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Chapter 1 (Odd)

1.

11.

13.

15.

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, Q/

Both intrinsic silicon and germanium have complete outer shells due to the sharing (co&@l/
bonding) of electrons between atoms. Electrons that are part of a complete shell m@:/
require increased levels of applied attractive forces to be removed from their parént a

48 eV =48(1.6x107"°1)=76.8x10"J
W 768%x107° J 1o
= =00 T =640x10°° C (N
Q v 12V o SO

6.4 x 107" C is the charge associated with 4 electrons. O
—

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 Wctron while the minority carrier

1s the hole.
AD

A p-type semiconductor material is formed by dop 2 -intrinsic material with acceptor
atoms having an insufficient number of electroré,g} ¢ valence shell to complete the covalent
ure. The majority carrier is the hole

bonding thereby creating a hole in the coval gxt’
while the minority carrier is the electron. /

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

of the material.

aterial that are less in number than any other carrier

Same basic appearance as F1§mce boron also has 3 valence electrons (trivalent).
« 7%9

_ \\ )
Ty=20+273 = 29{&2
k=11,600/n= (low value of V) = 5800

kV,, (5800)(0.6)
I =Is[ %0 x 10‘9[6 - ‘]
//

= 50/&@@ ST _1)=7.197 mA

~/

1
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17.

19.

21.

23.

25.

27.

() Tx=20+273=293
k=11,600/n = 11,600/2 = 5800 o

kp (5800)(~10 V) (C x
Ip=Lle™ -1 =0.1,uA(e 293 —1] \
= 0.1x 107%™ -1)=0.1 x 10°°(1.07 x 10°% - 1) /—N/)
=0.1x 107°0.1pA Q@
=1=0.1pA \‘
))
(b) The result is expected since the diode current under reverse-bias conditions sﬁu&rjﬁlal
the saturation value. i\ )
\\ —
[—
T=20°C: I,=0.1 uA &

T=30°C: I,=2(0.1 uA) =0.2 pA (Doubles every 10°C rise in temperature)
T=40°C: I,=2(02 pA)=04 pA . A\
T=50°C: I,=2(04 uA)=0.8 A R\
T'=60°C: I, =2(0.8 pA) = 1.6 A G %\9/

1.6 A: 0.1 uA = 16:1 increase due to rise in temperature

From 1.19:
—75°C | 25°C | 100°C | 200°C P
Ve 1.7V 13V [10V 065V |
@ 10 mA i x
I 01pal05un | 1ph |20 @\//9
N\
Vi decreased with increase in temperature C( %))
1.7 V: 0.65 V = 2.6:1 = /\
I, increased with increase in temperaturg (\7
2 uA: 0.1 uA =20:1 )
In the forward-bias region the 0 across the diode at any level of current results in a

s — the “on” state — conduction is established. In the reverse-bias
ny reverse-bias voltage assures a very high resistance level —
nduction is interrupted.

resistance level of zero o
region the zero current lev >

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

~leakage current remains constant).

2
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29. I])= 10 mA, V]_)= 0.76 V

%
Roo= 2 076V e
I, 10mA &
_ AV, _079V-076V _0.03V _ \

Vg = = 3Q
Al, 15mA -5mA 10mA

ez &
\C/
3. D=1mA,r= 2(26 mV) =2(26 Q) =52 Q vs 55 Q (#30) /\XJ)
. 0O
Iy=15mA, r;= 26 my = 26mv 1.73 Q vs 2 Q (#30) /::::E&
I, 15 mA
3. g AVa 08V-0TV 009V o /
Al, TmA -3mA 4mA /;7\9/
(relatively close to average value of 24.4 Q (#32)) N @

N
35. Using the best approximation to the curve beyond V), =0.7¥; /—
_AV, 08V-07V 01V 40 arv

Tar AId=25mA—OmA=25mA‘ ﬁ,‘l""‘"’w—’l—f
37. From Fig. 1.33 rx
A

Vp=0V,Cp=3.3pF A
Vp=025V,Cp=9 pF @//))\\//
39, ¥p=02V,Cp=173pF B @’j\c
e \g/
Xe= = 1 _3.64 @N
" 27fC 27(6 MHz)(7.3 pF) 2

Vp=-20V, Cy=09 pF

Xe= 1= ! =29.47 kQ
27 fC 27(6 MHz)(O}\{%

)
I\
$ LetmA) 6[7/\5

41.
AN
2&-- &l@
1004 \
So “
ek A s -
Lio Ve
L-o.q ' cmagc)

than 100%, the level of I and the resulting change is relatively small for most
pplications.

3
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45.

47.

49.

51

53.

55.

57.

Ir=0.1mA: r;=700Q
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. (f;
x;\
Using the bottom right graph of Fig. 1.37: \‘/
Ir=500mA @ T'=25°C A
AtIr=250 mA, T'=104°C " (5\
\\\ \,/
Y a—
Te=+0.072% = —2V2__100% &
V.([, -T;)
0072= 2BV 100 7\
10 V(T; - 25) /\\7/
e \
0072= 12 o S Cr

T -25 O\
T,-250= 12 —104.17°
0.072

Ty = 104.17° + 25° = 129.17°
(/fx

.@S’_V_:é;fi)’l x 100% = 77% Cf\j
4V -6.8V) ) 2@/
The 20 V Zener is therefore = 77% of the dis@ﬁ%jﬁatween 6.8 V and 24 V measured from
the 6.8 V characteristic. B @3\@
e \g/
AtI;=0.1 mA, Tc = 0.06%/°C v O)

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

x 100% = 449

3.6 V characteristic.
Atl;=0.1mA, Tc=-0.0

o/)
/ —
24 V Zener: o~ {@9
0.2 mA: = 400 &\
ImA: = %
10 mA: =

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

Fig. 1.53 (D) Ir= 13 mA
Fig. )/.ie)jlfps 23V
N
@g—s =0.25
0

J)3.
From Fig. 1.53 (i) £ =75°

(b)) 05>« =40°

4
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Chapter 1 (Even)

2.

10.

12.

14.

16.

18.

physically possible. That is, one with the fewest possible number of impurities.

Intrinsic material: an intrinsic semiconductor is one that has been refined to be as pure as @

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 %19

form complete outermost shells and a more stable lattice structure. & QB\
N

W=0V=(6C)3V)=18J /§

GaP  Gallium Phosphide E,=2.24eV

ZnS  Zinc Sulfide E,=3.67 eV W\

A donor atom has five electrons in its outermost valence shell wglle @@ ‘
only 3 electrons in the valence shell. Rg/

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

p
(
For forward bias, the positive potential is applied to t %&: material and the negative

potential to the n-type material. AN

k= 11,600/ = 11,600/2 = 5800 (n =2 for V, -%)

Ty = Te+ 273 = 100 + 273 = 373 D(%\
(5800)0.6 V)

M =g M =P =11.27x10° V(

I= T (""" —1) =5 pA(11.27 x 10>< 1) = 56.35 mA

(a) Vv /\\

X

R A
1| 27182 f©~
2] 7389 \

3 20.086@

4| 546

51 14 /\

(c)@v =1andI=I(1-1)=0mA
N/

5
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20. 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 C x
current handling capability. Germanium diodes are the better device for some RF small signal &
applications, where the smaller threshold voltage may prove advantageous. \

22. An “ideal” device or system is one that has the characteristics we would prefer to have w@?\\
using a device or system in a practical application. Usually, however, technology only I
permits a close replica of the desired characteristics. The “ideal” characteristics prov )

excellent basis for comparison with the actual device characteristics pemnttm%an/ tiina e of
how well the device or system will perform. On occasion, the “ideal” device o /«:an be
assumed to obtain a good estimate of the overall response of the design. W/henh suming 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.

24, The most important difference between the characteristics of a diode d a imple switch is
that the switch, being mechanical, is capable of conducting current/zh} ither direction while
the diode only allows charge to flow through the element in onedi cupn (specifically the
direction defined by the arrow of the symbol using conven@l nt flow).

—

2.  Atl,=15mA, Vp=082V
Rpe= 1208V _ 610
I, 15mA

As the forward diode current increases, the static /n;gs\‘%ce decreases.

AV, 079V-076V _0.03V //f@\*//
Al, 15mA-5mA  10mA[
26mV _ 26 mV e ®)

b =26
e Ty

28. (a) Fg=

(c) quite close

30, I=1maA,r= 2V 07%\\061\/__55Q
2§x\@jfmA

Y
AV, Co8v-078V

Ip=15mA, ry= oz =20
Al; "20mA —10 mA
&@
=
d % -
34, Fay =A6M V=07V _02V =14.29Q

\&%44m —0mA 14mA
S @ — ickealt diode.
1w

6
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36.

38.

40.

42,

44.

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

|aC,| |1.25 pF-0.75pF| _ 0.5 pF

= = = 0.033 pF/V
|ave| | 10v -25v | 15V
(b) Vi=-10V: Cr=1.25pF \c
Va=-1V: Cr=3pF /,§//
(N
|aC,| |1.25 pF-3pF| 1.75pF \ &/ﬂ
s = =0.194 pF/V J
AV, 110V -1v | 9V
(c) 0.194 pF/V: 0.033 pF/V = 5.88:1 = 6:1
Increased sensitivity near Vp =0V \ /
//

The transition capacitance is due to the depletion region acting I%@cmc in the reverse-
bias region, while the diffusion capacitance is determined by the charge injection into
the region just outside the depletion boundaries of a forward-bi ¢d-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. "/N

10V T =35 _/o
I= =1mA reverse ) n"’
710k mA) 1‘ A
L+t =1,=9ns /)
f,+26,=9ns (/’\ P
t,=3 ns (7 /\
L,=2t,=6ns & /NS a g
Q‘E; e €(mg)
- L P ts » tt ]
As the magnitude of the rev@x@s potential increases, the capacitance drops rapidly from a
level of about 5 pF with For reverse-bias potentials in excess of 10 V the capacitance
levels off at about 1.5 pF. 7/\~
P
Log scale: T, # C, 1T, =0.5nA

00°C, I =60 nA

( %& t.
&f 120:1

The change is
60 nA:
Yes, at 95°

7
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46. T=25°C: Py =500 mW

T = 100°C: Py = 260 mW %
Pmax = VFIF x
1= B _500mW \

= S =714.29 mA
v. 07V Ny
fp=Tom _200mW ) 43 mA @@\
v, 07V x\[
N,
714.29 mA: 371.43 mA = 1.92:1 = 2:1 (5\
< N
48. ; Z Y a—
2av(Vg) 16.8VEVR) 2":»“":-) &
————————— 1omb LI:F) /\
7\
- = = = JhOmA(T2w) % V©7
@C
50. Te= _A 100%
V,(T-T,) A
=~ OV =-48VY) 100%=0.053%/°C AN
5 V(100° - 25°) @%\j
52. : 7\/))
a0 ! C5r
¥ — ;/‘
N , NS
-~ \/
1352 ] 24V
ll)mﬁ

germanium it is a 6.7:1 rat 0, and for silicon a 2.86:1 ratio.

56. (a) Relative efficie \r7nA 0.82

% =1.02
1.02-0. 82%& » = 24.4% increase

0.82 ~

ratio: % 1.24
/fz
%ﬁ:ﬂe efficiency @ 30 mA = 1.38
@35mA=1.42
N———— x 100% = 2.9% increase

~/

54. Vr=2.0V, which is conm%%}ﬁghcr than germanium (= 0.3 V) or silicon (= 0.7 V). For

ratio: —1—~4—2~ =1.03
1.38

8
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(c) For currents greater than about 30 mA the percent increase is significantly less than for
increasing currents of lesser magnitude. <&

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

~0.ZmR/ §>

!
[
[}
!
N Q)
Ol 25 S0 715100125 1S5S0 e
\-———‘W

<

100°¢

9
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Chapter 2 (Odd)

1. The load line will intersect at Ip = % =

@ V,, =092V

I, =21.5mA

Vp=E — VDQ—SV—O.92V=7.08V
(b) Vp, 0.7V

I,, =222 mA

Va=E-V, =8V-07V=173V
() VD =0V

Ip, =24.24 mA

Ve=E-V, =8V-0V=8V

=2424mA and Vp=8 V.

For (a) and (b), levels of VDQ and [ p, arC quite close. Levels of part (c) are reasonably close

but as expected due to level of applied voltage E.

Q)

3. 1.oad line through 7 Dy = 10 mA of characteristic =7 V will intersect I, axis as
11.25 mA. o~ (U]
N
b=112sma=2-1V C~ )
R R - /) )
hR 7V 2 CN3
withR = —— = 0.6 ( )
11.25 mA )
5. (a) I=0mA; diode reverse-biased.

(b) V=20V -07V= V (Kirchhoff’s voltage law)
I= 193V

00 ?%

() I—E)—y——-lA\}q;erbranchopen
2);@%\/ ~0.7V-03V)
7. (@ V,=
2 kQ+2kQ

‘&@% ~1V)-——-‘-(19V)=9.5V

/
.
%@\uzv - 07V) 113V
m\ 12kQ+4.7 kQ

T 5.9kQ

V'=IR= (1915 mA)4.7kQ) =9V
V,=V'-2V=9V-2V=7V

10

=1.915 mA
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11

13.

15.

17.

19.

21.

@ V¥, =12V-07V=113V

Vv, =03V Ox
® ¥, =-10V+03V+07V=—9V &

= 1I0V-07V-03V 9V

= =2mA, V, =-2mA)3.3kQ)=-6.6V !
12kQ+33kQ  45kQ o TR mAEI) C//%//
=
(a) Ge diode “on” preventing Si diode from turning “on”: x "
- SO
7= v O'3V:9'7V=9.7mA /(5\
1 kQ 1 kQ )

_
=

L

Y A—

16V-07V-07V-12V 26V

4.7kQ T 4.7kQ
V,=12V +(0.553 mA)(4.7 kQ) =14.6 V A\

\

(b) I= = 0.553 mA

\
\
\

For the parallel Si — 2 k) branches a Thevenin equivalent will r@ult@fi}}ﬁgg} ” diodes) in a
single series branch of 0.7 V and 1 kQ resistor as shown below:\x&/‘
—

9

oV
Vo = XS (lOV—o.1V)= 3v)
orv 2es - zmﬂ; M
= .2V
E‘“/'zﬂ' 2 x
ba=22Y —31ma \C//))
2kQ @3\@
L=l 3ImA oo ONS
2 2 V)

Both diodes “on”, V,= 10V — 0.7 3V

Both diodes “off”, ¥, =10 VN

0 V at one terminal is “mgre \E&s‘l{{ve” than —5 V at the other input terminal. Therefore
assume lower diode “onf’g@ﬁper diode “off™.

The result: K
&
VO=OV—0.7\§ gV

The result sup;)g{r% bove assumptions.
(@

The Si diode ‘ &s more terminal voltage than the Ge diode to turn “on”. Therefore, with

5V at bﬁtgf utterminals, assume Si diode “off” and Ge diode “on”.

N

A
% ItV,=5V-03V=47V
Q§§ sult supports the above assumptions.

11
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23.  Using Ve = 0.318(V,— V)

2V=0.318(V,,—-0.7V) <
Solving: ¥y =6.98 V = 10:1 for Vy: V7 @
[ . .
~.6.98V vy sz 6.28V wrliyg) \
: .Bs"'n - //
4 " 0.1V 4 AW (Q/\

o - fc)
|\ v/ o
~ 648y X\
o
25.  V,=2(110V)=15556V
Vi =0.318¥,, = 0.318(155.56 V) = 49.47 V
155.56V ., /QN/

Z N
] . * %

27.  (a) Puax=14mW=(0.7 V)I,

P
b= gv e L
| Q2
(b) 4.7kQ|S6kQ=4.34kQ C(//M
V=160V -0.7V=1593V C(/ J)
_ 1593V _ =)

Loue = =367J1mA [
434 kQ ¢ @9

©) lhioge= 22 ="—"——— =1836.mA

<

(d) Yes,Ip=20mA>1

© Tuioge =36.71 nr/a if@y =20 mA
29. T», (-

- IV = 1oV

4 (

-%ﬁ
(AN
3. P m@lﬁe of v
4
T diode “off”, bottom left diode “on”
@ 122kQ=1.1kQ
7/

_ LIKQATOV) oy
1.1kQ+22kQ

12
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Negative pulse of v;:

Top left diode “on”, bottom left diode “off” WQX
__LIKQATOV) o &
Ok 1.1kQ+22kO \
Vae = 0.636(56.67 V) =36.04 V Wx/}
x5~
33.  (a) Positive pulse of v;: +‘, \[/

1.2 kQ(10 V-0.7 V) . :
o= =328V _ )
12kQ+22kQ 5.28V ( x/

Negative pulse of v;:
diode “open”, v, =0V

(b) Positive pulse of v;:
Vo=10V-07V+5V=143V
Negative pulse of v;:
diode “open”, v,=0V

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

(b) Again, diode “on” for v;>4.7 V but v, ~ %
now defined as the voltage across the diode @ ’//\N -av
Forv;>47V,v,=0.7V =\
,]\%))
-

For v;<4.7 V, diode “off”, Ip = I f—jm&nd Vazio=IR=(0mA)R=0V

6@\5/

)

Therefore, v, =v;—4V
Atv;=0V,v,=-4V
vi=-8V,v,=-8V-4V

|
37. (a) Starting with &=&w V, the diode is in the “on” state and the capacitor quickly charges
Q%this interval of time v, is across the “on” diode (short-current

to 20 V+. %
equivalent) andv, =0V,

When v Switches to the +20 V level the diode enters the “off” state (open-circuit

equiyﬁ% dv,=v;+tve=20V+20V=+40V
¢ /\‘T‘
N
e
) 17 : T i Uy
| gt
°| o K3

13
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(b) 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. x
During this time interval v, is across “on” diode and 5 V supply and v,= -5 V. &
When v; switches to the +20 V level the diode enters the “off” state and v, = v; + v¢ x\
20V+15V=35V. /f/\//

\

4/
(\
4 yov s«o'uoé ‘-"“""6’0" ) \x\ 4
’ \
q 1 2N | ‘:
-y -8V N\
47
39. (@) =RC=(56kQ)0.1 4F)=5.6ms o & 7@\9
)

5r=28ms ,,
T S O\
(b) 51=28ms>>§= = 0.5 ms, 56:1

(c) Positive pulse of v;:
Diode “on” and v,=-2V+07V=-13V, —
Capacitor charges to 10 V+2V 0.7 V ]?3\

Negative pulse of v;: o~
Diode “off” and v, =-10 V — 11. 3 V =
w; U/

K3

-2 %
f?\o

41. Network of F1g Z/F){& 2V battery reversed.

/i +
o /@ .o
¢ //\? =2V

% ;

N|§

%/f}

/
/
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43.

45.

47.

i

(a) VZ=12 V,RL

v,=v,=12v= Kb __60Q16V) gx
R, +R, 60Q+R »

12R, =240

R, =200 §>
® B =V, @
= (12 V)(200 mA)

=24W

At 30 V we have to be sure Zener diode is “on”. f

V=20V = RY, _1kQ30V) \
R, +R. 1kQ+R, \
Solving, R, = 0.5 kQ v

O
ALSOV, I, OV -V omA = % =20 mA

0.5kQ

IZM=IRS~IL=6OmA—~20mA=40mA f\
V,, = 1.414(120 V) = 169.68 V &
2V, =2(169.68 V) = 339.36 V @@O

G

O

Q)

&
G
O

15
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Chapter 2 (Even)

2.

(a)

b) 1,

©

(a)

(b)

(b)

@A
7

E_ 5V

=227 mA
R 22kQ

The load line extends from Ip =2.27 mAto Vp=5 V.
VDQ =0.7V, IDQEZmA Q//\

ID=

_E__ 5V _ NS
>T R 04Tk | 0HmA @/&\xj

The load line extends from I = 10.64d mAto Fp=5V. \ -
V,, =08V, I, =9mA 4::::&

E 5V \
=== =27.78 mA
27 R 018Kk /

The load line extends from I, =27.78 mAto Vp=5V. C@A\?/
Vo, 2093V, I, =225mA RN

/

The resulting values of VDQ are quite close, while 7 b, endsﬁ from 2 mA to 22.5 mA.

R 22kQ .
V=01V, Ve=E~Vp=30V -0 V=293V
_ )

E-V, 30V-0V £
R 2.2kQ /f C/
Vpo=0V, V=30V CNS

- — /7
L=l=2"te V0TV =13.32m©

ID=

Yes, since E > Frthe lev » and Vp are quite close.

Diode forward-biase
Kirchhoff’s voltage law (CW): -5 V+ 0.7V - V,=0
) V,=—43V

Diode fo au iased,

Ip= /&V v =124 mA

Y KO+ 4.7 kQ
?é} + Vp=(1.24 mA)4.7kQ) +0.7V
=653V

7

A
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8. (a) Determine the Thevenin equivalent circuit for the 10 mA source and 2.2 kQ resistor.
%

Ep=IR=(10 mA)22kQ)=22V x
RT}, = 2. 2kQ)

——AAA : S oV, Diode forward-biased N E

22k o~ 22V-07V C
. I 2 Ip= ' = 6.26 mA )
22V 312k 22kQ+12kQ N
T V,=Ix12KkQ) A,

<+

10.

12.

14.

16.

= (6.26 mA)(1.2 kQ) A /&

=751V \\\ -
/,:*:::j&

(b) Diode forward-biased
_20V+5V -07V

D= =2.65 mA
6.8 kQ :
Kirchhoff’s voltage law (CW): / \
+V,-07V+5V=0 /;7\9/
V,=-43V oV @

(a) Both diodes forward-biased
_20V-07V

A =4.106 mA
4.7kQ
Assuming identical diodes: (7
Sl _4106mA o @
P70 2 ' Cf %\9
V,=20V-07V=193V @//))\\//
() Right diode forward-biascd: _ @//p/\l
_15V+5V-07V _ n/i/;@f
’ 22kQ ' -

Vo=15V-0.7V=143

Both diodes forward-biased: \
vV, =07V, ¥V, =03V /[
20V~ O 7V _ 1 \V\g
y = /%\ =
1

075903\{&/@
I, = = 0.851 mA
0470 0.471@‘%m

I(Si diode) = I,

Liva=

>
Bot%{cﬁ@h’ . The threshold voltage of 0.7 V is unavailable for either diode.

B@es “on”.

=07V

17
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18.

20.

22.

24.

The Si diode with -5 V at the cathode iS “on” while the other is “off”. The result is

Vo==5V+07V=-43V Q&x

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

V,=+10V =N
as established by 10 V supply connected to 1 k< resistor. Qf\\

9)
v

v. 2V NS)
Vi =0318 ¥, =V, = —d_ ==Y _ _gagVy AN
0318 0318 @
0O
Are Y a—
.28V oy
/1 ov - :
1T & T /.
“eagv ([0
) N
V. 628V “ D
Ly=2=222Y ~385mA 2-85m O —
R 22kO / _

= =028 V .
0.318 @,\\8}

V., 2V I @(\xj

T 0318

m

628V

18
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26. Diode will conduct when v, = 0.7 V; that is,

vy =07V = 0K

10 kQ+1kQ
Solving: v;=0.7TV

Forv;=0.77 V Sidiode is “on” and v,=0.7 V.

For v;<0.77 V Si diode is open and level of v, is determined
by voltage divider rule:

__10kQ()
10 kQ +1kQ

o

=0.909 Vi

Forv,=-10V:
v, =0.909(-10 V)
=-909V

Whenv,=0.7V, Ve =V, o~ 07V

1,

=10V-07V=93V

9.3V
=222 =93 mA
R 1 KQ
Lax(reverse) = ———19)—/——- = (.909 mA
1kQ+10 kQ
28. () Vu=+2(120V)=169.7V
vV, =V, -2V
=169.7V=2(0.7 V)= 1697V - |4
=1683V D)
Vi = 0.636(168.3 V) = 107.04 \{@
(b) PIV = V,(load) + Vp = 1683V 407V =169 V

168.3
(¢) Ip(max)= —= = %&3 mA
. 1kQ((
S
() P =Volp=(07 w?@
= (Oéz .3 mA)

19
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30. Positive half-cycle of v;:
Voltage-divider rule:

(15, e s + “ow'diod __22K,)
vredrawn: i G 22kQ+22kQ
v r :t 222 2\ @7
$22en _1 e
; 5 (100 V) x
L - ))
o A =50V /Q\ =
Ncbcﬂ.’wg. Mg'eaeu.‘a [ Q \>
3 . .. Polarity of v, across the 2.2 kQ
- T § "o" diade resistor acting as a load isthe same.
LN . 3 Vo 222k52 Voltage-divider rule:
E:ZZ&SL + . _— 27 ks\z\ ¢
+ 2.2 7 }
[ .

(7 =50V
i Vi =0.636V,=0.636(50'V)
“ € a
g 7Y
32. (a) Si diode open for positive pulse of v; and v,=0 V
For 20 V <v;<-0.7 V diode “on” o= Vi + 0.7V,
Forv;=-20V,v,=-20V+0.7V =193V
Forv;=-0.7V,v,=-0.7 V=0V
o
oV _ .
(5]
-
s "@/
(b) Forv;<5V th@a{tﬂy will ensure the diode is forward-biased and v, =v;— 5 V.
At v = 5V

20
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34, (a) Forv;=20V the diode is reverse-biased and v, =0 V.
For v;= -5V, v; overpowers the 2 V battery and the diode is “on”. &
Applying Kirchhoff’s voltage law in the clockwise direction: @
~SV+2V-—-y,=0 ’ . E
v,=-3V Q/;\\
\C/
/\XJ)
(b) For v; =20V the 20 V level overpowers the 5 V supply and the diode is “on/\’\? @he
short-circuit equivalent for the diode we find v,=v; =20 V. —
For v; = -5V, both v; and the 5 V supply reverse-bias the diode and separate v; from v,.
However v, is connected directly through the 2.2 kQ resistor to th%f supply and
=5V.
:—'ﬁ @
36. For the positive region of v;: Cf %ﬁ

The right Si diode is reverse-biased. /CJ/ N
The left Si diode is “on” for levels of v; ﬁ\ate/ j}xan
53V+0.7V=6V.Infact,v,= 6Vf %V

For v; < 6 V both diodes are reve };xéséfi andv, = v,

For the negative region of v;:

The left Si diode is reverse-biased.
The right Si diode is “o levels of v; more negative than 7.3 V+0.7V=8V.In
fact, v, = -8 V for v, < 8\%/

Forv;>-8V botp %Cs odes)are reverse-biased and v, = v,

$
/ads

ol/
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ig: For -8 V <v;< 6V there is no conduction through the 10 kQ resistor due to the lack of a
complete circuit. Therefore, iz = 0 mA. <

Forv;>6V N
VR=Vi—V,=v;— 6V \

Forv;=10V,»%=10V-6V=4V x
~ /)
andiR=lg: =04 mA Q/;\\ -

" S
Forv;<-8V )
VR=Vi—V,=V;+8V //5\%//
For v;=~10 V \ &
ve=-10V+8V=-2V /\§

and iz = 2V =-0.2 mA
10 kQ

& A /

+6v _7!--(

o. 4-“ A \/

I N Y
=gy TN e

38. (a) For negative half cycle capacitor charges to p k eof 120V -0.7V =119.3V with
polarity (— ———K—— +). The output v, is dlr&c oss the “on” diode resulting in
v, =-0.7 V as a negative peak value.
For next positive half cycle v, = v; + 1193 ﬁ 1{h peak value of
V=120V +1193V=2393V. C( ,<>

34.3V // (\9 /

....,._ —\ — - vexTiccl ;\y..'.{:\" & wi3v
/gIIQ.SV

°| -o.'w

@
(b) For positive half ¢ye \\:}a‘p:/icitor charges to peak value of 120 V-20V -0.7V=993V
with polarity (+ —{(="=) . The output v, =20 V + 0.7 V =207 V
For next negative cycle v, = v; — 99.3 V with negative peak value of
=-120 Vﬁ&% V=-2193V.

Jo /x\

i Z{f@\7 \17_ z;%.sv
§ Lua.av

“Using the ideal diode approximation the vertical shift of part (a) would be 120 V rather
than 119.3 V and —100 V rather than —99.3 V for part (b). Using the ideal diode
approximation would certainly be appropriate in this case.

i verlical shift -&“‘43"

22
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40.

42.

(a) In the absence of the Zener diode

_1800Q(20V)
g -

Assalat 0 Wasalam o Alika Ya RasoolALLAH
Solution is network of Fig. 2.176(b) using a 10 V supply in place of the 5 V source.
180Q+220Q

&
V.=9V <V,=10V and diode non-conducting

Therefore, I, =1z = vV
2200Q+180Q

57
=50 mA
and V;, =9V

A
A
N
(b) In the absence of the Zener diode
Y = 470 (20 V)

-/
/,:*:::j&
= =13.62V
470 Q0+ 220 Q)

V,=13.62V >V,= 10V and Zener diode “on”
Therefore, ¥V, =10V and V, =10 A\

with I; = 0 mA

A
©

I, =V, /R =10V/220 Q = 4545 mA
I=Vy/R, =10 V/470 Q = 21.28 mA
and I;= I, —I,=4545mA - 2128 mA =24

(c) P, =400 mW = Vzlz=(10 V)2 @ /\9
1= 400 mW

)
A
&
=40 mA @/\c
10V D)
I, =1, -I, =4545mAL40mA=>545mA
I R 4
ro Vo 10V 2
"T I 545mA

diode
po=10y= K20V)
!
10RL +220 ZORL
10k, =2200
/4\% =220 0
4.  Si

=+Z js fixed in ma
e
ma)ﬁx%

gnitude the maximum value of I, will occur when I is a

23
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46.

IL=£=K—=—§-§—/——=36.36mA o
., R, 2200 x
IRJ =+ I; =50 mA + 36.36 mA = 86.36 mA &
V.-V,
I — i V4
R RS C&//
orV;= I, R +V; \*/{}
=(86.36 mA)(91 Q) +8V=786V+8V=1586V B )
7 §
Any value of v; that exceeds 15.86 V will result in a current I that will excee(ﬂhe imum
value. Y —
Forv;=+50V:
Z, forward-biased at 0.7 V f\
Z, reverse-biased at the Zener potential and ¥, =10 V. B \\\\%
Therefore, ¥,= ¥, +¥, =0.7V+10V=10.7V o O

| S
For v;=-50V: O
Z, reverse-biased at the Zener potential and ¥, =-10

Z, forward-biased at -0.7 V. P
Therefore, ¥, = ¥, +V, =-10.7V @

@
Ly
1= o A

/“ CH¢

]
NN
v
)
&4
S

V.= 2(1.414)(Vims)

p BV
%
G
The P@h diode is 2V,

24
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Chapter 3 (Odd)
1. -
3. Forward- and reverse-biased.
s N
7. - /‘\x//
0\ O
9. = -1, = I=100] W
. =—J. = —
B 100 c— B /&
Ig=Ic+Iz=100l3 + Iz =101l
I 8 mA
L=t = =7921 \
7101 101 HA f\\
Ie= 1003 = 100(79.21 1A) =7.921 mA /r\\j%
¢ B ' ) o «7/\)
i A\
1. I;=5mA, Vep=1V: Vpz=800 mV \x
Veg =10 V: Ve =T70 mV O —
VCB =20V: VBE =750 mV
The change in Vg is 20 V:1 V =20:1 e
The resulting change in ¥ is 800 mV:750 mV = 1.01@ slight)
13. (@) Ile=I;=45mA /7©
-
() Ie=Iz=45mA @-\c}
(c) negligible: change cannot be det cteér @ C{set of characteristics.
d) Io=Ip ’
15. (@) Ie=al;=(0.998)(4 mA) = 3.992 mA

>
®) Iz= IC+IB:>IL—-IE @ mA — 0.02 mA =2.78 mA
_C 278mA 3

I, 2. ~
4@

[ (098 _
(©) IC—,BIBf f@@_(l_o'gg)mm) 1.96 mA

25
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19.

21.

23.

25.

27.

29.

%
I 2 A
—le 2MA 14765
R AT g\&
B 11765 ,
b) a=-~—= = 0.992 | )
&) @ T 7651 @7/%/

(C) ICEO =03 mA
(D) Iepo= (1~ Dlcro

= (1-0.992)(0.3 mA) = 2.4 ;A N
0 (O
@ fo=lc-8TmA g3 /§
I, 80uA
I, 085mA
b =-L= =170 \
®) A= =75 A f\v
p
© fro=le 34mA _ 11333 o @9

1, 30 A =~
(d) B does change from pt. to pt. on the characteristics%

Low I, high Vi — higher betas
High I, low V¢ —> lower betas

P
I 2.9 mA
ﬂc=_9= : =116 x
’ B 25ﬂA /@@9
v
N\
B__ 116 _ 4901 &

a= ———=

f+1 116+1

L=Ida=29mAN0991=293mA ,—
O

Output characteristics:

Curves are essentially the
same with new scales as shown.

26
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33.

Ie=1I, ,Veg= == =5V
e T . 6mA
P, 30 mW
Vep=V,p o= —Sm = =2mA
R TR
F. 30 mW
IC~4mA,VCB= = =78V
I, 4mA
Veg =10V, I0= C"’“=30mw=3mA
Ve 10V Q

I, =200mA, V,, =30V, P, =625mW /rx
b 625 mW \&j

Ie=1. ,V., = =3.125V
€ e e 200mA @
Vep= Vo, Io= —2on 2083 \

- Cb 30v L‘/

P
Ie=100 mA, Ve = "w 625 m
1. 100

Vee=20V, [o= "m 625mw 3125 mA

Ve (V)

@ 10 20 30

27
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35.

37.

39.

hFE wdc) with VCE= 1 V, T=25°C

I = 0.1 mA, hrp = 0.43(100) = 43 <
2 x
IC =10 mA, hFE = 098(100) =98
he(Be) With Vg =10V, T=25°C | AN
(N
Ic=0.1mA, h,=72 C{}
I.=10mA, h; =160 /\XJ/
For both Az and Ay, the same increase in collector current resulted in a mmxlgyi crea
(relatively speaking) in the gain parameter. The levels are higher for A, butno t Vegis
higher also.
(@) Atlc=1mA, h, =120 //
AtI:=10 mA, hg = 160
¢ : O C/%\?
_/
(b) The results confirm the conclusions of problems 23 and - <@)efa tends to increase
with increasing collector current. [—
@) ﬂac=é‘[‘c“ =16mA—1?..2mA=3.81;1A ~190
Al W =3V 80 uA—-60 uA 2(@
I. 12mA RS
®b) fi=-5= =201.7 /CJ/M
s 9.5 uA & /)
@}\‘"
4mA — 2mA 2mA "\cy;/
(C) ﬂac = = N /\w
18 uA-8 uA 10 uA )
@ fo=Le-2M2 _p30m
I, 13u
@
(¢) Inboth cases By is/s ightly higher than £, (= 10%)
: ( {7@‘ N
691¢:9) =

e
In general ﬁ%@ increase with increasing /¢ for fixed V¢ and both decrease for
decreasing @%‘w Vg for a fixed Iz, However, if I- increases while Vs decreases
when m \x/ﬁ een two points on the characteristics, chances are the level of £ or
L M hange 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
thaf 1 }zfﬂg a strong possibility since the levels of fare relatively close.

N

~/
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Chapter 3 (Even)

2.

10.

12,

14.

16.

18.

&

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.

The leakage current I is the minority carrier current in the collector. /,x//
\/\
- \C/
N
I the largest O (5\
I, the smallest \\ )

Ie=1p /,:*:::j& 7

AV 09V-07V = \\

a) ry= ——=—-———=25Q
@ e T S mA 0 o S0
(b) Yes, since 25 Q is often negligible compared to the other ce levels of the
network. Oﬁs{

(a) Using Fig. 3.7 first, Iy = 7 mA

Then Fig. 3.8 results in /- = 7 mA 7
(b) Using Fig. 3.8 first, Iy = 5 mA x
Then Fig. 3.7 results in V3; = 0.78 V' o(f
(¢) Using Fig. 3.10(b) Iz = 5 mA results in VB

(d) Using Fig. 3.10(c) Iz = 5 mA results in
(e) Yes, the difference in levels of Vg can é;t%\ ed for most applications if voltages of
several volts are present in the netwq;k

\J/

v,  200mV 200mv=1.67mA

i=

R +R, 2()Q+IOOQ OQ
=J;=1.67mA

VL—ILR (1.67 mA)(5 k@)%ﬁ/ 5V
4,=Ye 8BV 4%§J
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2.  (a)

(b)

(c)

24. (a)
(b)

(c)
(d

(e)

26. (a)

(b)

(©)

Fig. 3.14(a): Icpo = 0.3 mA
%
Fig. 3.14(2): Ic=1.35mA @
,Hdc=-l~‘1=135mA=135 \
IB 10 ﬂA x
5~
)
=B 135 9926 \J
p+1 T 136 xj/
Icpo = (1 - Dlcro O /(5\
= (1 - 0.9926)(0.3 mA) R\
=22 4A \§
g A _73mA-6mA _13mA _
Al Ve =5V 90 uA-70 uA 20 uA /
4= e _14mA-03mA _LlmA _ /f7\7
ALV =15V  10uA-O0uA 10 A s//
_ A _425mA-235mA 19
Al Ve =10V 40 uA-20 uA 20 pA
L does change from point to point on the chara ristics. The highest value was
obtained at a higher level of V¢ and lower lev The separation between I curves
is the greatest in this region. @\9
Vo b fu A a0 B B
5V S04 B3TS 65 6 mA 129
10V 30uA 11333 34mA 119
15V SuA 170 1(@@185:11,« 1.55

As I decreased, the level o and £, increased. Note that the level of £, and £, in
the center of the active region is.close to the average value of the levels obtained. In
each case [ is large n [, with the least difference occurring in the center of the

active region. ,//\
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28.

30.

32.

o
<
&

\\
Veg=V.. I Cowr =1.5mA
ey 20V
P \
Vep=10V, [p= -G 300W _ 3 a f\\%
V., 10V @N
P 30mW o 2O
Ic=4mA, Vep= —m =75V ,\xv
I, 4mA O
P
Ver=15V, Io= -G = 300W 5 1
v, 15V
AIC(_,,GH &
71 CNS
o}
54
4
34
24
14
)

The operating temperature range 1§-55°C < T, < 150°C

(¢} 90 [s]
F=2°C +32 @

= _9_(____550 + [+ J “670F
5
9 /\
F g 5@@ 32° = 302°F
~6TF ST, <302°F
=
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34. From Fig. 3.23 (a) Icpo = 50 nA max

ﬂwg - ﬂmm ;ﬂmax

_ 50+150 _ 200
=100 ( )

“deeo = Bleso = (100)(50 nA) N\
S Q

\
36. As the reverse-bias potential increases in magnitude the input capacitance Cy, (;geases (Fig.

X

3.23(b)). Increasing reverse-bias potentials causes the width of the depletiéﬁ’fe

increase, thereby reducing the capacitance (C =g g—) .

\
\
\
38.  Atle=10mA, k= 0.98 (normalized) @ 25°C . C(N%
hpz = 1.45 (normalized) @ 125°C , N\

hig = 0.51 (normalized) @ —55°C @%
Assuming =100 at 25°C will result in a beta of about 145 at-125°C and 51 at -55°C—a

significant change—one that must be considered in tl} design phase.

@\%
A

CHr
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Chapter 4 (Odd) R
Ve —Vye 16V—07V 153V x
1. 1, =lee " Vme _ = =32.55
@ L, ="% 70K 470kQ HA g&
®) I, =pI, =(90)(32.55 uA)=2.93 mA c )
© Ve, =Vee ~Ic,Re =16V = (293 mA)(2.7 kQ) =8.09 V x\
(@) Vo=V, =809V \ @ 7
A\
() Ve=Vy=07TV /\§
® V=0V
— _ _ - f\
3. (@) Ie=li—I;=4mA—20 uA =398 mA =4mA \\%
— \
() Vec=Ver+IcRc=72V +(3.98 mA)2.2 kQ) . @NS
>

=1596 V=16V O
©) ﬂ:izmzwggzoo %
I, 20 uA

B

V . _ /
@ Ry e Ve Vo 1596V 0.7v=7631€®
1, 20 uA \9

B

&

2 I
. o 210y~
5. (a) Load line intersects vertical axis at /o = gj&?}f 7 mA

. . — — J
and horizontal axis at Ve =21 V. Cf@
V. -V, 21 V=0
b) Iz=25 T Rp= L& 8E . =812 kQ2
() Ip HA: Rp 1, %ﬂx

© I, =34mA, ¥, =10I5V

1 3 -
@ p= 1" =
(e) a=

() I == =TmA

//\X}V/
(h), Pp= Vs I =(10.75 V)3.4 mA) = 36.55 mW

CEQ
f)\\}: Vel + Ip) =21 V(3.4 mA +25 yA) = 71.92 mW
) Py =P, — Pp="71.92 mW —36.55 mW = 3537 mW
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7 @) Re=YeeTVe [12V-T6V 44V o 0 .,

I 2mA  2mA @
(b) IEEIC: RE=KE;=—2'":‘.——Y‘—12kQ \
I, 2mA ;
(&//

v, - - )
© Ro= i Vee=Var=Ve 12V-01V-24V_89V _ 0\ \J
I, I, 2mA/80 25 uA N
N
(d) Vep=Ve-Vg=76V-24V=52V o &)
\ g
€ Va=Va+Vz=07V+24V=31V ,\& i
9. g =t . 0V 20V _g304
= R.+R, 24kQ+15kQ 39kQ A
1. (a2) Probleml: I, =2.93mA, ¥, =809V o @ %\9/
¢ ¢ N\

(b) 1, =32.55 uA (the same) Q/

I, = BI, =(135)(32.55 pA) = 439 mA
Ves, =Vee ~Ig,Re =16V ~ (439 mA)2.7kQ) = 4.15 V

(

4.39mA -2.93 mAI -
%Al =| 100% =4
(c) %Al: | 793 lx % %ﬂ%

. N

%AVep = g“sgogi,wvg 100%5 \8@

‘Less than 50% due to level of accﬁf@@aﬂwd through calculations.
(d) Problem: I, =2.92maA, 61 =29.18 4A)

Ve Vs V-07V

© I”Q=R3+(ﬂ+1)R 510 kQ + (150 + 1)(L.5 kQ)
- B, —(150)(2(& )=3.93 mA
Ves, -'Vcc Id@
=20V < 24kQ+1.5kQ)=4.67V
/fﬁ% X )=

=2621 pA

3. 2.92 mA|
%Alo= | x 100% = 34.59%
B %Al fl( 292mA | ° ’
‘VAIAE\Q\J [as7v-s61Y] % 100% = 46.76%
861V |

(@bﬁfh Ic and Vg the % change is less for the emitter-stabilized.

13. Q®z= Vee Ve _18V-12V 2 ma
Z R, 4.7kQ

) Ve=IRe=IRs= (128 mA)(1.2kQ) =1.54 V

34
To Read Online & Download: WWW.ISSUU.COM/SHEIKHUHASSAN



Bismillah hiir Rehman nir Raheem-----========cmmmmmmmmmmmee - Assalat o0 Wasalam o Alika Ya RasoolALLAH

15.

17.

19.

(c) Ve=Vee+Ve=0TV+154V=224V

&
VR x
@) Ri=-": V, =Vee-V3=18V-224V=1576V
o A
Lo=1, =02-222V g 4ma /&//
TR TR T 5.6KQ \/)
y N
Ri= 5 =BTV _594k0 N
IR‘ 0.4 mA " (5\
\\ \/
oY o 16V 16V g, :&
= R.+R, 39kQ+0.68kQ 458kQ
(a) Rp=Ri||R:=39kQ | 82kQ=6.78kQ //
gy = RVee _ B2KQUSY) _ 5y o GRS
R +R, 39kQ+82kQ ) )
e EnVe _ 313V-07V O\
TR, +(B+DR, 6.78kQ+(121)(1kQ)
_ 243V _

9.02
12778 kQ HA %
Ie= Bl = (120)(19.02 uA) = 2.28 mA (vs. 2. 43 1

(b) Ves=Vec—IARc+Rg) =18V - (228%@+1k9)
=18V-98V=82V (vs. 755\%(}/

(c) 19.02 uA (vs. 20.25 pA #16) /f(
(d) Ve=ILRe=IRs= (228 mA 28V (vs. 2.43 V #16)

(e) =Vee+ Ve=07V +228 V=298V (vs.3.13 V #16)
The results suggest that proximate approach is valid if Eq. 4.33 is satisfied.

Vg > \&‘”24 vV 24V

(@ I, =75 mA~
: R, 3R, +R, 4R,

24 24V
Rp= - = 0.8 kQQ
-’-\}/(w 30 mA
Re % =3(0.8 kQ2) =2.4kQ

() Ve=IpRs=1cRs=(5 mAY08 k) =4V

o
(¢) ¥p=Vg+Vep=4V+0T7V=4TV

Q__ RZVC,;, s7yo R@4V)

R, +24kQ
R,=5.84kQ
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© fu=le=T8 _iy93 -
I, 385uA : ” x
() PRez10R, \&
(129.8)(0.8 kQ2) > 10(5.84 k) A )
103.84 kQ > 58.4 kQ (checks) @%//
C'/
21. L.(a) Problem 16: Approximation approach: I, =243 mA, ¥, =755V @
Problem 17: Exact analysis: I, =2.28mA, V., =82V QO /Q\\}
\ —/

The exact solution will be employed to demonstrate the effect of the @gp\g of . Using
the approximate approach would result in %Al = 0% and %AV = 0%.

(b) Problem 17: Ez,=3.13 V, Ry, =6.78 kQ 4
L= Ey Vo ___ 313V-07V 2 3\
R, +(B+DR; 6.78kQ+(180+1)1kQ 18778k
=12.94 uA ,\\x&ﬂ
Ic= Pl = (180)(12.94 xA) = 2.33 mA .
VCE= VCC_IC(RC+RE)= 18V—(233 3kQ+1 kQ)
=798V
© %Alo= 233 mA-228mA| o0 ) g0
| 228mA | A
798 V-82V /({ -
%AVCE = T‘ x 100% = 2.6/§90\©

- C
For situations where SR > 10R, tl); nge in I and/or V¢ due to significant change in
P will be relatively small. % @w

(d) %Al-=2.19% vs. 49.83% oblem 11.
%AV g = 2.68% vs. 48.70% forproblem 11.

(e) Voltage-divider conﬁ%\dgn considerably less sensitive.

)
II. The resulting %Aé MA Ve will be quite small.

/’\&ﬂ
B (@) =Y ﬁé&k _ 30V-0.7V 2007 sA
R, ?QI\N ) 6.90 kQ+100(6.2 kQ+1.5 kQ)

Io= @@mm(zom 4A) = 2.01 mA
PN

‘/‘/,
® /Q{;@c%&
(

0V —(2.01 mA)6.2kQ) =30V - 12.462 V =17.54 V

@ =IRp = IcRg = (2.01 mA)(1.5 kQ)=3.02V
=/

Ve = Vee — IRe+ Rg) = 30 V — (2.01 mA)(6.2 kQ + 1.5 kQY)
=1452V
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25.

27.

29.

1 MQ=0Q, Rg=150kQ

v

VeV 12V-0.7V
TR, + B(R.+R,) 150 kQ+(180)(4.7 kQ+3.3kQ)
=711 A
Ic=flz=(180)(7.11 uA) =128 mA ]
Ve=Vee—IcRc=12V — (1.28 mA)(4.7 kQ) Q/ AN
=598 V
Full 1 MQ: Rz = 1,000 kQ + 150 kQ = 1,150 kQ = 1.15 MQ xj_
e Ve Ve 12V-0.7V <>\ ~
"R, +BR.+R,) 1.15MQ+(180)(4.7 kQ+3.3 kQ) Q N,
=436 ,LLA /;:’:E&
Ic= fly = (180)(4.36 uA) = 0.785 mA
VC = VCC - ICRC =12V~ (0785 mA)(47 kQ) .
=831V \
Ve ranges from 5.98 Vto 831V — )
o oY

&
14 _ _ _ S
(@) Iz= -2 VeV 8V 0.7V =13.04 A )
R, R, 560 kQ2 —

Vee =V, _18V-8V _ 10V

b) Ic= =2.56 mA

R, 39kQ  3.9kQ X
©
@
(a)
gsiokn Tsiok \@ 510 kQ
2 N Ry = = 255 kO
+ -] Em ‘\)M W 2
— Py |
__IBVEISY o0
510 kQ+ 510 kQ
Ep=-18V +(35.29 uA)(510 kO)
=0V
_ 18V-07V
2 255 kQ+ (130 + 1)(7.5 kQ)
=13.95 A

=-18V+13.58V
=—442V
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31.

33.

35.

(d) V=18V +18V = (1.81 mA)(9.1 kQ + 7.5 kQ)
&

=36V -3005V=595V x
8 V-0. .
(@ Ie= 07V 12V 33 ma \&

2.2kQ 2.2kQ

N
() Ve=10V-(332mA)(1.8kQ) =10V -5.976 CX
=402V \[/
_/
(©) Ver=10V+8V—-(332mA)(2.2kQ + 1.8 k) <§/
=18V -1328V | )
=472V \§
v,
I, =—%— =10mA
“  R.+R, /
4R, + R, SR, %
\\U
rem 2 a0 QC
Rc=4R;=1.6 kQ
IB= -'-[_Q.:.SiA.__ 167/1A r

g 120
VI = 20V—0.7V—5mA(04kQX(%2V
aeiuh o L (41.67 uA
N

=415.17 kQ
Standard values: Ry =390 ), R¢ -1% Ry =430 kQ

c=(28V) =56V

RE=———E-=—5'—-=1 12 kQ (use 1.1 kQ)
V //\

2
=Vc—Vc w6\’ 84V

_ e
T = 1.68 kQ (use 1.6 kQ))

Vo= Vas+ J \o V+56V=63V
:> 63v="22Y) (5 siknowns)

VB=
%\\[ =135.14
e
135 14)(1 12 kQ) = 10(R,)

R,=15.14kQ (use 15 kQ)

14V+56V=19.6V
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Substituting: 6.3 v = {14 KDE8Y)

15.14kQ+R, <
Solving, R, = 52.15 kQ (use 51 kQ) @
Standard values: @
Ry=1.1KkQ @
Re=1.6 kQ C/{)
R, =51 kQ
R2 =15 kQ \ /

37. I =8mA= 3V ng
C
Re= 2V 0.625kQ f\
8 mA \V
8 mA \
[ =G _OMA g /
B 100 HA Q@
Use 1.2 (80 pA) = 96 uA O\L
Ry= SV-07V 44.79 kKQ
96 A
Standard values: @
Ry =43 kQ
Re=0.62 kQ @@9
2
39. (a) Open-circuit in the base circuit c
=)

Bad connection of emitter terminal 6 157

Damaged transistor @
(b) Shorted base-emitter junction

Open at collector terminal

(c) Open-circuit in base cir@
Open transistor
G
41. (@) R, I, I, ve ~
) pl,Icl %@
0

(¢) Unchanged, &% a function of 5

(d) Veck, Il
() A, I Ve, ¥ Vel

607
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43.

45.

47.

(a) Rpopen, Iz=0 uA, Ic = Icpo = 0 mA
and VC VCC =18V

® LI v, T,V T, Vel

© R, LTI, vt
(d) Drop to a relatively low voltage = 0.06 V
(e) Open in the base circuit

PRe = 10R,

(220)(0.75 kQ) = 10(16 kQY)
165 kQ > 160 kQ (checks)
Use approximate approach:

16 kQ(-22 V)
P 16 kQ + 82kQ
Ve=Vs+07V=-359V+0.7V=-289V
Io=1Ig= Vi/Re = 2.89/0.75 kQ = 3.85 mA

I. 385mA

=-3.59V

= == =175 @
VC = —‘VCC + IcRC / @@j
=22V + (3.85 mA)(2.2 k) 7@5)
=-13.53V @/ -
S
(@ SUco)=p+1=91 O@
_ B _ -90 _ -4
© S@B-= _2 93

l

(d) Alc=S8Uco % (Vse)AVse + S(DAL
= (91) ( 20.2 gA) +(~1.92 x 107S)(0.5 V — 0.7 V) + (32.56 x 10°A)(112.5 — 90)

~(

)+ (1.92 x 1078)(0.2 V) + (32.56 x 10°A)(22.5)

10"‘A +0.384 x 107°A + 7.326 x 107*A

0”4A

lE
§

40
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49. (@) Rp=62kQ|9.1kQ=7.94kQ

1+R, /R, (1+7.94 kQ/0.68 kQ) o

Seo) =B+ Do R~ B0 D G0 s 1)+7.94 k270,68 kO @
_ BDA+11.68) _ . 0g
81+11.68 ' SN
Cx~
®) SUee) = TR, = 7,92 KO+ (B1)(0.68 k) @
~80 y ( 5\
- = 127x10°7°S AN
7.94 kO + 55.08 kQ R\

© S@= Lol FalR) _171mA +7.94k0/0.68 kO)
B(+pB +R,/R,) 80(1+100+7.94 kQ/0.68 kD) A

1.71 mA(12.68) »
= L MALVZDD) 241 x10°A
80(112.68) o C”?N/

(d) AIC = S(Ico)AICO + S( VBE) AVBE + S(,B)Aﬁ
=(11.08)(10 A — 0.2 pA) + (-1.27 x 107°S)(0.5 V =
=(11.08)(9.8 A) + (—1.27 x 107°8)(-0.2 V) + (2.41 x 1
=1.09 x 107°A +2.54  107A +0.482 x 10‘45\
=4.11 x 10*A = 0.411 mA x

51. Type S(I CO) S( VBE) s Jg\@g(ﬂ)
Collector feedback | 83.69 | —1.477 x g@?)) 4.83x10°A
Emitter-bias 78.1 | -1.512 %167 [21.37x10°A
Voltage-divider 11.08 —12.7@@ 2.41 x 10°A
Fixed-bias 91 92 X 107°S 32.56x 10° A

S(Ico): Considerably less for the voltage-divider configuration compared to the other three.
S(Vpg): The voltage-divider configuration is more sensitive than the other three (which have
similar levels of sensitiv/
S(P): The voltage-divider ¢ ﬁgg
configuration very sensitive:
& Y SR

tion is the least sensitive with the fixed-bias

NN o . : .
In general, the Volta/g@{ configuration is the least sensitive with the fixed-bias the most
@

sensitive.
A
A

XO

v

N

41
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Chapter 4 (Even)
O
2. (@) Ic=plz=80(40 uA) =32 mA g@

Vee _Vec=Ve _12V-6V _ 6V

b) Re= & . = =1.875 kQ D)
®) R I, 1, 32mA  32mA @/D Z
NG
l

v ~ )
© Rp=lm 12V-0TV 13V 0000 /‘xjj

I, 40uA  40puA ‘ e

=
(d) Veg=Vc=6V /§
s 1 =Ye_ 10V _s5o3ma 7\
= R, 27 - \\%
o S
6 @ 1 = VeV ___0V-0TV ___ 193V ¢
% R, +(B+DR; 510kQ+(10DL.SkQ 661
=29.18 pA

) I, =BI, =(100)(29.18 uA) =292 mA A
(C) VCEQ = Vec '—I(;(RC + RE) =20V - (292 v + 1.5 kQ)

=20V -11.388V @)\\//

=8.61V >

Cx
) Ve=Vec—IcRc=20V ~ (2.92 mA)(2.4kQ) =20 V - 7.008 V
=13V )

© Ve=Vec—IpRp=20V —(2 HA)(510 kQ)
=20V -14.882V =512V

61 V=439V

20 A
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Vv 24V
10. I. =68mA=—C% =
@ I, R.+R., R.+12kQ o

C B C x
Re+1.2kQ= 24V =3.529 kQ &
6.8 mA \
R-=233kQ
¢ @N

b) B=C=——" =133.33 c
® = 30 /@
© Ry- Vie Vee Ve =Ve 24V =0.7V-(4 mA)(1.2kQ) B Q @/
", 1, 30 pA f&
185V '
= " " =616.67 kQ
\
\
@) Po="Vy I, o A
)

=(10 V)(4 mA) = 40 mW O\x

(€) P= IR, =(4 mA)(2.33kQ)
=37.28 mW
P
12.  fRe > 10R, @%\j
(80)(0.68 kO2) = 10(9.1 kQ) A
544 kQ ¥ 91kQ (No!) @/\{)
~)
(a) Use exact approach:
Rpy=R,||R,=62kQ 9.1
RV, (9.1
Ep= =205V
"R, +R 9.1 kQ+6N§£;
/ E,, ~_205V-0.7V
%R +(ﬂ+1)R & +(81)(0.68 kQ)
=21.42 pA /{Z\f

) I, =pl, ~(§@ 1A) =1.71 mA

©) Ve, =Va ‘\xﬁ + Rg)
@ﬁ/?\%(lﬂm&wmw@m)

v

@ %@\/ IRe

6V - (1.71 mA)(3.9 kQ)

N 933V
7/

= 1.16 V
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Ve=Vg+Vae=116V+0.7V
=186V

®

14.  (a) Ic=plL=(100)20 zA) =2 mA

(b) Ic+1Ip=

=2.02mA

V= LRs = (2.02 mA)(1.2 kQ)
=242V

Iy= 2 mA +20 yA

Vee=Ve+ IcRe=10.6 V + (2 mA)(2.7 kQ)
=106V +54V
=16V

(©)

Vee=Ve—Ve=10.6 V=242V
=8.18V

(d

(€) Ve=Vp+ V=242V +07V=312V

O I =1, +1,
_3.12V

2kQ
-V

+20 pA = 380.5 yA + 20 pA =

16V-3.12V
400.5 uA

\\

8.
v,

R, = £ =32.16 kQ
1= I, @f@
\

AN

16.

(120)(1 kQ2) > 10(8.2 kQ)
120 k) = 82 kQ (checks)
V= R2VCC (82kQ)(18
R +R, T 39kQ+8:

VBE 313 V-0.7
243V

NS
‘/\

+
@Axw kQ +1kQ)

mA——2025,uA

@J
%é

=243V

13V

Ve=Vp—
Ic=

IE— “E

(®)

ce=Vee—
=18V
—755

@)
W&Eﬁg IcR;=(2.43 mA)(1kQ) =243V
313V

;@x

44

400.5 pA

>

N%

\
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18. (a)

(b)

(©)
20.  (a)

(b)

©

(d)

0%/ 48.70%
% ——— e N —~

9.1kQ(16 V)

R, : _
Vy= = =205V
"TR+R T 62kQ+9.1kQ %
Vi=Vy— V=205V -07V=135V @
p= Ve 1BV 99 ma \
R, 0.68kQ )
I, =I;=199mA CA
; N
Ves, = Vee —Ic (Re + Ry) 7%//
=16 V - (1.99 mA)(3.9 kQ + 0.68 kQ) o <>\
=16 V-9.11V R\
=680V /::::E&
I
1, =2 10MA 588 A
© B 80 /
From Problem 12: /;%\9/
I, =171 mA, Ve, =817V, I, =21.42 pA O JOr

)
The differences of about 14% suggest that the exact ap;@ﬁéuld be employed when

appropriate.
QS
@\%

A

From problem 12b, I = 1.71 mA
From problem 12¢, V¢ =817V

P changed to 120: V/
From problem 12a, £y, =2.05V, Ry, =
_ B,V 2.05V /0\

"T R, +(B+DR, 7194kQ m@}x kQ)
14 96 uA
= [l = (120)(14.96 pA) = 1.8 mA

V(L = Vee — Ie(Re + Rg)
=16 V- (1.8 mA) Q+0.68 kQ)

=776 V /

%AI. —~{1 8 “:A"gg\i x 100% = 5.26%

7
_|TTEN BTV 6006 = 5.02%
/l/_@ﬁv IX (+] B (i]
x llc

YAL //\ 19.83%

%AV,

11f
34.59%
46.76%

20c¢
5.26%
5.02%

Fixed-bias Emitter
~/ feedback

Voltage-
divider

Quite obviously, the voltage-divider configuration is the least sensitive to changes in £.
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2 @ pe—teVm _ 16 V=07V
' "R, +B(R.+R,) 4T0KQ + (120)(3.6 kQ+0.51 kQ) Qx
= 15.88 uA &
Ie= fl, = (120)(15.88 \
®) Ic 'Bﬂzgsl)x(nA HA) @Fj/
[/

(©) Ve=Vee—IcRc xﬂ
=16V~ (191mA)(36k§2) NN
=9.12V \ &)

n @ 5= VeV 2V-07V 7’&
' ® R, +B(R.+R,) 470 kQ+(90)(9.1kQ+9.1kQ)
= 10.09 zA /
Ie= [l = (90)(10.09 zA) = 0.91 mA
Ve = Vee— IRc+ Re) = 22 V — (0.91 mA)(9.1 kQ +9<1>ks§§7\9
=544V
(b) B=135, Ip=——cc Vs 2V @
R, +B(R,+R,) 470 kQ+(135)9.1kQ +9.1 kQ)
=7.28 uA
p
=Bl = (135)(7.28 pA) = 0.983 mA S
VCE = VCC - Ic(RC + RE) =22V- (0983 1 +9.1 kQ)
=411V 5" (U

_|0983 mA-091mA|

(c) %Al
| 0.91 mA
%AV = _[411V-544V - 24.45%
| sa44v

(d) The results for the coi%s\gbieedback configuration are closer to the voltage-divider
configuration than to(t r two. However, the voltage-divider configuration
continues to have }}a}*l\ga?s‘ysensmwtles to change in 3.

26. (a) VE = VB - ng V=33V
®) I gﬁ; =2.75 mA

() Ve= @C =18 V — (2.75 mA)(2.2 kQ)

= 5
(@) Vg@%— Ve=1185V-33V=865V
Y/

oW V-V, 1195V-4V
(=2 = = = 24.09
é\;& R, R, 330 kQ HA
) ot

I

275mA

(
o . 24.09 uA

=114.16
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28.

30.

32.

34.

@ = Je Ve ___12V-07V
TR, +(B+DR,  9.1kQ+(120+1)15kQ
=62 pA

() Ic=Blz=(120)(6.2 1A) = 0.744 mA

(©) Vee=Vee+ Vig—Id(Re+ Rg)
=16V + 12 V - (0.744 mA)(27 kQ)
=791V
() Ve=Veo—IcRe=16V - (0.744 mA)(12 kQ) = 7.07 V

Ve 4V =Vyy = 6V+6V =07V

(@ Iy= =
R, +(B+DR, 330 kQ+(121)(1.2 k)
= 23.78 uA f\\\%
Ig=(B+ DIy = (121)(23.78 uA) —~_\
=2.88 mA o /” 7@\9
”VEE+IERE" VE:O \ N
Vi=—Vgp+ [Re=—6 V + (2.88 mA)(1.2 kQ) O
=-254V
I. 25mA 7
Iy= = =31.25
5”87 80 HA @
v,
Ry= o YoV V0TV 3 k@f@j
I, I, 31.25 uA \C//}&
7
Ro= T2 Vee Ve Voe Ve, 12V-6V_6V
I. I, I, 25mA 525 mA
=24 kO )

Standard values:

Rz =360 kQ

R-=2.4 kO C

M Q
:i
L1 N

IC 1/\
_%(K\QBV+3V) 24V-11V 13V ~ 325 KO

4 mA 4 mA 4rnA
VB—V;;@V@# V+0.7V=37V

%@- 37vV= m 2 unknowns!
®R2+Rl R, +R,

~/
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.. use [Rg 2 10R, for increased stability

(110)(0.75 k) = 10R, <
R, =825kQ N
Choose R, = 7.5 kQ \

Substituting in the above equation: |
_7.5kQ(24 V) C/XJ/
37v=222 Y CA
7.5kQ+ R, \J
R, =41.15kQ QL))
Standard values: /Qs\xj/
Rp=0.75kQ, Rc =33 kQ, R, = 7.5 kQ, R, =43 kQ )
/,:iii%&
36. 1, =Yee 10V _4i67ma
=" R, 24kQ
From characteristics I, =31 uA / /
= ViVae _10V-0TV _ oo o NS
R, 180 k) -~ N\
51.67 uA > 31 uA, well saturated Q/
M}o q._'wr_mmfo_“:‘;o Am@ =Teg

=10V- mA)(24kQ)

38.  (a) From Fig. 3.23c: @/ \
Ic=2mA: ,=38ns,t, =
tn=t+t;=48ns+ 120 ns =
for=1t,+ t;= 110 ns + 38

(b) Ic=10mA: t=12ns,t,=15ns,1,=22ns,1,=120ns
fon = 1, + g = 15%%‘2 ns =37 ns
Lo =t + = 120ns $)12 ns = 132 ns
The turn-on tlme %ppcd dramatically
:1

168 ns:37
while the m?ﬂ%c is only slightly smaller
148 n& =1.12:1
/fx

10mA -
l\d,nn — !“D“"A
; TN
I I
' i
1 1
38 i
- ! L
+(ns) oL, (- <(ns)
Tofl =1i8ms ta=3Ins €agg=132ng

48
To Read Online & Download: WWW.ISSUU.COM/SHEIKHUHASSAN



Bismillah hiir Rehman nir Raheem-----========cmmmmmmmmmmmee - Assalat o0 Wasalam o Alika Ya RasoolALLAH

The base voltage of 9.4 V reveals that the 18 kQ resistor is not making contact with the

40. (a)
base terminal of the transistor. & x
If operating properly: \&
- BRAUOY) ) 64vvs. 04V | /&/
18 kQ+91kQ \@
N5
As an emitter feedback bias circuit: . \xj/
)

= Vee =V 16V-0.7V \\ @

" R+(B+DR, 91kQ+(100+1)1.2kQ /A§

=72.1 uA
Va=Vee—I(R) =16V — (72.1 uA)(91 kQ) f\
=04V ’ \\\\\%
NS
(b) Since V> Vp the transistor should be “off” < \8/”
With =0 uA, V= 18KO(6 V) 264V O
18 kQ+91kQ
*. Assume base circuit “open”
The 4 V at the emitter is the voltage that would exist if the transistor were shorted
collector to emitter. fx
1.2 kQ(16 V) x
= et =4V @\9
12kQ+3.6 kQ e
M
42. (@) Iz= Epy Vs = By =V @/ \
R, +(B+DR, R, + PR,
= Bl = ,B Ey =V ETh %& @
+ OR,

B
RTh
As,[)’T,—B—i,ICT Vs, %

(b) R, = open, IB@
V. — I{Rc+ Ry

//@ECC C E,
© Ve I{%B\\i’%fp[v, Ind, I

/ N
(d) =0 = Icgo and I(Rc + Rg) negligible
lth VCE = VCC =20V

ase-emltter junction = short 1T but transistor action lost and I-= 0 mA with
Veg=Vee=20V
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44.

46.

48.

50.

Ve =Vye 12V—-07V 113V
R, 510kQ  510kQ

Ic= il = (100)(22.16 pA) = 2.216 mA
Ve=~Vee+IcRe=—12 V + (2.216 mA)(3.3 kQ)

=22.16 A

IB=

=_4.69V N\

Veg=Ve=—-4.69V &
\t/
= Ve BVZ0TV_ 73V 12 ma N\
R, 33k 33KkQ " /(5\
VC = -—-VCC + ICRC =12V + (2212 mA)(3.9 kQ) \\ \7/
-_337V Cj&

For the emitter-bias:

(1+510 kQ/1.5kQ)\ |

_ (1+R,/R;)
@ SUc)=(B+1) (B+D)+R, /R, _(100+1)(100+1)+510> Q/@;Eﬁ

) 78.1 Q/

B ~100
S = fony
) SV R,+(B+DR, 510kQ+(100+1)L.5kQ
P

=-1.512 x 107*S @
© SP= I+ R, /R:)  2.92mA(l +\§£§§9
B(+B,+R,/R,) 100(1+12§@;327
=21.37 x 10°A @/\;—,

‘/‘/ C,/
(d) Alc=SUco)Alco + S(Vee)AVgs (@
= (78.1)(9.8 yA) + (15124 10°8)(~0.2 V) + (21.37 x 1075 A)(25)
= ().7654 mA + 0.0302 0.5343 mA
=1.33 mA

1+ 560 kQ/3.9 kQ))
a) Slco) = (B+1) xR = (196,32 +1)—
@ SlUco)=(B )/ K1)+ R, /R, ( )(196,32+1)+560 kQ/3.9kQ

. i&% 1+143.59
/& 197.32+143.59)

. - ~196.32
Ib\ Slﬁ ﬁ —_
®) S s DR, 560 kQ+(196.32+1)3.9 kQ

AN
(N2 ~1.477 x 107S

For collector-feedback bia%
Rk

B - IRy +R:) 256 mA(560 kQ+3.9 kQ)
B(R, +R(B,+1)  196.32(560 kQ+3.9 kQ(245.4 +1))
=4.83 x 10°A
50
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@) Ale=S8Uco)Alco + S(Vir) AVse + S(OAL
= (83.69)(9.8 uA) + (-1.477 x 107*S)(=0.2 V) + (4.83 x 107°A)(49.1) &

=820 x 10°A+0.295 x 107°A +2.372 x 107*A x
=10.867 x 107*A = 1.087 mA \
52.  (a) Fixed-bias: A\
SUco) =91, Al-=0.892 mA C@
S

S(Vsg) =~1.92 x 107'S, Al = 0.0384 mA

S(B) =32.56 x 107°A, Alc=0.7326 mA /‘\Nj
)
(b) Voltage-divider bias: Q @/
SIco) = 11.08, Al = 0.1090 mA ng

S(Veg) = ~1.27 x 107°S, Al = 0.2540 mA
S(A) = 2.41 x 10°A, Al = 0.0482 mA

less to changes in V. O

For the voltage-divider configuration the opposite oc@nigh sensitivity to

\
\\
(c) For the fixed-bias configuration there is a strong sensitivity to&ha@j%n Ico and Band
N
"

changes in Vjz and less to changes in Ip and S.

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

cconfiguration. x
@

20

)

i

e
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Chapter 5 (Odd) .
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. @
| 7
C
(¢) P,=PR=(5mAX22kQ=55mW C@
P;=Vecl = (18 V)(3.8 mA) = 68.4 mW @
@) _ SSmW__ e04 = 80.4% @ 4
P(dc) 68.4mW A @

n=
\
\
[——
1 1 ' g

= =15.92 Q
2z fC  2z(1 kHz)(10 uF)

f=100kHz: x-=0.159 Q f\\\
\
Yes, better at 100 kHz P~ %

3 Xc=

®) V,=LR (
. N
= (0.98)(0.5 mA)(1.2 k) >
=0.588 V O

\/}
© d,="e 0588V /%)j
¥ 10mv (O

~58.8 @

@ Z=w0

O L=I-1
=0.5 mA
-_m“”\
_@ 26mV _

7. (a) re\57 T 130
=\Gr)= (80)(13 Q)
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40 kQ

\
7\
S e \
40kQ+1.2 kQ( 0 @NW
=77.67 < ©)
>
@ A= R, _ 12 k€40 kQ

. 30
_ 1165kQ
130 @
=-89.6 @%
26mV  26mV \@/jv/
9. =220V _ 200V _j670 @\c)
Iy 12mA

fr. = (120)(21.67 ) = 2.6 kQ @f
1. - %
13, - %
i

% difference in total lo R

@ L
22 kQ—(z/:z@Fw Q)
= NN x 100%
22m§ KQ oo

‘ “é%
é\\ﬂfxe effect of 1/h,, can be ignored.
17. 1@5 518
i

max

30 uS Avg=

Q_i?_)fis_ =15.5 1S
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19. (@) he (0.2 mA) = 0.6 (normalized)

he (1 mA)=1.0
h, (0.2mA)—h_(1mA
% change = A )~ By )| % 100%
h,(02mA) | ¢
=
- C2N
= 9~66—6—1—| x 100% \{
= 66.7% /,\x ))
0O
(b) he(1mA)=1.0 /q,,i\ -
he(5 mA) = 1.5 &
h, (1mA)—-h_ (5 mA
% change = e (1mA) — A ( )[ % 100% |
h, (1 mA) l /
1 ha 1 5 //j \\\\y
= * X 100% o x\‘) ‘7/\}“;7
N\

il

50% O\
0=20 4S @1 mA %

h
I,=0.2mA, h,. = 0.2(h,c @ 1 mA)

=0.2(20 /8) @
NS

=48 @

21. (@@

(b) Vo= ._..1_.-;_1_ =250kﬂ > 6.8k§) 7\<//>>
hoe 4 ,US @}\Q
Ignore 1/h,, =)
Jox
23. (a) h.(0.1 mA) = 4(h,(1 mA)) -
=42 x 107
=8x10™
(b) heVee=hred, - V; N
=8 x 107 ‘Q)w/
=0.168 V; /)

In this case Ay, ;\%\ej& large a factor to be ignored.
&,
25. (a) h; is the }n&% erature-sensitive parameter of Fig. 5.33.
&

() h,e ited the smallest change.
NG ¢ S "
N 1z€d: Rppgmax) = 1.5, Ape(min) = 0.5

© \
1= 100 the range would extend from 50 to 150—certainly significant.
4

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

(XJ ange.

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

—\
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RC RC

217. 4,)=-~52r=--Ff=——0 =235Q

7 A

e v

:>IE=

26 mV 26mV___26mV = 1.106 mA

I, r

e

I, 1.106mA

,6’+1 91
V.-V,

Iy= —SCBE — Voo=IRy+ Vg

R,

29. (a) Test ﬂRE 2 10R2
?

(100)(1.2 kQ) = 10(4.7 kQ)
120 kQ > 47 kQ (satisfied)

Use approximate approach:
RV  4T7kQI6V)

=12.15 uA

= (12.15 A1 MQ) +0.7 V
=1215V+0.7V

BT =

R +R, 39kQ+47kQ
Ve=Vy—Va=1721V-07V=1.021V

=(.8507 mA

p= Ve _L021V

R, 12kQ

\\

N

_26mV__ 26mV

I

(b) Zi=R\ ||R, || Br.

= 4.7kQ || 39 kQ || (100)

=1.768 kQ

o2 10Rc . Z, = Rc=3:

G
_ R._ 39 @
©) 4, ~——-=-%= 27.6
r. 305

(
(d 7,=25kQ %

() Z( ,% d) = 1.768 kQ
K =3.9kQ || 25 kQ =3.37 kQ

(9kQ)R5kQ)

é (R Ilr)

=30.56 Q2 @\)

. 0.8507mA

X _110.28 (vs. -127. 6)
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31, Test ARz 2 10R,
?
(180)(2.2 k) = 10(56 k)
396 kQ < 560 kO (not satisfied)

Use exact analysis: AN
9
(@) Rp=56kQ | 220 kQ =44.64 kQ \c
= S6KQQOV) ey /,\ij
220 kQ + 56 kQ o &5 |
Ep~Vee __ 4058V-07V A\ )/
’T R, +(B+DR, 4464kQ+ (18122 kQ) f&
=7.58 A
= (B+ 1)l = (181)(7.58 yA) /
=1.372 mA B \\V
ONS
po=20mV__20mV__ 8050 o ( %\9
I, 1372mA MY
)
(b) Ve=IRe=(1372mA)22kQ)=3.02V %
Va— Ve+ Var=3.02V+0.7V
=372V g
Ve=Vee—IcRe
=20V - fllzRc=20V — (180)(7.58 uA )
=10.72V 3@@%
N
© Z=R|R|p ,\\J)

=56 kQ || 220 kQ || (180)(18. 9; )
=44.64kQ || 3.41 kQ

=3.17kQ
r,<10Rc . A,= -%"x
E} (50 k)
v 7771895 Q

p
K .88
&®i
33. Even though t dition 7, > 10R is not met it is sufficiently close to permit the use of the

approx1mat& c
/52@- BR. __Re =_10

\/‘ b :BR RE

NRE- S 821‘9 =0.82kQ

6mV 26mV - 6.842 mA
r 38Q

e

= LR = (6.842 mA)(0.82 kQ) = 5.61 V
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V=V, + Vg =561 V+07V=631V
_ I, _6842mA 5655 uA
(B+D 121
14 s _
andkgz—‘fi:VCC Vy 20V-631V _ ) 09 k0
1 I, 56.55 uA

Ip

B

VCC "VBE
Ry +(B+DR,
22V-07V 213V

35, (a) Iy=

=45.78 uA
I; = (B+ DI = (81)(45.78 uA) = 3.71 mA
_26mV_ 26mV f\

= =7Q \
I, 371mA A\
o

(b) o < IO(RC + RI«) \x
..Z[,—ﬂre-}- RE
1+ (R + R)/ 7,

p
_ (81)+5.6 KQ/40 kQ o
BT+ [ 1+6.8 kQ/40 kQ ] lé%

e

a)
7~ I
81+0.14 \C//)
=560 Q 12kQ @ s
1+0 =)
ONS
(note that (B+ 1) =81 > Rc/r, é)/)
=560 Q +[81.14 /1.17]1. =560 Q + 83.22 kQ

N

‘ .
\/@g%\ﬁ.é kQ)( A% )+ 5.6 kQ

= 1
= ((83.78kQ L ,4)/1((2 40 kQ
1+ 5.6 k€40 kQ

%—(5.35”0.14
1+0.14

=-4.57

= 83.78 kQ =
Z,=Ry|| Z, =330 j\g}gsm 66.82 kQ
i TR | Ly = s = 00.
¢

57
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@ p=_YeVu __ 8V-07V___
T R,+(B+DR, 390kQ+(121)5.6 kQ
Iy = (B+ DIz = (121)(6.84 pA) = 0.828 mA
_26mV_ 26mV_ .0
I 0.828 mA

E

o< IORE.
Zb’:ﬁre_’_

37.

e

(B+DR,

1+R, /1,

= (120)31.4 Q) + _UZDEOKD)

1+5.6 kQ/40 kQ

=3.77kQ + 594.39 kO
= 598.16 kQ

Zi=Ry || Z, =390 kQ || 598.16 kO
=236.1 kQ

ZDERE" te
=5.6kQ 314 Q
=312Q

= (ﬂ+l)RE/Zb
" 1+R, /1,
_ (121)(5.6 k2)/598.16 kQ

(b 4

\\

1+5.6 kQ/40 kQ

«
0
2
5

%
N
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s, @) = YeeVw __ 12V-07V
R, + SR, 220kQ+120(3.9 kQ)

=16.42 uA
L= (B+ D= (120 + 1)(16.42 pA)
=1.987 mA
_26mV_ 26mV__ .00
I, 1987mA
, R
(b) Z=/prl| lj—l Y —
Need 4,!
R, -3.9kQ
d,= —C = =-298 \
v, 13.08Q f\\\%
220 kQ o C” Vs

Z;=(120)(13.08 Q) ||

298 \x
= 1.5696 kQ || 738 O
=501.98 Q %
Z,=Rc|| Rr=3.9kQ || 220 kQ

=3.83kQ A
(c) From above, 4, =—-298 62/\\%9
43, @)\M
i
\ /\ M
@
L3

bk
(@ A; Vi=Lbr+ &
Ia+1’=IC:W@
but;=7r +%
and f% 3
Substi ﬁ?é%o+(li-lb)= o'

=B+ DI~ I

ssuming (8+ DI > 1,
OE(JB+ 1)Ib
XJ Vo==L,Rc=~(f+ DR

~/
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~(B+DI,R,
V T T pr.+(B+DL,R,
LLR @
= AL+ BIR, - @
14 R, _ R =N/
v, re+RE~ R, §)
Z
(b) Vi=Bly(r.+ Rg) ~\
Forr, b<< Rg €\ @

Vi= ﬁI sRE /\g

NOWI,~=I' +Ib

Vil +1,
RF

: g ] s
Since V, > V; \x
_ ¥ =
"R, P .

orl,=1I; o
R, @
and V;= IR @\9

Therefore, —=

Vi= fReli+ fe R, O
R, =)
but V,=A4,; @D\?

and V;=fRgl; + !Zi‘vR_Viﬂe_ @@f/

F

or V;— A"ﬂ RV, = ORgl;

F

Vi[]“fv_ﬂfi @[t
R,

SO Z = _?L @E\ _ ﬂRE‘RF

@gﬁl& "R, +B(-4,)R,

x Iy where x = SR and y = Rp/|4,]

w @?%\)x y _(BR)R /|4,

x+y PR +R./|4)
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Zo: Set V=0
Re
AN/
j s N -
b O
@"‘e T
+
V‘_ 6’5 V;=0 l 'RC q‘u VD
-
£ -l_ /\g

P o
-

\
Vi=Lpr.+ (B+ DIRg f\\%

Viz flire+ R) =0 ONS
since B, r.+Rg#0 [L,=0and fl,=0 )

R. R, @
9
© dyz=-Re_ 22KQ_ 4 @-\J
R, 12kQ D)
e PR oU2K
BR|A,|+R, ~ (90)(1.2 kQ)(1.83) +120 kO
- 40.8 kQ
Z,=Re|| Re
=22kQ | 120kQ -
=216 kQ @

p
45.  A4;=B=60 ¢ @

- %
4%
47. A;=~A,Z/Rc= T%' )(1.768 kQ)/3.9 kQ) = 57.85
4
49.  A;=-AZ/Ri= %86)(7.03 kQ)/2 kQ = -3.47

51, A= ~Av@y\@-(—29g)(501.98 Q)39 kQ = 38.37

)

&
N
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Vo=V, 18V 07V
53. Iy= ¢ 85 - =25.44
@ = = 0k HA

I = (B+ DIy = (100 + 1)(25.44 pA) Q&\
=2.57mA \

= 26mV 01160
2.57 mA

4 o R _ 33k0

@)
L‘/
. A =_326.22 \
w1016 Q

e

Z,= Ry || fr.= 680 kQ || (100)(10.116 ) a @
=680 kQ || 1,011.6 Q W
=1.01 kQ -~ g
Z,=Rc=33kQ
® - f\v
//
R, 4.7 kQ o 059
© 4= 4, = (-326.22) N
R +R, ™ 47kQ+33kQ

)
=-191.65 %

@ 4=-4 %‘ = —(-191.65) L0 KD

] 47kQ ; ®

7\
© 4=V _=BLR|R,) _-1906(1.939 k@?)\\
TV 4By 10.1160)
=-191.98 (ONS

W(N/

)

L
Z;=Ry || fr.=1.01 kQ
I = E_C._(.'_B_.{é_). =41.251I,
Rc+R;
] .

4=l :@@41.25)(0.9985)

55 (@) Iz= E=12V--0.7V=U.3'uA
Ry 1 MQ
A =(B¥ D= (181)(11.3 gA) =2.045 mA
__6mV_ o
2.045 mA
—-——-:—-_21(_9_. :__.236
- 1271Q
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Zi=Ry || fro= 1 MQ || (180)(12.71 Q) = 1 MQ || 2.288 kQ
=2.283 kQ
Z,=Re=3kQ

(b) -
(¢) No-load: 4,= 4, =-236 @
Z, _ 2.283 k€)(-236) @w

@ A =77 R =228 k006 k0 O\ N\
= -186.9 /\Ag
(e) Vo=—LRc=~flRc
Vi=1Lfr. f\\
ooV BLR._ R __ 3K _ . % 4
v, BLr. r  1271Q Y

A
l
Is
il
RS

g &
AR SN
-7 L=
g @ MQ|Br)V,  2288kQ(V,)

" (AMQ|Br)+R, 2288kQ+0.6
A4, =(-236)(0.792)

I
e
3
O
]
B

= -186.9 (same results) @2 )
9
(f) No change! @-\c
z 2.283 kQ&Z@N@
(® 4, =5—7(4,)=> - £ -164.1

Z, +R,

T 2283k 4
RT, 4
(h) No change! >
O
57. (a) Exactanalysis: / N‘
Ep= Ty 1OKQAIOV) 445y
R, +R2//%2 kQ+16 kQ

Ry = R,/M(R§ | 16 kQ = 12.95 kQ
e

e (Ey<Vy, _ 3048V-07V
? W TDR,  12.95 kQ+ (101)(0.75 kQ)
= 2647 uA

//5\@“{ 1)l = (101)(26.47 pA)

X 2.673 mA
X’/: 26mV: 26 mV ~9.726 O

-~ I 2.673 mA

E
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4 TR 22K
T 9.726Q

€

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

=-226.2

o

= 904.66 Q
Z,=Rc=22kQ
(b) -
R 5.6 kQ(-226.2)
4,= —*& = =-162.4 —
© R +Z M) 56 ar22k
@ A=-4Z f\\f
L \
7
_ (904.66 ) o C
= —(~162.4)~———2 )
5.6 kQ '\x
= 26.24 %
~RJR -22kQ|5.6kQ
© 4= =
r, 9.726 Q /%
=-162.4 x
Z;=68kQ| 16kQ | 972.6 Q @%\9
ﬁ‘e @’\C}
=904.66 Q P
Z,=Rc=22kQ ¢ (Q\
Same results! )
9. (@) L= JeeVw 18V.—-0.7V
R, +(B+DR, “680kQ+(111)(0.82kQ)
=22.44 uA
Ig=(B+ DIs=( 2.44 pA)
=249mA ()
(26m
= =10.44Q

T 229 mA =10
%X: 3 kQ

= 680 kQ || (610)(10.44 Q) + (110 + 1)(0.82 kQ)
=680 kQ || 92.17 kQ
=81.17 kQ
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4.7 kQ(-3.61)
A = S a0

V. R +R ™ 47kQ+3kQ Ox
=22 &

Zy,  8L17kQ (V)

V= Sl o =0.992 ¥, =
Z,+R, 8L17kQ+0.6kQ

4, =(-22)(0.992) @ Z
=218 )

(d) None! /\g

(e) A,—none! %\
\

v, Z 81.17 kQ \
LA =0.988 \

v, Z+R 8L17kQ+1kQ Cf@%
A4, =(-2.2)(0.988) N

=-2.17 7
RT, A, {, (but only slightly for moderate changes in R, e Z; is typically much larger

than R,)

X
6l (@) L= Ve Ve 6V 0TV @\xj
' TR, 22kQ e

=241 mA
_26mV_ 26mV__
I, 241mA

Fe

4, =R _2 = 435.59
NL re 1

Zi=Rg||r.=2.2kQ 1 10.79 Q

Z,=Rc=4.7kQ B
>
\
(b) - <
L
N
© A= ,;;(%\5\ A333-59) _ 236.83

L+ 6 kQ+4.7kQ

R
- Zi(/% 10.74 Q (V)

=

=0.097 ¥,

Z‘Fﬂ% 10.74 Q+100 Q
4, < = (236.83)(0.097)
AN
@2.97
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(d) Vl = Ie Y

Vo = "'IORL

= TR 4 4563,
4.7 kQ+5.6 kQ

v 0.4563)HR,  0.4563(5.6 kQ

A= Lo = +( }{) L _ ( ) /&/
v, Z-r, 10.79 Q % @

=236.82 (vs. 236.83 for part c) \c

4, :22kQ[[10.79Q=10.74 Q

L —
=\
@

Vi= iy - 10T4Q0T) 097y,
Z,+R, 10.74 Q+100 Q
v, v,
=-2. L =(236.82)(0.097
A, v =( X0.097)
=22.97 (same results)
, . /7\}9%
(e) 4,= R, A = 2.2kQ (435.59) ~)
R +R ™ 22kQ+4.7KQ O
= 138.88
WY Vi Z __ 1074 oo

YTV VTZaR 1074 Q+500Q®

4, =(138.88)(0.021) =2.92
A, very sensitive to increase in R; due ;%ie@ely small Z; RT, A, )
A, sensitive to R;; RLl« AN

@ 5

(f) Z,=Rc=4.7 kQ unaffected b vgﬁ{;@% !

(8) Zi=Rg| r.=10.74 Q unaffec alue of R;!

1.2 kQ

6. @ 4= Z+Z A Q}jgwuzon

=0.984
R, 22kQ

(-640)
R +/zi 22kQ+46kQ
= -zo

(b) Av = (0 984)(~207.06)

S0k 2 (=203.74)
T S0kQ+1kO

=-199.75
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65.

67.

(c) 4 %
C , =—A, —
, =—4, 7 %

= -(0.98:1) (0 kY g\&x

1.2kQ

=41 C/
4, =-4, i— \@
L

_ (1.2 kQ) |
= ~(-207.06) = \ @/
=112.94 /x§
d) 4 =- %
( Ai,- - AQT }: f\\\\\\%
_ (50 kQ) N
(-203.74) 52 X @y

=4.63 x 10°

(e) A load on an emitter-follower configuration will contri to the emitter resistance (in
fact, lower the value) and therefore affect Z; (reduce its magnitude).

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

(g) The emitter-follower has zero phase shi Jw@ the common-emitter amplifier has a
180° phase shift. The system, therefor 71&9@(@(0&11 phase shift of 180° as noted by the
negative sign in front of the gain for fé@ﬁﬁfﬂt b.

D7

ro= 280mV._260mV a5
I, 159mA
R, =R\ || R; || Br.= 62k || 24 kQ || (150)(16.35 )
=1.64 kQ~
R|R, 51kQ]|1
== == =-75.8
4 r, 16&@
R —51k(
== —= ==311.9
’ r,  16.35
A,= 4,4, =/§ 311.9) = 23,642
v, = 261}} %mv = 7 )
XJ_‘@_:}._S__ =214
- 10
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4, =44, =(-1)214)=-214 .
Vo= AV, = (214010 mV) = -2.14 V g@
_ VeV (16V-16V)
0. b B.R. +R, (6000)(510Q)+2.4 MQ /©

J 44V \\/f)
5.46 MQ N
= Iy = Boly = 6000(2.64 £A) = 15.8 mA AN
Vg=IgRy = (15.8 mA)(510 Q) = 8.06 V ﬁ @

N

Vee =Ves _ 16V-0.7V . &
R, + BBR, 1.5 MQ+(160)(200)(100 Q)

71. Iy=

=3.255 uA f
= BBls = (160)(200)(3.255A) = 104.2 mA \Qf
V = Vec—IcRe=16V — (1042 mA)(100 Q) =558V & 7@

V, =IsRs=(3.255 pA)(1.5 MQ) =4.48 V @
18V-07V

73. L= —— 'V _865mA=/
2 2kQ

75 I, =L =6mA @\j@

v,V -
77, L= 2 Ve 2 L =3.67TmA -
TR, 12kQ 6 %\

79. (a) r.=8.31Q (from problem

(b) h, =pB=60
h, = fr.=(60)(8.3 Nj

(c) Z= Rgllh,e—z 8.6 Q=497.47Q

Z,= chzz$
f*’f —(O022KD) _ 5474

498.6 Q

(e) %@] 7 Q (the same)

X_ro"[{(b Vo™ ;—401(0
X 25 1S
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© A= TuClR) (R0 KD) _ g 4, )

h, 498.6 Q x
A; = ~A,Z{Rc=—(~250.90)(497 47 Q)/2.2 k2 = 56.73 g&
81.  (a) Zi=Rglhy @
=12kQ[945Q @

N

=938Q 2
1 1
Z0=RC“ =27kQ” :27kQ"1MQEZ.7kQ B /
hob 1 X 10~6 é /\ @\
v A
[—
©) A= o Bell/hy)  ~(0.992)(=27kQ)
hy, 9.45Q

=284.43

A
A;=-1 ) @@\W

(c) a=-hp=-(-0.992) = 0.992

NX
B= a _ 0992 — 124 O
l-a 1-0.992

re=hy=945Q
_ 1 1 )
e N
8. (@) Zi=hy= e @©
. i e 1+ hoeRL @’\C)

=0.86 kQ - (140)(1.5x 104)(2'W

1+(25 48)22KQ) )
=0.86 kQ — 43.79 Q)
=81621Q

Z! =Ry || Z, %
=470 kQ || 8]6.21<
=814.8 Q) Yz Q

A\
Y
®) A4,= ~hR
h‘e + (h' - ehre )RL
__( ~(140)(2.2 kQ)
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I hy, 140
(c) Ai = == = o
I, 1+h,R, 1+(254S)22kQ) x
=132.70 g&
gt (L)L f=_ AT0KQ1 X\
I \LAr 470 kQ+0.816 kQ ( )
o 1 <
= (132.70)(0.998) L =0.998 \f
I AN
=132.43 A @ \
\ —/

1 1 A— \§

(d) Zo“"
by, ~(hoh, /(h, +R)) 25 1S - ((140)(1.5x10™)/(0.86 kQ +1kQ))

=729 kQ AN

= \\
13.71 1S !
g QY
85.  (a) Test: NN
[Rs> 10R, %
70(1.5 k) = 1039 kQ)
?
105 kQ > 390 kQ
No! @
Ron=39kQ || 150 kQ = 30.95 kQ
_ 30kQU4V) _ oy
En= =289V CZ
39 kQ +150 kQ )
= EnVe _ 289V~ "
T R, +(B+DR, 3095 mf(zﬁ@s/m)
=15.93 pA
V= Ep — IgRqp,
=2.89 V - (15.93 A)(30.95 kQ)

=2397V
a
Ve=2397V - 0% (A%
and 1, ———-— v =1.13mA
Q\ Ko
Ve = Vee- Q[é%chRE)
—1/1i §1> 3 mA2.2kQ + 1.5 kQ)
peae
w not connected at base:
Ve =0 14V-07V ~51.85 4A
N R, +(B+DR, 150kQ+(71)(1.5kQ) '

V= Vee—IsRs = 14V — (51.85 uA)(150 kQ)
=6.22 V asnoted in Fig. 5.194.
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Chapter 5 (Even)

2. -

4, -

6 @ r=0-81V 150
I 32mA

(b) Zi=r.=15Q
(©) Ie=al,=(0.99)(3.2 mA) = 3.168 mA
(d) V,=IR,=(3.168 mA)2.2kQ)=6.97 V

© a=Ve 697V
v, 48mV

=145.21

N
® I=(1-aL=(1-099)=(0.01)3.2 mA) %7
=32 uA

8. (@) Z=fr.=(140)r, = 1200 @
A

ro= 120 gm0 o

140 N
V, 30mV N
b) I,=—-L= =25 )
O b= =10 B %;

4
) L =pl,=(140)25 uA)=35m @

rl, (50 kQ)(3.5 mA

@ I.= < 321 mA
r,+R,  50kQ+2.7kQ
4
i M
e
/
(e) 4,= Yo . ZAR _ 432 84) (2.7 k)
v, z% 1.2 kO
/@ =_298.89
10. - 62%)
Oy
\Y
12. —@/
. @:K&Lmo
v,
V,=-160 V,
71

o 6

f\
\
\\\

@
%

%
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V.—-hV, V,—h AV, V.(1-h4)
b I = i re. o i re i Te
®) L= h, h, o

_ 7,(1-(2x10)160)) Q@
- 1kQ @
I,=9.68 x 107*V @ /)

© L=— =1x107, -
bT TS T i
1kQ AN Z
1x107°¥, -9.68x107', Q @
(d) % Difference = 1057 x 100% /\g
X .
=3.2%

(e) Valid first approximation

16. (a) V,=-180¥; (hie = 4 K, by, = 4.05 x 107

N
_ 7, ~(4.05x10°*)(180%) )=
®) L=
4%0 |

=2.32 x 107V,

Q)
=25x 107, @\%9

A

&5

-4y

() % Difference = 2219 s 1332"@ x 100% = 7.2%
L8

(e) Yes, less than 10%

18. -
>
20. Log-log scale! p @
(@ I,=02mA, K *\f@nalized)

alized)
x 100% = 75%

(b) L =®;€ = 0.3 (normalized)

= 12931 5 100% = 70%
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22.

() L =10mA, h, = 10(20 4S) =200 1S

1
h

e

() ro=

20048

! =5 kQ vs. 8.6 kQ

Not a good approximation xj
Z

2. (@) he \@/{)
() e A

(¢) hye =30 (normalized) to \ g

h,. = 0.1 (normalized) at low levels of I,
(d) mid-region f

Vo.—V. 12V-07V f
2. () rp Ip= e 'mE =51.36
@ re == 220 k0 KA o @9

Ie=(B+ DIz = (60 + 1)(51.36 uA) \x
=3.13 mA O
_26mV _ 26mV o

I, 313mA B
Zi= Ry || Br. =220 kQ || (60)(8.31 Q) =220 kf@ O

=497.47 Q
1o 2 10Rc . Z,= Re=2.2 KQ

€

Re Z22KQ _ 56474
r, 8310 /WN‘J

(b) Av= -

(€) Z;=497.47 Q (the same)
Z,=1, || Re=20kQ || 2.2kQ

= 1.98 kQ
d) 4,=— C"r - 98\®23827
A; -—sz,/RC ( %
= —(-238. @g 722 kQ

=53.88

- _ V&(% 10V-07V
. (@ Iz= - =
/rz%s 390 kQ

(§
@%@@I)IB (101)(23.85 pA) = 2.41 mA
26mV _ 26mV.__ o000

e T T 241maA
O e

= flls = (100)(23.85 uA) = 2.38 mA

=23.85 yA
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(b) Zi=Rz|| fr.=390kQ || (100)(10.79 Q) = 390 kQ || 1.08 kQ
=1.08 kQ
o2 10Rc ~.Z,= Rc =43 kQ

© dy=-Re 23K _ 4859
r. 1079 Q /,/\
\C/
R 43kQ)[(30 kQ
(d) sz___ C",:J=__( )"( ) 376kQ 34847 / x//
. 10.79 Q T1079Q o QB\
? \ \ -/
30.  fRe > 10R; :&
(100)(1 kQ) > 10(5.6 k)
100 kQ > 56 kQ (checks!) & r, = 10R. \
Use approximate approach: / \
a=-Fe o, R 33K _ o650 /27\9/
r, A, -160 o, B/

po=20mV_, 20mV_ 26mV__, 6 O\x
I, r 206250

IE=££-:>VE = IRz = (1.261 mA)(1 kQ) = 1.261 V

P
VB~V2E+ Ve=07V+1261V=1961V @
\9

o 56KV oay 6%

5.6 kQ+82 kQ 7
5.6 kQ Vee=(1.961 V)(87. chg)
17 —3068V
2. (@) L= lm 20%1 v

R, +(B+DR, 390%@)(121@)

_ 193V .,
559.2kQ %ﬂ
=(B+ D= (140 51 pA) = 4.866 mA
26mV _ \VK

= =5340Q

)

! \ BR. _ (140)(22 kQ)

( =% = =-1.81
z, 169.95 kQ
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34.

36.

(B+D+R 17, |
1+(R. +R)/r, | *

(d) Zb ﬂre {

4760 [(141)+2.2 kQ/20 kQ] 12kO

1+(3.4 k€2)/20 kQ

=T747.6 Q + 144.72 kQ
=145.47 kQ

Zi= Ry || Z, =390 kQ || 145.47 kQ = 105.95 kO /\N '
Z,= Rc=2.2 kS (any level of r,) \ &

\ =
_PR 147 [+ M Re /::::E&
Zb r:z ro
14 B
¥, /\\\\\\
_(140)(2.2 kQ)[l L5344 22k /;7\9/
14547kQ | 20kQ | 20kQ NG
22k0

20 kQ
_ 2174001 o
111

r//x
(a) dc analysis the same ’x
. Fe=534Q (asin #32) @ @9

=746.17 Q vs. 118.37 kQ in #32

Cay
() Z=Rs||Zy=Rp || Pr.=390 kQ || (140)(5 44
Z,= Re=2.2 Kk (as in #32) /(\9/

= —-41199 vs<1.81 in #32

€

(d) Z=746.17 Q vs. 105. for #32
Z,=Re || ro=22kQ || & = 1.98 kQ vs. 2.2 kQ in #32

A,= 987%25 ~370.79 vs. ~1.81 in #32
Significant dlfﬁev%e n the results for 4,.

16V-07V 153V
(@ IB‘ =
%I)R 270 kQ+(111D)(2.7kQ) 569.7kQ

=
@&B (110 + 1)(26.86 A)

26 mV 26 mV —8 720
I, 298mA
ﬂre =(110)(8.72Q)=959.2 Q
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(®) Zy=pre+(B+ DRe

=9592 0 + (111)(2.7 k) o
=300.66 kQ ' x
Zi= Ry || Z, =270 kQ || 300.66 kQ \

=142.25 kQ
Z,=Rp||7.=27kQ||8.72Q =8.69 Q (&//
R 2.7kQ \\{)
A= —E = : =0.997 )
(c) R, +r. 27kQ+8.69Q @//
\ )
| , N
38. (a)  Test ARz > 10R, /§
(200)(2 k) = 10(8.2 k)
400 kQ = 82 kQ (checks)! f\
) \\f
Use approximate approach: \#7/\\9
8.2 kQ(20 V) P N(@)
Vp= ———= ) =)5545V : N\
8.2kQ+56 kQ O
Ve=Vg— Vgg=25545V —-07V=1855V
L=Ye 185V 400 ma
R, 2kQ p

I, 0927mA
b= @y MO @%\xj
= flls = (200)(4.61 £A) =0.922 mA
\/

)
26 mV 26 mV C/ )

= - ~28.05
®) e = ST maA /’? €
&)

(©) Zy=pPre+(B+DRe
= (200)(28.05 Q) + (200 + 1)2kQ
= 5.61 kQ + 402 7—407.61k£2
Z=56kQ || 8.2kQ | 4@1
—715kQ||40
= 7.03 kQ \

Z,=Rg| r.= @\2{5050 27.66 Q

@ 4,= 2kQ = 0.986
2 kQ+ 28.05 Q

- \/

AN

A
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40. a——g——ls-—09868
pg+1 76

Ox
oo Vee=Vas SV-0TV_43V 4 g&
R, 39k 3.9kQ
, = 26mV_26mV o, o0 e )
I, 11mA \*@
l
dm o Re _OIBRCIKY) _ o N
r, 23.58 Q /@
)
AR
-R R
42. A,=—"C= &
P
Re = 160(r,) = 160(10 ©) = 1.6 kQ f\
\
AR, 200R, P \\%
==L =195 19= : o GO
R, + SR, R, +200(1.6 kQ) | ©
19Ry + 3800Rc = 200Ry \[x
g 3800R. _ 3800(1.6 kQ) O
RT3 181
=33.59 kQ p
I = Vee = Vs 62\&9
R + SR @@
Ig(Rr+ BRc) = Vee— Ve )
and Vee = Vi + Is(Rr + BRc) - @>\C
withzy= 26mV _26mV ) o oa (057
o e 7 @
_ Iy 26mA
=

= =12.94
B+1 200+1
VCC = VBE + [B(Rp + ﬂRc)
=0.7 V +(12.94 yA)@ +(200)(1.6 kQ))
=528V
O

| U 9V-07V
@ Is= //%
R ,6' kO + 22 kQ) + (80)(1.8 kQ)

83V
= = = 40.49 A
| M kQ 205 kQ
I /%jg = (80 + 1)(40.49 uA) = 3.28 mA
[ -~ <7
, 26 26 mV

= = =793Q
/?\\\/g 3.28 mA
%Rﬂ I A,

39 kQ || (80)(7.93 Q) = 39 kQ || 634.4 Q = 0.62 kO
,=Rel| R,, =1.8kQ )| 22 kQ = 1.66 kQ
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R -R.|R. 18kQ[22kQ
(b) Av= R = C" Fz = — "
; r, 7.93Q
= .___lﬁé_i_kg =-209.82
793Q
46.  A;= =100
4. (¢) dy=-LRe___ (140BNKQ) _ 594
R,+Z, 390kQ+0.746 kQ
Z‘ YA
@ d;= -4, 25 =~(-370.79)(746.17 ©)/2.2 kO
C
=125.76
f\\\\%
— \
50 d=te-%e _yoo9868=1 o G
I I , \J
9
2. A= 4 b 20980062k _ )
R. 1.8kQ
p
54. (@) 4, =-32622 @
__R @%\0
4,= 4, Y
R, +R @)
4.7 kQ TG
R.=47kQ: 4,= %\ 2) =-191.65
t 47kQ+33 kﬁ%/ )
Ri=22k: A= — 22KQ0 (M 26.22) =-130.49
R=05kQ: 4,= — O %Zf (-326.22) =-42.92
T T 05 k123 k0 ' :
AsRd, 44 <\
(b) No change for Z;,/Z @ 4!
Ve K\\MI 0.7V
56. £ =41.61
@ 1 500 kQ HA
Ip= (ﬂ//@Q (80 + 1)(41.61 yA) = 3.37 mA
26 mV
=7.715Q
f/\*@ 3.37 mA
43KQ _ 55736
7715Q

//\/R
% Te

N Ry || Bre=560kQ || (80)(7.715 Q)
=560kQ| 617.2Q
=616.52 Q

ZozRC=4.3 kQ
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(b) -
%
_V, R _ 2.7kO(-557.36) x
© A= =R R M T 27k 43k
= -214.98 \
AR C&/
v, V. ¥, \O
ZV. 61652 Q V.
Vi= e o £ =381, N\
Z,+R,  61652Q+1kQ \ Q\N
A, =(-214.98)(0.381) \ N/
: Y —
=-81.91 g
R +Z, 1kQ+616.52 Q
(@) 4, =-4, ( J=——(—81.91)( T ) ﬁ\
L ) 7 \\\\%
= 49.04 o G
\

- NX
© d=too B, _SSKOCSSII0) s, O
V. R +R ™ 5.6 kQ+43kQ
v,

the same = 0.381

V. -
4 =Y Yo - (31527)0381) = ~120.12 @
TV, pdo
AsRT, 4,1 @
@ c}
(f) A, the same = -214.98 /
V. Z, 61652 Q g

V. Z+R 61652Q+
4, =0 g = (=214.98)(0.552) =-118.67

AsRJ« 4.1 @
(g) No change! ( %
&

58.  (a) A4,=
R, + f(z
4.7kQ
RL = A, = (-226.4) =-154.2
47 kQ+22k0
1;7;— .\?/J&Q: A,= 2.2 kQ (-226.4) =-113.2
S 22kQ+22kQ
0.5kQ: 4,= 0.5 kO (=226.4) =-41.93
0.5kQ+22kQ
R, A4
) Unaffected!
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60. Using the exact approach:

By, R Xy
I Th BE E — V
PR, +(B+DR, ™ R+R, < g&
233V-07V ' 12kQ \
= =_28°  _(20V) =233V
10.6 kQ+(121)(1.2 k) S zka ) <>
= 10.46 uA Ru=Ri|| R,=91kQ [ 12kQ =10.6 kQ \/
Ie= (8+ DIz = (121)(10.46 A) / |
= 1.266 mA ﬁ @
_26mV_ 26mV__ 000 &
I, 1266 mA
R 12kQ
(@) 4, =—E = = 0.983
r+R, 20.54Q+12kQ . Q\j%

=10.6kQ || (2.46 kQ + 145.2 k)
=10.6 kQ || 147.66 kQ

=9.89 kQ
P
Zo=Rp|lr.=1.2kQ}20.54 Q @®

Zi=R, II Ry || (Bre + (B+1)Rg)
=91 kQ || 12 kQ || ((120)(20.54 Q) + (120 + 1)(1@

=20.19Q N
7\/)
(b) - @/«\C
R 2.7kQ 9@;/%@
(C) AV = R . ‘4VNL (Q\ \J)
L +2Z, 27kQ+2
= 0.976

9,89 kQ(0.976)

4, = Z+R 9%%06kﬂ
=0.92
/ v

\

(d) 4,=0.976 ( e«@ y change in R,)

z é‘% 9 kQ(0.976)
TZ+ 9.89 kQ+1kQ

= &{«; 0.92 with R, = 0.6 kO2)
AsR
\9

\

(@ g R, will have no effect on A, ,Z;orZ,

N
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R 5.6 kQ(0.983)
A= —* =
O R, +Z, (4..) 5.6 kQ+20.19 Q o
= 0.979 (vs. 0.976 with R, = 2.7 kQ) g@
.z _9.89 kQ(0.979)
4, "~ Z,+R )= o kar06ka @
=0.923 (vs. 0.92 with R, = 2.7 kQ) CA
AsRT, 41, 47T I
7
R A - |
62. (@) 4, =—20= 1KQ(420) _ _g7.67 Q @/
" R, +R, 1kQ+33kQ /\g

RA, — 27kQ(-420)

4, = = =-189
* R, +R, 27kQ+33kQ f\
. %
(b) A4,= 4, -4, =(-97.67)(~189) =18.46 x 10 ., C(N
;_ V:) — I/a V"l I/;l \x{\y/
R A7 %
V.
= sz .AVI _I./’_
’ 7
yo V. 10) o @
" Z+R 1kQ+06kQ @%\9
= (~189)(-97.67)(0.625) = ()
AVJ=11 54 x 10° @)
' Cf

47, ~(-97.67)(1kQ) @@@
© A= T T T %7

4 A (1891 kD)

"R, 2.7
(d 4 =4 -4 =(97.67 %ﬁm x 10°
r £} 2 @

N
(e) No effect! @V
((
(H No effect!
AN

(g In pha<§

>
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64.

66.

68.

70.

72.

For each stage:

O
Vp= — 02K 15vy=308V
24 KO+ 6.2 kKO
Ve=Vy—07V=308V-07V=238V \
IEEIC=—-V;E—=—2—'§§—Y-=I.59mA ' SN
R, 15kQ CA
Ve=Vee—IcRe=15 V — (1.59 mA)(5.1 kQ) \J
=689V Q)
O
v, = 39k 20V) =44V =
' T 3.9k0+62 kQ+7.5 kQ /,:—:§
___62KQ439K2 00 ey
s T 3.9k0+62k0+ 7.5 kO |
V, =V, —07V=44V-07V=37V //
% (N
I. =1, =~—£‘~=ﬂ=3.7mA§ I, =1, % 9«7(\\)?7
A TR T Tk =06 )

2
Ve =Vec—IcRc=20V - (3.7 mA)(15 kQ) O
=1445V

R,=Rp=15kQ (¥, (from problem 67) = —W

R 10 kQ
V,(load) = L V)= -2.1
(0= & ) s s 1@ 4@‘%%
=-1.86V 7

From problem 69, Iz = 15.8 mA -~ /Q/\

26 26V CNS
Fo= — = =16SQ

I, 158mA
s R __ SO0

r+R, 165Q+510Q

F blem71: I, =052
rom problem ;}@0\\9 )}
26mV  26mV)
r, = =22V L4990
7, (mA) o.%g@#
R, =fr, =160(49.90)="7.98 kQ
a= BBR 7 (160)(200)(100 0)

B ﬂz@ (160)(200)(100 Q) + 7.98 kQ

- =0.9925
/

V,= /{(@?9975 (120 mV)

\ =119.7 mV

% ent mirror:
A3 kQ)=124kQ)=I=2mA
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76,  Vy=— 23K evy— gy
43kQ+43kQ
Ve=-9V-07V=-97V
L= TBV=(9TV) _ o,

1.8 kQ

78. (@) hp=B=120

hio = fr. = (120)(4.5 Q) = 540 Q
11
o= — = =125
r, 40 -
h
® ro=2e 1X_ 010
B 9
B=h, =90 f\\\
_ 1 i 1 \%
h. 20 uS v
=50 kQ

80. (a) 68kQ|12kQ=102kQ
Z;=102KkQ || hie = 102 kQ || 2.75 kO

= 2.166 kQ

Z,=Rc|| 1,
= 22kQ | 40kQ @
=2.085 kQ %

O

—hfeRé

(b) Av: lro= A

h Re
_ —(180)(2.085kQ) _
2.75 kQ
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Chapter 6 (Odd)

1.

3.

(@ Vos=14V @xj/

2

(b) re= ? = %‘ﬂ =23333 0 X\J
N7
() Vps=1.6V Q\ &/)
/,:*:::j&
@) ra=L=18V _s33330
I 3
€ Vps=14V pn
o, S

vV 14V . 7/
= =93333Q x
® ra I 15mA Q/

(® r,=23333Q
r, 23333Q  23333Q

TVl [-CIVY(—a V] 625
=414.81 Q /&

) re_ 2330 23330 “/93;;2 0
-4 o AN =D

7
() 53333 Qvs. 414810 } “Diis valid!
93333 Qvs 9332 Q

voltage for different levels(o ut current. The drain characteristics of a JFET transistor are
a plot of the output c?{r sus 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 r ower levels of output current. The spacing between curves for a
BJT are sufﬁcnemﬁ imilar to permit the use of a single beta (on an approxnmate basis) to
represent the for the dc and ac analysis. For JFETs, however, the spacmg between the
curves changes t dramatically with increasing levels of input voltage requiring the use of
Shockley’gi«/ Eﬁa@lon to define the relationship between I, and V. Ve, and ¥V, define the

The collector characterisn%%"}fy BJT transistor are a plot of output current versus the output

AN

region yz;f earity for each device.

G \//‘
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i1,

13.

15.

17.

VGS:OV,IDleSS= 12 mA

VGSZVP=—-6V,ID=OH’1A %
Shockley’s equation: Vgs=-1V,Ip=8.33mA; Ves=-2V,I[p=533mA; Vgs=-3V, x
ID =3 mA, VGS= -4 V, ID: 1.33 mA, VGS= -5 V, ID =0.333 mA.

ALpcmA) (7\//
Togst- - — ‘*@
o S

-V )
— _/
: OF
. -3¢ AR
-/—:iv“ -8V /\A§
o 5 VP W6 S 20 TS Ve
(0) Ipss=10mA, Vp=—6V f\\\%
o\
(@) Ip=Ipss=9mA o @A\y

() Ip = Ins(1 - Vasl Ve’ O
=9 mA(l — (-2 V)/(=3.5 V))*
=1.653 mA
(¢) Vgs=Vp=-35V,I,=0mA @
NS

(d) Ves<Vp=-35V,I,=0mA @Q
C7
\/)

V(;S=0V, ID:IDSS=7~5 mA Cy/»\ =

Vos=0.3Vp=(03)4 V) =12V, I = ID]q;/ )mA/z =375 mA
Vas=0.5Vp=(0.5)4 V) =2V, Ip = Ipss/4 ; ¢ mA/4 = 1.875 mA

VGS:VP=4V,ID=0mA

Ip=1Ipss(1 - Ves/ VP)2

3 mA = Ips(1 — (-3 V)/(=6 ¥))?
3 mA = Ipss(0.25) a
IDSS =12 mA - \\\/

e
Vos= Vs 25\7!%&:1201@\7 A8 mA
C DS 25V
(7 P

Ip= Ipgs = 10 A, Vppg = Do _ 120 mW 12V

“ I 10 mA
A /XPD.W*IZOIHW::‘"“
° 7'“*5{%5@7 I, - 7 mA 17.14V
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19.

21.

23.

25.

27.

29.

31.

33.

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

Ip=Ipss(1 ~ Vos/ VY \
¥ 9 mA( (1 VY/(-3 V)Y . @\;%
ing Fig. 6.25.

=4 mA, which compares very well with the level obtained u

p
14
Vas=0V, Ip=Ipgs= 12 mA; V=8V, Ip = Vs = L =-4V, =3 mA;
GS b= Ipsg GS D ms 2 p=3m
Vos=03Vp=-24V, I =6 mA,; VGS=—6@jM5mA
C/» =

ID=IDSS(1 - VGs/ VP)2 yz (7/)

mA NS
Ipss = L 4 C N 1111 ma
DSs = > = =11,

(1-V/V,) (A-(2V/(=5V)

From Fig. 6.34, P, =200 mW, I, =8 mA

P="Vpsp e
and VDS=£M~=200m =25V
I, 8 N
\(’ \J
@) Ip=kVgs -%@4 x 107(Vgs — 3.5)°
Vaﬂ{\/ Ip
3 N 0
p 0.1 mA
(5 09mA
AN A 2.5mA

&\w 49mA
X 8V 8.1 mA
\Y
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35.

37.

39.

41.

43.

(b) Ip=0.8 x 107°(Vgs— 3.5

Vs 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 5.0 mA  For both curves, I, = 0 mA for
7V 9.8mA V<35V,

8V 16.2 mA

From Fig. 6.58, V=20V Q
At ID =6.5 mA, VGS =55V: I]) = k(VGS — VT)2 /Ag
6.5mA =k(5.5V -2 V)
k=531x10""
Ip =531 x 107 (Vg — 2) f\\%
\
\
Ip=k(Ves — Vi)’ % 6%

I

, N\
Lo (Vos - vy @
ID
‘/__ = Vs~ V.
k GS T
o vs [ =5y s [OTA
k 0.06x107° @

=2736V

NS
In=k(Ves— Vi)’ = 0.45 x 107 (Vgs — (=5 V))i@\f)

=045 x 107 (Vgs +5 VY )
Vos=-5V, Ip=0mA; Vgs=~6V, I5= @ Ves=~7V, Ip=1.8 mA;
Vos=—8 V, Ip=4.05 mA; Vgg=-9V, 2mA; Vos=-10V, I = 11.25 mA
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Chapter 6 (Even)

2.

—

From Fig. 6.11:

(a)

®

(©)

(@

()

®

(a)

(b)

(©)

G
Ves=0V,Ip=8 mA \&

Ves=~1V,Ip=45mA 7%/,)
Vc;s: -1.5 V, ID =3.25mA Q/% /
VGS:“I.S V,ID=2.5mA \[/
VGs=~4V,ID=0mA ))
Vos=—6V,Ip=0mA | /Q\%/

VGS =0 V, 1 D= 8§ mA (fOI' VDS > Vp) —
Vgsz“l V,ID=4.5m.A &
Alp=3.5 mA

VGS="1 V,ID=4.5mA
VGS=—2V,ID=2mA
AID=2.5mA

VGS=~2V,ID=2IT1A
VGS=—3 V,ID=O.5mA
Alp=1.5mA

\\

VGS="3 V,ID=0.5mA (
Ves=—-4V, I=0mA fx
Al,=0.5mA RS
)

As Vs becomes more negative, the ¢ hge”lﬁ I, gets progressively smaller for the same
change in Vgs. %\é’

‘/‘f 4
Non-linear. Even though the ‘ @ s is fixed at 1 V, the change in I, drops from a
maximum of 3.5 mA to a mini o*f/ 0.5 mA—a 7:1 change in Al)p.

The input current I; for a JFET 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.
e
ofth

The input impedanc 3 JFET is high due to the reverse-biased junction between the

gate and source. Cf 7/\9

—

— \Y
The terminol 5y \%ropriate 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

appropri;} to the absence of a conductive path between gate and source (or drain).

For a p-cha FET, all the voltage polarities in the network are reversed as compared to an
n-chany/el\y'ce. In addition, the drain current has reversed direction.
A

N

I/s/‘:/f 1‘£=IDSS= 12mA

GS

7/
s=03Vp=-12V,I[,=6mA
Vs =-3V, Ip=0.75 mA (Shockley’s equation)

%{) —4V,ID=OmA

Ve - v, 1= o — 3
2 4
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12. VGS:‘OV, ID:16 mA

Vos=03Vp=03(-5 V) =-1.5V, I, = Ips/2 =8 mA
Vis=0.5Vp=0.5(-5 V) =~2.5 V, Ip = Inss/4 = 4 mA x
VGS=VP=——5V,ID=0mA \

14 (a) Ip=Ips(l = Ves/Vpl = 6 mA(l ~ (<2 V)/(~4.5 V))? (&//
=1.852 mA =)
Ip = Ings(1 = Vo Vp)* = 6 mA(1 - (=3.6 V)/(~4.5 V))? \C
=0.24 mA /‘\XJ)
®) Vas=V,| 1= |12 |=(a5v) 1_‘/3—‘“—4 \ @/
1 s 6 mA /\§
=-1318V
7 55mA
Vas= V| 1- =2~ |= (=45 V)| 1—
Gs= Vp s ( ) 6 mA ) ] f\\ :\%
=—0.192V (N
Y

16. From Fig. 6.22: \
0V5V<Vp<-6V O
1 mA <Ipge<5mA

For Ipss=5mA and Vp=-6V:

Vos=0V, Ip=5mA @
A

VGs=0.3Vp=_1.8V,ID=2.5mA

Vas=Vel2=-3V, I,=125mA @m

Vos=Ve=—6V, [=0mA (O

> 4D \C//

For Ipss=1mA and Vp=-0.5V: @-\ 4‘)

Ves=0V,Ip=1mA B /)

Vos=03Vp=—0.15V, I, =0.5mA (| /"5

Vos=Vel2=-025V, I, =025 )

VGS:: Vp=*0.5 V, ID= 0 mA
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18.

20.

22.

24.

26.

Vos=-0.5V, I =6.5 mA

Vos=-1V,Ip=4mA 25 mA A
Determine Al above 4 mA line: @
25mA X =15mA \
0.5V 03V x )
Ip=4 mA + 1.5 mA = 5.5 mA corresponding with values determined from a purely(ff/\ —/
graphical approach. \\{ )
From Fig 6.25, Ipss = 9 mA /\%ﬁ”
AtVe=~-1V,Ip=4 mA (\ QJ/J
Ip = Ipss(1 = Vo V)’ ) & .
.IL =1-Vs/Vp
ID&Y \
K_@ =] _IL. B \\\\\\
Vp I DSS o C/ ‘7/\ ;\ \

v, ~ ~)
yo= —Yas . “IV \\N\/
1— _.IJ)_ 11— il“:‘i QJ —
I \l9 mA

= -3 V (an exact match)

\\

(@) Vps=0.7V@Ip=4mA (for Vgs=0V) _ VN
>

LAV _ 07V-0V y

= =175Q
Al, 4mA-0mA @&//
(b) For Vgs=-0.5V,@ Ip =3 mA, V,)Sé%\z@)
0.7V — )/
= =233Q (ONS
© r r 17

A=V IV, Y (1—(—&%)/(—-3 V)?
=252 Qvs. 233 om part (b)
s
The construction of a depletionstype MOSFET and an enchancement-type MOSFET are
identical except for the;;@a ing in the channel region. In the depletion MOSFET the channel is
established by the ngig%cess 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 en% nt MOSFET does not have a channel established by the doping

sequence but relie the gate-to-source voltage to create a channel. The larger the
magnitude gf’% plied gate-to-source voltage, the larger the available channel.

At Vcs/f Y /> i 6 mA
At Vs @ , Ip=6 mA(l — (-1 V)/(=3 V))* =2.66 mA

V, Ip = 6 mA(1 — (+1 V)/(=3 V))? = 6 mA(1.333)* = 10.667 mA
=42V, I = 6 mA(l — (+2 V)/(-3 V))* = 6 mA(1.667)* = 16.67 mA
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28.

30.

32.

34.

Vas Ip Ox
-1V 2.66 mA Al =334mA &

0 6.0 mA Al =467 mA \
+1V  10.67mA } p =&0Tm )

+2V 16.67 mA Al,, =6mA \@
From -1 Vto 0V, Al,=334mA = )
while from +1 V to +2 V, Al = 6 mA — almost a 2:1 margin. 0 @
In fact, as Vs becomes more and more positive, I, will increase at a fast\e and-faster
rate due to the squared term in Shockley’s equation. /Ag
From problem 20:

+HV HV +HV /

Vp = VGS = = = \\
1, 4mA  1-J1473 1-121395 ||
R o O
IDSS 9.5 mA i ()
1

=467V

021395

From problem 14(b):

p
Vs = V,,(l—« _I_Q_]_—.(—S V)(l— 20 mA J @
s 2.9 mA @%\J
= (=5 V)(1 —2.626) = (=5 V)(-1.626) /7 '
~8.13V (-

>=")
Cr
(a) In a depletion-type MOSFET the c‘lgﬁf‘}elge{dsts in the device and the applied voltage
Vs controls the size of the channel. nﬁn enhancement-type MOSFET the channel is
not established by the constructi tern but induced by the applied control voltage
Ves.

(b) -

@)
(c) Briefly, an applied t\e\\—igﬁource voltage greater than V7, will establish a channel
between drain and s&g@x&@r the flow of charge in the output circuit.

N\
A
1 D(on) ﬂ 4 mA

(@) k= - =1mA/V’
(VGS(O/n)j/A% 6V-4V)
Ip = (Vs = V)" =1 x 107°(Ves — 4 V)

(b) Vs I For Vgg< Vp=4V, [ =0mA
//%J) 0 mA
(5 1 mA
xﬂ \% 9 mA
8V 16 mA
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36.

38.

©) Vas Ip Vos<Vp)
2V 0 mA
5V 1 mA
10V 36 mA

=k (VGS(on) - VT)

and (VGS(on) - VT

VGS(on) -V =

Vr= Vosony = T
3mA %\\
=4V - ‘/——‘“——3=4V~ﬁ.5—v \W
0.4x10 . @N
=4V -2739V )

] >
=1.261V O\\
Enhancement-type MOSFET:

= k(VGs -V )2

dl, d @
=2k(Vys — V)| —— s —V,
=20 7)[ e Wci-s n] N
dI N
L = 2U(Ves— Vi) @@
dVs @\c
Depletion-type MOSFET: =)

Ip=Ips(1 — Vosl Vi)

dl, d (. VY
= Ipgs 1=
v, Vg

21 Dss

2
A VP

Ves =Ve)

92

\
\
/Ag
ID

To Read Online & Download: WWW.ISSUU.COM/SHEIKHUHASSAN



Bismillah hiir Rehman nir Raheem-----========cmmmmmmmmmmmee - Assalat o0 Wasalam o Alika Ya RasoolALLAH

42.

For both devices 2. = Ia(Vos — K) <
dVss x
revealing that the drain current of each will increase at about the same rate. &

N

= M = 25 ohms @2
For the “off” transistor: R= — = a9V 9.8 MQ @
1 05uA 2;

Absolutely, the high resistance of the “off” resistance will ensure V7, is closeto 5 V.

(b) For the “on” transistor: R =

<~
o
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Chapter 7 (Odd) .
1. (a) VGS‘:OV’ID:IDSS:lzmA @
VGS=Vp=—4V,ID=OmA \
VGS= Vp/2=—2 V,Ipzlpss/4=3mA xj
Vas=03Vp=~12V, Ip=Ipss/2 = 6 mA @7@ 7
/
Z
(b) Ip(mA) @
N
6 ~ /&
3 [
\

SR Ay

- (PN
© I, =4TmA © 0@

Vas, =Voo— IRy =12V —(4.7mA)(1.2kQ) O\x
=636V

@ I, =Ipss(1 - Voo/Vp) = 12 mA(1~(—15V)/

- 4.69 mA x

Vos, = Voo = Ip Ry, =12V — (469%? 0)

=637V @\

excellent comparison

®) Vos=Vp-Vs= %
(© Ip=1Ipss(1 -V % Ves = ( - IID }

=0 mA

@= Voo— Ip R, =18V - (0)(22kQ)

7 =18V

94
To Read Online & Download: WWW.ISSUU.COM/SHEIKHUHASSAN



Bismillah hiir Rehman nir Raheem-----========cmmmmmmmmmmmee - Assalat o0 Wasalam o Alika Ya RasoolALLAH

2 Ry LR
7. I]_) = II)SS(I V(XS/VP) I)SS (1 4 —— D 5 )
v, 1
2
IDSLSR 12 2]DS<)‘R 1 ] + IDS,s O
A v,
Substituting: 351.56 12 — 4.75,+ 10 mA = 0 @%/
=
- +,/ 2 =
L= 2ENb Z4ae 16 of A, 2.60 mA N3
2a /‘\x//
1}, =2.6 mA (exact match #6) O\ Q \
\ \/
Vos = —IpRs = —(2.60 mA)(0.75 k) /\g
=-1.95V vs. -2V (#6)
Vi 17V
9. (@) I, =k=-%=< =333 mA ﬁ\
b R, 0.51kQ \ W

&
(b) Vg, =1, Ry =~(3.33 mA)0.51 kQ) *\\M
=-17V %

©) Ip=Ins(1 — Vo Vi)

3.33 mA = Ipss(1 — (=17 VY/(=4 V))? @
AN

3.33 mA = Ipg(0.331)

IDSS = 10.06 mA @X/\
7 I
@) Vo=V IR, ~=0)
=18V - (3 33mA)2kQ)=18 /;%@v
=11.34V @
€ Vps=Vp—-Vs=1134V-1.
=964V
11. Network redrawn:

1B )24 / V(,b OV I[)'—IDSS—6mA
N {Z@ =Vp=-6V,I,=0mA
232 v

Q VGS=—21=~3V,ID=1.5mA

Vos=03Vp=-1.8V,Ip=3 mA
Ves = —IpRs= —15(0.39 kQ)
q Forlp=5mA, Vgs=—-1.95V

§

/@

Ib:c =
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{mQ)
From graph [ , = 3.55mA
O
VGSQ =-14V o @
Vs=~(Vag, ) =—(-1.4V) & \
= 4].. - )
14V o I /}%//
T . :‘,9\*{)
' 3
AN
A\ o
A
I\
| I N
]
- PO
- -5 "y -3 .G//\g\vz Dvés
o //7(}9 e
. N
13. (@ Ip=Ipgs=10mA, Vp=-35V _ 110 kQ(ZO% Tp (mA)
Vas=0V, Ip=Ipss=10mA ¢ TT10kQ +910kQ gwo
VGS=VP='—3-5 V,ID=OmA =216V
V, -35V N
Vos= - =—>—=-L15V,[,=25mA A s
(
Vas=0.3Vp=-1.05V, [,=5mA @\xj ?
Y gt YAt Tp, £5.6mA
I,, =58 mA vs. 3.3 mA (#12) C(//>\V/ Nls
= ) — 2.4V
Ves, 5085V vs.—-15V (#12) @3\@ ; To=2dos=4.24mA
e \59;/ ) '
(SN i
(\/) ]
|
:
\ -4 -3 -2 Y, 4 lostv)
@) Gs Z -o.8s5Vv
AN
(b) AsRg decreas;s ‘th¢ intersection on the vertical axis increases. The maximum occurs at
R
@
- RS@ = ?0121:\/ =216 Q
/i// SS
Oy
%
N
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15. (a) VGS:()V,]D=IDss=6mA

VGSZVP=—6V,ID:01T]A v
Ves=Vel2=-3V,I,=1.5mA Tp(m @

Ves=03Vp=-18V,I[p=3mA

o
Vs = Vss~ IpRg 7 //
Vas=4V — 122 kQ) ¢ Q@
4V N
Ves=0V, I[p= ——— =1818 mA o4 )
as 2T 22k0 m /\x//
Ip=0mA, Vgg=4V , <>

I,, =2.7TmA
Vas, =2V

. . 72NN
=6 -5 % 8 -2 4 [0 10 1 B \e(v)

V@g, Z-2v ~
(b) Vps=Vpp+ Vss—Ip(Rp+ Rs) @

=16 V+4V — (2.7 mA)(4.4 kQ)
=812V

Vs=—Vss+ IpRs=—4 V + (2.7 mA)(2.2 kQ) //x
(

=194V
or V= ~(Ves, ) =2 V) =42V @\%

17. Ves=0V, Ip=1Ipsg=6 mA
VG'S: Vp=”4V,ID=OmA
Vos=Vp2=-2V, Ip=Ips/4=1.5
VGS:0-3VP=_1-2 V, Ipzlpss/2=3

Vs = pRs = ~[,(0.43 kQ)
mA, Vos=—-1.72V

oy woe o - - -

-A| [ \Y)
es
Vas,,—:- -2y
97
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() Vps=Vpp—Ip(Rp + Ry)

=14 V - 2.9 mA(1.2 kQ + 0.43 kQ) <
=927V @

VD = Vpp — IDRD
=14V - (2.9 mA)(1.2kQ) )
=10.52V C/ )
(NN
&
19. ID = k(VGS - VT)2 VDS = VDD e ID(RD + RS) x\l
e Do - 5mA 2=5m1;\ Vos=0V: Ip= Voo (5\ 7
(VGS(on) - Vm) 7V -4Vv)y 9V R, +R; Q \,/
_ 2V
Ip=0.556 x 10~ A/V? 12kQ+0.51 k&Y
and Ip=0.556 x 1073(Vgs — 4 V)? =12.87 mA
nd Ip Ves V) Ip=0mA, Vps=Vp \\\
X Ves

=121V -421V
N =789V

“'vs. 7.9 V obtained graphically
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Zy(mA)
R 18 kQ >
21, (@) Vo= —2 = 20V
@ Ve R+R, STkOr18k0 0 V) o
=33V

(b) Ves=0V,Ip=Ipss=6mA
VGS:: Vp=“6V,ID:0mA

-— e

™I
VGS="V“P‘:“3V,ID=1.5mA I Dy \5
2 ' N
VGS=VP=—1.8V,ID=3mA ] /\
! 0O
I, = 3.75mA : /7,,,1\ & =
VGSQ =-125V :
. . R . . -
- 5 -~ -3 2 z - o 4 y\ s PrEY) exv)
() Ip=Ip=375mA Ves;, } P /
I. 375mA 0. 8¢ @\9
: N/
d L=-t= =23.44
d) I 8 160 HA

(e) VD: VE= VB— VBE= VCC"IBRB" VBEZZOV"‘(2344 ,UA) OkQ)—'O7V
=11.56 V p

() Ve=Vee—IRe=20V - (3.75 mA)(1.1 kQ) @
NS

=15.88 V

23.

25.

[ 6mA
=4V+ f————e—— =746V
05x10°A/V
_ Vep = Vs _ 16 V-746V B 8.54V
I, 6 mA 6 mA
— ndard value: Rp=0.75 kQ
R =10 MQ
99
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27. V= BRAAOV) 3.7 V (seems correct!) o
75 kO +330kQ x
Ves=3.7V - 625V =-2.55 V (possibly okay) &
Ip=Ipss(1 - Ves/ Vi)’ 2 \
=10 mA(1 — (-2.55 V)/(-6 V)) BNW))
= 3.3 mA (reasonable) Q/}/
\t/
However, Is~—z—=§1£k5—gx—625mA¢33mA <§4J
S & \ )
Vi =IpRp=IRp=(625mA)22kQ) =
Va—
=13.75V 7&
and V, +V, =625V+13.75V
=20V = Vpp
A Vps=0V </
1. Possible short-circuit from D-S. \&/
2. Actual Ipgs and/or Vp may be larger in magnitude th@m 1
29, (a) VGS"‘ 0 V ID IDSS” S mA I'b(nﬂ)

VGS— Vp +4V ID 0OmA
VG’S= —I'/z*' =+2V,ID=2mA

Ves=03Vp=12V,Ip=4mA
Ves = IpRs
ID=4mA;
Vgs = (4 mA)(0.51 kQ)
=204V
I,, =3mA, V; =155

(b) Vps=Vpp+Ip(Rp+ %
=_18V+(3 )

=-987V
vfz\ﬁ

©) Vp=Vpp-
———18V g@AQZkQ)

C
31. K@- = ié@—o.m
Fin @n the horizontal axis.

vertically to the I, = Ips(1 — Vas/Vp)* curve.
move horizontally from the intersection with the curve to the left to the Ip/l g axis.
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I.
L. =(.39 o

I pss x
and I, = 0.39(12 mA) = 4.68 mA vs. 4.69 mA (#1) &

Vis, = Voo —IpRp =12V - (4.68 mA)(1.2 kQ2)

=6.38 Vvs. 637V (#1) (,/) )
C
B e R _ 10k0QOV) oo \
R +R, T 110 kQ+910 kQ 7 \x//
Il sV, 0O
T IR (10 mA)(l 1kQ) \&
M= @—0318(2']6‘/) =0.196
g
Find 0.196 on the vertical axis labeled M and mark the location h%zontally to the

vertical axis labeled m and then add m = 0.318 to the vertical he ~—\ u 8 in total)—mark
the spot. Draw a straight line through the two points located a own below.

- woevmaliyd covve To=Toes (\"

;)ss(l ~ Vss/Vp)* curve. At the intersection move

Continue the line until it intersect
move down vertically to obtain the ¥/ le‘ ratio.

horizontally to obtain the I;y//gs ratio

=033 and 7, @mA) 33 mA
Lpss vs. 3.3 mA (#12)

Yos — 45 aﬁl \— ~0.425(3.5 V)

v
bl =-149V
AC vs. 1.5V (#12)

%
r/\v
O
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Chapter 7 (Even)

2. @ Iy =Ioss(~Ves/V,)

=10mA (1-(-3 V)/(-4.5V))
=10 mA(0.333)
=1.11 mA

2

Ip,

() Vo, =-3V

(¢) Vps=Vpp—Ip(Rp+ Rs)
16 V—(1.11 mA)(2.2 k)
16 V-2444V
=13.56 V
VD = VDS =13.56 V
VG = VGSQ =-3V

VS=0V

VGSQ =OV,ID=IDSS=51'I]A

Vo= Vpp—IpRp

‘ =20V -(5mA)(2.2kQ)
=20V-11V
=9V

6. @M)Ves=0V,Ip=10mA

VGS= Vp=—4V,ID=OmA
VGS:' —I;'E' ="2V,ID=2.5
VGS=O.3VP=—1.2 V,ID_

,\)\
3 \J

ID =5 mA:
Vs = —(5 mA)(0.75

©

e ___

1 Tp(mA)

o Eae S et 3

o

- -
(d) Vps =/V[( /§B(RD + Ry)
18 V- (2.7 mA)(1.5 kQ + 0.75 kQ)
C/ 93V
< Voo - InRo

@ 18 V - (2.7 mA)(1.5 kQ)
~13.95V
O

G~ ov
Vs=IRs=IpRg
= (2.7 mAY(0.75 kQ)
=203V
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VGS=0V,ID=IDSS=6mA
Ves = Vp=-6V,Ip=0mA

VGS:: % =-—~3 V,qulsmA

Ves=03Vp=-18YV, Ip=3mA

Vs = —IpRs

ID =2 mA:

Vgs = —(2 mA)(1.6 k)
=-32V

(a) IDQ =1.7 mA

Assalat o0 Wasalam o Alika Ya RasoolALLAH

TolmA)

o &

&
e
Q)

&3
1."‘

-3

-2
------ gk

1

Ves, =28V

Vps = Vop — Ip(Rp + Rs)
=12V -(1.7mA)(2.2kQ+ 1.6 kQ)
=554V
Vo =Vpp —IpRp
=12V - (1.7mA)2.2kQ)
=820V
V=0V
Vs=IsRs= IpRs
= (1.7 mA)(1.6 kQ)
=272V (vs. 2.8V from Vg= (Vch))

(b)

10. Ves=0V

ID = IDSS = 4.5 mA

//
‘O
=20V — (4.5 mA)(2.2 kQ + 0.68 k)

Vs = Vop — Ip(Rp + Rs)
=20V ~12.96

=7.04V

(a)

(b)

/ =
© Vo=Voo—DRo ()75
QR B AYN
=101V 4@
@) VS“ISRS@ )
= (4.5 MA(0.68 kQ
=3.o€§
C
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2. @ ve= Ry - 110 kQ(20 V) .

R+R, * 910kQ+110kQ
=216V dxotmar @

VGS=OV91D=IDSS= 10 mA
VGSZ Vp=—3.5 V,ID=OmA

-] -~ /)
_V _ C
Vas= —= =175V, [y=25 mA %)
]
Ves=0.3Vp=~1.05V, I[r=5mA T <§4
VGSQ = Vg~ IpRs (\ \/

Vs, =216 — Ip(1.1 k)
I=0: Voo =Ve=2.16V

216V
Ve, =0V, Ip= =1.96 mA
5% "7 11k | X
, |
(® I, =33mA _ i
~_ -:..,‘ -'3 -.:; -t T |= a 3
Ves, =-1.5V LV«, % Vestv)
(C) VD = VDD— IDQRD r/
=20V - (3.3 mA)(2.2 k) .
=12.74V @%\xj
Vs =IsRs=IpRs /€>§$
= (3.3 mA)(1.1 kQ) )
=3.63V @3\?
N5
(d Vps, =Voo—1 b, (Rp +Ry) O
=20V - (33 mA)2 +1.1kQ)
=20V -10.89V

=911V N

4 . _
@ pe et le VIV OV,
R, R, ([ 2k2 2k
O
(b) Vs=IRs=TpRs=(4.5 mA)(0.68 kQ)
=3.06/§D(
VDS'_‘% RD+RS)
(4.5 mA)(2 kQ + 0.68 kQ)
(C ~12.06 V
- ”@:94v
\/\
R, _ O1KQ8V) _ .y

c = =
& " R+R, ™ 750kQ+91kQ
Ves=Vg—Vs=195V-3.06V=-111V
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@ Voe Vs __ -L1IV .,
[ \/1~ [4.5 mA x
o 8 mA
=148V
V V,, +V.~V.. 12V+3V-4V 11V @?\\//
16.  (a) Ip= — =220 "s " "ps _ V. =22 mA </
R R, +R, 3kQ+2kQ 5k x
- _/
(( > 4
() Vo= Vpp~IpRp=12V — (2.2 mA)(3 kQ) (\ )
)
=54V AN T
Vs=IRs+ Vg =IpRg+ Vg -
=(22mA)2 kQ) + (-3 V)
=44V -3V
=14V //
OS>
©) Ves=Ve-Vs < Q\@?

=0V-14V N
=-14V %

18. (a) VGS:OV ID=]DSS=8mA
; J )
VGS: Vp=—8 V,ID‘:OmA (&[Idmn
Ves= 2 =4V, [,=2mA e
2 ’ \9 .
Ves=03Vp=-24V,I,=4mA (O~
Vos=+1V, Ip=10.125 mA S
Vas=+2V, Ip=12.5 mA &
/f\g/
YN
Vos = —Vss — IpRs ) q

= (-4 V) - I,(0.39 kQ)
VGS = 4 — ID(039 kQ)

Ip=0: Ves=+4V N

VGS =0: ID = 63%@/%&9@6 mA

~
IDQz9mA f\
V. -—+0.%

Gs, =
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_ R, 6.8 MQ B
20. V= Vv, = 24V) =971V
@ Vo= 2ok ™ “ToMaresMa ") Qx
Vis= Ve — IpRs \i>
Ves=9.71 — I5(0.75 k)
Aty =0mA, Ves=9.71V @>
971V _ /c)
AtVes=0V,Ip= =1295mA
0.75 kQ w
©
k= L pony _ 5SmA SmA Q \/
(VGS(on) - Vcsmu))2 ©V-3 V)z 3 V)Z /Ag
=0.556 x 10~A/V?
o Ip=0.556 x 10°3(Vgs — 3 V)? %\
\\

Vs I o (N \%

3V 0 mA , x@

4V 0.556 mA )

5V 222 mA O

6V 5mA

7V 8.9 mA

p
ATimA) @

Q4

8!

1!

ol

S

4t {

3 L}

i :

lrQ‘ L

of, b I 3 w §f ¢ & % v
&/\i\) Vb‘? cstV)
@DQ:—ZSHIA

Ves, 26V
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() Vo= Vpp—IpRp=24V — (5 mA)(2.2 kQ)
=13V o

Vs =IsRs = IRs N
= (5 mA)(0.75 kQ)
=375V @
L @ )
22. Testing: C

PRz = 10R, /c)
(100)(1.2 kO) > 10(10 kQ) )
120 kQ > 100 kQ (satisfied) \ @

\\
Y —
@) Vy=Vg= RV, _ 10 kQ((16 V) g
R +R, 40kQ+10kQ

=32V

\
\
(b) Ve=Vp—Vpe=32V-07V=285V f\\\%
£=Vp— Vgp=23. . . 6@
) -
© Ip=22=23Y _308maA \x
R, 12kQ

IC;IE;‘ 2.08 mA

ID 31(‘: 2.08 mA

(d) 1=-IQ”M=208;1A @
. = . @%\j

B 100 \/@
() Ve=Vs—Ves %C Y

— ID C/
Vos= VP (1.‘ IDSS ] 6@
= (-6 V)(l— 2'28‘““

=247V %
Ve=32—(-247V) @

=567V ™
\)

VSZVC=5.67V ‘
VD:VDDJDR@%
=16 V - (2.08 mA)(2.2 kQ)
=11.m
® VCE“—‘%E—S.WV—Z.SV

e
(®) =Vp—Vs=1142V =567V
575V
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24.

26.

28.

I, 2.5 mA
Vos=Vo| 1~ |=2 | =4 V)| 1- o
@ ”( \’IDSSJ - )( IOmA] x
=2V
Ves=Vs—Vs \
and Vs = Vg - Vos=4V — (-2 V) A\
=6V Q \
V. 6V \J
Ry= 5= = 2.4 kQ (a standard value) x
I, 25mA /\//
Rp=2.5Rs=2.5(2.4 kQ) = 6 kQ = use 6.2 kQ A\ &)
\
Vo= 2V qy= _RCAV) _ eg Mo ar, =24, \§
R +R, 22 MQ+R, 20R, = 88 MO
R, =4.4MQ
Use R, = 4.3 MQ //
V, 4V @
(@ D=L=-32=——=4mA % //

(b)

©

=g Yo 625V - 625

Vo=

R, 1kQ x&
VDS‘ VDD - ID(RD + Rs) =12V - (4 mA)(2 kQ+1 Q

=12V - (4 mA)(3 kQ)
=12V-12V
=0V

JFET in saturation! @

Vs = 0V reveals that the JFET is nonc @ and the JFET is either defective or an

open-circuit exists in the output cxrcumgk he same potential as the grounded side
of the 1 k) resistor. C = @

Typically, the voltage across es1stor is = 0 V. The fact that the voltage across
the 1 MQ resistor is equal to ggests that there is a short-circuit connection from
gate to drain with I, = . Either the JFET is defective or an improper circuit

connection was made.

//

R, 1kQ O
VDS"VDD"'ID ;- /\j
—20V7(\% )22kQ+1kQ)

=20V
=0 Xt %ratmn condition)

_ RV §7s kQ(20 V)

1{3;)\2\9 330 kQ + 75 kQ

= 3.7 V (as it should be)

@Jys =37V-625V=-255V

)
~/
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2
Ip= I, (1 —~ KGEJ =10 mA(1 — (-2.55 V)/(6 V))* &

VP x
=33 mA =625 mA ‘ \&

In all probability, an open-circuit exists between the voltage divider network and the ga & )
terminal of the JFET with the transistor exhibiting saturation conditions. (

C/
4mA  4mA @

30. k= ID(OH) 7= 2= 2 Vi \ /)
(VGS(on) - VGS(Th)) (‘7 V-(-3 V)) (-4V) \ﬂ &)
=0.25x 107 A/V? - A &
Ip=0.25x10"(Vgs +3 V)?
VGS [1) %\\
-3V OmA  Vgs=Vps=Vpp+IpRp \ /
-4V 0.25mA  Atl,=0mA, VGS‘ VDD—~16V/f
M YmA A Ves=0V, Ip= DD— Q@\;ﬁ(
-6V 2.25mA @ ;}Io(mm
-7V 4 mA i
-8V 6.25 mA ©
p g
X 6
&
6
VQS¢== VDS¢§ —1'3.‘_3.! “““““““““ ;ID’:
13
F2

T 16 aF o TN oie -4 B ¢ -5 —y -3 -2 - V?(v)
7‘?’%} Vgsp'-—-Vmg '0 (13
(b) Vps=Ves=-1.25 V/ \9

(©) Vp=Vps=-725V

or VDS_VDD {
~;ﬁ§>44mm(z kQ)
= /\62\\‘; 88V
m@ 4y

R, (10 mAY(0.75 k)

32.

GG

Voo _ 0.533(0)
WV, 4v
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Draw a straight line from M = 0 through m = 0.533 until it crosses the normalized curve of I

2
= I (1 KV_&} . At the intersection with the curve drop a line down to determine @
P

Vis

~0.49
! PI @/ //
so that Vg, =-0.497p=-0.49(4 V) \C }
=-1.96 V (vs. ~1.9 V #6) xj/

@
If a horizontal line is drawn from the intersection to the left vertical axis we ﬁ/m\d \ )

\
b 027 /§

Dss

and Ip = 0.27(Ipss) = 0.27(10 mA) = 2.7 mA

(vs. 2.7 mA from #6) \
(@) Ve, =196V, I, =2.7mA . §f7N/
\

®) - Q/
() -

(d) Vps=Vpp—Ip(Rp+ Rs) =11.93 V (like #6) (//x
Vo= Vop— IpRp=13.95 V (like #6)
V=0V, Vs=IRs=2.03 V (like #6) @ \j

C/
34, _ Wl ev @/\\{))
IRy (6 mA)2.2kQ) = \/%D/
=0.4545 (PN

M= mYe ~ 045454V
V2| ©6V)

=0.303
Find 0.303 on the vertical@hb.
Draw a horizontal line from M= 0.303 to the vertical m axis.
Add 0.4545 to the vertic ation on the m axis defined by the horizontal line.
Draw a stralght h

addition of m =
Continue the s lme as shown below until it crosses the normalized

Ip = Ipsd(1 /V curve:

en M = 0.303 and the point on the m axis resulting from the

M

»,#

0.2
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At the intersection drop a vertical line to determine
V. &

—& = (.34 x
2 Q&
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 @
ID
=0.46
\\

T S
and I, =0.46(6 mA) &

= 2.76 mA (vs. 2.7 mA from problem 15)

@ 1, =276mA, V; =-204V f\\
(b) Vps=Vpp+ Vss—Ip(Rp + Ry) <
=16V +4 V - (2.76 mA)(4.4 kQ) \\
=7.86 V (vs. 8.12 V from problem 15) %
Vs=—Vss+ IpRs = —4 V + (2.76 mA)(2.2 kQ)
= 4V+6.07V
=2.07 V (vs. 1.94 V from problem 15) @

G

O

Q)

&
G
O
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Chapter 8 (Odd) ,

1. mo = = 6 mS @
N I T N

2, 2(15mA) _

_ g - Guo) VD) _SmSBSV) oo

A 2 2 \
) ©

3 . ng

5. = 21 1 VGSQ \
IVP' Vp /Ag
6mS = 2loss (1— -1V )
25V 25V
IDssz 125 mA
21
T g s 2EMA) g s
| 5V
14
gn=go| 1--22 |=32ms|1- 72/ -
v, v,
= 2.4 mS

9. gn=Ys=4.5mS

1.1 _sp10

Vos 2548
Z,=rs;=40 kQ %

AJFET) = —grq=—(4.5 mS)(4%
21
11. (@ gmo=ﬁ=£(lsg{,mﬁ=4
() gu= al, 84 ”‘A\% =2.8mS

AV . { @ﬁ?v

rg=
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13.

15.

17.

19.

21.

From 2N4220 data:
8w =yp =750 48 =0.75 mS ,
Fa= = —1 =100 kO x
Yos 1048 \
1 1 /N
m s=5'6msyr=“‘“‘:““"‘”—:66.67k§2 C
G . 1548 %}
Graphically, V;, =-15V @x\/j
v )
g, = Hoss [y os | 200mA) (1_ -1.5 v) 3125 mS [\g
V| v, 4v 4V
Z" = RG =1MQ
Z,=Rp || rs= 1.8 kQ || 40 kQ = 1.72 kQ f\\f
Av = '—gm(RD “ l"d) = “(3125 mS)(172 M) / \
= 5375 . \{@9

Em =J/fs = 3000 ,US =3 mS
1 1

rg= ——=—— =20 kQ
vV, S0 uS

Z:=Rg =10 MQ /rx
Z,=ry|| Rp =20 kQJ| 3.3 kQ = 2.83 kQ x
A4, = —gu(ra || Rp) @%ﬁ

= (3 mS)(2.83 kQ) \ O

=-8.49 )

S

gn=3mS, r;=20kQ xf/\c
Zi=1MQ )
7= R, 3kQ

1+ngS+R b+ Ry a SNkQ)+3.3kQ+1.1kQ

20 kO
33kQ 331<Q§Z 0

T 14334022 %
» (O

~(3 mS)(3.3 kQ)

a,=
1+g R, + m%u(smsxum) 33kQ+1.1kO
20 kO
-
9.9 99 _ 1
1+3;\e§% 452
(o

2/

N
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23, Vg, =-095V

g 2oss [} _ Vas,
Ve Ve

2(12 mA)( -0.95 V) ‘
= 1 — ~ ))
3V -3V @X//

TN
=547 mS \{}
Z=82MQ| 11 MQ=9.7 MQ /QB\//
Z,=ral| Ro= 100 kQ || 2 kQ = 1.96 kQ O\ N\
Ay = —gn(ra || Ro) = —(5.47 mS)(1.96 kQ) = —10.72 /,::—;}§
V,= AV, = (~10.72)(20 mV) = ~214.4 mV

25. Vas, =—0.95V, gn (problem 23) = 5.47 mS

Z; (the same) = 9.7 MQ \9 /
Z, (reduced) =r; || Rp =20 kQ || 2 kQ = 1.82 kQ < Cq
A, (reduced) = ~g,(74 || Rp) = —(5.47 mS)(1.82 kQ) =-9.94

V, (reduced) = 4,V; = (-9.94)(20 mV) = -198.8 mV O

\tf/

1
27, Vg, =-285V,g,= 2{/0” (1- ;SQ J:
P P

Z=Rs=10 MQ \i
——rd||Rs“1/g,,,—-40k.Q||22kQ||1/147 ,s@ 90

ga(r |R)  (1.47 mS)(40 kQ ﬂc})) 3.065

148, |R)  1+(147 mS M@j 2kQ)  1+3.065
=0.754 })

29. Vg, =-38V

_ 2y Vas, 2(6 -3.8V) _
8m v, [1 J {\E\){ ) =0.733 mS
U
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The network now has the format examined in the text and
O

Z=Rg=10 MQ r = ra+ Rp=30kQ +3.3 kQ =333 kQ @

8ty _(0.733mS)0kQ) ~ 21.99 _ 0.66 mS
r,+R, 30kQ+33kQ 33.3kQ

Z,=r; l|Rsll Vg, = g, =

- //
=333%kQ| 33kQ| 1/0.66 mS CX
=3kQ| 1.52kQ \J

N

=1kQ )
A

/

2R 066mSGkQ) 198 198 )
= = = = O\
1+ g, (r;|R) 1+0.66 mS(3kQ) 1+1.98 298 —
=0.66

2]

V _ %\\\
3. WV, =-175V, g,= 051 _2BmA)f, 1.75v)=2% mS%
o Z v, 2.8V 28V ) 0N

P

Z=Ry| | 21K =1.5kQ| DRI
1+ g,7, 1+(2.14 mS)(25 kQ)

= 1.5k [ 0.52 kQ = 386.1 Q
Z,=Rp || ra=33kQ || 25 kKQ =2.92 kQ
_ g Ry tR,r,  (214mS)33kQ)+33kQ/25KQ

14

1+ Ry, /1, 1+33kQ/25kQ
7.062+0.132  7.194 /]@ @9
= = =6.36 A
1+0.132  1.132 &5
V,=A,V;=(6.36)(0.1 mV) = 0.636 mV @}\;
NS
33, Fg= __1_:___._1__~ = 5§() kQ, VGS =( \/)
YVos 20 uS o
2, 2(8mA)

"= o = - =533 m

8n = Emo v, 3 \3

A, =g Rp=—(5.33 mS)(1.<‘ ~5.863

V,=A,V;= (~5.863)(2 mV)= 1173 mV
e

35, Z=10 MQ N

Z,=rs)| Ro=25kQ || 1.8 kQ = 1.68 kQ
Av = "gm(rd ” RD)/

g 211{3J os, | _2(12 mA)(lw -0.75 V) —54mS
e v, 35V 35V
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37. Z=10MQ| 91 MQ =9 MQ

V. _ &
gn = 21 e 1— s |_ 212 mA)(I_ 1.45 V) =413 mS x
Ve Ve 3V -3V

Z,=ry||Rs || Vgn=45kQ || 1.1 kQ || 1/4.13 mS

=1.074kQ || 242.1 Q c )
=197.6 Q CA
_ glR) (413 mS)(45kQ1.1kQ) \f/
1+ g,(r,|Rs) ~ 1+(4.13 mS)(45 kQ||1.1kQ) Y \ij
. (4.13mS)(1.074kQ) 4436 \ &)
1+ (413 mS)(1.074 kQ)  1+4436 \§
=0.816

39, Vi, =67V //

8= 2k(Vos, ~V;) =203 x 107°)6.7V-3V)=222m8 ([ )"

_ Re+r R, 10 MQ+100 kQ|2.2 kQ N
C1+g,(n Ry 1+(222 mS)(100 kQ |22 kQ) %
_ _10MQ+2.15kQ

14222 mS(2.15 kQ)

Z,= RF||rd||RD~10MQu1oom||zzkgj@
A, = ~gu(Rr || 74]| Rp) = ~2.22 mS(2.15 kQ) =

= 1.73MQ

4. Vg, =57V,gu= 2k( 2(03@?0;\%(57v 3.5V)
=132 mS
ri= — =3333kQ
30 4S
Ay = —gu(Re || 74 || Rp) = ~1.32 mS(22 MQ || 33.33 kQ || 10 k)

=-10.15

7
V,=A,V;=(-10.15)(20 g&\p 03 mV
/ —

YA\
3. Vo, =48V, g~ 2k(Vos, VGSm)) =2(0.4x 10°)(4.8 V-3 V)=1.44mS

Ay = —gn(ra || R)E=(1.44 mS)(40 kQ || 3.3 kQ) =~4.39
Vo=A,Vi= (;& 8 mV) =-3.51 mV

i
§

N

116
To Read Online & Download: WWW.ISSUU.COM/SHEIKHUHASSAN



Bismillah hiir Rehman nir Raheem-----========cmmmmmmmmmmmee - Assalat o0 Wasalam o Alika Ya RasoolALLAH

1 1
45 Vg, =3V =303 V) =-1V
v.. Y _1VY
I =Tpg| 1-=22 =12mA(1~~—LX) =533 mA
e v, -3V
Ry= YooV =187.62 Q ..Use Rs=180 Q
I, 533mA
27 v -
g = 088 Pe =2(12mA)(1— 1V)=5.33mS
v, v, 3V -3V
Av:"gm(RD“rd)::"’lO
or Rp || 40 kQ = 10 s76k0
5.33 mS
By WKL 87610
R, +40 kO

40 kQRp = 1.876 kKQR,, + 75.04 kO?
38.124R,, = 75.04 kQ
Rp=197kQ = Ry,=2KkQ
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Chapter 8 (Even)

2 mA | x
2. gno = lflbsls =V = 2g1Dss = 2(1102ms ) _ 24v g\&
m0
Vp=-2.4V Cﬂx ))

v _ ®
4 o= g | 1222 _202 mA)(1~ IV) =53 mS x\
v, |-3 V| -3V AN )
0\ ©
_ Iy, _ 2l IDSS /4 2010mA) [1 —\
6' gm - ng = — -
IDSS IVPI DSS SV 4
= 20“(1) =2mS$ A
5V 2 B \\\\%
= A
8. (@ gn =yz=4.5mS @)
)
rg=—= =40 kQ
© Vos 2548
P
4 @X/j
A, (5 V-5V) 7\/ﬁ v
12. (@) r= ——QS- = =33.33kQ
D ¥ constant (9 1 mA 8 TO 3
(b) AtVps=10V, ID—9onnV curve
21 2(9
'- Em = 5
0= IV I mS
_ 20, 2(8mA)
14. @ gn(@V. ~~6V % Ves=0V)=gno b3S . =2.
os \\5/(@ =0 V)= gop= =X ~2.67 ms

(b) gm(@ID_O ng(@ID IDSS"8m-A) gmo—267mS

16. gu= Loss %’“« 2(10 mA) -2 V) =2.5mS
IV | 4V

=40 kQ

" yos7/2 LS
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18.

20.

22.

24.

Vs, =15V
&
g 2 1~VGSQ =2(12mA)(1_—1.5V):3mS x
"W v, 6V -6V
Zi=Rg=1MQ \
11 C/&//

Zo=Rp || ra ra= —=—— =25kQ
pll 7 74 v, 20 18 \/{)

=1.8kQ || 25 kQ Q)

=1.68 kQ @\x’/
A, = -gn(Rp || r2) = —(3 mS)(1.68 kQ) = -5.04 O\ N\

/\A&
21, . 2(6 mA) 1 1
V.. =0V, gu=gn= —22= =2mS, ry= —=—— =25kQ
5o En =&y T 6V T
Zi=1MQ Q
Zo=rq|| Ro=25kQ || 2kQ = 1.852 kQ //}\\QW
A, =g, (ra || Rp) = —(2 mS)(1.852 kQ) = 3.7 o, (O
) N/
)
gm =y =3000 48 =3 mS %
Fg= -—1-* = —-——1—— = 100 kQ
Ve 1048

Z:= Rg = 10 MQ (the same) /%
Z,=ry|| Rp =100 kQ || 3.3 kQ = 3.195 kO (higher) &
A=l | Ro) b2

= (3 mS)(3.195 kQ) @~\/

= -9.59 (higher) .

(o N3
Vs, =~0.95 V (as before), g, = 5.47 S(aé/M
Z;=9.7 MQ as before
R
Z,= ol
1+ g, R + ——= Ry + %
d /
butrd> IO(RD+R5) \Q\/
R o 2K0 2kQ  2kQ

D |

" Z,=
1+g, R, 14%%3)(0.61 kQ) 143337 4337

=461.1 Q //§

A,= ~8ufp fsi%e Fa > 10(Rp + Ry)

B CF @f\m 2k) 1094 _ 55 (a big reduction)

337 (from above)  4.337
Vs %— (-2.52)(20 mV) = -50.40 mV (compared to ~214.4 mV earlier)

N
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26. VGSQ =-0.95 V (as before), g,, = 5.47 mS (as before)

O
Z;= 9.7 MQ as before x
Z,= Ry since r; < 10(Rp + Ry)
R, + R
1+ g, R +———= x\
f )
AN
_ 2kQ Q@
= -
1+ (5.47 mS)(0.61 k) + 2 X2 +061kQ x\
20 kQ /’\ =/
_ 2k 2kQ )
1+3.33+0.13  4.46 /\§ -
= 448.4 Q (slightly less than 461.1 Q obtained in problem 24) -
- -ngD \ \\\
* 1+g,R;+ Ryt R //
o N
_ —(5.47 mS)(2 kQY) ~ N
1+(5.47 mS)(0.61 kQ) + 2 K2+ 061k ()=
20 kQ
- 1094 1094 —2.45 slightly less than —2.52 obtained in problem 24)
1+333+0.13  4.46 (
28.  V, =-285V,g,=147m$S @Ax
¥ )

Z;=10 MQ (as in problem 27) (C=:
Zo= 1y || Rsll Vga=20k02122 k0 || 6802 \sﬂ— 506.4 Q < 512.9 Q (#27)
\_—__V_____J

=)
1982kQ ()05

_ & |R) 147 mS(20 kQ) 2914

1+g,( |Ry) 1+1.47 m%ﬁﬂz.z kQ) 1+2914

=0.745 < 0.754 (#27)

30. W, =-1.75V,ga=2.1 @

ra2 10Rp, . Z;= Rs|| {/gn=15kQ || 1/2.14 mS
Ve LU=15kQ | 467290

4§3 =3563 0

raz 10Rp, 2, &' 3kQ

ra> 10Ry, ;ﬁ%% =(2.14 mS)(3.3 kQ) = 7.06
V,= AV, =(7@ .1 mV)=0.706 mV

32. Ves, = . 8m=2.63 mS

t
~
\jf

N

|

3

)

o

Z,=Rp=22kQ
A, = g, Rp=(2.63 mS)(2.2 kQ) =5.79
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3. Vg, =075V, g,=54m$

Z,=10 MQ x

ro2 10Rn, - Z,=Rp=18kQ Q&

ro2 10Rp, ».  A,=-g.Rp=—(5.4mS)1.8kQ) \
=-9.72
36. gn =y = 6000 £S =6 mS \5/
1 1

Fg= —=— =28.57kQ N\
Vo 3548 /§§7

i\

A\

ri<10Rp, . A4, = "‘gm(rd ” Rp) \
= (6 mS)(28.57 kQ || 6.8 kQ) /A§
\___..._V____..J

5.49 kQ

=_32.94 f\
V,=A,V,=(~32.94)(4 mV) - \\\%
=-131.76 mV . /f%\j

38. n= Zk(Vch - VGS(Th)) O
=2(0.3 x 107°)8 V-3 V)

=3 mS

X
4. g,= 2k(VGSQ - V,,) =202 % 107(6.7V =3 V) x
=1.48 mS @%\9

)
Ro+r|Ry _ 10MQ+100kQ||22kQ//>\/

T T4 2,0 Ry 1+(148 mS)(100 kQ[22K

AN
- QM2 K2 ;5 9@MQ(#39)
1+ (.48 mS)(2.15 kQ) :

Z,= Ry || ral| Rp=2.15 kKQ = 2.15 k) (#39)
A, = —gu(Rr || ra || Rp) =—(1.48mS)(2.15 kQ)
=-3.1 2\ 77 (#39)

2 D=k Y kv

D(on) — -3
= =0.444 x 10
( S{on) VT A \Q(%V 4 V)

2k(VG§ /yés 2(0.444 x 10°Y7 V=4 V)
=2.66 m

~
4,= —g/m(R,@m Rp) =—(2.66 mS)(22 MQ || S0kQ || 10 kQ) = —22.16

X 8.33 kQ
>

N = 8.33 kQ

(-22.16)(4 mV) =-88.64 mV
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a4 re=- 1 _4ko o
Yos 25 HS

_ 21 2(8mA)

V.. =0V, ".gn=8mn= = =64 @
GS, 8m = 8mo lel 25V 6.4 mS @
|4,| = gn(ra || Rp)

8 = (6.4 mS)(40 kQ || Rp)

8 _ a5 KR, BN
6.4 mS 40kQ+R, @
and Rp =1.29 kQ

Use Rp=1.3kQ —
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Chapter 9 (Odd) .
1. (a) 3,1.699, -1.151 x

(b) 6.908,3.912, -0.347

(c) results differ by magnitude of 2.3 \

CHN/

3. (a) same 13.98 \@

(b) same —13.01 \f

(c) same 0.699 /‘\x//

25 W Q @
5. Gy = 10 logo =10 log,, —— /\g
m 600 () 1 mw 600 Q
=43.98 dBm

\
%\
v, 25V \\
7. Ggs = 20 logyo -2 =20 log,, —— =20 logy, 2500 \
aB Bio 7, 8o o mV 1o . %y%
>

1

=20(3.398) = 67.96 dB O\x J
9. (@) Gu=20logo 2=10log, 2V _69.83aB %
B 5 uw

1

P
v J OR,, 20 log,,/ %ﬁéﬁkﬂ)
(b) G,=20 long =20 log,, 10 g(;/&\w

i i

=82.83 dB
@Q
(c) R.:.I_/Lz_:_(l_o_(.)___n.l‘_l_)izzm /
B & 5 uW \J)
(d R, = =
11. (a) |Av|=?/f~ % 1 !

1
h+ ff fg ) 1= R 27(1.2 kQ)(0.068 uF)
- % = 1950.43 Hz
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13.

15.

(b)
100 Hz: IA,,]
1 kHz: |4
2kHz: |4,]
5 kHz: lA,,[
10 kHz: |4,]

(¢) /1 =1950 Hz

=0.051
=0.456
=0.716
=0.932
=0.982

o N
-2.90 @@

~0.615 A
—-0.162 \/C}
A
\ O

(d)e)

(a) 10 kHz

(b) 1kHz

@
(¢) 20kHz— 10 kHz — S kHz

P
(d) 1kHz— 10 kHz — 100 kHz @
>

(a) ﬂRE?. lORz O
(120)(1.2 k) > 10(10 k) @)\/
144 kQ > 100 kQ (checks!) @-\c
_ 10kQ(14 V) )
= —— " = 1795V ()7
10 kO + 68 kQ O
Vi=Vp— Vgg=1.795V -0.7
=1.095 V
_ Ve 1095V _ o
R, 12kQ B
ro= 26V _ 26 ¥ L8480
Iy mA
(&[@ ~(3.3kQ[[5.6 k)
(b) 4, =
2848 Q
@% 2
a\ kQ |10k 1|(120)(2s 48 Q)
WYY
@ = 2455 kQ
/
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v V 7

d —lo 7o i

@ A=y,
vz 2,455 kQ

V. Z +R_ 2455kQ+0.82 kQ @
=0.75 AN

A4, =(~72.91)(0.75)
= _54.68

1 1 N
© f = = D\
* " 27(R +R)C, 27(0.82 kQ+ 2.455 kQ)(0.47 uF) . \g
=103.4 Hz
;o= 1 ~ 1
*  2x(R +R)C. 27(5.6kQ+33k0)0.47 uF) %\
\

=38.015 Hz | ) ) @@\\W

:Re=RE” (£+re

S, = 27R.C, B '\x
R =R,| R || R, =0.82kQ || 68 kQ || 10 kQ O

=749.51 Q

p
R.=12kQ]|| (749'SIQ+28.48 Q) @@
=12kQ || 34730 O
=33750Q 5
f = — [ (/\
“ 2zRC, 27m(33.75 Q)2 @
=235.79 Hz
® Ah=T1,
(&) o ; - oy e

)
&{@

O
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17. (a) ﬂREZ 10R2

(100)(2.2 k) > 10(30 k)
220 kQ ¥ 300kQ (No!) g@

Ru=R, || R, =120kQ || 30 kQ = 24 kQ

30 kQ(14 V)
Em= =28V )
" 30kQ+120 kO €> )
Iz= ET _VBE _ 28V-07V \/c}
"TR,+(B+DR, 24kQ+2222kQ /‘\XJ)
=8.53 uA XN
Ig=(B+ 1)Iz=(101)(8.53 uA) Q @
=0.86 mA /As
re= 26Imv = 02866":A =30.23Q
E 2\
., \
®) 4, = _Re|R . /r%\jf
i r,+ RE "RL ‘\\\//ﬂ

N
_ 22kQ|82kQ O
30.23 Q+22kQ[8.2 kO

= 0.983

/fx
© Z=R|R| Ar.+ R.) R, =R d%2.21@ | 82kQ=1.735kQ
= 120 kQ [ 30 kQ || (100)(30.23 Q + ff 5k0)
=2L13kQ C~

@)

-
~) 2113k

V —
o 4= V. Vo 4 o2 =0.955
@ 4, A Vo Z[+R 2L13kQ+1kQ
© f =—o L
“ " 2x(R, + R)C,
- LN
27(1kQ+ 5(47\\3\2@(0.1 HF)
=71.92111/zj©
ﬂczﬂ(ﬁm%\g R =R IR IR,
/% c =1kQ120 k|30 kQ
Ro=rell [ B, =0.96 kQ
f}g%m) i (0‘96 +3023 Q)
- \g/\ 100

=193.16 Hz
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() f, =193.16Hz

(2)(h) 0

19. (a) VGS = -—IDRS

2 V., =-245V
ID = II)S' (l o I/GS ) } GSQ

@
Ve Ip, =2.1mA @
_ 2l 2(6 mA)

b - =2 m$S
() gmo |VP| 6V m

=

P

=1.18 mS @\%j\v/

© A =-guRoll R) )
=-1.18 mS(3 kQ || 3.9 kQ —1@8(1.6956 kQ)
=-2

) Z=R;=1MQ

(e 4, =4,=-2 @
2
1 @ 1
O f,= 2”(&%@ 27(1 kQ+1MQ)0.1 uF)
= 1.5/9&
fi. =5 /%

e

@ 491 Hz
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- RequSII-—1-=1.2kQ|| !
27R,Cs & 1.18 mS

i 1
27(496.69 Q)(10 4F)

Jis

= 496.69 Q

= 32.04 Hz @N
(® fiz/f, =32Hz
N

Z
(h, 1) '.o-.h'ﬁ {.& 10 "FLS 100 <\ @

(PN
68 k(20 V)
21. V= =472V ;
@ Vo= e kar220 k0 %
Ves = Vg — IpRs
Vas=4.T2V - I)22kQ)) ¥y =-255V
Ip=Ips(1 - Vos/Vp) } 1Q=33 A fx
D, =M N
20
&5
20, 2(10mA) %?j
(b) gmo= 2= =3.33 5
BTl T 6V "@@
Vs 55 V))
= G| 1-295 |=3.33 = )
Em™ & o( v, ] m 6V

=1.91 mS %

©) 4, =-guRol @@QQ

=—-(1.91 KQ || 5.6 k)
= —4.39;‘ &

d z= 68@/&(1?1%20 kQ =51.94 kQ

oy
@ z, SIOAKQ oo,

V., Z+R 51.94kQ+15kQ
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© f 1 1
% 2a(Ry +R)C,  271(1.5 kQ+51.94 kQ)(1 iF) %

=298 Hz @
B 1 B 1 A

S = 27(R, +R,)C, 27(3.9 kQ+5.6 kQ)(6.8 uF) @/\Nj
= 2.46 Hz &

N\

o (N

Y Ra=hil 2= = 15K g @)
_ 1 =1.5kQ || 523.§6Q

27(388.1 Q)(10 1F) =388.1Q

= 41 Hz

(® fizf, =41Hz
(h, i) v Rty

3. @ f, =2”er s

Ry, =R || Ry || R
V. vV,

Ri: IB — cC BE

R, + (DR, 470k (11091 k)
~33.8 yA

L=+ DI = (110
=3.75mA (
26 mV 26

/ =6.93 Q)
7
Ri= ﬁre‘( é@}

=762.
Ry = 5 /R =0.6KkQ || 470 kQ || 762.3 O

= G, +C,, +(1-4,)Cy

NN
N 271(335.50 Q)(C,)
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A 4 = ZRelR) 4T kQ3 k)
T r, 6.93 Q

=-264.2
C,= 17 pF +20 pF + (1 - (~264.2)6 pF

=1.62 nF
1 @N

i = 37335.50 Q)62 0F) \/{}
=293 kHz A
D
PR | AR\
B on RTh2 C, /\g

Ry, =Rc||R,=3kQ| 4.7kQ=1.831 kO

Co=Cy +C,+Cy \\\
% o Y
= Cp=Ce \xy
=11 pF + 10 pF + 6 pF O
=27 pF
= 1 7
Jn. T BT pF) @
=3.22 MHz @%\9
A
® fi= 5 C=2
278t (Cy. +C,,) /j
/‘ C
" 22(110)(6.93 Q)20 pF +

=8.03 MHz

Jr=PBoidfs= (110)(8%)
= 883.3 MHz Q
NS b
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1

25. (@) f, =

2R, C, %
Ry, =R || Re|| R, @
Ri fp=YeeVor _AV-0TV _,05.a
R, 1.2kQ C/? )
\/\
_26mV_ 26mV g \f)
I, 275mA x ,
— _/
Ri=Rg||r.=12KkQ]| 9.45Q @ J
=9380Q O\ N\
/\§
Ci Gi= G, +C,, (no Miller cap-noninverting!)
=8 pF + 24 pF

=32 pF f\\

\
R=0.1kQ|[12kQ9.38Q=8520Q A
@N%
Ju, = 1 584 MH -
" 2m(852 Q)(32pF) z
1
- =Rc[|R.=33kQ | 4.7kQ=1.
Ju, 27R,,C, Ry, = Re | R 4.7 kQ= 1.94 kO

C, = Gy, +C,, + (no Miller)

=10 pF + 18 pF
=28 pF
1 e
= \} /\
I, 27(1.94 kQ)(28 pF) )
=2.93 MHz
® f= 1
/} el N
27,7, (C,, + C,.) <\
e \\3

27(80)(9.45 Q)(24 pF + 18 pF)
=5.01 MHz f\i}f\)ﬁ
fr=ﬂmﬂ;=(&& MHz)

=400.8 //Kﬂ%

1
© o iy 80P omny .
S RN 3 Cloy scata)
// \/\\_// (~2dB). ---.g h’b
\ 2 2mily >

2
owerave £y belovo $1.)

-
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27. @ gm= 2 pss = 2(10 mA) =333 mS

W]~ 6V x
From problem #21 Vgo =-2.55V, I, =33mA Q&
Vs -2.55V \
w= ool 1-—2 | =333 mS|1-= = 1.91 mS$

P

(b) 4, =-gu(RpllR)
= (191 mS)(3.9kQ || 5.6 kQ) \ @

=-4.39 \ g
[——

Z;=68kQ || 220 kQ = 51.94 kQ

Vi__Z __ 5194kQ o0 A

V, Z+R, 5194kQ+1.5kQ \\%
4, . =(-439)0972) . @ A
=-4.27 : %

&
1
(C) fH, = RThl =Rsig " Rl ” R2

27 Ry, C, a
=1.5kQ || 5@
=1.46 kQ

Ci=Cy +C,+(1-4,)C, @©
» - )
pF + 12 pF + (1 - (-4.39))8 pf(@- c
=59.12 pF p @
\ {(/\\
1 &
Ju,

" 27(1.46 kQ)(59.12

=1.84 MHz

Ry, =Ryl R.=3.9kQ||5.6 kQ
=23kQ
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d) 1ookH3 qu»_gf'“z ‘Eﬂ, oM H3

~~~~~~ v : -@(\5&@;) Qx
f. 213w, g\%
(.L,_ lovaew edl 8~M ‘Q‘\H by
affeet ¢ ) . \(7%/
\ : ‘X/

(N
2. £ =(2"-1)s, Qgg
= (Jz”“ ~1)@5 M)

R

1.18 %\
\

\
=0.435(2.5 MHz) \
=1.09 MHz . @ %

~)
3. (a) v= 4 Vm[sinzyzﬁt+1sin2n(3]g)t+1sin27r(5ﬁ)f @
b4 3 5

+—;—sin 2 (T f )t + %sin27r(9f$)t +]

//X
1
=12.73 x 10 (sin 27(100 x 10° )¢ + —sin 27z( <k)&)z
3 %

o
+ —1~sin 27(500x10° ) + —l—sin 27(700 }\K-l—ysin 272(900x10°))
5 7 CAE 9

@,
035 @\,iw
(b) BW= At 90° mv, 1= 0.75 ps
l At V,1=0.05 us
= 0.35 t,=0. -0.05 s =0.7 us

0.7 us %
= 500 kHz &
Q
S

, (7 .
V-v' 90 mVL£80my
= -2 m =0.111
() P v w
ﬂasg fszfoﬁ :ro KH2) _ 353 kHz
Q
/K
z
N
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Chapter 9 (Even)
%
2. (a) log2.2 x 10°=3.3424 g@
(b) log, (2.2 x 10°) = 2.3 logo(2.2 x 10°) = 7.6962 @
7

3\
(c) log, (2.2 x 10°) = 7.6962 \/{}

100 W

P
(a) dB =101logo—2 = 10 log;o = 10 log;020 = 10(1.301)
P SW \ O
\
=13.01dB /xg
®) dB=1010g10220™W _ 10 10g,e20 = 10(1.301)
5 mW %\
=13.01 dB \

)
© dB=101logi 204V _ 10 10g,e5 = 10(0.6987) x\/

20 uW O
=6.9897 dB

v, 100V
Ggp=20log, -2 =201
dB £10 v 0gi0 25V

=12.04 dBl @\xﬁ

=20 log;o4 = 20(0.6021)
/7

(a) Gainofstage 1 = A dB @ @
Gain of stage 2=2 A dB \/}
Gain of stage 3 = 2.7 A dB Ce
A+2A+27A =120 N

A=21.05dB @

V
(b) Stagel: 4, =21.05dB=20 10—1—;‘—

0 14
%1.0526 ~logio>
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v,
Stage2: 4, =42.1dB=20 loglo—l—}’—

. N
2.105 = log,of \

b
- //
Va2 @/\

and —=* =127.35

102.105 —

\\‘
2
4

v lﬁ:ﬁ&
Stage 3: : 4, =56.835dB =20 logm}}‘i’~

i

2.8418 = logo -I;-— //

v o @\9
1028418 = o _ N
v,
and > =694.624
v,
3 r/
A, =4, -4, -4, =(11.288)(127.35)(694.624) = @?5%5\)
? = O
| e
Ar=120dB = 20 log;(99,8541.1 NS
120 dB = 119.99 dB (difference due to l( Fofaccuracy carried through calculations)

e

4
10. (a) Same shape except 4, =190 is n lé@ 1. In fact, all levels of 4, are divided by 190

to obtain normalized plot.
0.707(190) = 134.33 defining
at low end f; = 230 Hz (remember
at high end f; = 160 kHz .

—— am w— . —— it —-— — o—— —— g

N=£,'-'-g‘§ \%hﬂé—zzc“é
x 159.77k0, =4

= tap~' 1-93 kHz
f
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(® 9= tant 195 KHZ

f f
100Hz 87.06° @
1 kHz 62.85° \
2 kHz 44.27° )
@7&//

5 kHz 21.3°

10 kHz 11.03° \{}

G \Qb\-\} \_‘-“32_"“‘3 Skily ".*“3 -‘(\%itﬁﬂa) \ﬂ &
_\

el C IR el

.58 888 838

1
I S
© A= %6

/

(d) First find @=45° at f; = 1.95 kHz. Then /sl]< l@vﬁ approach to 90° at low frequencies and
0° at high frequencies. Use an expected or the curve noting that the greatest
change in 8 occurs near f; The resul e should be quite close to that plotted above.

//
14.  From example 9.9, r, = 15.76 Q (Cg
A= ~R. MR, |7, —4kQ||2;\

T,

=_86.97 (vs. —90 for @

f. t rodoes not affect \\9 ,_/ = m the same = 6.86 Hz
g 7

fL 1 l( 1

27(R, +§«/&% 27 (R, || r, + R,)C.

Rellry= | 40 kQ = 5.636 kQ

(L 1
f‘a (5:636 kQ + 2 kQ)(1 uF)

8.23 Hz (vs. 25.68 Hz for Ex. 9.9)

C/
p
(C \ :
\ : R, not affected by r,, therefore, fL = 327 Hz is the same.

27zR.C,
/In total, the effect of r, on the frequency response was to slightly reduce the mid-band
gain.
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6. @ L= teeVu _ 20V-07V _ 193V

R, +(B+DR, 470kQ+(111)(0.91kQ) 470 kQ+101.01 kQ %
=133.8 A g@

I = (B+ DI = (111)(33.8 1A)

=3.752 mA
re= MV _go30 (§//
© 3752mA \/J
V, _~(RIIR,) _-(kQ|4.7kQ) _-1.831kO /\xj/
® 4, ==L - W)

w . 6930 6.93 O ﬁ\

=-264.24 &

() Zi=Ry| Br.=470kQ || (110)(6.93 Q) =470 kQ || 762.3 Q

=761.07 Q \f
@ 4 = z 4 = T6L0TQ . 70\j
w0 7 4R T 761.07 Q+0.6 kQ

I s \
=_147.76 O
1 ) 1

© f, = )
22(Rg +Z)Cs  270(600 Q+761.07 Q)(l
~116.93 Hz &
f, = 1 \9
‘ 27(R +R,)C, 27r(3 kQ + 4 7 M)
= 20.67 Hz
1 <}
B — 4
fLﬁ’ 2zRC, ||( r )
- 1 _ R IR,
27(12.21 ©Q)(6.8 uF) =0.91kQ|| (T +r,
=1.917 kHz
\ =0.91kQ|| ( 06 leli;wo kQ <03 Q)

® f=r1, ”1917"‘“{7\9 =910 Q|)12.38

@U =1221Q

(g h) 1043 MX'M}“L; iy fig  oww
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Vie —Ves _4V=-07V

18. L= =275mA
@ L R, 12kQ
, o 26mV_ 26mV oo o
I, 275mA
R.IIR,  33kQ[4.7kQ @
b = S llfy )
®) 4., . 9.45Q \/f)
= 205.1 N\
XOF
(©) Z=Rg|lr.=12kQ]|9.45Q \ N
=9380Q /A§
VA 9.38 €2(205.1)
d = L m 0D ST
@ 4 = 23R 933041000 f\\\%
=17.59 N
0. S
) N/
© £, = 1 )
L 272(R +Z)C.  27(100 Q+9.38 Q)10 F O
=145.5 Hz
P 1 _ 1
e 27(R +R)C;  27(3.3kQ+4.7 kQ)(10 1F)
=1.989 Hz @%\9
() f=f, =1455Hz &)

(g h) 4y ""l.‘

20. (a) same as probl /s]%
Vos =4 %, I, =21mA

Gs, =
5.
() guwo =2 , & = 1.18 mS (7, has no effect!)
©) /ﬁ‘ m (Rp || Re |} )
\ ~1.18 mS(3 kQ || 3.9 kQ || 100 k)
\ -1.18 mS (1.67 kQY)
= -1.971 (vs. -2 for problem 19)

) Z R; =1 MQ (the same)
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A 1 MQ
_Z - AMQ 97
(e) A"s(mid) Zi + Rsig (Av’““‘) IMQ+1kQ ( )

= —1.969 vs. —2 for problem 19

(®  f,, = 1.59 Hz (no effect) -
it Ro=Rolra=3KkQ | 100kQ =291 kQ @@\
-
N ! N3
S T R A RC. - 20291 KO+ 3.9 KOYAT ) f /Qs\x//
=4.97 Hz vs. 4.91 Hz for problem 19 Q )

R — 7
Ji, 0 Req = > - 77&

1+ Rs(1+ g, 7 ) /(ry +(Ry | R))

_ 1.2 kQ \
1+(1.2 kQ)(1 +(1.18 mS)(100 k€2))/(100 k2 +3 kQ||3.9 kQ)
_ 12kQ o NS
1+1.404 = N\
=4992 Q) O
P 1
BT 2R, Cs  27(499.2 Q)10 uF)
= 31.88 Hz vs. 32.04 for problem }/9\
Effect of ;= 100 kQ insignificant! r\xﬁ
N
22. (a) = 1 @j\# RIANRINR IR
B 2xR,C )
mRy,C, C~& = 0.82 kQ[|68 kQ[110 kQ|3.418 kQ
- 1 /f\/gD/ = 081kQ 2.547 kQ
27(614.56 ©)(931.92 pF)- Qj
~277.89 kHz ; =614.56 Q
Ci= Cy +C,, +C, (1~ 4,)
=5 pF + 40 pF + 12 pF(l - (-72.91))
] N o 93 1; 92 1§F= . TProb. 15
- R\, Ty cl| RL=5.6kQ| 3.3kQ
fu, AN
27R,C, ([0 =2.08 kQ
NN Co=Cy, +C,+C,

= {

27(2.0 kizgz‘é pF) =8 pF + 8 pF + 12 pF
= Zg)f\% =28 pF
% _ 1
Ct

27(120)(28.48 Q)40 pF + 12 pF)
T Prob. 15
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24. (a) 1 Ry =R R R, 1| Z, \ &

= 77777\ —
& 27 Ry C, Zy=Pre+ (B 1NRe || R) /§
1 = (100)(30.23 Q) + (101)2.2 kQ || 8.2 kQ)
" 272(955 Q)58 pF) i} :;-70823 kkg +175.2kQ A
=287 MHz R, =1kQ[| 120k | w}sql\g@s.z kQ
O ‘\) /\]v—
=955Q ) %&;ﬂ
Ci=Cy +C, + No Miller effect)
= § pF + 30 pF+20 pF
=58 pF
p 24 kO
1 . RIR IR,
fy = R. = %ﬂ (,.e RN ]
" 2zR,C, "’z/y@R@ B
C/N
= ! S =22k 82k (30.23 Q+ —2-4—’59—”—1—‘-‘—9)
27(38.94 Q)32 pF) R 100
=127.72 MHz (7 5=1B5kQ | (3023Q2+9.6Q)
U =1.735kQ || 39.83 Q
=3894 0
Co=Cy +C,
=10 pF + 12 pF
@ =32 pF
L)
ORS
®) 7= T
Zﬂﬂmidr'e}@& c
221 23 Q)(30 pF + 20 pF)
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26. (a) Fromproblem 19 g,,=2mS, g, =1.18 mS

(b) Fromproblem19 4, =4, =-2 @
© 1 Ry, =Rl R Y
fH Thy g " G fw

' 27R,C, = 1kQ [ 1 MQ

)
1 =999 () \/J

ﬁl,- = 27[(999 Q)(Zl pF) Ci = Cm + Cgs + CM,- /‘\x//
=7.59 MHz Cu, = (1= 4)Coi \ @
=(1-(-2)4pF /\Ag
=12 pF
Ci=3pF+6pF + 12 pF
=21 pF \
fu = 1 Ry, =Rp || R, f\\\%
" R, ﬁ O
/

~ 1
27(1.696 kQ)(12 pF)
=7.82 MHz
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Chapter 10 (Odd) B
1 V= Rey 20K, 5y~ 1815V g@
R 20 kQ \
AN
_& (lm) CH
3 Vy= —-Ly =— Vi=2V @
R 20kQ @f
v,=2Y = _40mv @ J
- AN)
5 V0=(1+Bf— Vl=(l+360 kQ)(4).3 V) g
R, kQ
=31(-03V)=-93V f\ \\
@ V4
e @
For R, = 10 kQ:
_(, 200kQ
V,,—(1+ kﬂ)(OSV) 21(0.5 V) = 105&\
For R, =20 kQ):
y (1, 200k @@
e (0.5 V) =11(0.5 V)5,
V, ranges from 5.5 V to 10.5 V. (%
NS
@
9, V,= —[—RiV] +£F—Vz +££Vs]%
R 'R * R
_ [e8ke KQ 68 kO
= [33m(0.2w+ > (05 V)+ 2 (+08V)]
=_[0.41 V= 1.55 V +4.:53)V]
=339V @Z\f
11. msv/&\
13 Vz,w[?ﬁﬁy@w_.ﬂ
V= (@%}(ﬁ.’z V) =42V
~J
N
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15.

17.

19.

21.

23.

300 kQ)

y, | 600 kO 600kQ mv)}(_
30 kQ

(25mV) +
15 kQ 30 kQ

+[—(3OO kg)(-zo mV)J
15 kQ
= —[40(25 mV) + (20)(=20 mV)](~10) + (~20)(-20 mV) /Q

=-[1V-04V]-10)+04V D
=6V+04V=64V

=1, +2-20na+ 222 —p2np \ @J

2 2 /\g
! 4 ;‘A =18 nA

Ly =1, —=200A -

SR 24Vips o0

\
\
AV /At 03 V/10 us o G
/
Vi, =1 mV, typical O\x
I, =20 nA, typical
V,(offset)= | 1+ A V., +I,R /%
o Rl Io f x

Acy

_(, 200kQ O

(1 G J(l mV) + (200 kg)(zg/czg@
=101(1 mV) + 4000 x 10°° ~C
5

=101 mV +4 mV =105 mV C(/\ 5%
O
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Chapter 10 (Even)
2, AV= —Vg—.‘:-—-.&_
14 R
For R; = 10 k&2:
sk o
10 kG2
For R; =20 kQ:
_ S00kQ _
" 20kQ
4 voo Rey_ 200kQ,
R, 20 kQ
For V;=0.1V: .
V,=-10(0.1 V)=~1V ] ¥, ranges |
For V1 =0.5V: from \
V,=-10005V)=-5V ] -1Vto-5V O
6. V,= 1+£E_ Vl:(l"'360kQJV;=24V p
R 12 kQ @
vi=22Y —77.02mv NS
31 @’M
\/}
R, R, R, %C
N AR b 1A A BN
ARG
330 k2 -
= ~[ ©2v)+ 30 5yye330k2 ey
33 kQ 22k 12kQ

=—[10(0.2 V) + 15(-0.5.V) + 27.5(0.8 V)]
=—[2V+(-75V)+2.2
=—-[24V-7.5V]= —lzgx\i
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14. Vo= (1 +

16.

18.

20.

22.

24.

400 kﬂ)(m V)_(~100 kQ)+[_100 kQ)(O_1 V)
20 kQ 20 kQ 10kQ

= (2.1 V)(=5) + (~10)(0.1 V)
=-105V-1V=-115V

R,
Vo= 1+-1—e— Ve +1,R;

1
=(1+

200 kQ
2kQ
=101(6 mV) + 24 mV
=606 mV + 24 mV = 630 mV

)(6 mV) + (120 nA)(200 kQ)

fi =800 kHz
= S 8001Hz

=53 Hz
4, 150x10°

_ R, 200kQ
R 2kQ

1

K =4 V;=100(50 mV) =5V

SR_OANV/ES _ g0y 10° radss
K 5V
w, 80x10°

5= o

=100

CL

w, <

=12.73 kHz e
27 &)

Typical characteristics for 741 ‘
J
R,=25Q,4=200K QN

V,,=V,-,—-V,-2@4 - 140 uV =60 uv
V,+V 00 ©V +140 uV)
y,= i =170 uvV
2\0"173\;? > H

=__d_=200
XJ Ac
/
A 6000 _
200 200
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ao= 2050 _0.06=60x10° g&
10° 10

1 v,
Using ¥, = AgVg| 14+ ———-=
SInE To = A "[ CMRRVd]

1 170 uv @
V, = 6000(60 V)| 1+-— =365.1 mV
@® 604 )[ *200 GOyV]

1170 gV
10° 60 1V

(b) V,=6000(60 4iV) [1+ ] =360.01 mV
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Chapter 11 (Odd)

L p= ey 180K 0 vy =175 my @
R 3.6 kQ \
510 kQ 680kQ [ 750 kQ (//\ ’)
R e &5
18 kO 22 kQ 33 kQ \c
= (29.33)(=30.91)(=22.73)(20 4V) A
=412 mV o /QB\
=
5. /::::j&
v, = Mgf_,_l/] _ 150 kQVl
v
14 150 kQ
LR = ——-15 e - )
v, TR
Yo 4soka
R= 10K 00
ol
v, =Rz ‘ =_.1_§9_1_<_Vl
R, R
%% 30 151(;1(9
/ - 2
AN
@)) - 150kQ _ o\ 0
Csr 30
N
; z( 10 kQ )(150 kQ +3004Q @ 00 kQ
' * {10 kQ+10 kQ 150 T150kQ °
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1 1

" 27RC,  27(2.2 KQ)(0.05 4iF) x
= 1.45 kHz g&
1 1
17. fOL =318.3 Hz @

" 27RC,  27(10 kQ)(0.05 4F)

1 1 @
Jor 27R,C, 27(20 kQ)(0.02 iF) @
=397.9 Hz @

15, fon
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Chapter 11 (Even)

7l
2 v,= (u%)m :(1+ ;560;‘3)(150 mV, rms) \&x

=3.275 V, rms £0° @x ))

R, =714 kQ R, =19.1kQ Ry =14 kQ
\'/fx
V, = (+15)(=22)(=30)¥; = 9000(80 1iV) = 792 mV x
=0792V ([
_ [
6. = Rey Rey L |A0KQ 46 0y @a@—(zo mV)]
R 'R, | 47 kQ /;;@kg
= _[400 mV + 783.3 mV]=-1L18 V"~ @N
330 kQ (470 k) <470 kQ
8. = 12 mV 18 mV
{{ Bk 2m )J( ) a8, )}
= —[(~120 mV)(10) + 180 mV]=—[~1.2 V +0.18 V]
=+1.02V - NS D)
0 vO/\? ,
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12 V,=-LR =—(2.5mA)(10kQ)=-25V

e (Hz@][n_m

; N
= (1+2'—(—5MJ[1V -3V]=-22V

1000

1 1
16. fOL = =
2zRC, 27(20 kQ)(0.02 4F)
=397.9 Hz )
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Chapter 12 (Odd)

o YeeVe BBV-0TV A @
Pe R, 1.2kQ \

I, =PI, =40(14.42 mA) = 576.67 mA @N
Pi=Veca= Vol = (18 VY(576.67 mA) \\/{}
=104 W
7 \NJ

I(rms) = fly(rms) Q @
= 40(5 mA) = 200 mA \g
P,= I}(tms)R, = (200 mA)*(16 Q) = 640 mW

3. Fromproblem2: I, =460mA,P;=83W. 7\
\

\
\
\
For maximum efficiency of 25%: o \o/f%\ﬁ%
PP A
%77=100%><—Pl= 2 _ % 100% =25% O\

)
/

> 83 W
P,=02583 W)=21W

[If dc bias condition also is considered:

/fx
Ve="Vec— Io, R =18V - (460 mA)(16 Q)f;%@v

aximum output power:

collector may vary +7.36 V about Q-point, resulfing
V2(P) (7.36 V)? =)
= le) . -Leow] (L
9)

]

2R, 2(16) S
5. R,= (-&J R = (2) 4Q) =2.
N, 1
7. R, =a’R, a
82k£2 =d' (4 Q) @

=552 o000 %5
40 ( \\J
a= 2000 =44.7.(

9.  Iu=1I, =15 AN
Pi=V,I. % Y150 mA) = 5.4 W

0

x100% =37%
w
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. +Vee | )
e w0
A
AR
Ve
13. (a) max P;= Vecly, //
=Vec- (;2;'%):(25 V)[%%] % (@7
=49.74 W

(b) max P,= —I—/éc— = @5v) vy

)
O —
R, 269) =39.06 W

e
(

(© max%y=""2%E 1000, = 3006 W g@%
max P 49.74 W Q)
= 78.5%((//)
CJ/»\\I;
15. N Ve e

[
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2( 7V
i P(dc)=Veelae = Voo —| ==
17 (a) (dc) cclac cc E(RLJ Ox
=3ov.£{_@;§:|=27w &
AN/
2 2 =)
(b) Pyacy= 20m) BV _gw c
R, 8Q B )
@)
P 8 W A\
() %n=—-=x100% = x 100% = 29.6% L\
P 2TW —

(d) Py=P,~P,=2TW-8W=19W

\
%\
\\
/ \

9§_Y| x 100% = 14.3% o @%

9. %D,= -’j@- x100% = 02 D
1 . ,
\x
%D = Al 100% = 21V 100% = 4.8% O
4 21V
4 0.05V
%Dy = |=H x 100% = — x 100% = 2.4% /
0L/4 Al X () 21V () 0 @
Cy>
: A
“Z“(VCEM +VCEm) @)
2. D= « 100% @»\C

VCEM CEpia l )
G
U

%(2ov+2.4 V)-10V

= x 10
20V =24V

A
=12V 00% = 6.8“0@

176V Vz
N
/

23. Py (150°C) = Pp(25°C) —(Fis0 — I»s) (Derating Factor)
=100 W(—(150°C ~ 25°C)(0.6 W/°C)
i O%& 5(0.6) =100 -75

"~ K

25. Pp= T—%
%@%so"c _120°C
QZSN@WC/W)  40°C/W
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Chapter 12 (Even)
) . Vee=Voe _18V-0TV _ . o\
g R, 1.5 kQ
I, = BI, =40(11.5 mA) =460 mA
P(de) = Vool = Vee (I, +13,)
=18 V(460 mA + 11.5 mA)
=85W
| B~ Vecle, =18 V(460 mA) =83 W ]
4. Assuming maximum efficiency of 25%
with P,(max)=1.5 W
%n= -2 x 100%
025
Assuming dc bias at mid-point, Ve =9V p
o = VCCR' Ve 18 \1,5‘09 Y 05625 A x
C
P(dc) = VeI, = (18 V)(0.5625 A) @@@9
=10.38 W =)
. Cc
at this input: =)
., . P 1L5SW ([
Y= Lo x 100% = df@ 14.45%
P 1038 W -
6. R2 = a2R1
&= _132_=§_1(_.Q_ =1000 >
R 8Q @
a = /1000 =3;1%§
8. (@) Ppri::PL:%/@
.
) P= 2 ”\X

- PR, =.J(2 W)(16 Q
@%%w\/ J2 W16 Q)

U= 432 =5.66 V

@%, = (3.87)%(16 Q) =239.6 Q
O
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pri= —— =7 w << <>§
‘pri
Vi = (2 W)(239.6 ) x
: Vp,,- = V479.2 =21.89 A% \
or, Vo= aV, = (3.87)(5.66 V)=219vV] Cw

@ P=rR §§§>
> N\
o — 0 O

\
pri “2W= ]l’” le = (239.,6 Q) 7 lfri /Ag
Ipri = i& =913
239.6 O +36 mA % \
for, £, = L2  353.55 mA A
a 387 91.36 mA] o U %

12.
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2 2
=2 2V gy .

2R, 24 0) N
%= 1o« 100% = 22V » 100% =71.4% g&
P, 70W \
CN
8

2 4V

(b) Pi= (22 V)[—~ 25] =14W \/{)

(4)°
Po = = 2 W / \
o 0
P 2IW A\
%n= -2 x 100% = x 100% = 14.3% f&
P 14W
16.  (a) max Pyac)for ¥,  =30V: ) f\:\%
2 2
max P,(ac) = P OOV _s6r5w o Q@
2R, 28Q) )

(b) max P(dc) = Veclye = [.Z.K_
7 R

© max%n= "B | 1009 = 6B W i
max P 62w

=78.54% \/)

()] max}’zg_}.,_l_/_c?_c_w_g__@i %@%\@

=~ R, #* 8 O

V. (ms) (18 V)" .

L

18. (@) Pyac)=
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20.  %THD= \[D? + D> +D? x 100% .
= J(0.143)? +(0.048) +(0.024)* x 100% @

=15.3% ) @

22.  THD= \|D? + D? + D? = J(0.15)" +(0.01)* +(0.05)*
2 3 4

=0.16 §>
PI=I,;€C:(3.3A;(4Q)=2LSW @
P=(+THD)P,=[1+(0.16)]21.8 W

=2236 W
o pye LT : 200°C —80°C A
O,c +005 +0; 0.5 °C/W +0.8 °C/W + 1.5 °C/W \\%
o \
= 120°C  _pow o
2.8 °C/W
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Chapter 13 (Odd)
1. | (44
@ (D)
(3)

3.
5.
? -‘w N \/)\
7. Circuit operates as a window detector.
Output goes low for input'above 9.1kQ +#12V) =71V
o 9.1kQ+62kQ
Output goes low for inp oW —-—11—(9—————(+12 V)y=1.7V
Lo 1kQ+62kQ
Output is high for 1@ between +1.7 Vand +7.1 V.
11010 e
9. 16V—%6V =13V
7 ¢ /2//%% )
/x
11. See secﬁog\i%i
e
- XO/ 1 1
13. m stepsat I'= — = = 50 ns/count

%\\

f 20 MHz

“Periéd = 4096 counts x 50

ns
count

=204.8 us
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Vee
' T=1.1R,C o
gp‘ J 20 s =1.1(7.5 kQ)C @
K 1 co _20x10° \
YRR outpst 11(7.5x10") /,/%//
i ' =2.4x107 \*[
= 2400 x 107"
« :.I: il B3 = 2400 ;F Y \ij
’ Toowf 0O
T'\sﬂ" ® ¥ *;:i&
\‘\?u.t'
SEPRRY (BN A,
. 0 RICI V+ O 6/‘7/\;

V=12V =~
Vo= R ) o ke (+12V) =103V O
R, +R, 1.8kQ + 11 kQ
2 12V-103V 7
S (
Je (4.7 k2)(0.001 ,uF)[ 12V } ) @

=60.3 x 10° = 60 kHz @m
Y
19. V=12V @/\\{)
_ R . 10k0
Ve R2+R3V —1.5k§2+10kQ(12V)/Z/\§2V
P V' -V, 2 (@% VJ
T RCG\ ¥V T 10KQ(C) \ﬁ%\/
=200

<\
“= 1o kQ(zoo i) 1/'B)\?

=133 x10"%= 133p U

2. =232 23
| RS (u}@@ kHz)

23, For curren)//{e\'? mark =20 mA

=300 pF

space = 0 mA
o

mark =-12V

space =+12 'V

N/

-collector is active-LOW only.
——Tri-state is active-HIGH or active-LOW.
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Chapter 13 (Even) .
+av | \/ @)

SN
p
" Yo Ao \ &5\/
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10. Resolution = Viwr _ 10]2\/ 0V 2.4 mV/count o
2" 2 4096 x
12. Maximum number of count steps = 2'* = 4096 \&
+V | = N\
14. CA Z

1.44

)
fzm:%OkHz x\ﬁﬂ

i~ N
7.5k ( ‘
s | ) co 1.4 \ &)

Rg N 7.5kQ + 2(7.5 kQ)(%ﬁﬂ%

v 535

] - — vo %\\
- ' N7\

C.:LGL

W L

.'ﬂ'-z “
};t:_

1

-1 -
16 T= = =100 @
T'=11R,.CC=1.1(5 = @%\Nj
LIRC=LIGHQE ) =28 ()
&5
v LOO)&S /\(C/’\/C -
C(/\f/ { r\sszr h\rvj
J 0
I 1\ |
| Ouﬁtu.t
N
18.  With potentiomet?é/m:
R 4+R 5kQ+18kQ
Vo= = =
R +R 5100+ skQigka ) T4V

2 T 4

resulting in a Gv%cutoff frequency of
—VC\Z 2 (12V-11.74 V)

v )T a0x1090001 gR) T 12V
=4.3 kHz
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With potentiometer set at bottom:
R N 18 kQ &

VC= 4 V' = (12V)
R,+R,+R, 510 Q+ 5kQ+18kQ &

=919V
resulting in a higher cutoff frequency of @

fm 2 V' v, _ 2 [12V——9.19V %
° RC\ V* (10 kQ)(0.001 1F) 12V @

=61.2 kHz

\
0. =93 0.3 \ @

B B \
RC, (4.7 kQ)(0.001 uF) /Ag
= 63.8 kHz

81 % \
4 8(63.8x10°) f= 03 0.3 i&\@
6V ° RC, 4.7kQ(0.001 uF) L
= §5.1 kHz =63.8 kHz

24, A line (or lines) onto which data bits are connected&x

Y,

&

@
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Chapter 14 (Odd)

L oA 2000 ~2000
. L= = =
bepd [~i%)(—2000) 201

=-9.95

4 ~300 =300 \/f}

1+ 34 1+(—~1~1§)(~300) 21 @w

Ry=(1+ BA)R;=21(1.5 kQ) =31.5 kQ QS/
[—

Roj'z Ro ZM = 2.4 kQ

1+ 4 21

5. DC bias: f\\\\
VeeVye _ 16V-07V ON 4
"T R +(B+DR, 600 kQ+76(1.2 kQ) MY

691.2kQ e
Is=(1+ Py /fx

=76(22.1 uA) = 1.68 mA %
[Ver= VCC~IC(RC+RF)—16V_168mA(47kQ@%zj ) =6.1V]

VPN
26mV _ 26 mV \C//)\
ro= =1550 -
I,(mA) 1.68 mA @\
hie= (1 + Byr. = 76(15.5 Q) = 118 kQ = [(N/
Z,=Rc=4.7kQ
—h .
A= —F£ = 75 =-31.9% 107
h,+R;, 1.18kQ+1.2Kk¢
[=R;=-12x10’ (
(1+pA)=1+(-12x10° 107%)
=38.8 VOO0

™y — N‘ =811.86 x 10™°
= »A,Rﬁ/(%c, x 107%)(4.7 x 10*) = —3.82

Zi, =(1+ “(38 8)(1.18 kQ) = 45.8 kQ
i SY/N
o (z}’x )Z, = (38.8)(4.7 kQ) = 182.4 KQ

w@dhack (R bypassed):
=R ATHD 3039
s 155Q

e

A=
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T S

272(6x10°)(1500x10™) [6+4(18x10°/6x10°) @

.

=4.17 kHz = 4.2 kHz @
C,C, _ (750 pF)(2000 pF) _ N

9. Coq= 577 pF Q
C,+C, 750 pF + 2000 pF &

1 1
f; == =
22 (LC.y  27J40x107°)(577x10712)

=1.05 MHz
2\
1 Lo, L1+L2+2<1§/[ \%
= , 1.5 mH + 1¢ 0.5 mH)
27\ L,C 4 mH ~

R Q=
272/ (4x102)(250x1072)

=159.2 kHz %
13. See Fig. 14.33a and Fig. 14.34. é

C=

@
e

O

7. f,

1. f

o u

Q)

&
G
O
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Chapter 14 (Even)

2, %ZZ}Z% :——-T-—Lw(w%) =02% g@
(76](—1000) N

RR
s, R=-LR _sr0)8kQ=67kO N
TR +R, ” /‘\x//
A=—g R, = (5000 x 10°(6.7 x 10°) = -33.5 a @
pe R ____20kQ /\g
R +R, 200kQ+800kQ
4 A -33.5 =335
T+ B4 14(02)(-335) 17 \
=—4.4 = \\W
¥ v «7/\T
1 1 : w
= )
6. C= = )
2xRF6  27(10x10°)2.5%10°)/6 O
= 2.6 x 10”° =2600 pF = 0.0026 4F
1 1 G
8. fo= = 3 -12 fx
27RC  27z(10%x10°)(2400x107'?) AN
= 6.6 kHz /Q»
CA?
\/}
— 1 e CIC2
10. f; i 3 \Ceq
2z JLC,, /fN/ C +C,
@ (0.005 £F)(0.01 uF)

(¢
_ 1 - _ (0. .

27,/(1002H)(3300 pF) 0.005 pF +0.01 uF
=277 kHz = 3300 pF

% where Ly =L +L,+2M
=750 4H + 750 H + 2(150 £H)

1
12.  f,= ,
27\JLC,, % 1800 i
1
27;J(1 800,uH SQ@
=306.3 kHz
4.  f,=

RC.@%(\?Q

e

~/
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(a) Using Rr=1kQ
1.5 1.5 <

Cr= = =1.5
Ry Ak éj@

(b) Using Ry=10kQ @
15 1.5 B %
Cr= —2 = = 1000 pF
RS, (10 kQ)(150 kHz) @
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Chapter 15 (Odd)
&
L ripple factor = 2 _2V/IVZ 000 g@
Vi 50V @
3. Ve =0318V,, @) J
Vm_—_—_l/és_*:m_@ggv .
0318 0318 N )
V,=0.385V, = 0.385(62.89 V) =242 V Q/
| 0 O
5. o= 2T 600, /Ag
de
8.5
V(ms)=rVy= —— x145V=12V
100 %
7. Vu=18V _2 41dc 2 4(1063 6¥
C =400 uF » TS
I, = 100 mA %@{7
—18v o 217000 _ e o6y
00
@2\7 =17V
9, C =100 uF \/

11.

V=12V Vee _

¢ I, = =5mA

RL:2.4kQ} “© R, 24kQ m@@@
&

241, 24(5) _

V,(rms) = = (.12
C 100
C =500 pF
Iie =200 mA @
R=8%=0.08
N

2.41 ~

Using r= 1L

CV
- ‘.dx_z.«zom
¢ @ 0.08(500)
@\»’3 (200)(4.17)

= \ =2 v+ L2A%T)

500
% =12V+17V=137V

=12V
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13.

15.

17.

19.

C =120 4F
I = 80 mA O
V=25V g@
Vo= A e ooy A1760)

C 120

=222V (&//
‘\@
241 2.4(80) \f
%r= =t x 100% = ————— x 100% x

Cv,, (120)(22.2) @ Z
=7.2% Q \/
[——
V,=2V i _ 2V
Vdc=24v Y%or = Vdc x 100% = 24V x 100%
R=33Q, C=120 4F _8.3%)
Xe=3213 _j080 g\
T CT0 o (A
\'\_/]\
) N/
¢ 10.8 )
v =2y 19205 v)—o6sv o=
R 33
Vi = Vs — IR =24V -33Q (100 mA)

=207V

dc

P
oor = e % 100% = XV 1 100% =3.1% @
v 20.7V \9

V, =Sov
Vr'-':z’rv
1.3
Xe= 2=
‘" C
R
V0=Vz*‘ VB/7%”0.7V=7.6V
Vee =V —¥Vo=1 -7.6V=74V
Lo bl 15V-83V o
(RN 1.8kQ

A
N 2kQ

Cpfe 38mA oo

B 100

- ;=1 - Iz=3.7TmA - 38 ,UA =3.66 mA
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21. V0=[1+R']VZ=(1+ 121(QJIOV

R, 82kQ
=246V
23.
O]
“ W~ ouT | @
i 1812 l
- C. avd P
I L@ VA—
£ = =
25, To maintain Vy(min) = 7.3 V (see Table 15.1) f\\\\%
V. SVu—=V{min)=12V -73V=47V \

so that

, )
Vo 47V \N
Viems) = =2k =27V o=

The maximum value of load current is then

V. (rms) @
_ V. (ms)C (2.7 V)(200) _
o= = = 225 mA @\&9

™
AN
R \O@
27. Va = Vref 1+-—]—{1) +Iadj Rz @’\C
' NS
1.5 kQ 2 ()
=1.25v(1+ )-FIOO,uA(l. )
220 Q

=99V
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Chapter 15 (Even)
%
2. wrr="n"Vn 1009 = BY=BY L 100% =12% @
"’ ' @
4. Ve = 0.636V,, A 7
/
=t 8V _ v S
0.636  0.636 NV
V,=0.308V, = 0.308(12.6 V) =3.88 V \ @\
\ /
6. Vi =V,=18V /xg
VFL =17V
%VR = V=V x 100% = BV-17V % 100%
. f\\f
=5.88% \
sy 2. 240200 _ Ly \x
c 200 O

241,  2.4(150)
10, C=2Tdeo =100

V..  (0.15)(24) HE @
1 o= 24, 24000 _ oo o /7@ @9

V. (0.07) @)
V.  2(80 %‘C

4, y="le 200 oy ims (05

100 100 O
16.

Sov N
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18.

20.

22,

24,

26.

VNL:60V
R 1kQ
"Ry R 00ar1kq 0V
%VR::M_FA x100%=§_‘1_‘.’.:_‘15_-f}§_\’_ x 100%
Vi 4546 V
=10 %
R
Va:“i&(Vz’“Vm)
R, 2
33kQ+22kO
= e (IOVH+0.7V
22 k0 ( )
=26.75V

Vo=V, =10V+0.7V=10.7V
I, =250 mA

Va=Vms)- V2 =~/2(20V)=283V
s = 31 =3[ 24

= \/E(MJ =21V

500
Vae=Vu—V, L =283V-21V=262V

L =262V-21V=24.1 V@g)@

Vilow)=Vae— ¥,
@(CD//QD
1.8 kQ
=1.25 e
V(l+24OQ)+IOOyA( : )

=1.25V(8.5)+0.24 V
=10.87V @

R
Vo= Vref(l + —Iéz—) + LRy,

1

Q
o

<
O
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Chapter 16 (Odd)
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. \

57
b) - C A
® 2

3. A surge current rating is typically 20:1 or higher. For the diodes of Fig. 16.5 a 30 L%gyr

better is typical except for the smaller and larger devices where a 10:1 and 20:1 ratio

occurred. For some the ratio is 100:1. These high levels of surge current are
possible because the surge currents only last for a relatively short peaoxh%me

5. At Vp=5V,I=58nA
Vr=10V, Iz =130 nA

%A in = SOMAS80A 0004 = 124% increase % 7\7/
58 nA ° L0

Extending the curves Vp =25V O
C(0 80 pF Q
1 @ Cry=—= . 80p
(1 +|VR/VT,) (1 i_%_y_)

0.7V

o0

Op

- B0PF _ 4185 pF >
1.912 (O
(7
&)
®) k=ClVr+ V) C=
=41.85pF(0.7V +42 V)"~ \/73
1.698 ; @“

=71 x107"2

1 1 _
9. @ fo= aadic Cﬁé@é)z L (2r(1.4x10° Hz)*(2.5x10” H)
(b) Graph=5 PF ¢ 7\9

0,
1. 1Cc=—2C /%0%:” ACx100% o,

C(@ T, TC(C,)
//i _ (0.11 pF)(100)
@ (0.02)(22 pF) *2
%\9 =50°C

(- 7/
1. \Q _ 22(600x 10° Hz)(2.5x10”° H)
Sb 035Q
/) =26.93
7 will drop with increase in frequency if R, remains constant. Fig. 16.10 reveals a significant
——\ drop in Q with frequency (increase).

—
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15.

17.

19.

21.

23.

25.

27.

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.

The heavy doping greatly reduces the width of the depletion region resulting in lower levels ,&ﬂ
of Zener voltage. Consequently, small levels of reverse voltage can result in a significant Q/ -

TN
current fevels. {}
- /’J
E 2V / \ ~
Isa:“‘:: =513 mA ( “
" R 039kQ \ <>
From graph: Stable operating points: I; = 5 mA, V; = 60 mV —

IT =2.8 mA, V’[' =900 mV

2 \\\
j§-=( 1 JI_R,C

22IC L . 6/“7&;\
_ 1 | (10 QP (x10° F) ,\X\J/
274J(5x107 H)(1x10° F) 5x10° H Q/
= (2250.79 Hz)(0.9899)
=2228 Hz

f/fx
(a) Visible spectrum: 3750 A — 7500 @\xj
o . f/\“
(b) Silicon, peak relative response = 8400 A /CJ/\i//
>0
(c) BW=10,300 A 6100 A = 4200 A @3\?
=7

a
(a) Silicon v O}y
6x10"m

> m“ = —> orange

b)) 1A=10"m

(a) Extending the curve: N
0.1 kQ —> 1000, 1 k0> 255,

AR _(1-0.D)x1
A (10/ -

= = 0.92 Q/f, = 0.9 Qff,

(b) 1kQ—> 25 \6%@—» 1.3f,
~)x1

=379.75 Qif. = 380 Q/f,

R
Q137,100 kQ - 0.157,

(100-10)x10° 3
e =78,260.87 Q/f. =78 x 10° Q/f,
w (1.3~0.15)f, J: " g

e greatest rate of change in resistance occurs in the low illumination region.
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29.

31.

33.

35.

37.

39.

41.

43,

N

10f, > R=2kQ
3
V=6V = (23x10 Q)V,.3
2x10° Q+5%10° Q
V=21V
(a) T (b)
S0 (ms)
a.

©l 6.4 1.6 10 too e

(c) Increased levels of illumination result in reduced rise and deg 3

N—
))

N

() =5 mW radiant flux O
— 7
(b) =3.5mW 35mW 534 10" Ims
1496107 W/im

p
Atl;=60mA, ® =4.4mW N
At 5°, relative radiant intensity = 0.8 C{%
(0.8)(4.4 mW) =3.52 mW - K )
AP
,]\%))
- (( CAE
The LCD display has the advantage of Sing approximately 1000 times less power than the
LED for the same display, since mu 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@{c;z either internal or external, and the temperature range of the
LCD is limited to temperatures above freezing.
The greatest rate of in@?ﬁ@n power will occur at low illumination levels. At higher
illumination levels change in ¥y drops to nearly zero, while the current continues to rise

linearly. At low i ination levels the voltage increases logarithmically with the linear
increase in current.

(r V.
@ dTem (b) o5

—— 'P,,‘.,;tgtm\\!/u‘;) %o e 1o 89 4o 0o P‘;"‘tb

2o} o3
- \J |
@ N 02
Vo = 0.15V
\ o4
o 25 §0 15 100 A ot
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(c) The curve of I, vs Pty is quite linear while the curve of V, vs Piensicy 1s only linear in

the region near the optimum power locus (Fig 16.48). O
45. No. 1 Fenwall Electronics Thermistor material. @
Specific resistance = 10* = 10,000 Q cm @
R="—= 2x S R=2x (10,000 Q) =20 kQ ‘
A \—T_J .
twice @
47. V= Iﬂ*‘ IRy + Vo /\ @
VI Ru) +0V \
R _ V /\g
unk Jé
_02v 10Q \
2 \\\\%
=100Q-10Q m
=90 Q <

©

QL

Q)
5
S

G

Y,

O
©

&
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Chapter 16 (Even)

junction diode. Note that the slope of the curves in the forward-biased region is about

2. (a) In the forward-biased region the dynamic resistance is about the same as that for a p-n &
the same at different levels of diode current. \

~
(b) In the reverse-biased region the reverse saturation current is larger in magnitude tl@ )
C

for a p-n junction diode, and the Zener breakdown voltage is lower for the Schott
diode than for the conventional p-n junction diode.

0.3x =0.3(100 - 25) = 22.5°C
T=25°C+0.3x=25°C +22.5°C =47.5°C—
As indicated on the graph, at Ir = 10 A, Tc=-2.3 nV/°C
while at I = 100 mA, T¢ = —0.2 mV/°C

Therefore, the larger temperature cﬁﬁments occur

at the lower current levels.

NN

\/

6. At V=0V, Cr=1pF; AtVx=2V, Cr=0.67 pF Q
The magnitude of the change:
1"1)'67 x 100% => 33%

7
At Vp=8V,Cr=037pF;, AtV=10V, Cr= 0 F
The magnitude of the change: <

0.37-0.35| = (Q)
x 100% = 5.4% -
037 | ’ ’ «\/))

33%: 5.4% = 6.1:1, which is a si x@kﬁtﬁ rence in sensitivity to change in voltage.
=)
8. (@) At-3V,C=40pF
At-12V, C=20 pF
AC =40 pF - 20 pF

®) A8V, A,C-:é%%za Ry
M2V, .L;é@_._mm

ershudil };i{ s at less negative values of V.

AV,&
10. 3 30 pF CylCys= 0P _ 6
5pF
5 pF

min  typ. max
5.0 5.7 6.5
Center of typical values
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12.

14.

16.

Greatest change in capacitance per volt appears to be between 0 and 2-3 volts of reverse bias
voltage. v

AC(0-2 V) = 25 pF x
AC (5-10 V) = 10 pF
High-power diodes have a higher forward voltage drop than low-current devices due to larg &//
IR drops across the bulk and contact resistances of the diode. The higher voltage drops re@
[N

in higher power dissipation levels for the diodes, which in turn may require the use of hea
sinks to draw the heat away from the body of the structure. x )
)/

@
O
N

1 1
2r fC B 27(1x10° Hz)(5x10™ F) —

=31.83 kQ
! A

27(100x10° Hz)(5x107'2F) /27/\7/
=3183Q MNY)

N
At1MHz: X, =27fL =2a(1x 10°Hz)(6 x 10” H) %
=0.0337Q
At 100 MHz: X, =2a(100 x 10° Hz)(6 x 10~ H) @

=3.769 Q @N
L, effect is negligible! /CJ/’M

,]\/ D
R and C in parallel: 2 . @/ :—)

A —
f=1MHz -1529 /F? &
N

I
Xc = 31.83ks2

L —

At 1 MHz: X =

At 100 MHz: X-=

7 — (152 Q180°)(31.83 kO - 90°)
! —15291@} 83kQ
=-152.05 Q@ =-152 Q0°

\ -
)

Oy

e
/=100 MHz /%K@
_ (152 /180°)(318.3.2 - 90°)
Z= .
152 - j318.3

= ~137(16 Q£25.52 % ~152 Q£0°
encies X¢ has some impact!
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18. AtVr=0.1V,
At V=03V

_AV _ 03V-01V
Al 23mA- 5.5mA

- 02V =-6250Q
-3.2mA
20 Iu= £_05V 9.8 mA
R 51Q

Draw load line on characteristics.

_(6:624x107'1-5)(3x10° m/s)

2. W= as
A h/ (5000)(107'° m) 7\\
=397x10°J @> :
D)
3.97x107°) [—-l—e\iﬁ——] ~248eV 5
1.6x107°F )
-9 2
20, AXI0_ W _, 4861
1.609x10
From the intersection of V&- V and 2,486 f. we find
I, = 440 pA \9

26.  Note that ¥ is given Mt V.
At the intersection =25 V and 3000f; we find I, = 500 A and
Ve=LR= (59,0@% AX100 x 10° Q) =50 V
e

28. The “dar /i t” of a photodiode is the diode current level when no light is striking the
diode. }L entially the reverse saturation leakage current of the diode, comprised mainly
of mingr iers.

Y
O

N
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Except for low illumination levels (0.01£)
the % conductance curves appear above the O
100% level for the range of temperature. In =~ [ x
addition, it is interesting to note that for &
other than the low illumination levels the % \
conductance is higher above and below BN,
room temperature (25°C). In general, the 9@4)\ -
/
))

conductance level is not adversely affec%
by temperature for the illumination le
. iy ~/
examined. (\\
\

" -y -

Lofe

) I -
-2§] o 1S So 1% TL%)

32. The highest % sensitivity occurs between 5250A and 5750A. F ig 16.20 reveals that the CdS
unit would be most sensitive to yellow. The % sensitivi{t}%ﬁl}e 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. 7 6%\79
o S
34. (a) Relative radiant intensity = 0.8. 7&//)

36. 6,7,8

38. The LED generates a’light source in response to the application of an electric voltage. The
LCD depends on a@%n‘ ight to utilize the change in either reflectivity or transmissivity
caused by the application of an electric voltage.

S

40. 7]°o=( = \g{%‘ — x 100%

( ‘/;P
9% = e ax —~ x 100%
(2.em®)(100 mW/em?)
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42,

46.

(a) Fig. 16.48 = 79 mW/cm’
%

(b) It is the maximum power density available at sea level. @

(¢) Fig. 16.48=12.7mA @
57

Since log scales are present, the differentials must be as small as possible. N

4‘/
Ezmod %
gwo3__ t\S AR _ (7000-1000)2 _ 60009 _ (o @
1 AT (40-0y 40° \ N
L g
' H \
HE- 135 % (34010)9 i;’ =0.05 QFC f\\
L o S0P

284° 220" N/

O
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.

=10° A = fx
(@ =107 A=10 A
@/\\xﬁ

(b) Power=0.1mW,R=10"Q=10 MQ@ )

(c) Logscale =0.3 mW @\f
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Chapter 17 (Odd)
%
L - g@
- A
5. Y =
(&) Yes \9
(b) No — /’
ES/
(¢) No. Asnoted in Fig. 17.8b the minimum gate voltage required to trigger all%\i V.
A——
(d) Ve=06V,I;=2800mA 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. \\
\\
~_.\
7. The smaller the level of R, the higher the peak value of the gate 5un§ﬁ,? Ihe higher the peak
value of the gate current the sooner the triggering level will be reached and conduction
initiated. O
9. -
11. (@) =0.7mW/em? /&\
(b) 0°C - 0.82 mW/cm® @ %\9
100°C — 0.16 mW/cm® O
0.82~0.16 D)
2227000 X 100% = 80.5% Ce
0.82 P
a y
(¢ @
3. - =
15. -
R a
17.  (a) np= ;—-—ﬁ—-—— = of‘\g kzngR R, =1.08kQ
+ = + :
B, B, oo ) @C\j B,
(b) Rps= (R, +Ry] 1\=2 kQ + 1.08 kQ = 3.08 kQ
//7§ E=0
© Vi =1 @%) 520 V) =13V
//\Mﬁ
d) Ve= Vp=13V+07V=13.7V
@ - Wan# Vo
1 9 . 1 B~

1% % ~ (40)(25 uA) = 1 mA
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Al
21. (a) D[- = E o
_095-0 095 _ oy o x
25-(-50) 75 N
(b) Yes, curve flattens after 25°C. C N
%
23, Ll 20mA _, 4 A
I,. IF =45 mA @\
Yes, relatively efficient. Q \/
/Ag
25.  (a) Ic=3mA
(b) Atlo=6mA; R,=1kQ,t=8.6us f\
Ri=100Q;1=2 sss f
1kQ:100 Q = 10:1 o }9
8.6 us:2 us =4.3:1 N
AR:A1=2.3:1 %
27, Vp=8.7V,I,=100 uA Zp="e - 37V _87k0 (= open)
P 100pA
v, 1 x .
Ve=1V,Iy=55mA Zy= L= {7 J 81.8 Q (relatively low)
v
y
B7KQ: 1818Q=47855:1 =500 (- 5
2
.. a4
29. (a) Minimum Vpp: v (/\
VoV, )
Rppy = -2 L. >2
P
Vis (”VBB + V@\) 20 kQ
p 20 kQ
VBB Ip 20kQ + ¥y
&\ _ 1, 20 kQ+V,
/ _ (100 ,uA)(20 kQ)+0.7 V
& 1-0.67
: =818V
190 /¢
Oy
//%B—-VV _12V-1V oo
I, 55 mA
XJ/ <2KkQ
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R,
(¢) T=RClog,. 1+—1—e—— o

By

10 kQ
2 x 107 =R(1 x 107%lo e(1+ )
X (1 x 107)log 0

5
L N
log,3 = 1.0986 %
2x107
R= —
(1x107°)(1.0986)
R=1.82 kQ 3 @
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Chapter 17 (Even)
O
- N
4. (a) p-njunction diode
N

10.

(b) The SCR will not fire once the gate current is reduced to a level that will cause t Q@
forward blocking region to extend beyond the chosen anode-to-cathode voltage. .
general, as I; decreases, the blocking voltage required for conduction increa;es,\x )

Jokin

(c) The SCR will fire once the anode-to-cathode voltage is less than the for@ hgl
region determined by the gate current chosen. /\§

(d) The holding current increases with decreasing levels of gate current.

In the conduction state, the SCR has characteristics very similar to,t@é\ a p-n junction
diode (where V7=0.7 V). NS

~)
(@ Ve= (———-Vm (;ms) ) 2 Q/

= l—1—7——\—/—(\/5) =82.78V
2 f/fx
Ve = 0.636(82.78 V)
=52.65V @%\j

VPR,
() Vix=Voc— Ve =52.65V - 11V = gﬁﬁ?))f
—

(c) Va=Vz+ Ve //\/572/
=11V+3V v@w
=14V i

At 14 V, SCR, conducts a ops the charging process.

(d) Atleast3V toturn @%{2.
i
(O
(82. 4
v

(e) W= V,,=l )y =41.39V
)
{ \]
(a) Charge to ér 0V but will be limited by the development of a negative voltage
VGK(= Vé% that will eventually turn the GTO off.

/4‘

e

& ro Ao 0. )
C/}A\?‘é%2nm

7 =10 ms

@T' = 1‘(51') =5ms= SRGM Cl
/) 2

sms 5 ms
5C, 5(0.1x10° F)

=10 kQ (_—_ —;—(20 kQ - above))

Rero =
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12, Ve=Vg+Vegx=6V+3V=9V
Ve=40(1 - =9
40 - 40e€ =9
40e™%¢ =31
"¢ =31/40 =0.775
RC=(10x10°Q)(02x 10°F)=2x10"s
log.(e "*“) =log, 0.775
—t/RC = /2 x 107> = -0.255
and = 0.255(2 x 107) = 0.51 ms

14, Vo =Voe £10% V.
=64V+0.64V =576V —>7.04V

---------- Assalat o0 Wasalam o Alika Ya RasoolALLAH

16, Ve g
P
—10. + 0.
40 V [06(40\_/6) 07Vl _, s3ma> R,
10x10
V-V, <R1:>M=4_875kg<1e,
” 8§ mA
~1.53MQ > R, > 4.875 kQ
18. (@ 7=—2
Ranlieeo S
9
R )
0.55 = —&_ (CA©

10k e
R, =55kQ @
RBB:RB,+RBZ
10kQ=55kQ+ R,

R, =45kQ
>
®) Ve=nVe+Vp=(0 +0.7V=117V
(©) Ri< V=Y, =(2¢0®§@‘ Y 166K
S
ok: 68k£3§5§
O
&Mv
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() =RClog, L20% = (68 x 10°)(0.1 x 10°) log. o8 = 5.56 ms o
V-V, 8.3 x
B v, oo 117
b= (R, +R,) Cloge -2 =(02kQ+2.2k)(0.1 x 10) loge—-
2 .
= 0.546 ms (/ )
T=t+1=6.106 ms \@
1 N
=== =163.77 Hz )
S T 6106 ms <§4
0O
/,f:::;&
G
. x&/}
WO — = — = [ — =~ === — = === TRV 22kQ(0V)
R,+R, 22kQ+10kQ
.00 , . 7 =3.61V
ye } R 'x 2 ERZ(V,,~O.7 V)
O ey %2 R,+R,
@//))\/ _ 22kQ(117 V=07 V)
@}\c 22kQ+0.2kQ
~") =10.08 V
(8 f= ! - =184.16 Hz

RClog,(1/(1—~n)) - (6. )(0.1 uF)log,2.22
difference in frequency levels is'partly due to the fact that £, = 10% of 1,.

P
20. : %’c@

186
To Read Online & Download: WWW.ISSUU.COM/SHEIKHUHASSAN



Bismillah hiir Rehman nir Raheem-----========cmmmmmmmmmmmee - Assalat o0 Wasalam o Alika Ya RasoolALLAH

22. (a) At ZSOC, ICEO =2nA
At SOOC, ICEO =30nA &

_ -9 /¢ x
AICEO:(30 2)x10 A=28nA = 1.12 nA/°C &

AT (50-25)°C 25°C

Iezo (35°C) = Ieso(25°C) + (1.12 nA/°C)(35°C — 25°C) Q)
=2nA +112nA @/\//
=132 nA )

From Fig. 17.55 Iozo (35°C) = 4 nA \

Derating factors, therefore, cannot be defined for large regions of non—hncam:ut&s -)
Although the curve of Fig. 17.55 appears to be linear, the fact that the vertlcé\l ax I{a
log scale reveals that Iz and 7( °C) have a non-linear relationship. B &

24. (@) Pp=Vegle=200mW

4
1o
L= P, =200mW =6.67mMmA@ Ver=30V
Ver 30V P
( {
[3 -t
Vep=12-2000W 20y @Ie=10mA NS
I. 10mA % — b
[}
[} []
fo= o 200mW g0 A @ V=25V ? L
. 25V F ryyas
/ to 1S 20 2% 3o

Almost the entire area of Fig. 17.57 falls withi th%\&@;wer limits.

)
0) fu=te-SMA _g4 g 17.56£C——~}4J = 0.4
I, 10mA ](1({

//
The fact that the I characteristic F{} 57 are fairly horizontal reveals that the level
of I is somewhat unaffected by th of Ve except for very low or high values.
Therefore, a plot of I vs. Ir as in Fig. 17.56 can be provided without any
reference to the value of V. As noted above, the results are essentially the same.

5 Z% %f,ﬂ, =0.7520 V) =15V

3R
v?/\9
NN
B"VP)

" 3R, +R,
Vs AN
. N v
28.  Eq.17.23: T=RC m__ |- RCloge[ 55 J
B Vg —(MV g5 +V))

N

e

26. n

14 1 1
Aqqummg/nx Vp, T=RC log (—mﬂ*—_\ = RC log(1/1- ) =RC 10ge(——~——~——~——~
?’% W (-m)) R J

—_— = 0 +__._L . . 4
R ge R

B
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