ DRe I Ry
=(100)(30.23 Q) + (101)(2.2kQ || 8.2 kQ)
=3.023kQ +175.2kQ

=178.2kQ
Ry, =1kQ[ 120 kQ || 30 kQ || 178.2 kQ
=955Q
Ci= Gy, +C,, +C,. (No Miller effect)
=8 pF + 30 pF + 20 pF
=58 pF
24 kQ
—
R|IR, | R
B, =RelIR | 7+ I

=22kQ[82kQ| 3023Q+
100

=1.735kQ | (30.23 Q2 +9.6 Q)
=1.735kQ || 39.83 Q
=38.94 Q
C,=Cy +C,
=10 pF + 12 pF
=32 pF

272(100)(30.23 Q)(30 pF + 20 pF)

=1.05 MHz

fr=Buiafsz=100(1.05 MHz) = 105 MHz
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/i
100 kHz le 1 I]Q/[Hz
1

f (log scale)
(=3 db)
£,Z 800 kHz
(d) GBP=(4, )(BW)
=(0.983)(800 kHz)
=786.4 MHz
1
in B 2ﬂRThl Ci
Ry, =R | Rell R;
R tp=Yer = Vor _2V=0TV g5 04
R, 1.2 kQ
r= 26mV: 26 mV — 9450
I 2.75 mA
Ri=Rg|lr.=12kQ| 9.45Q
=9.38 Q
Ci Ci= Gy, +C,, (no Miller cap-noninverting!)
=8 pF + 24 pF
=32 pF
Ri=0.1kQ1.2kQ]9.38Q=28.52Q
1
Ju, = = 584 MHz
b 27(8.52 Q)(32 pF)
1
= — Ry, =Rc || R, =3.3kQ[[4.7kQ =1.94kQ
fu. = TmC, = Rell R [
C, = Gy, +C, + (no Miller)
=10 pF + 18 pF
=28 pF
1
Tu

© = 27(1.94 kQ)(28 pF)
= 2.93 MHz
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1
273 a7, (Cp, + C,)
1
272(80)(9.45 Q)(24 pF + 18 pF)

(b) fp=

=5.01 MHz
Sr=Puidfs= (80)(5.01 MHz)
=400.8 MHz
fuo B
©) 100 kHz IMHz " /" 10 MHz
(-3 db)- _I = ‘ I f log scale
fzg 2 MHz

(due to effect of f on
lowering f,, below fp, )

(d) GBP=(4, )(BW)
= (205.1)(2 MHz)
=410.2 MHz

31. (a) From problem 23 g,0=2mS§, g, =1.18 mS

(b) Fromproblem23 A, =A, P -2

(©) 1

in ) 272'1?Thl Ci
1
/) H =
272(999 Q)(21 pF)
=7.59 MHz
1
T, = 27Ry, C,

1
272(1.696 kQ)(12 pF)
=7.82 MHz
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RThl = Rsig ” RG
= 1kQ |1 MQ

=999 Q
Ci=Cy +Cy +Cy
Cy, =(1-A)Cy
=(1 —(-2)4 pF
=12 pF
Ci=3pF+6pF+12pF
=21 pF

RThz =Rp ” Ry
=3kQ | 3.9kQ
=1.696 kQ
Co=Cy +Cy+Cy.
1
Cy, = 1—_—2 4 pF
= (1.5)(4 pF)
=6 pF
C,=5pF+1pF+6pF
=12 pF



(d) 100 kHz

f (log scale)

(e) GBP=(4, )(BW)
= (2)(6 MHz)
=12MHz
2l 2(10 mA)

e = =3.33mS
V| 6V

From problem #21 Vi, =-255V, I, =3.3mA

32 () g

V. _
gn= g 122 =333mS 1- 22V _191ms
3 _
(b) AVmid = _gm(RD ” RL)
=—(1.91 mS)(3.9kQ || 5.6 kQ)
=-4.39

Z; =68 kQ || 220 k€ = 51.94 kQ
Vi Z, 51.94 kQ

L L

V, Z+R, S51.94KkQ+15kQ
A, =(-439)0.972)
=-427

=0.972

1

¢ = —
© T, 27Ry, C,

RThl = Rsig ” Rl ” R2

=1.5kQ | 51.94 kQ
= 1.46 kQ

Ci= Cy, +Cp + (1= A,)Cyy
=4 pF+ 12 pF + (1 — (-4.39))8 pF

—59.12 pF
1

fH,- =

272(1.46 kQ)(59.12 pF)

— 1.84 MHz
1

fo = —t Ry, =Rpll Ry =39kQ || 5.6 kQ

27Ry, C, —23kQ
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1
Co= Cy +Cy + 1—X C

=6pF+3pF+ 1- 8 pF

(—4.39)
= 18.82 pF

1
o 27(2.3kQ)(18.82 pF)
= 3.68 MHz

Tu

) 100 KHz IMHz T T 10 MHz

f,5 13 MHz

(f; lowered from f;; by
affect of f, )

(€) GBP=(4, )(BW)
=(4.27)(1.3 MHz)
= 5.55MHz

33. AVT :AVl.A"z.A"s'AW
=A}
= (20)*
=16 x10*

4. f = (\/ﬁ) 7
= (\/2”4 - 1)(2.5 MHz)

—
1.18

= 0.435(2.5 MHz)

= 1.09 MHz

VR . ).

\/21/71 _1 \/21/4 _1
_ 40 Hz

T 0435
=91.96 Hz
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4
36. (a) v= = sin27zft + %sin 273 f)t+ %sin 27(5f,)t
1. 1.
+7sm 27(7 f )t + §sm 2O f )t +...
_ 1273 x 1073 (5in 272(100 X 10°) +%sin 277(300 x 10° )¢

+ésin 272(500 x10°)t + %sin 272(700 x 10°)z + ésin 272(900 x 10°)r)

0.35
®) BW=—— At90% or 81 mV, £ = 0.75s
Or35 At 10% or 9 mV, t = 0.05us
= — t,=0.75us — 0.05us = 0.7 us
0.7 us
=500 kHz
© poVZV _90mV-80mv ...,
%4 90 mV
5, =£fs _(0.1IDA00KH2) _ 3 oo 0
0 ﬂ ﬂ
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Chapter 10

Ry, _ 250k
R ' 20kQ

1. V,= - (1.5V) =-18.75V

R
2 A=Y R

Vi R
For R, = 10 kQ:
500k

10 kQ
For R, =20 kQ:

500kQ
20kQ

v =

v =

=25

ForV;=0.1V:
V,=-1000.1 V)=-1V V, ranges
For V;=0.5V: from
V,=-10(0.5V)=-5V -1Vto-5V

5. Vo= 1+R—F V= 1+360kQ
R 12 kQ

=31(-03V)=-93V

(-0.3V)

6. V= 1480y o 1,300k
R, 12 kQ

Vi= 2;}—1\] =77.42 mV

V, =24V

For R, = 10 kQ:
200 kQ
0kQ

For R, =20 kQ:

Vo= 1+ 05V)=21(05V)=105V
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200 kQ
20 kQ
V, ranges from 5.5 V to 10.5 V.

Vo= 1+

05V)=11(05V)=55V

R, R, R
8. V,= - —Lvi+—Ly,+ Ly,
RI R2 R3

_ 30K (1), 30K o 330 kO
33kQ 22 kQ 12kQ

=-[10(0.2 V) + 15(=0.5 V) + 27.5(0.8 V)]
=—[2V+(-75V)+2.2V]
=—[24V-75V]=-165V

0.8V)

R R R
9. V,= - =LV +-Lv,+-Lv,
Rl R2 R3

__ O8KQ 0 B8KQ o KO
33kQ 22 kQ 12 kQ

=—[0.41 V- 155V +4.53 V]
=-339V

(+0.8 V)

1
10. vo(f) = —E Vl(t)dt

- ! 1.5 dt
(200 kQ)(0.1 4F)
=-50(1.5¢) = 75t (1) = =75t

11. Vo=Vi=+05V

R.
2. Vv,=-—-Ly= _100 ke (1.5V)
R, 20 kQ

=-515V)=-75V

13. Vo= - 200k 02V)==2V
20 kQ
Vi= 1+ 200 ke2 0.2V) =+42V
10 kQ
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15.

16.

17.

18.

19.

20.

400 kQ —-100 k€ 100 kQ

V,= 1+ (0.1V)- + 0.1V)
20 kQ 20 kQ 10 kQ

= (2.1 V)(=5) + (=10)(0.1 V)

=-105V-1V=-115V
Yoo OOKQ o 00KQ 300K

15 kQ 30 kQ 30 kQ
_300kQ o
15 kQ

-[1V-04V]-10)+04V
6V+04V=64V

V,= 1 Ry V. +1, R
0= +— 0+ 0
R, I o™\ f
200 kQ

2kQ

=101(6 mV) + 24 mV
= 606 mV + 24 mV = 630 mV

= 1+ (6 mV) + (120 nA)(200 k€2)

I 4nA
=1 +22-20nA+ 222 _22nA
1B 1B 2 2

I
Iy=1, —~=20nA - 43A =18 nA

1B~

1 = 800 kHz
e LZM 53 Hz
A, 15010
SR 2.4 Vius
AcL= = =
AV, /At 03 V10 us
R.
R _200ke
R 2kQ
K=Ay V;=100(50 mV) =5V
o< SR_OANVIES g 10° radss
K 5V
3
f= e 800 s 13k
27 2
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21.

22.

23.

Vi, =1 mV, typical
I, =20 nA, typical

Rf
V,(offset) 1+ ? Ve + 1Ry
1
200 kQ
20 kQ
=101(1 mV) + 4000 x 107
=101 mV +4 mV =105 mV

= 1+

(1 mV) + (200 k)(20 nA)

Typical characteristics for 741
R,=25Q,A=200K

R

(a) A= —nr _200KQ 400
R, 2kQ

(b) Zi=R1=2kQ

© 7o R _ 25Q

464 141 200.000)
100

= 50 =0.0125 Q
2001

120 mV

A= Yo _ = 120
vV, 1mV
C:£=2O;N =20x 107
V. 1mV
A 120
Gain (dB) = 20 log—~ = 20log————
(dB) £ 820107

c

=20 log(6 x 10°) = 75.56 dB
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24.

V= Vi — Vi =200 11V — 140 1V = 60 iV
V,+V, (200 uV +140 V)

V,=
2 2

=170 uV

S

24 =200
A,

_ A _6000 _
200 200

(b) CMRR = =10’

(a) CMRR =

c

S

0.06 =60 x 10~

A,
A = A _ 6000 _
100 10°

Using V,=A,Vy 1+ 1 v
CMRRYV,

@ V,=600060 uV) 14+—— 1104
200 60 1V

(b)  V,=6000(60 4V) 1+—itoHY
10° 60 4V

=365.1 mV

=360.01 mV

167



Chapter 11

R 180 kQ

1. V,=-——-Ltvy = (3.5mV) =-175mV
R 3.6 kQ
2. V,= 1+R—F V= 1+750 ke (150 mV, rms)
R 36 kQ
=3.275V, rms £0°
: Y= 14510KQ 20 4V) _680kQ 750 kQ
18 kQ 22 kQ 33kQ
= (29.33)(=30.91)(=22.73)(20 V)
=412 mV
420 kQ 420 kQ
—W\—— MWy
Rl
_EAM' ©) 124 ®
VI —_ @ — |
®
LA0ke 420kQ _
Rl
o _ 420KQ o, _ 420kQ oo 420KQ
Y DY) T30
R, =714kQ R,=19.1kQ R;=14kQ
V, = (+15)(=22)(=30)V; = 9000(80 £V) = 792 mV
=0.792V
RF]
WY Vlz_hvz_lsokgv
R, @ e ’ R, : R, :
—\W— o Vot Vo o4 _ 5. 150k
©) i R
=", R= 150K o
WV 15
" ® 150 kQ
W | Yoy, = By DOKR,
® & @ R, R,
v, 150 kQ
= = 02— A =-30=-
N v, )
= Ry 150K oo
30
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10.

11.

12.

13.

14.

R, R, 470 kQ 470 kQ

V,= - Ly, +-Ly, =- (40 mV) +
R R, 47 kQ
—[400 mV +783.3 mV]=-1.18 V
Vo 10 kQ 150kQ+300kQ . 300kQ
7 10kQ+10 kQ 150 kQ P 150kQ 2

=0.53)(1V)-22V)=15V-4V=-25V

V= - 330 kQ (12 mV) 470 kQ N 470 kQ (18 mV)
33 kQ 47 kQ 47 kQ
= —[(=120 mV)(10) + 180 mV] = —[-1.2 V + 0.18 V]
=+1.02V

SN

L= 12V A
R 2kQ

Vo==LR =—-(2.5mA)(10kQ)=-25V

<]~

Ry 1
R R
100kQ 1

. —— (10mV) =0.5mA
T200kQ 10 Q

2R
Vo= 1+— [V, = V]
R,

1+M IV -3V]==22V
1000
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15.

16.

17.

1 1

Jou = 27RC, 27222 KQ)(0.05 uF)
= 1.45 kHz
| |
fOL = =
27RC,  272(20 kQ)(0.02 uF)
=397.9 Hz
1 1
foL= = =318.3 Hz
22RC,  272(10 kQ)(0.05 uF)
1 |
f OH = =
27R,C,  27(20 kQ)(0.02 uF)
=397.9 Hz
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Chapter 12 5 s mA

Vee ~Vge 18V =07V
R, 1.2kQ
Ie, = Bly, =40(14.42mA) = 576.67 mA
Pi=Veclie = Veele, = (18 V)(576.67 mA)

=104 W

=14.42 mA

1. I, =

Io(rms) = BI(rms)
=40(5 mA) = 200 mA

P,= IZ(rms)R. = (200 mA)*(16 Q) = 640 mW

Vee Vg 18V-07V
0 R, 1.5 kQ
Ie, = Bly, =40(11.5 mA) = 460 mA

2. I, =11.5mA

o
P(de) = Veelse = Ve (ICQ +1,, )

=18 V(460 mA + 11.5 mA)
=85W

P =Vcele,= 18 V(460 mA) =8.3 W

3. From problem 2: ICQ =460 mA, P,=83 W.

For maximum efficiency of 25%:

%n=100% x L3 = £ x 100% = 25%
P 83W

L

P,=02583W)=21W

[If dc bias condition also is considered:

Ve=Vee— ICQRC =18 V-(460 mA)(16 Q) =10.64 V

collector may vary £7.36 V about Q-point, resulting in maximum output power:
VZ(P) (136 V)

P, = ~1.69 W
2R, 2(16)
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Assuming maximum efficiency of 25%
with P,(max) =1.5W

P
Bn= -2 x 100%
k

P5=L5—W =6W
0.25

Assuming dc bias at mid-point, V=9V
Vee =Ve 18V -9V

o = =0.5625 A
° R, 16 Q
Pi(de) = Veele, = (18 V)(0.5625 A)
=10.38 W

at this input:

%N = £ x 100% = L5 W
P 10.38 W

x 100% = 14.45%

R= —- R = =2 (4Q) =25kQ

R2:a2R1
a2=&=@=1000
R 8Q

a = /1000 =31.6

R, =d’R,

8kQ =d’(4 Q)

, 8kQ
40

a= 2000 =44.7

(a) Ppri=PL=2W
Ve
%
V= PR, =2 W)(16 Q)
=32 =5.66 V
() Ry=d’R,=(3.87)%(16 Q) =239.6 Q
2
Vpri
=2W

pri
Ve, =(2W)(239.6 Q)

V= 4792 =21.89V
[or, Vi = aV,, = (3.87)(5.66 V) = 21.9 V]

a =2000

(b) P

Ppri=

172



10.

(d P.=1I/R,

L= feo 2V _3s355ma
R, \16Q

Pi=2W=1.R, =(2396Q)1I,

pri~*pri
iz |—_ _91.36mA
239.6 Q
or, I = 1L = 3935MA _ gy 36 0A
a 3.87

Ioe= I¢, =150 mA
Pi=Veele, =(36 V)(150 mA) =54 W

2w

P
%n=—2x100% = x100% = 37%
P 54W

=
L7
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12.

13.

14.

(a)

(b)

(©)

(a)

(b)

(c)

(a)

(b)

Pi=Veclie =25 V)75 A) =43. 7T W

2 2V, 2 22V
Where, Ijo= =1, =—-+L=="."— =175A
" 7mR, & 8Q

2
p= Yo _ P2V 3005w
° 2R, 28Q)

%n= "o % 100% = 222V 100% = 69%
P 4377 W

max P,’ = VCCIdc

2 Ve 2 25V
=Veer =25C =—25V) =22~
“ 7z R, ( ) 7 8Q
=49.74 W
V2 2
max P, = l:@ =39.06 W
2R, 2(8Q)
P .
max %n= "5 1000 = 200V 100%
max P, 49.74 W
=78.5%
VL(pcak) =20V
2V,
Pi=Velye=V,.. ——L
ccld cc . RL
=(22V) EZO—V =70W
T 4Q
2
v _QOV)?
2R, 24Q)

Jon = LA x 100% = 0w x 100% = 71.4%
P T70W

i

P;=(22V) 34—\] =14 W
7T 4Q
2
o = @) =2W
2(4)

%77:i x 100% = 2 W
P 14 W

i

x 100% = 14.3%
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15.

L

i

16. (a) max P,(ac) for V = 30 V:

Lp
2 2
max P,(ac) = Ve B0V 56.25 W
2R, 28Q)
(b) max P(de) = Vedlae = Vo 242 =y, 239V 512w
7T R, T 8Q
© max %n= "5 1000 = 292 W 1009
max P, 71.62 W
=78.54%
2 2
@ maxp, =—=.Yee o2 GO _ 55w
© ., w8
2V
17. (@) Pidc)=Veclae =Veer — =2
7 R,
=30V- g @ =27TW
T 8
2 2
(b) Pyac)= LU BV g

R, 8 Q

P
() %n=—=-x100% = 8 W
P 27T W

1

x 100% = 29.6 %

(d) Py=P—P,=2TW-8W=19W
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18.

19.

20.

21.

22.

Vo (ms) _ (18 V)’

a) P, ac)= =405 W
(a) Pac) R, 50
2 VLW
(b) Pidc) = Veclae = Vi . R:k
o) IV gy
7 8Q
405 W

x 100% = 50%

P
(© %= -2 x100% =

l

(d) P, =Pi—P,=81W-405W=40.5W

%D, = 12| % 100% = ‘O?’—V‘ % 100% = 14.3%
A 21V
A .

%D; = 5] % 100% = 21V« 100% = 4.8%
A 21V
A .

%D, = |2 % 100% = 2PV« 100% = 2.4%
A 21V

%THD = \/D; + D} + D} x 100%

= /(0.143) + (0.048)* + (0.024)> x 100%
=15.3%

%(VCEWX +Veg, )

VCEmax CEmin

D, = X 100%

%(20V+2.4 V)-10 V

x 100%
20V =24V

= L2V 100% = 6.8%
17.6 V

THD = \[D} + D? + D} =(0.15)* +(0.01)* +(0.05)*

=0.16

I’R 3 A)?
P = 12C =(33A)2 G2 8w
P=(1+THD)P, =[1 + (0.16))]21.8 W

=2236 W
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23. Pp (150°C) = Pp(25°C) — (T'150 — T»5) (Derating Factor)
=100 W = (150°C — 25°C)(0.6 W/°C)
=100 W - 125(0.6) = 100 — 75

=25W
4 py= T,-T, _ 200°C - 80°C
0,0+ 60 +60;, 0.5°C/W +0.8 °C/W + 1.5 °C/W
= & =429 W
2.8 °C/W
TJ — TA

25 PD =
HJA

_200°C-80°C _ 120°C
(40°C/W) 40°C/W
=3W
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Chapter 13

1 +15V
OO
Lol >,
5V =— @
—L -15V
2. A
+12V /\
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6. +12V  — ——

0V
-12V
7. Circuit operates as a window detector.
. 9.1kQ
Output goes low for input above +12V) =71V
9.1kQ +6.2kQ
. 1kQ
Output goes low for input below ——— —(+12 V) = 1.7V
1 kQ +6.2kQ

Output is high for input between +1.7 V and +7.1 V.

8. 15 kQ 15 kQ 15 kQ 15 kQ
AM o AM o AM AM o
30 kQ 30 kQ 30 kQ 30 kQ 30 kQ 30 kQ
= D, D, D, D,
(LSD) (MSD)
0 1 0 1
11010 26
0. 16 V)=—(16V) =13V
53 (16 V) 2 (16 V)
10. Resolution = Veer _ 1012\, _10V =2.4 mV/count
2" 2 4096
11. See section 13.3.
12. Maximum number of count steps = 2'> = 4096
12 1 1
13. 27 =4096 steps at T = — = ——— =50 ns/count
f 20 MHz
Period = 4096 counts X 50——— = 204.8 us

count
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14.
] o,
R % 8 (R, +2R,)C
7.5kQ | 7 4
co 1.44
"~ 7.5kQ + 2(7.5 kQ)(350 kHz)

Ry 555 4 v,
7Sk =183 pF
| 2
6

1 5
J_ /—_I|: 0.01 uF

e
15.
T= 11 RAC
R, 20 s = 1.1(7.5 kQ)C
7 ’ 4
. 20x107°
6 555 3 |———— output 1.1(7.5 ><103)
=24x10"
C ) =2400 x 107"
5
J; 1 - — 2400 pF
J_ /_|\ 0.01 uF
Trigger = =
input
16. T= l = ! =100 us
f 10 kHz
T=1.1R4,C=1.1(5.1 kKQ)(5 nF) =28 us
i# 100 uS >
J Trigger input
Output

’(—28 us—»‘
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17.

18.

19.

20.

21.

2 V-V,

f;)z

RC, V'
V=12V
R
Ve — B yryo11KQ L hvy—103v
R, +R, 18K + 11 kO
2 12V-103V
fo

B (4.7 kQ)(0.001 uF) 12V
=60.3 x 10° = 60 kHz

With potentiometer set at top:
__R+R, V= 5kQ+18 kQ

R, +R,+R, 510 Q+ 5kQ+18 kQ
resulting in a lower cutoff frequency of

C

12V) =11.74V

P 2 Vi-V. 2 12V-11.74V
° RC, V' (10x10%)(0.001 &F) 12V
=4.3kHz
With potentiometer set at bottom:
R 18 kQ
Ve= & V= 8 12 V)
R, +R,+R, 510 Q+ 5kQ+18 kQ
=9.19V
resulting in a higher cutoff frequency of
P 2 Vi-V. 2 12V-9.19V
° RC, V' (10 kQ)(0.001 uF) 12V
=61.2 kHz
Vi=12V
R 10 kQ
Ve=—2—V" = (12 V) =104V
R, +R, 1.5kQ + 10 kQ
P 2 V-V, 2 12V-104V
° RC, V' 10 kQ(C,) 12V
=200 kHz

C = (0.133)
10 kQ(200 kHz)
=133x 107* =133 pF

P 03 0.3
" RC, (4.7kQ)(0.001 uF)
= 63.8 kHz
03 0.3

00 pF

1

= R7 - A0KQI00KHD)
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22.

23.

24.

25.

8/,

fi==% "
=i8(63.8><103) P 03 _ 0.3
6V ° RC, 4.7%kQ(0.001 uF)
=85.1 kHz =63.8 kHz

For current loop:  mark =20 mA
space = 0 mA

For RS — 232 C: mark =-12V
space=+12 'V

A line (or lines) onto which data bits are connected.

Open-collector is active-LOW only.
Tri-state is active-HIGH or active-LOW.
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Chapter 14

oA ~2000 2000
7T 1+ A 201

1 =-9.95
I+ —— (=2000
10 ( )

, Wy 1dA_ !
A BAA L (Cio00)
20

10%) =0.2%

A=A 0 B0 44
1+ pA 21

1
1+ —— (=300
5 ( )

Ry=(1+ BA)R; =21(1.5 kQ) = 31.5 kQ

- R VKR, 4k
1+4A 21

Ry

4, R = el
R +R,

A =—g,R, =—(5000 x 107°)(6.7 x 10°) = =33.5

R, 200kQ

p= R +R, 200kQ+800kQ

ae A -335 _ 335
T4 BA 1+(-02)(-33.5) 77

=—4.4

=40 kQ || 8 k€ = 6.7 kQ

-0.2

5. DC bias:

 Vee=Vee . 16V-07V

T Ry, +(B+DR,  600kQ+76(1.2 kQ)
153V
T 691.2kQ

B

=22.1 uA

IE = (1 + ﬁ)IB
=76(22.1 uA) =1.68 mA
[Vece=Vee—Ic(Rc+ Rg) =16 V — 1.68 mA(4.7 kQ + 1.2 kQ) =6.1 V]

_26mV 26 mV
I.(mA) 1.68 mA

hie=(1+ pPr.=76(155Q) =118 kQ = Z,
Z,=Rc=4.7kQ

=155Q

Ve
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10.

_ _hfe _ —75

" h,+R, LI8kQ+12kQ

LB=Rp=-12x10

(1+L4)=1+(-12x10*(-31.5x107)
=38.8

=-315x10"°

4

A -315x107
1+ BA, 38.8
A, =—ARc=~(811.86 X 10)(4.7 x 10°) = -3.82

Zl.f =(1+ fA)Z = (38.8)(1.18 kQ) = 45.8 kQ
Zuf =(1+pA)Z,=(38.8)(4.7kQ) = 182.4 kQ

=811.86x 107°

Ay

without feedback (R bypassed):
A = —Re _ 4.7 kQ — 23032
r, 15.5Q

1 1
C= =
27RF6 27(10%10%)(2.5%10°)V/6
= 2.6% 107 = 2600 pF = 0.0026 uF

1 1
Jo= Jarc R
J6+4 -
—_— 1 . 1
271(6x10")(1500x107%) /6 + 4(18x10° /6 x10°)
=4.17 kHz = 4.2 kHz
fo= ——= 1
" 27RC  27(10x10%)(2400%107'?)
= 6.6 kHz

G,C, _ (750 pP)(2000 pF) _

eq = 7 pF
C,+C, 750 pF +2000 pF
1 1
fo= = = —
22 JLC.y 2740 x107°)(577 x107'2)
= 1.05 MHz
1 C,C
o= A where Ceq = —2
I 2 [LC,, 1+ G,
1 _(0.005 uF)(0.01 uF)
~ 22J(1004H)(3300 pF) 0.005 uF +0.01 uF
=277 kHz = 3300 pF
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11.

12.

13.

14.

1

1

2 J(4x107)(250x 107%)
= 159.2 kHz

1
fo= mlie m

1
27,J(18004H)(150 pF)
306.3 kHz

See Fig. 14.33a and Fig. 14.34.

1

fo= R,C, In(l/(1- 7))
for 7=0.5:
15
Jo=
RTCT
(a) Using Ryr=1kQ
o LS 15

T RS, (kQ)(kHz)

(b) Using Ry =10 kQ

co 15 _ 1.5

" R.f, (10 kQ)(150 kHz)

1.5 uF

185

Leq:L1+L2+2M
= 1.5mH + 1.5 mH + 2(0.5 mH)
=4 mH

where Leg=L,+ L, +2M
=750 pH + 750 pH + 2(150 uH)
= 1800 uH

=1000 pF



Chapter 15

1.

V. (rms) _ 2V/2

ripple factor = =0.028
PP V. | 50V
VR = L Ve 1000 = 2BV =25V 100% = 12%
» 235V
Vi = 0318V,
= £=20—V —62.80 V
0318 0318
V, = 0385V, = 0.385(62.80 V) = 24.2 V
Vi = 0.636V,
- Ve _ 8V _hev
0636 0.636

V,.=0.308V,,=0.308(12.6 V) =3.88 V

Gor = YIS 100
dc

8.5
V(ms)=rVy=— x145V=12V

100
VNL = ‘/m =18V
VFL = 17 V

VR =Y Ve 1000 = BYZITV 1009
L 17V
=5.88%
V,=18V 241,  2.4(100)
C = 400 4F V.= T =0.6V, rms
I; =100 mA
V=V, — 4.171,,
C
—1gv - H7A00 606y
=17V
2.41 .
V.= de — 2:40120) =144V
C 200

C =100 uF
V=12V Idc=&= 12V —SmA
R; =2.4kQ R, 24kQ
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10.

11.

12.

13.

14.

15.

241, 2405

C 100
241 .
Co de _ 2.4(150) =100 &F
Vi (0.15)(24)
C =500 uF
I;. =200 mA
R = 8% = 008
Using r= 28
Cvdc
rC 0.08(500)
Vip= Vi + 4'17Idc =12V + w
500
=12V+17V=137V
V) (0.07)
C =120 uF
I =80 mA
V,=25V
V=V, — e _5sy  41730)
120
=222V
%7‘: 2'41dc X 100% — ﬂ X 100%
oV, (120)(22.2)
=7.2%
o= r-Ve _280) _ 1.6 V, rms
100 100
V,=2V
Vdc = 24 V %r )
R=33Q,C= IZOﬂF
Cc 120
r X .
Vr Z_CVr zﬁ(2V) =065V
R 33

Vi =Ve—I,R=24V-33Q (100 mA)

=207V

187

r

dc

« 100% = 2
24V

=8.3%

x 100%



%or’ = Y, x 100% = 065V
207V

’
dc

x 100% = 3.1%

16. R=50Q

v, =40V —M

R
Vie=—=
R+R,
500
50+500
=364V
Ve 364V

Ipe= S = =728 mA
R, 500Q

Vdc

40 V)

17. R=100Q

=0.325V, rms

18. VNL=60V
R, 1kQ
VFL:— de ™ T o~ o~
R+R, 100 Q +1kQ

Ve =V, 50V-4546V

%VR = ML % 100% = ———— X 100%
4546 V

FL
=10 %

S0V)=4546V

19.  V,=V,~Vg=83V-07V=76V
Ver=Vi=V,=15V-7.6V =74V
V,-V, 15V-83V

Ig= - =37 mA
R 1.8 kQ
=Yo7V _3gma
R, 2kQ
I, 3.8mA
fp=le J38MA 0
B 100
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IZ=IR—IB=3.7IIIA—38,UA=3.66mA
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20.

21.

22.

23.

24.

25.

R +R
Vo= =2V, + Vi)

2

_ 33kQ+22kQ

22 kQ
=26.75V

(10V+0.7V)

R
V,= 1+ V, = 412 KO
R, 8.2 kQ

=246V

V,=V,=10V+0.7V=10.7V

3 ST
1

I, =250 mA
V,,=V(rms)- V2 =2 (20 V)=283V
241,
Vi = V3 Virms) = 3 =2
2.4(250)
=3 2222 =2V
V3 500

Vie=Vy=V,  =283V-21V=262V

r

Vilow)= Ve =V, | =262V -21V=241V

To maintain V(min) > 7.3 V (see Table 15.1)
V, . <V,—-Vi(min)=12V-73V=47V

pea
so that

v,
i _ 4TV 27V

173

The maximum value of load current is then

V.(rms) =

_ V. (rms)C _ (2.7 V)(200)

Ie
¢ 2.4 2.4

=225mA

190
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26.  V,=Vir 1+52 4+ I4R,
Rl

=125V 1+ 1.8 k&
240 Q

+ 100 pA(2.4 kQ)

=125V(8.5)+024V
=10.87V

217. Vo= Vet 1+& + 1 Ry
|

=125V 1+ 1.5 k&
220 Q

+100 uA(1.5 kQ)
=99V
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Chapter 16

1.

(a) The Schottky Barrier diode is constructed using an n-type semiconductor material and a
metal contact to form the diode junction, while the conventional p-n junction diode uses
both p- and n-type semiconductor materials to form the junction.

(b) -

(a) In the forward-biased region the dynamic resistance is about the same as that for a p-n
junction diode. Note that the slope of the curves in the forward-biased region is about
the same at different levels of diode current.

(b) In the reverse-biased region the reverse saturation current is larger in magnitude than
for a p-n junction diode, and the Zener breakdown voltage is lower for the Schottky
diode than for the conventional p-n junction diode.

Al, 100 uA-0.5 uA
A°C 75° C

=133 uA/°C

Al = (1.33 uA/°C)AC = (1.33 1A/°C)(25°C) = 33.25uA
I, =0.54A+33.25uA = 33.75uA

X, = L _ ! =22.7kQ
27fC  27(1 MHz)(7 pF)
RDC:V_F:400mV _400
I, 10mA
(@ V=07V
(b) V.= 05V
¢ AsTT, v, {
1

C, = 62pF, X, = = 25.67 kQ

27fC  27(1 MHz)(6.2 pF)
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10.

11.

12.

13.

C0) _ 80pF

(a) CT(VR) = n 1/3
(Lt Ve/vel)” [ 42V
0.7V
_ 80PF _ 4185 pF
1.912

(b) k=CrVr+Vp)'
=41.85pF(0.7V +4.2V)"?
H(_J

1.698
=71 x 107"

(a) At-3V,C=40pF
At—-12V, C=20pF
AC =40 pF — 20 pF = 20 pF

AC _40PF _, ey
AV, 20V

At—2v, BC _O0PF _ ¢ 67 omrv
AV, 9V

(b) At-8V,

increases at less negative values of Vj.
R

_ C(-1V) 92pF

Ratio = = =16.73
C,(-8V) 55pF
C,(-1.25V) 13

Ct(_7 V)

C,=15pF
1 1

0

- 27 fR.C, - 272(10 MHz)(3 Q)(15 pF)
= 354.61 vs 350 on chart

TCo= —2C 1009 = 1, = 2EX100%
C, (T, -Ty) TC.(C,)
_ ©11pR100)
(0.02)(22 pF)
= 50°C

Vefrom-2Vto-8V
C(-2V)=60pF, C(-8V)=06pF

C(=2V) _60pF _ o
C,(-8V) 6pF

Ratio =
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0(-1V) =282, Q(-10 V) = 5000

0-10V) _ 5000

Ratio = =60.98
Q(-1V) 82
6
pw=Jo OO HZ 4 95 Kz
0 82
6
gwe Jo 10x10°Hz o
0 5000
C = 55pF, ¢, =—Cc _ IPRE0PE) _ o5 16k
C,+C. 55pF+40pF
1 1
= = = 739.5 kHz
S 27\ LC 272'\/ (2mH)(23.16 pF)
P
n% = [ - X 100%
(ACm2 )(100 mW/cm™)
P
9% = NPT - X 100%
(2 cm”)(100 mW/cm”)
P =18 mW

The greatest rate of increase in power will occur at low illumination levels. At higher
illumination levels, the change in V¢ drops to nearly zero, while the current continues to rise
linearly. At low illumination levels the voltage increases logarithmically with the linear
increase in current.

Al 100mA 100 mA
Af. T 2020£)-20f. 20f.

(@) =5 mA/f,

(b) At f, =20f.,x I, =100 mA
Al = (5 mA/f)(Af.) = (5 mMA/f)8f,) =40 mA
Ise = Is, +40 mA = 100 mA +40 mA = 140 mA

(@) AV, =057V-054V=0.03V
AVoc 003V _ 0.375 mV/f.
Af, 80f.

(b) AV, =(0.375 mV/£.)(Af,) = (0.375 mV/f,)(20f,) =7.5 mV
Voo =0.54V +7.5mV = 547.5 mV

(a) Atknee, I = 90mA, V,. =05V
At Vo =0V, I =100 mA
At I« =0A, V,. =0.56 V
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21.

22.

23.

24.

25.

(b) Plotting P=VI we find P, =VI=(0.5V)(90 mA) =45 mW

(¢) P, =45mWyvs. P=VI= (0.5V)(180 mA) =90 mW for fc2

_Hv_ (6.624x10715)(3x10° m/s)

(a W =422.81x107*]
A 470 nm(blue)
-3 8
) Wzﬂz (6.624x107Js)(3x 10° m/s) 30572 x 102 ]
A 650 nm(red)
(c) yes

(d) Yes, higher energy level.

(e) Low wavelength of emitted light has high energy content.

4x10~ W/m®
1.609%x 107"
From the intersection of V,, =30V and 2,486 f, we find
I, = 440 ﬂA

=2,486f.

Note that V,is given and not V.

At the intersection of V; =25 V and 3000f, we find I, = 500 uA and

Vr=LR = (500 x 10° A)(100 x 10*° Q) =50 V

Drawing a straight line approximation to the curve through the intersection of the axis will

result in

_ Ay _ 200 4A _
~ Ax 1000, 02 KA.
y=mx+b I, (02 uAlf.)(f.) O
Iﬂ :(O'ZﬂA/‘fc )(fc)

(a) Extending the curve:
0.1 kQ — 1000f,, 1 kQ — 25f.

AR _(1-0.1)x10° Q
Af. (1000-25)f,

= 0.92 Q/ff, = 0.9 QIf,

(b) 1kQ — 25f, 10kQ — 1.3f.
AR _(10-1)x10° Q

= 379.75 QIf. = 380 Qff,
A (25-13)f
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26.

27.

28.

29.

(©) 10kQ — 1.3f,, 100 kQ — 0.15f,
AR _ (100-10)x10°
Af.  (13-0.15)f,

=178,260.87 Q/f, = 78 x 10° Q/f.

The greatest rate of change in resistance occurs in the low illumination region.

The “dark current” of a photodiode is the diode current level when no light is striking the
diode. It is essentially the reverse saturation leakage current of the diode, comprised mainly

of minority carriers.

10f, > R=2kQ
3
V=6V = (2%><10 Q)Vi3
2x10° Q+5x10° Q
Vi=21V

1104 % Conductance

1007 T —e—=—t—g - - - -~~~
903 0.017,
5 0 25 50 75 T(°C)
0,
110 % Conductance
100f ~=&—e=—==-------
901 1.0f
y c
{ 'l 'l L 1 T 3
5 0 25 50 75 T(°C)

s 0 25 50 75 7(°C)

$ rise time (ms)
500

400 1
300 1
200T

100 T

0' 0.1 1.0 10 100 /.

Except for low illumination levels (0.01f;,)
the % conductance curves appear above the
100% level for the range of temperature. In
addition, it is interesting to note that for
other than the low illumination levels the %
conductance is higher above and below
room temperature (25°C). In general, the %
conductance level is not adversely affected
by temperature for the illumination levels
examined.

Decay time (ms)
(b) 125$

100 1
75 1
50T

251

ol o1 1o 10 100  f

(c) Increased levels of illumination result in reduced rise and decay times.
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30.

31.

32.

33.

34.

35.

36.

37.

The highest % sensitivity occurs between 5250A and 5750A. Fig 16.20 reveals that the CdS
unit would be most sensitive to yellow. The % sensitivity of the CdS unit of Fig. 16.30 is at

the 30% level for the range 4800A — 7000A. This range includes green, yellow, and orange
in Fig. 16.20.

(a) =5 mW radiant flux

(b) =3.5mW 3.5 nfr’ =2.34% 10" Ims
1.496 10" W/lm

(a) Relative radiant intensity = 0.8.

®) 1 :\ Relative radiant vs degrees off vertical
0.75 A 6>30° and relative radiant intensity essentially zero-
0.5 - Drops off very sharply after 25°!
0.25 1
} 1 ® » Degrees off vertical
0 10°  20°  30°

Atlr=60 mA, ® =44 mW
At 5°, relative radiant intensity = 0.8
(0.8)(4.4 mW) = 3.52 mW

6,7,8

The LED generates a light source in response to the application of an electric voltage. The
LCD depends on ambient light to utilize the change in either reflectivity or transmissivity
caused by the application of an electric voltage.

The LCD display has the advantage of using approximately 1000 times less power than the
LED for the same display, since much of the power in the LED is used to produce the light,
while the LCD utilizes ambient light to see the display. The LCD is usually more visible in
daylight than the LED since the sun’s brightness makes the LCD easier to see. The LCD,
however, requires a light source, either internal or external, and the temperature range of the
LCD is limited to temperatures above freezing.
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38.

39.

40.

41.

42.

Since log scales are present, the differentials must be as small as possible.

=7x 103

_____ 200 ~

Nl_oi___:._\_\ £=(7000 IOOO)Q=6OOOQ=ISOQ/OC
X : AT (40-0)° 40°
1
I 1
0° 40°

=3Q

---- 300° 3

lQ___:_____ ﬁzw_gz().OSQ/oc

. AT 40°  40°

From the above 150 Q/°C: 0.05 Q/°C =3000:1
Therefore, the highest rate of change occurs at lower temperatures such as 20°C.

No. 1 Fenwall Electronics Thermistor material.
Specific resistance = 10* = 10,000 Q cm
R="—= : 2X S R=2x(10,000 Q) =20 kQ
A
twice

(@ =10"A=10puA
(b) Power=0.1mW, R=10"Q =10 MQ
(©) Log scale = 0.3 mW

2mA V=IR% IR + V,
"M M- V=If+Rp) +0V
L loe * Vink

1%
V= 02V (@iV’”:OV Honk = T_R'

_02V oo

L C 2mA
- =100Q-10Q
=90Q

The primary difference between the standard p-n junction diode and the tunnel diode is that
the tunnel diode is doped at a level from 100 to several thousand times the doping level of a
p-n junction diode, thus producing a diode with a “negative resistance” region in its
characteristic curve.
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1 1
27fC  27(1x10° Hz)(5x1072 F)
=31.83 kQ

43. At1 MHz: X =

1
272(100 X 10° Hz)(5x107"*F)

At 100 MHz: X =

=3183Q
At1MHz: X, =27fL=2a(1x10°Hz)(6x 10~ H)
=0.0337 Q
At100 MHz: X, =27(100 x 10° Hz)(6 x 10 H)
=3.769 Q x
L, effect is negligible! AAA
) -152Q
R and C in parallel: S —
f=1MHz |/
AN
T 31.83kQ

4. (152Q2180°)(31.83 k£ ~90°)
™ ~152 Q- j31.83 kQ
= -152.05 .£0.27° = -152 QL0°

f=100 MHz
(152 Q180°)(318.32-90°)
! ~152 Q- j3183

=-137.16 Q£25.52 # 152 QL0°
At very high frequencies X has some impact!

44. The heavy doping greatly reduces the width of the depletion region resulting in lower levels
of Zener voltage. Consequently, small levels of reverse voltage can result in a significant
current levels.

45. AtVr=0.1V,
Ir=5.5mA

AtV;=03V
Ir=23 mA

R AV_ 03V-01V
" Al 23mA-55mA

:O'Z—V:—62.5£2
-3.2mA
46. Isat:E: 2V =5.13 mA
R 0.39kQ

From graph: Stable operating points: Ir= 5 mA, Vr= 60 mV
I;=2.8mA, V; =900 mV
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47. L= — —— =9.8mA

1.4

T vr (V)A

=11V

Y

4]
V. 0
1 R*C
48 s = 1_ 1
b= e L
_ 1 Jl_ (10 Q*(1x10° F)
271(5%107° H)(1x10™ F) 5%10° H
= (2250.79 Hz)(0.9899)
= 2228 Hz
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Chapter 17

1.

2.

(a)
(b)

(c)

(d)
(@)
(b)
©
(d)

p-n junction diode
The SCR will not fire once the gate current is reduced to a level that will cause the
forward blocking region to extend beyond the chosen anode-to-cathode voltage. In

general, as I decreases, the blocking voltage required for conduction increases.

The SCR will fire once the anode-to-cathode voltage is less than the forward blocking
region determined by the gate current chosen.

The holding current increases with decreasing levels of gate current.

Yes

No

No. As noted in Fig. 17.8b the minimum gate voltage required to trigger all units is 3 V.
V=6V, Iz =800 mA is a good choice (center of preferred firing area).

Ve=4V, I;=1.6 Ais less preferable due to higher power dissipation in the gate. Not in
preferred firing area.

In the conduction state, the SCR has characteristics very similar to those of a p-n junction
diode (where V;=0.7 V).

The smaller the level of Ry, the higher the peak value of the gate current. The higher the peak
value of the gate current the sooner the triggering level will be reached and conduction
initiated.

(a)

(b)

V.
e Yol

- ﬂ(\/i) =82.78 V
2

Vpe =0.636(82.78 V)
=52.65V

VAK = VDC - VBatt = 5265 V-11V= 41.65 V
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10.

(©)

(d)

(e)

(a)
(b)

(©)

(d)

(e)
()
(2)

(h)
(2
(a)

(b)

(c)
(d
(e)

Ve=Vz+ Vox
=11V+3V
=14V
At 14 V, SCR; conducts and stops the charging process.

At least 3V to turn on SCR,.

V,= %VP = %(82.78 V) =41.39V

Full-wave rectified waveform with peak value of 168.28 V

P=VI 100W (0.707)(168.28 V)({I,_)
=840.5mA, I, =1.19 A

Irms

1.19A

1

1 1

t = = 1 =4.17 ms
4 4 60 Hz

7=RC(510 kQ)(0.1 4F) =51 ms

open

dc level established = 0.636 (Vpea) = 0.636(168.28 V) = 107 V

V=107 V(1—e'™) =40V
t =23.86 ms

turn on
forced commutation

Vieak = (1.414)(6.3 V) =891 V
Vpeak across 6 Vlamp =891 V-0.7V=8.21V

v, = 108Q6V) _oesy
150 Q+1kQ

Ve ey =821 V=0.783 V =743V

Voeak =821 V-07V-5V=251V
Vlamp=6v

P=Vi= 2W=(6V))

I=m=0.333A
6V
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11.

12.

13.

14.

15.

Negative pulse at the cathode terminal.

, ., R(24V)

a) Vg =—-12V+Vy, vi="— 2

() GK R R R/+RS
R'(24V
AV =12 v B2 Y)
R+ Ry

(b) Ry=R’, Vg =0V, scs off

(© Vo =2Ve—12 y4 1 0K2C4Y)
10 kQ + R,
R, =14kQ
@ 1=22Y _6oma
200 Q
© 1=—2Y _o12mA
100 kQ

(f) Inductive element in alarm could establish spikes. Use protective capacitive element.

(a) Charge toward 200 V but will be limited by the development of a negative voltage

VGK(: v, - VCl ) that will eventually turn the GTO off.

(b) 7=R;C, = (20kQ)(0.1 uF)

=2 ms
57=10 ms
, 1
(C) 57 = E(ST) =5ms= 5RGT0 C1
5 ms 5 ms
Rero= =

5C,  5(0.1x107° F)
(a) =0.7mW/cm?

(b) 0°C — 0.82 mW/cm?
100°C — 0.16 mW/cm’

082-016 009 = 80.5%
0.82

=10 kQ
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16.

17.

18.

19.

20.

Ve=Vir+ Vex=6V+3V=9V
Ve=40(1-¢"% =9

40 — 40 =9

40¢7"R¢ =31

¢ ™€ =31/40=0.775

RC=(10x10°Q)(02x 10°F)=2x%x107"s
log,(e %) = log. 0.775
—t/RC =—1/2 x 107 = -0.255
and £ = 0.255(2 x 107) = 0.51 ms

Vi, =V, +10% Vg,
=64V +0.64V=576V—7.04V

_ (IMQ - jX . )V, £0° _ (I MQ - jX, )V, £0°

V. = =
¢ I0MQ+IMQ - X, 1IMQ - X,

For 45° shift in denominator X =11 M£Q. In the numerator the result is

IMQ-jIIMQ=—j11MQ=11 MQL-90°.
(11 MQZ —90°)(V, £0°)
¢ 15.56 MQ./ — 45°

=0.707V,£ - 45°

<. A 45° shift is established with X =11 MQ

. o1 c 1 1
“ omfc, " 2xfX. 2m(60 Hz)(11 MQ)

_(X£-90°)(170 VL0°)

Vy = . =12VZ6
¢ R—-jX.
XNATOVIL=90) _ 1o g
JRP+Xiz-0
L(X)AT0V) o
JR? + X}
Xp=—t = ! = 2.65 kQ
27fC 27(60 Hz)(1 uF)
265kQATOV) _
JR? +(2.65kQ)’
R=2525kQ

203
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21.

22.

23.

V-V,

>R,
IP
40 V —10.6(40 \;) +0.7 V] ~1.53MOQ > R,
10x10
VoW go= VIV g1k <R,
I, 8 mA
~1.53 MQ > R, > 4.875 kQ
R
(@ n=——>2  —065= _2kQ
R, + Ry 2 kQ+ RB2
1 2 IE:O

=2kQ + 1.08 kQ = 3.08 kQ

(b) Rys=(Ry, +Ry))

1g=o

(© Vi

B

= nVes=0.65(20 V) =13 V

(d) VP= 77V33+ VD=13V+O7V=13.7V

R
@ 7=

BB

I5=0

RB
0.55= ——
10 kQ

Ry =55kQ
Res= Ry +Ry,
10kQ=55kQ + Ry,
Ry, =4.5kQ

() Ve=nVe+Vp=(05520V)+0.7V=117V

< V-V, 20V-11.7V
1 50 uA

p

ok: 68 kQ < 166 kQ

(©) R =166 kQ

V-V, 18

(d) t,=R,Clog, = (68 x 10%)(0.1 x 10™) log,

P

t= (Ry +R,) Clog, “j—" = (0.2 kQ +2.2kQ)(0.1 X 107 log,

Vv

=0.546 ms
T=t1+t,= 6.106 ms
f= l=; =163.77 Hz
T 6.106 ms

204

R, =1.08kQ
2

-8 =5.56 ms
8.3

11.7
1.2




0 <—T74>| 1,+ 1, =6.106 ms
t, =5.56 ms

®)

1 1

(@ f=

RClog,(/(1-7) (6.8 kQ)(0.1 uF)log,2.22

RV 22KkQ20V)
> R, +R, 22kQ+10kQ
=361V
v o RW,-07V)
ke R, +R,
_ 22kQ11.7V-0.7V)

22kQ+0.2 kQ
=10.08 V

=184.16 Hz

difference in frequency levels is partly due to the fact that £, = 10% of ¢,.

24, I;=25uA
Ic= hy I, = (40)(25 uA) =1 mA

25. ; Ve,
Y
Y

U

U

v
cc,

|||—|<
«
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Al

26. a) Dp=—
(@) Dr AT
_ 095-0 =0'95=1.26%/°C
25—-(-50) 75

(b) Yes, curve flattens after 25°C.

27. (a) At25°C, Icgp =2 nA
At 50°C, Icgo = 30 nA
Alo,,  (30-2)x10”A 28 nA
AT  (50-25°C  25°C
Icso (35°C) = Ic£0(25°C) + (1.12 nA/°C)(35°C — 25°C)
=2nA+11.2nA
=13.2nA

From Fig. 17.55 Iezo (35°C) = 4 nA

=1.12nA/°C

Derating factors, therefore, cannot be defined for large regions of non-linear curves.
Although the curve of Fig. 17.55 appears to be linear, the fact that the vertical axis is a
log scale reveals that Icgo and T( °C) have a non-linear relationship.

oy Lo_Ic_20mA ..,
I I, =45mA

L

Yes, relatively efficient.

29. (a) PD = VCEIC =200 mW +F--=-=-=---
o= to 200mW (A @ V=30V ghoccoono-
Ver 30V
6 ————————
1
VCE=P—D=—200mW:20V@IC:10mA 4 I
I, 10mA i
2
fo= o J200MW o)A @ V=25V T
Ver 25V ol 5 10 15 20 25 30

Almost the entire area of Fig. 17.57 falls within the power limits.

Ie _4mA o4 Fig 17.56 fo = AMA _,
I, 10mA I, 10mA

®) fic=

The fact that the Ir characteristics of Fig. 17.57 are fairly horizontal reveals that the level
of I is somewhat unaffected by the level of V. except for very low or high values.
Therefore, a plot of /¢ vs. Ir as shown in Fig. 17.56 can be provided without any
reference to the value of Vg As noted above, the results are essentially the same.
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30.

31.

32.

33.

34.

(a) Icz3mA

(b) Atlc=6mA; R, =1kQ,t=8.6 us
R, =100Q;t=2 us

1 kQ:100 Q =10:1

8.6 us:2 us =4.3:1

AR:Ar=2.3:1
3Ry, 3
n=—""—=—=0.75, Vg=nVzp=0.7520V) =15V
3RB2 +RB2 4
Vp=8.7V, I =100 uA Zp= V—Pz 8.7V =87 kQ (= open)
I, 100 uA
Vi 1V .
Vy=1V,Iy,=55mA Zy= —= =181.8 Q (relatively low)
I, 55mA
87 kQ: 181.8 Q =478.55:1 =500:1
Eq. 17.23: T=RClog, Vs = RClog, Vi
Vs —Vp Vg = (Vi +Vp)
: VBB
Assuming 7Vgp > Vp, T=RClog, ———— =RClog.(1/1- 1) =RC log,
VBB (1 - 77)

Ry +R R
=RClog. —2—2 =RClog, 1+—" Eq.17.24
‘'R

B, B,

(a) Minimum Vpg:

R = M >20 kQ
1

P
Vg = (Vg + V)
Iy

Ves — nVps— Vp =1p 20 kQ
Vas(1 = 1) = 1, 20 kQ + V),
1,20kQ+V,
-7
(100 #AY20 kQ) +0.7 V
- 1-0.67

=20kQ

VBB =

=8.18V
10 VOK
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) <Y~V _12V-1V
I, 5.5mA

R <2KkQ

=2kQ

R
(c) T=RClog, 142

B,
10 kQ
5 kQ

log.3 = 1.0986

2x 107 =R(1 x 10%log, 1+

_ 2x107°
(1x107°)(1.0986)
R=1.82kQ
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