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Chapter 1

L.

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

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

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

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

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

W=0V=(6C)(3V)=18J

48 eV =48(1.6x10"1)=76.8x10"J

-19
0= -850 T _640x10mC
% 12V

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

GaP  Gallium Phosphide E,=2.24 eV
ZnS  Zinc Sulfide E,=3.67 eV

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

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

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

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

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



10.

11.

12.

13.

14.

15.

16.

17.

18.

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

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

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

Tx=20+273 =293
k=11,600/n=11,600/2 (low value of V) = 5800

W, (5800)(0.6)
ID=IS[eTK _ 1} =50 x 10"[6 - 1]

=50x 107 (""" - 1)=7.197 mA

k=11,600/n=11,600/2 =5800 (n =2 for Vp=0.6 V)
Tx=Tc+273=100+273 =373
(5800)(0.6 V)

=e B =P =1127x10°

kVIT,
e K

I=1.("" —1) =5 uA(11.27 x 10’ = 1) = 56.35 mA

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

L (5800)-10 V)
Ip=1I|e" -1 =O.1,uA[e 3 —lj

= 0.1 x10°% ™" - 1)=0.1 x 107°(1.07 x 107* - 1)
=0.1 x10°0.14A
Ip=1,=0.1 pA

(b) The result is expected since the diode current under reverse-bias conditions should equal
the saturation value.

(a) )
y=e

1
2.7182
7.389
20.086
54.6
148.4

N AW — O=

(b) y=€'=1

(¢) ForV=0V,e®=1and/=1I(1-1)=0mA



19.

20.

21.

22.

23.

24.

25.

T=20°C: I,=0.1 uA

T=30°C: I,=2(0.1 uA)=0.2 uA (Doubles every 10°C rise in temperature)
T=40°C: I,=2(0.2 uA)=0.4 uA

T=50°C: I,=2(0.4 uA) = 0.8 uA

T=060°C: I,=2(0.8 xA) =1.6 uA

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

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

From 1.19:
-75°C 25°C 125°C
Vi 1.1V 085V |06V
@ 10 mA
I 0.01 pA | 1 pA 1.05 pA

Vr decreased with increase in temperature
1.1 V:0.6 V=1.83:1

I, increased with increase in temperature
1.05 uA: 0.01 pA =105 x 10*:1

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

In the forward-bias region the 0 V drop across the diode at any level of current results in a
resistance level of zero ohms — the “on” state — conduction is established. In the reverse-bias
region the zero current level at any reverse-bias voltage assures a very high resistance level —
the open circuit or “off” state — conduction is interrupted.

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




26.

27.

28.

29.

30.

31.

32.

Atlp=15mA, Vp=082V
vV, 082V _54.670

DC— — =

I, 15mA

As the forward diode current increases, the static resistance decreases.

Vp=-10V, Ip=1,=-0.1 gA

RDC: V—D= 10V =100 MQ
I, 0.1uA

VD:—3O V, ID:IS: —0.1/1A

RDC:V—DZ 0V =300 MQ
I, 0.1uA

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

leakage current remains constant).

_ AV, _079V-076V _0.03V _30

a = =
@ Al, 15SmA-5mA 10mA
b)) re= 26mV:26mV:2.6Q

I 10 mA

D
(¢) quite close

Ip=10mA, Vp= 0.76 V
Roe= 2076V ey

I, 10mA
AV, 079V-0.76V 0.03V _
Al,  15mA -5mA 10 mA

Rpc>>1ry

rqg=

3Q

I3

AV, . -0.
Ip=1mA, ry= . _072V 061V:55§2
Al, 2mA-0mA

AV 8V -0.
Ip=15mA, r;= d=08V 0.78 V =2Q
Al, 20mA-10mA

Ip=1mA, r,= 2[26 mVJ = 2(26 Q) = 52 Q vs 55 O (#30)
D
Ip=15mA, rg= 20V _20MV 4 230 vs 2.0 (#30)
I, 15mA

AV,  09V-06V

= =24.4Q
Al, 135mA-12mA

Vay =



33.

34.

35.

36.

37.

38.

AV, 08V-0.7V 0.09V
Al, 7TmA -3mA 4mA
(relatively close to average value of 24.4 Q (#32))

R

=225Q

Vg=

, AV, _09V-07V 02V _ 00
Al, 14mA-0mA 14mA

ideal diode

P

Using the best approximation to the curve beyond Vp= 0.7 V:
_ AV, 08V-07V 0.1V 0.7V

A, 25mA OmA 25mA O —l—wW—pt—
- 40

rav

(a) Vix=-25V: C;=0.75 pF
Ve=-10V: Cr=1.25pF

AC, :|1.25 pF—0.75pF| _0.5pF _ 0 DIV
AV, | 10V =25V | 15V
(b) VR:—IOV: CTE I.ZSI)F
VR:—I V: CTE3pF
|AC,|_|125 pF -3 pF| _175pF _ o, CEV

AV,| 10V -1V | 9V

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

From Fig. 1.33
Vp=0V, Cp=3.3pF
VD =0.25 V, CD =9 pF

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



39.  Vp=02V,Cp=73pF

c= 1 = 1 =3.64 kQ
27 fC 27(6 MHz)(7.3 pF)
Vp=-20V,Cr=0.9 pF
c= 1 = 1 =29.47 kQ
2z fC  27x(6 MHz)(0.9 pF)
10V _ 5V _
40 If': _— = Ir(?verse A 10_kQ 0.5 mA
' 10 kQ t(mA)l
tS + tt = trr = 9 ns
t,+24,=9ns o
t,=3 ns
tt:21s26ns 0 5 8 1I4
-0.5+ L,
lS
41. 1 rma)
200 1+
100+
50T
10 X
0.74 I'IL1. 1
0809 V(max)
42. As the magnitude of the reverse-bias potential increases, the capacitance drops rapidly from a

level of about 5 pF with no bias. For reverse-bias potentials in excess of 10 V the capacitance
levels off at about 1.5 pF.

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

44. Log scale: T,=25°C, Ix=0.5 nA

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



45.

46.

47.

48.

49.

50.

I-=0.1 mA: r;,=700 Q
Ir=15mA: r;,=270Q
Ir=20mA: ;=26 Q

The results support the fact that the dynamic or ac resistance decreases rapidly with

increasing current levels.

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

Pmax = VF[F

Ir= P =500—mW =714.29 mA
V. 07V

Ip= 7= :260—mW =371.43 mA
V., 07V

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

Using the bottom right graph of Fig. 1.37:
Ir=500 mA @ T =25°C
At Ir=250 mA, T=104°C

Iz
29V (Vy) 168V (Vy T 20 LA (g)
T I; L VZ
—————————————— 10 mA (Izp)
—————————————— 40 mA (Izyy)
AV,
Te=40.072% = ——~24—x100%
z Tl _To)
0072= 2DV
10 V(T; - 25)
0.072 = 73
T,-25
7.5

T, —-25°=—— =104.17°
0.072
T,=104.17° + 25°=129.17°

=A% 100%
V(I -T;)
_ (5V -48V)

5 V(100° - 25°)

Tc

x 100% = 0.053%/°C
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52.

53.

54.

55.

56.

20V —6.8V)
24V —6.8V)

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

x 100% = 77%

Atl;=0.1 mA, Tc = 0.06%/°C
5V -36V)

6.8V =3.6V)

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

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

x 100% = 44%

20 :

"N

=13Q 24V

24 V Zener:
0.2 mA: =400 Q
I mA:=95Q
I0mA: =13 Q
The steeper the curve (higher di/dV) the less the dynamic resistance.

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

Fig. 1.53 (f) Ir=13 mA
Fig. 1.53 (¢) Vp =23V

(a) Relative efficiency @ 5 mA = 0.82
@ 10 mA = 1.02

1022082 100% - 24.4% increase

0.82

ratio: & =1.24
0.82

(b) Relative efficiency @ 30 mA = 1.38

@35 mA=1.42
142-1.38  100% = 2.9% increase

ratio: £ =1.03
1.38

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



57.

8.

0.75
a) —— =025
@ 3.0

From Fig. 1.53 (i) £ =75°

(b) 05= £ =40°

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

Average
forward
current

A

A
20 mA

_~—02mA/C

0

25 50 75 100 125 150 ~  °¢

100°C

0.2mA 20 mA

°C

X

20 mA

0.2 mA/°C

=100°C



Chapter 2

1.

The load line will intersect at I, = %: ﬂ =2424mA and Vp=8 V.

(@) V,, =092V
I, =21.5mA

DQ_

Vp=E - VDQ =8V-092V=1708V

(b) ¥V, =07V

o

I, =222 mA

Dy, —

Vp=E - VDQ =8V-07V=173V

(©) V,, =0V
I, =2424 mA

Dy, —

Vp=E - VDQ =8V-0V=8V

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

(a) [D=£= >V =227 mA
R 22kQ
The load line extends from I, =227 mA to Vp=5 V.

Vo, =07V, [, =2mA

® =LY _ _jo6ama
R 047kQ

The load line extends from /p = 10.64 mA to Vp=5V.
V, =08V, IDQ =~ 9 mA

Dy

E 5V

¢) Ip=—=
© o= =01k

The load line extends from I, =27.78 mA to Vp=5 V.

Vp, =093V, I, =22.5mA

=27.78 mA

The resulting values of Vp, are quite close, while / D, extends from 2 mA to 22.5 mA.

Load line through / b, = 10 mA of characteristics and V=7 V will intersect I, axis as
11.25 mA.

L=1125ma=2-1Y
R R
7V

with R = —— =0.62 kQ
11.25 mA

10



(a)

(b)

(a)
(b)

(©)

(a)

(b)

(a)

(b) 1

E-V, 30V-07V
R 22kQ
V=01V, Vi=E—-Vp=30V-0.7V=293V

[D:[R: =13.32 mA

_E-V, 30V-0V
R 22kQ
Vp=0V, Vz=30V

Ip =13.64 mA

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

V2o =20V —-0.7 V=193V (Kirchhoff’s voltage law)

D3V _ 0.965 A
20Q

1= v _ 1 A; center branch open
10Q

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

V .
e ol 43V

R 22kQ

=1.955 mA

Diode forward-biased,
. 8V-07V

P 12kQ+47 kQ

Vo=Vizat Vp=(1.24mA)4.7kQ)+0.7V
=6.53V

=1.24 mA

_ 2kQ(20V ~0.7V-03V)

Vo
2kQ+2 kO

= %(20\/—1\/): %(19V)=9.5V

_10V+2V - 07V) 113V
12kQ+47kQ  5.9kQ

V'=IR=(1915mA)4.7kQ)=9 V

V,=V'-2V=9V-2V=7V

=1.915mA

11



10.

11.

(a)

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

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

Ry, =2.2kQ
AWy | oV, Diode forward-biased
+ 22kQ i _
L I - I - 22V-07V — 6.26 mA
T 2v : 22kQ+1.2 kQ
V,=1Ip(1.2 kD)
= = (6.26 mA)(1.2 kQ)
=751V
(b) Diode forward-biased
- 20V+5V =07V —2.65mA
6.8 kKQ
Kirchhoff’s voltage law (CW):
+V,—07V+5V=0
V,=-43V
(@ vV, =12V-07V=113V
v, =03V
b)) V. =-10V+03V+07V=-9V

(a)

(b)

(a)

(b)

o

I0V-07V-03V 9V
1.2 kQ+3.3kQ 4.5 kQ

=2mA, ¥, =-(2mA)(3.3kQ)=-6.6 V

Both diodes forward-biased

L= 20V=0TV 06 ma
4.7kQ

Assuming identical diodes:

I, = %:@ ~2.05mA

V,=20V-0.7V=193V

Right diode forward-biased:

_I5V+5V-07V
2.2kQ

V,=15V-0.7V=143V

Ip =8.77 mA

Ge diode “on” preventing Si diode from turning “on”:
/- 10V-03V 97V

= =9.7mA
1 kQ 1 kQ

_16V-07V-07V-12V 26V

4.7kQ C47kQ
V,=12V +(0.553 mA)(4.7 kQ) = 14.6 V

1 =0.553 mA

12



12.

13.

14.

15.

16.

17.

18.

19.

20.

Both diodes forward-biased:
v, =07V,V, =03V

20V-07V 193V

L= =193 mA
Hhe 1kQ 1kQ
07V-03V
I = -~ 22V _ 0851 mA
047k 0.47 kQ

I(Si diode) = I ko — L4710
=19.3 mA - 0.851 mA
=18.45 mA

For the parallel Si — 2 kQ branches a Thevenin equivalent will result (for “on” diodes) in a
single series branch of 0.7 V and 1 kQ resistor as shown below:

10V |||

_2kQI0V-07V) _

v, 203V)

Ry 1KQ 1 kQ + 2 kQ
Epy, Ry,
62V
IZkQ:m =3.1 mA
1 .
= tno 3IMA 45 A
2 2

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

Both diodes “on”, V,=10V-0.7V=93V

Both diodes “on”.
V,=0.7V

Both diodes “off”, V,=10 V

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

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

V,=0V-0.7V=-0.7V
The result supports the above assumptions.

Since all the system terminals are at 10 V the required difference of 0.7 V across either diode

cannot be established. Therefore, both diodes are “off” and
V,=+10 V

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

13



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

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

22. Voe=0318V,, =V, = Vac :2—V =6.28V
0.318 0.318
\Y;
6.28V Vg
4 oV
0 > 0 >
\&/ \//
628V
Ald
L= o 8BV g5 ma Sk
R 22kQ //
5 >

23. Using Vg = 0.318(V,, — V)
2V=0318/V,-0.7V)
Solving: V,,=6.98 V = 10:1 for V,:Vr

Y AVd A ‘R

6.98V 6.98 V 2.85 mA
V4 0.7V 4 //x

\¢/ U
6.98 V

Y

Vi _2V

24. V= =—— =628V
0318 0.318
AY; AV,
6.28V 6.28V
2 O\ o
T\ T
=8BV 924ma
™ 6.8 kQ
L
0.924 mA
/2N 0maA

14



628V

Lnan(2.2 Q) = =2.855 mA
2.2kQ

I, =1, +Lm(22kQ)=0924 mA +2.855 mA =3.78 mA

3.78 mA

S

\

25.  V,=+2(110V)=15556 V
Vie=0.3187, = 0.318(155.56 V) = 49.47 V

Yo 15556V

S

| >

26. Diode will conduct when v, = 0.7 V; that is,
10 kQ(v,)

10 kQ+1kQ

Solving: v;=0.77V

vo=0.7V =

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:
10 kQ(v,)

, = ————— =0.909 vy,
10 kQ+1kQ
Forv,=-10V:
v, =0.909(-10 V)
=-9.09V

Whenv,=0.7V, Vg =V, - 07V

1

=10V-07V=93V

B EL I
‘max 1 kQ
Tax(reverse) = L =0.909 mA
1 kQ+10kQ

15

\ Vo
0.7V
1
S
-9.09V
A i
9.3 mA
—0.909 mA



27. (a)

(b)

(©)

(d)
(e)

28, (a)

(b)

(©)

(d)

Paax = 14mW = (0.7 V)Ip
_ 14mwW
0.7V

=20 mA

D

47kQ || 56 kQ =434 kQ
V=160 V-0.7V=1593V

Iiax = 193V _ 36.71 mA
4.34 kO

I, 3671 mA

max

2

=18.36 mA

Lgiode =

Yes, Ip=20 mA > 18.36 mA

Laioge = 36.71 MA > [ =20 mA

V=2 (120 V)= 169.7 V
v, =V, -2V
=169.7V -2(0.7V)=169.7V - 14V

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

PIV="V,(load) + Vp=1683 V+0.7V=169 V

V., 168.
Ip(max) = —= = 83V _ 1683 mA
R, 1kQ

Pmax = VD[D = (07 V)Imax
= (0.7 V)(168.3 mA)
=117.81 mW

29. T%
> PIV=100V

VAN

-100V

16



30.

31.

32.

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

o on diode 2.2 kQV,
Network redrawn: on diode = ( 'max)
e 22kQ+2.2kO
22kQ 1
v, <$2.2 kQ = E(V,»m)
22kQ _ %(100 V)
C =50V

T Polarity of v, across the 2.2 kQ
B ¢ ‘ondiode resistor actin load is th
g as a load is the same.
=
v, - Vo Z22.2kQ Voltage-divider rule:
210 O 22KQ, )
N 22kQ e 22 kQ+22kQ
° 1
=—
U
1
v, = —(100 V)
50V 2

50 V
2N 7\ | Va=0.636V,=0.636 (50 V)
0 7 =318V

Positive pulse of v;:

Top left diode “off”, bottom left diode “on”
22kQ [|22kQ=1.1kQ
1.1 kQ170V)

w1 1kQ+2.2 kQ

=56.67V

Negative pulse of v;:

Top left diode “on”, bottom left diode “off”
1.1kQ(170 V)

w11 KQ+2.2 kQ
Vi = 0.636(56.67 V) = 36.04 V

=56.67V

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

U()

0oV

Y

-193V

A
>
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(b)

33, (a)
(b)
34, (a)

(b)

For v; <5V the 5 V battery will ensure the diode is forward-biased and v, =v;— 5 V.
At V= 5V
v, =5V-5V=0V
Atv,=-20V
Vv, ==20V-5V==-25V
For v; > 5 V the diode is reverse-biased and v, =0 V.

AY,
/, B \\/Dt
1 \
1
of ”
-25V
Positive pulse of v;: R
A o
- 1.2kQA0V-0.7V) _ 328V o
1.2kQ+2.2 kO ~
Negative pulse of v;: Zlov o
diode “open”, v,=0V
AV
Positive pulse of v;: 143V
V,=10V-07V+5V=143V Yy’
Negative pulse of v;: 4 0V
diode “open”, v,= 0V >

For v; =20 V 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 %o
v,==-3V
o0V oV
= 7
-3V

For v; =20 V the 20 V level overpowers the 5 V supply and the diode is “on”. Using the
short-circuit equivalent for the diode we find v,=v;=20 V.

For v;=-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 k) resistor to the 5 V supply and
Vv, =5 V.

VA 20V
s /

//sv //

\{
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35. (a) Diode “on” forv;>4.7V Vo
Forv,>4.7V,V,=4V+0.7V=47V A
For v; <4.7 V, diode “oft” and v, = v; 7
0

(b) Again, diode “on” for v; 24.7 V but v,
now defined as the voltage across the diode
Forv;>24.7V,v,=0.7TV

\J,
-8V

Forv;<4.7V, diode “off”, Ip=Iz=0mA and V51 =IR=(0mA)R=0V

Therefore, v,=v;—4 V AV
AtV,‘:OV,v():_"'V ’
vi==8V,v,==8V-4V=-12V

0.7V
[ — ;
0
Y
—-12V

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

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

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

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

DO

6V
<

\{//
-8V

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

and i = 4—VQ =0.4 mA

»
>

Forv;<-8V
VR=Vi—=V,=V;+8V

19



37.  (a)

(b)

Forv,=-10V
v=—-10V+8V=-2V

and i = _2—V =—-0.2 mA
10 kQ

i® A

N
4\ V.
+6Vk == =¢
’ 0.4MmA kY]
4 N 0
\ ;_ g
0 8 0' mA

\
________ NERANY
-8V 4 !

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

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

UU

40V

0V o
0| i
Starting with v; = —20 V, the diode is in the “on” state and the capacitor quickly charges
up to —15 V+. Note that v; = +20 V and the 5 V supply are additive across the capacitor.
During this time interval v, is across “on” diode and 5 V supply and v,=-5 V.

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

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

A ’D() +35V

/ 40V swing (= that of v; )
7/

Z Z1 T
-5V -5V

=)

20



38.

39.

(a)

(b)

(a)

(b)

(©)

For negative half cycle capacitor charges to peak value of 120 V- 0.7 V =119.3 V with
polarity (— —|F +). The output v, is directly across the “on” diode resulting in
v, =—0.7 V as a negative peak value.

For next positive half cycle v, = v; + 119.3 V with peak value of
Vv,=120V+1193V=2393V.

2393V

T vertical shift of 119.3 V

0 -07V

For positive half cycle capacitor charges to peak value of 120 V-20V -0.7V =993V
with polarity (+ —f— —). The output v, =20 V+ 0.7 V =20.7 V

For next negative half cycle v, = v; — 99.3 V with negative peak value of
Vo=—120V-993V=-2193V.

N\ - ivertical shift of —99.3 V

-2193V

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.

7=RC= (56 kQ2)(0.1 F)=5.6 ms
57 =28 ms
57 =28 ms > % = 1% =0.5 ms, 56:1

Positive pulse of v;:
Diode “on” and v, =2V +07V=-13V
Capacitor chargesto I0V+2V -0.7V=113V

Negative pulse of v;:
Diode “off’and v,=-10V-11.3V=-213V

AY,
-13V

N
>
t

/
/

=213V
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Solution is network of Fig. 2.176(b) using a 10 V supply in place of the 5 V source.

Network of Fig. 2.178 with 2 V battery reversed.
IL

bt I\ N

B + v,
—_— 2V

> -

(a) Inthe absence of the Zener diode
180 (20 V)

P800 +2200
V., =9V <V;=10V and diode non-conducting

Therefore, I, =1z = L =50 mA
2200Q+180Q
with 7, = 0 mA
and V; =9V

(b) In the absence of the Zener diode
- 470Q20 V) 13.62 V
470 Q+220Q
V:;=13.62V>1V,=10V and Zener diode “on”

Therefore, V=10V and V;, =10V
I, =V /R =10V/220 Q =45.45 mA

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

(C) PZ . =400 mW = Vzlz:(lo V)(IZ)

1= 200W 40 ma
0V

I, =1, -1, =4545mA—-40mA =545mA
RL: VL ZIO—V
5.45 mA

L.

‘min

Large R, reduces /, and forces more of 7, to pass through Zener diode.

=1,834.86 Q

(d) In the absence of the Zener diode
v,=10v = 220V)
R, +220Q

10R, + 2200 = 20R,
10R, =2200
R;=220Q
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43.

44,

45.

46.

(a) V,=12V,R, =

1

R, +R, 60 Q2+ R,
720 + 12R; =960
12R, =240
R,=20Q

V= =12y = RV 60006V

(b) szﬂx = VZ]Zmax

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

) v, V, . . . . . .
Since [; = R_L =—% is fixed in magnitude the maximum value of / R will occur when I, 1s a

L L
maximum. The maximum level of /, will in turn determine the maximum permissible level

of V.

P
IZ :—Z""X :—400mw =50 mA
w8V
=Ye Ve 8V _3636ma
R R, 2200
I, =I;+1,= 50 mA + 3636 mA = 86.36 mA
V-,
I, ==

s

or V;= IRSRS +V;
=(86.36 mA)91 Q)+8V=786V+8V=1586V

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

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

RV, 1kQ30V)
R,+R  1kQ+R
Solving, R, = 0.5 kQ

VL:20V:

Atsov, 1, =20V 220V 6o ma, = 22V
i 0.5kQ 1 kQ

Iy = I — I, =60 mA - 20 mA =40 mA

=20 mA

Forv,=+50 V:
Z, forward-biased at 0.7 V
Z, reverse-biased at the Zener potential and VZz =10 V.

Therefore, V,=V, +V, =07V+10V=10.7V

23



Forv;,=-50V:
Z, reverse-biased at the Zener potential and V, =-10V.

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

AV,

/7

10.7v

S
——

W\

-10V

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

/7,

-Sv

47. Viw=1414(120 V) = 169.68 V
2V, =2(169.68 V) =339.36 V

48. The PIV for each diode is 2V,
S PIV =2(1.414)(Vims)
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Chapter 3
1. -

2. A bipolar transistor utilizes holes and electrons in the injection or charge flow process, while
unipolar devices utilize either electrons or holes, but not both, in the charge flow process.

3. Forward- and reverse-biased.
4. The leakage current I is the minority carrier current in the collector.
5. -
6. -
7. -
8. I the largest
I the smallest
Ic=1g

1
9. Iy= —1. = Io=1001
007 T b

Igzlc+IB: IOOIB+IB:101]B
1 8 mA

L= Lt =———=7921

01 101 HA

o= 1001 = 100(79.21 zA) = 7.921 mA

10. —

1. Ie=5mA, Vep=1V: V=800 mV
VCB =10V: VBE =770 mV
VCB =20V: Ve = 750 mV

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

_ AV _09V-07V

12. @) ro =— =25Q
Al 8 mA -0
(b) Yes, since 25 Q) is often negligible compared to the other resistance levels of the
network.

13. (a) Ic=lz=45mA
(b) IC;[E:""S mA
(c) negligible: change cannot be detected on this set of characteristics.

d) Ie=lg
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14.

15.

16.

17.

18.

19.

20.

(a) Using Fig. 3.7 first, Iz = 7 mA
Then Fig. 3.8 results in /c =7 mA
(b) Using Fig. 3.8 first, [z = 5 mA
Then Fig. 3.7 results in V= 0.78 V
(¢) Using Fig. 3.10(b) Iz =5 mA results in V3= 0.81 V
(d) Using Fig. 3.10(c) Iz =5 mA results in Vpz=0.7 V

(e) Yes, the difference in levels of Ve can be ignored for most applications if voltages of

several volts are present in the network.

(a) Ic= aly=(0.998)(4 mA) = 3.992 mA

(b) IE=]C+IB:>IC=IE—IB=2.8mA—O.OZmA=2.78 mA

I, _278mA

= =0.993
I, 2.8mA

Oy =

(©) Ic=ﬂ13=( “OJIB:( 0.98 ](40,uA)=1.96mA

1- 1-0.98
o fe_196mA
a 0993

I;=Vi/R;=500 mV/20 Q =25 mA

I =1;=25mA
Vi=0LR,=(25mA)(1kQ)=25V
_V,_25V _
V05V

v, 200mV 200 mV

1

i =1.67 mA

T R+R 200+100Q 1200
I,=1=167mA
V.=I,R=(1.67mA)5kQ) =835V

A= Lo BBV g5
v, 02V

(a) Fig. 3.14(b): Iy =35uA
Fig. 3.14(a): Ic=3.6 mA

(b) Fig.3.14(a): Ver=2.5V
Fig. 3.14(b): V=072V
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21.

22.

23.

24.

(a)

(b)

(©)
(d)

(a)
(b)

(©)

(a)

(b)

(©)
(d)

(a)

(b)

(©)
(d)

~

p=le _2MA _ 14065
I, 17 uA

Lo B _ 11765 _
B+l 117.65+1

ICE0:0-3 mA

Icpo=(1 = @)lcro
=(1-0.992)(0.3 mA)=2.4 uA

992

Fig. 3.14(a): Icpo= 0.3 mA

Fig. 3.14(a): Ic=1.35 mA

I. 135mA
fro=te LB MA _ 3
1, 10uA
a=i=gzﬂ.9926
B+1 136

Iego = (1 = a)lcro
=(1-10.9926)(0.3 mA)

=22 A
I. 6.7mA
ﬂdc =-£= = 83.75
I, 80 uA
1 mA
I, 5 HA
1, 4 mA
foc= = ) =113.33
I, 30uA
P does change from pt. to pt. on the characteristics.

Low I, high Vr — higher betas
High I, low Vz — lower betas

ﬂac:Mc _ 7.3mA—6mA:1.3)mA:65
Al Ve, =5V 90 uA-70 pA 20 pA
ﬂac:Mc :1.4mA—0.3mA:1.1mA:110
Al Ve =15V 10 A -0 uA 10 A
B = Al _ 4.25mA—2.35mA:1.9mA _ 95
Al Ve =10V 40 A -20 pA 20 uA
Sac does change from point to point on the characteristics. The highest value was

obtained at a higher level of V¢ and lower level of /c. The separation between Iz curves
is the greatest in this region.
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25.

26.

27.

28.

29.

(e) Vee Ip ﬁdc ﬂac Ic ﬂdc/ ﬂac
5V 80 LA 83.75 65 6.7 mA 1.29
10V 30uA 113.33 95 3.4 mA 1.19
15V 5 uA 170 110  0.85mA 1.55

As I¢ decreased, the level of S and f,. increased. Note that the level of S, and S, in
the center of the active region is close to the average value of the levels obtained. In

each case . is larger than f,., with the least difference occurring in the center of the
active region.

ﬂdc:I_C:2.9mA ~ 116
I, 25uA
p___ 116 =0.991

o= ——=
pg+1 116+1
Ig=Id/a=2.9 mA/0.991 =2.93 mA

a 0987 0987

a = = = =175.92
@ 4 l-a 1-0987 0.013
(b) a= f 120 120, 4,
L+1 120+1 121
I. 2mA
c) Izj=—~t=""—=11.11
© o= "e==0 LA
Igzlc+IB:2mA+1l.11,tlA
=2.011 mA

Ve=Vi=Vpe=2V-01V=19V

a=re 1OV 49521
V. 2

I.= E:19—\] =1.9 mA (rms)
;. 1kQ

Output characteristics:

Ie cE Curves are essentially the

> same with new scales as shown.

> Ny,
> >

| Ve | Vic

Input characteristics:
Common-emitter input characteristics may be used directly for common-collector
calculations.
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30.

31.

Pcmax =30 mW = Veelc
P 30mW
I:] ’V = ‘max _—_429V
) “ . Icm 7 mA
e 30 mW
: £ o= = =1.5mA
CE cE,, > 1C VCEW 0V
P.
VCEZIOV,IC: Cinax :30mW :3mA
Ver 10V
P
Ie=4mA, Vep= —2 = 30 mW =75V
Ic 4 mA
B 30mW
VCE:15 V’IC: max_ __ 2 mA
Ver 15V
A IC (mA)
7
6
5
4-.
3 -+
2-.
] +
0
F 30 mW
Ie=1Io Vo= = _sv
¢~ fc CE A —
P 30mW
V = V . I = max _ 2 mA
CB B, * 1C VCBW SV
P
IC = 4 mA, VCB = Cnax — 30 mW _ 7.5 V
I 4 mA
P
VCB:IOV,IC: Conen :30mw =3 mA
Ves 10V

A Ic (mA)
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32. The operating temperature range is —55°C < 7, < 150°C

°F = 2oC +32°

(—55°C) +32°=—-67°F

°F = Z(150°C) + 32° = 302°F

N |O »n|©o W

- —=67°F < T; <302°F

33. I, =200mA, V, =30V, B, =625mW

_ 625 mW

‘max

=3.125V

‘max

L 625mW

200 mA

=20.83 mA

‘max

IC: 100 mA, VCE =

‘max

30V

_ 625 mW — 625V

2
P

Dmax

VCE: 20 V, IC:

VCE

A lc (mA)
200

1501
100

50

100 mA

625 mW
20V

=31.25mA

34.

ﬂavg 5

_ 504150 _

20

30 Veg(V)

From Fig. 3.23 (a) /o = 50 nA max

— ﬁmin +ﬁmax

200

2
=100

2

-.-ICEO = ﬂICBO = (100)(50 HA)

=5 uA
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hrr (Bie) with Vep =1V, T=25°C
Ic=0.1 mA, hpg = 0.43(100) = 43

Ie=10 mA, hpz=0.98(100) = 98

hi o) With Vep =10V, T=25°C
IC: 0.1 mA, ]’lfeE 72

Ic=10mA, h, =160
For both /5 and £y, the same increase in collector current resulted in a similar increase
(relatively speaking) in the gain parameter. The levels are higher for /4, but note that Ve is

higher also.

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

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

(a) Atlc=1mA, h,=120
Atlc=10 mA, hy, =160

(b) The results confirm the conclusions of problems 23 and 24 that beta tends to increase
with increasing collector current.

_lemA-122mA 3.8mA

(@) fo= o _ =190
AL V=3V 80 uA—60 uA 20 uA
(b) fu=lo_12mA 5017
I, 395 uA
©) ﬂac:4mA—2mA:2mA 200
18 uA—8 uA 10 uA
I
d) fu=lc=3MA o377
1, 13 uA

(e) Inboth cases f is slightly higher than £, (= 10%)

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

Vee =V, - 0. .
N @ 1, =Vae=Vu _16V=07V _153V

o R, 470kQ 470 kQ

=32.55 yA

(b) I, =BI, =(90)(32.55 uA) =2.93 mA
©) Ver, =Vee =1, Re =16 V = (2.93 mA)(2.7 kQ) = 8.09 V
(d) V=V, =809V

(e) VB = VBE =07V

2. (a) Ic=plz=280(40 pA)=3.2 mA
Vee Vee=Ve. 12V-
(b) Re=te=lee=Ve 12V-OV_ OV 4 g510
1. 1. 3.2 mA 3.2 mA
14 _
(©) Ry= RB:12V O'7V:11'3V=282.5kﬂ
1, 40 uA 40 uA
(d) VCE:VC:6V
3. (a) Ic=Ig—Iz=4mA —-20 uA =3.98 mA =4 mA
®) Vee=Veg+IcRc=7.2V +(3.98 mA)(2.2 kQ)
=1596 V=16V
1 98 mA
(o) ﬂ=—czﬂ=l99;200
I, 20 uA
v, -V . -0.
(d) Ry= RBZVCC BE=1596V 07V=763kQ
1, 1, 20 uA
4. 1. _ e 10V =5.93 mA
“ R, 27kQ
. . . 21V
5. (a) Load line intersects vertical axis at /- = 30 =7 mA
and horizontal axis at Vep =21 V.
(b) I3=25 uA: Rz= Ve = Vor _21VZ0TV g5k

I, 25 uA

(© I, =34mA, ¥, =1075V
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d p=-LC== =136

B 136 136

(e) a= = =—— =0.992
B+1 136+1 137
V 21V
I =-£=="— =7mA
O L R. 3k
(g -

(h) Pp= Ve, I, =(10.75 V)(3.4 mA) = 36.55 mW

() Py=Vecle+1I) =21 V(3.4 mA +25 uA) =71.92 mW
() Px=P,—Pp=71.92mW —36.55 mW = 35.37 mW

@ 1 - VeV __ 20V-07V___ 193V
%o TR, +(B+DR, 510kQ+(10D)1.5kQ  661.5kQ
=29.18 A

(b) Lo, =BI, =(100)(29.18 A) = 2.92 mA

(©) Vs, =Vee—Id(Re+Rp) =20V = (292 mA)(2.4 kQ + 1.5 kQ)

=20V -11388V
=8.61V

(d) Ve=Vee—IcRe=20V — (2.92 mA)(2.4 kQ) =20 V — 7.008 V
=13V

() Vs=Vec—IzRp=20V —(29.18 1iA)(510 kQ)
=20V - 14882 V=512V

(f) VE:VC—VCE:13V—8.61V:4.39V

Vee=Ve _12V-76V _44V

(a) Re= = ~22kQ
1. 2 mA 2mA
(b) Ig=1c RE:V—EZM—VZI.ZkQ
I, 2mA
E
Vv _ _ _ _
© Ry o VeeTVa=Vy 12V-0TV-24V_89V .0\ 0

I, 2 mA/80 25 uA

(d) VCE:VC—VE:7.6V—2.4V:5.2V
(€) Ve=Vir+Ve=07V+24V=31V
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10.

11.

a) Ilezlp=Lt=— =3.09 mA
@ le=lk R, 0.68kQ
_ I _300mA g5
I, 20 uA

(®) Vee=Vy tVee+ Vg

=(3.09mA)2.7kQ) +73V+21V=834V+73V+21V

=17.74V
©) Rg= Voo Vee=Ver =Ve _17.74V-07V-2.1V
1y 1, 20 pA
_ 1494V oo
20 uA
R — — A S T
“  R.+R, 24kQ+15kQ 39kQ
(@ I. =68mA=—‘cc__ 2V
) R.+R, R.+12kQ
Rc+12kQ = 6284 v =13.5290 kQ
Rc=2.33 kQ
I
(b) p=lc-2MmA 13333
I, 30 uA
© Rom Vo Vee=Vie =Ve _24V =07V —(4 mA)(1.2 kQ)
I I 30 uA
B3V _ 1667 k0
30 A

(d Pp= VCEQ[CQ
=(10 V)(4 mA) =40 mW

(e) P= IR.=(4mA)*(2.33 kQ)
=37.28 mW
(a) Problem 1: Ie, = 2.93 mA, Ve, = 8.09V

(b) 1, =32.55 uA (the same)
Ie, =Bl =(135)(32.55 pA) =4.39 mA
Ver, =Vee =1c,Re =16V = (4.39 mA)(2.7 kQ)=4.15V
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12.

_ 439 mA-2.93 mA|

(c) %Al-= x 100% = 49.83%
| 293mA |
%AV cp = 415V -8.09V x 100% = 48.70%
| 800V

Less than 50% due to level of accuracy carried through calculations.

(d) Problem6: /. =2.92mA, V,, =8.61V (I, =29.18 uA)
I, - Vee Ve _ 20V-0.7V

R, +(B+DR, 510kQ+(150+1)(1.5 kQ)
I, = BI,, = (150)(26.21 uA) =3.93 mA
VCEQ =Vec—Io(Rc+ RE)

=20V - (3.93mA)2.4kQ + 1.5kQ) =4.67V
3.93mA -2.92 mA|

(e) =26.21 uA

%Al = x 100% = 34.59%
(@) %Al | 292mA | ° °
%AVp = |4'678VG; %61 VI x 100% = 46.76%

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

?
SRy > 10R,
(80)(0.68 kQ) > 10(9.1 kQ)

544kQ ¥ 91kQ (No!)

(a) Use exact approach:
Ry =Ry || R,=62kQ 9.1 kQ=7.94 kO
RVee _ 9.1kQ)16V) _

Th = = 205V
R,+R  9.1kQ+62kQ
I _ ETh - VBE _ 205 V - 07 V
%o TR, +(B+DR,  7.94kQ+(81)(0.68 kQ)

=21.42 yA
(b) 1, =pl, =(80)21.42 yA)=1.71 mA

(C) VCEQ =Vee— ICQ (RC + RE)

=16 V- (1.71 mA)(3.9 kQ + 0.68 kQ)
=8.17V

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

=933V

() Vi=IRp=1IcR;=(1.71 mA)(0.68 kQ)
=116V

(f) Vy=Vi+ V=116 V+0.7V
=1.86V
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@ fo=VeeVe 18V-12V

R, 4.7kQ

=1.28 mA

(b) Ve=IgRg = IcRg = (128 mA)(12 kQ) =154V
() Ve=Vpe+Vg=07V+154V=224V

d) Ri=-": V, =Vec— V=18V -224V=1576V
R
121, =22V g ama
‘TR R, 56k
4
Ri= -t =BTV _394k0
I,  04mA

(a) Ic= Bl =(100)(20 xA) =2 mA

(b) Ip=1Ic+1Iy=2mA+20 uA
=2.02 mA
Vi =I:R; = (2.02 mA)(1.2 kQ)
=242V

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

(d) VCE: VC— VE: 1006 V-242V
=8.18V

(e) VB: VE+ VBE:242V+O7V:3.12V

(H IR, =1R2 +1y

312V
_ 420 uA = 380.5 LA + 20 uA = 400.5 A
g2k M # H H
g Vee=Vy _16V-3.12V oo
I, 400.5 1A
Ve 16V 16V

=3.49 mA

I = — =
S R.+R, 39kQ+0.68kQ  4.58 kQ
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16.  (a) pPRe>10R,
(120)(1 k) > 10(8.2 k)
120 kQ > 82 kQ (checks)
RV  (82kQ)(18V)
R +R, 39kQ+82kQ
Ve=Vp— V=313V -0.7V=243V
243V

Le=lp= e =243 mA
R, 1kO

=313V

. VB:

(b) Vee=Vee—I(Rc+ Rp)
— 18 V- (243 mA)3.3 kQ + 1 kQ)
=755V

I, 243mA
o) Ip=-C==""T0 9025
© === pA

(d) Ve=IRp=IR;= (243 mA)(1kQ) =243V
() V=313V

17. (@) Rp=R/||R,=39kQ| 8.2kQ=6.78 kQ

RVee _ 82KQA8V) o oy

R +R, 39kQ+82kQ

 E, -V,  313V-07V

"R, +(B+DR, 6.78 kQ+(121)(1kQ)
243V

T 12778k0
Ie= By = (120)(19.02 4A) = 2.28 mA (vs. 2.43 mA #16)

Ep=

B

=19.02 yA

(b) Vep=Vee—IARc+Rp) =18 V —(2.28 mA)(3.3 kQ + 1 kQ)
=18V -9.8V =82V (vs.7.55V #16)

(©) 19.02 pA (vs. 20.25 uA #16)
(d) Vi=ILRr=IR;=(2.28 mA)(1 kQ)=2.28 V (vs. 2.43 V #16)

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

18, @ rpe R, _ol1Kka6V)
R +R, 62 kQ+9.1 kQ

VE=VB—VBE=2.05V—O.7V=1.35V

=te 1BV g9ma
R, 0.68kQ

I, =I;=1.99 mA

o

=205V
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19.

20.

(b)

(©)

(a)

(b)

(©)
(d)

(e)

®

(a)

(b)

V.. =Vce—1Ic (RC+RE)

CEQ
=16V - (1.99 mA)(3.9 kQ + 0.68 kQ)
=16V-9.11V
=6.89V
;o I, 1.99mA
g T80

=24.88 yA

From Problem 12:
ICQ =1.71 mA, VCEQ =8.17V, IBQ =21.42 uA

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

appropriate.
v,
[, =75mA=—Jec 24V 24V
R.+R, 3R,+R. 4R,
R 24V 24V — 08 KO

T X75mA) 30mA
Rc=3R;=3(0.8 kQ) =2.4kQ
Ve=IeRr= IR = (5 mA)(O8 kQ) =4V

R
VB: ZVCC , 47 V: R2(24 V)
R, +R R, +24 kQ
R, =5.84 KQ
1 ﬂ =129.8

= _C —
P I, 38.5uA
BR:> 10R,
(129.8)(0.8 kQ) > 10(5.84 kQ)
103.84 kQ > 58.4 kQ (checks)

From problem 12b, /- =1.71 mA
From problem 12¢, V=817V

S changed to 120:
From problem 12a, Ez, =2.05 V, Ry, = 7.94 kQ

g R, +(B+DR, 7.94kQ + (121)(0.68 k)
~14.96 uA

Ie= Sl = (120)(14.96 1A) = 1.8 mA

Vee = Vee — Id(Re + Rg)
~16 V = (1.8 mA)(3.9 kQ + 0.68 kQ)
=776 V
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21.

_[1.8mA-1.71 mA|

(©) %Al T rtmA | 100% = 5.26%
%AV, =|7'768Vl; 8\'/17 V1 100% = 5.02%

(d) llc 11f 20c
%Al 49.83% 34.59% 5.26%
%AVey — 48.70% 46.76% 5.02%

_ " Y
Fixed-bias Emitter Voltage-
feedback divider

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

I.(a) Problem 16: Approximation approach: ICQ =2.43 mA, VCEQ =755V
Problem 17: Exact analysis: [, =2.28 mA, V, =82V
The exact solution will be employed to demonstrate the effect of the change of £. Using
the approximate approach would result in %Al- = 0% and %AV e = 0%.

(b) Problem 17: E7,=3.13 V, Ry, =6.78 kQQ

poo BV _ 313V-07V 243V
"R, +(B+DR, 6.78kQ+(180+1)1 kQ 187.78 kQ
= 12.94 yA

Ie= Bly = (180)(12.94 £A) = 2.33 mA
Ver = Vee — IRe + Rp) = 18 V — (2.33 mA)(3.3 kQ + 1 kQ)

=798V
©) %Al-= 233 mA-228 mA| 100% = 2.19%
| 228mA |
%o Vep = |28V =82 VI 100% = 2.68%
82V

For situations where SRz > 10R; the change in /¢ and/or Vg due to significant change in
S will be relatively small.

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

(e) Voltage-divider configuration considerably less sensitive.

II.  The resulting %Al and %AV will be quite small.
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L V=V, 16 V=07V
2. (@) I= _
R, +B(R.+R,) 470 kQ + (120)(3.6 kQ +0.51 kQ)
= 15.88 uA
(b) Ic=Bly=(120)(15.88 uA)
=1.91 mA

(©) Ve=Vee—IcRe
=16 V- (1.91 mA)(3.6 kQ)
=912V

Ve Vie 30V-0.7V

23, (a) I= -
R, +B(R.+R,) 6.90kQ+100(62 kQ+1.5kQ)

=20.07 A

Ic= flz = (100)(20.07 zA) = 2.01 mA

(b) Ve=Vee—1cRc
=30V - (2.0l mA)6.2kQ)=30V —12.462V=17.54 V

() Vi=IRp=IR;=(2.01 mA)(1.5kQ)=3.02V

() Ver=Vee—IRe+ Rp) =30V — (2.01 mA)(6.2 kQ + 1.5 kQ)

=14.52V
TR . 2V-0.7V
Ry +B(R.+R,) 470 kQ+(90)(9.1 kQ +9.1 kQ)
=10.09 uA

Ic= Bly = (90)(10.09 A) = 0.91 mA
VCE = VCC - Ic(RC + RE) =22V - (091 mA)(91 kQ+9.1 kQ)
=544V

(b) =135, Ip= Vee =V _ 22V-0.7V
Ry +B(R-+R;) 470kQ+(135)(9.1kQ+9.1kQ)
=7.28 uA

Ie= Bly = (135)(7.28 uA) = 0.983 mA
Ver = Vee — I(Re + Ri) = 22 V — (0.983 mA)(9.1 kQ + 9.1 kQY)
—4.11V

_[0.983 mA -0.91 mA|

© T = P I 100% = 8.02%
%AV, = I‘“ 15\/4;5\']44 VI % 100% = 24.45%

(d) The results for the collector feedback configuration are closer to the voltage-divider
configuration than to the other two. However, the voltage-divider configuration
continues to have the least sensitivities to change in £.
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I MQ=0Q, Rg=150kQ

P A 12V-0.7V
TR, +B(R.+R,) 150 kQ+(180)(4.7 kQ+3.3kQ)
=7.11 A

Ic= Bz = (180)(7.11 pA) = 1.28 mA
Ve=Vee—IcRe =12V — (1.28 mA)(4.7 kQ)

=598V
Full 1 MQ: Ry = 1,000 kQ + 150 kQ = 1,150 kQ = 1.15 MQ
e VeeVu _ 12V-0.7V

R, +B(R.+R,) 1.15MQ+(180)(4.7 kQ+3.3 kQ)
=436 uA

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

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

Ve ranges from 5.98 V to 8.31 V

(@) Ve=Vz—V;=4V-07V=33V

) Le=l=12-33V 375 mA
R, 12kQ
(©) Ve=Vee—IRc=18V = (2.75 mA)(2.2 kQ)
1195V

(d) VCE:VC—VE:11.95V—3.3V:8.65V

vV, V. — ) _
) Iy= R _ V¢ Vy :1195V 4V —24.09 A
R, R, 330 kQ
(f) ﬂ: I_C:ﬂ =114.16
I, 24.09 uA
TR, +(B+DR, 330kQ+(121)(1.2 kQ)
=23.78 uA
Ir=(B+ D= (121)(23.78 uA)
=2.88 mA

~Vee+IgR;— V=0
V= Ve + IiRs =6 V + (2.88 mA)(1.2 kQ)

=-2.54V
Vie =Vae 12V-0.7V
(a) Iz= =
R, +(B+DR, 9.1kQ+(120+1)15kQ
=6.2 uA

(b) Ic= Bl =(120)(6.2 uA) = 0.744 mA

() Vee=Vect+ Vegg—Io(Re+ Rg)
— 16V + 12V — (0.744 mA)(27 kQ)
=791V
() Ve=Vee—IcRe=16V - (0.744 mA)(12 kQ) = 7.07 V
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29.

30.

31.

_8V-07V_ 73V

= =3.32 mA
2.2kQ 2.2kQ

(@ I

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

() Ver=10V+8V —(3.32mA)(2.2 kQ + 1.8 kQ)
=18V -13.28V
=472V

(a) BRg> 10R, not satisfied ... Use exact approach:
Network redrawn to determine the Thevenin equivalent:

510 kQ

RT},: =255 kQ
_l’_
__IBVHISY _oga
510 kQ+510 kQ
Ep=—18 V+(35.29 £A)(510 k)
-0V
. 18V-07V
75kQ 5 255 kQ + (130 + 1)(7.5 kQ)
-18V — 13.95 uA

(b) Ic= Bl =(130)(13.95 uA) = 1.81 mA

() Vi=—18V+(1.81 mA)(7.5kQ)
—_18V+1358V
=442V
(d) Vep=18 V+ 18V —(1.81 mA)(9.1 kQ + 7.5 kQ)
=36V -30.05V=595V

VeV, 8V-07V
R 560 kQ

(@) Ip=—+= =13.04 LA

B
) fo=VeeVe 18V-8V_ 10V
o= - _

= =2.56 mA
R 3.9kQ 3.9kQ

I 2.56 mA

<= = 196.32
I, 13.04 uA

(© p=

(d) VCE: VCZSV
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1_C_2.5mA
B 80
oo Vn _Vee=Vy 12V-07V
I, I, 31.25 uA
Rom e Ve Ve Ve Ver, 12V-6V_ 6V

I, I, I, 25mA  25mA
=2.4kQ

32 IB:

=31.25 yA

=361.6 kQ

Standard values:
Rz =360 kQ
Rc=2.4KkQ

B 1 =l
“  R.+R,

20V joma= Y ComA= sk 22V
4R, +R, 10

RE=¥ =400 Q

=10 mA

E

Rc=4R;=1.6 kQ

=t 23MA _ 467 A
5 120

20V-0.7V-5mA(04kQ) 193-2V

Ry = Viglly = =
bR 41.67 A 41.67 uA

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

Ve 23V _9a5K0
I. 4

VCC—VC_VCC_(VCEQ+VE)
IC IC - IC
C24V-8V+3V) 24V-11V 13V
- 4 mA T 4mA  4mA
Ve=Vg+Vep=3V+07V=37V
RV R, (24 V)
R, +R +R

2

34.

~

&
I
o |nF

o~

c

RC:

=3.25kQ

=37V=

1 RZ

} 2 unknowns!

1
.. use PBRr > 10R, for increased stability
(110)(0.75 kQ) = 10R,

R, =8.25kQ

Choose R, = 7.5 kQ
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35.

36.

37.

38.

Substituting in the above equation:

3y 15kQ24 V)
75kQ+R,
R =41.15kQ

Standard values:
Rr=0.75kQ, Rc=33KkQ, R, =7.5KkQ, R, =43 kQ

1 1
VE: gVCC = 5(28 V) =56V
Re="e=3%V 112 kQ (use 1.1 kQ)

I, 5
VC=%+VE:ZSTV+5.6V=14V+5.6V=19.6V
VRC:VCC—VCZZSV—19.6V:8.4V

vV,
c= —= _84V _ 1.68 kQ (use 1.6 kQ)
I, 5mA
VB:VBE+VE:0.7V+5.6V:6.3V
RV.. R (2
VB=A:>6.3V=M(2unknowns)
R, +R, R, +R,
I
p=tc_SMA _ 35y
I, 37uA
ﬂRE=10R2

(135.14)(1.12 kQ) = 10(R,)
R, =15.14 kQ (use 15 kQ)
(15.14 kQ)(28 V)

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

Substituting: 6.3V =

Standard values:
R;=11KkQ
Rc=1.6 kQ
R, =51kQ
R, =15kQ

b= BV-07V =8.65mA =/
2kQ

For current mirror:
I3kD)=124kQ)=1=2mA

I, =1, =6mA

0
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4.3 kQ

39. V= (-18V) =9V
43kQ+43kQ
Ve=—9V-0.7V=-97V
Lo BV e
1.8 kQ
w0, VeV SIV-0TV Lo
R, 1.2kQ
s, g, =Ye 10V 4167 ma
= R. 24kQ

C

From characteristics /, =31 uA
V.-V, -0.
Ig= —+——2 _0V-07V =51.67 uA
R, 180 kQ

51.67 uA > 31 uA, well saturated

1™ 976 y——Atcutoff . 0.1 mA = Icpo
| V,=10V — (0.1 mA)(2.4 kQ)

yd =10V-024V

4 =976 V
Ve | =03V

42. Icsm =8 mA= R_
C

B 100
Use 1.2 (80 #A) =96 nA

= 2V0TV g9k
96 uA

B

Standard values:
Rz =43 kQ
R-=0.62 kQ
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43. (a) From Fig. 3.23c:
Ic=2mA: t,=38ns, 7. =48 ns, ;=120 ns, ,= 110 ns
ftm=1t+1t;=48 ns+ 120 ns = 168 ns
tosr=ts + tr=110ns + 38 ns = 148 ns

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

2 mA: 10 mA:

5 R s
“on’ off “on” “off”

I
|
|
|
< 110> ,
1 1 L

0 120 168 (ns) 0| 120 168 "H(ns)
toft = 148 ns

N
Ton fon =37 s fofr = 132 ns

44, (a) Open-circuit in the base circuit
Bad connection of emitter terminal
Damaged transistor

(b) Shorted base-emitter junction
Open at collector terminal

(¢) Open-circuit in base circuit
Open transistor

45. (a) The base voltage of 9.4 V reveals that the 18 k(2 resistor is not making contact with the
base terminal of the transistor.

If operating properly:

_18kQ(16 V)

B = =2.64Vvs.94V
18 kQ2+91kQ

As an emitter feedback bias circuit:

_ Ve =V 16 V-0.7V
"TRA(BDR,  91kQ+ (100 +1)1.2 k2
—72.1 uA
Ve=Vee—Is(R) = 16 V — (72.1 uA)O91 kQ)
—94V
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(b) Since Vg > Vp the transistor should be “off”

18kQI6 V) 264V
18 kQ2+91 kO
.. Assume base circuit “open”
The 4 V at the emitter is the voltage that would exist if the transistor were shorted
collector to emitter.
_1.2kQ16 V)
E

T 12KQ+36kQ

With IB =0 ILIA, VB =

(a) RBT, IB~L, IC\L, VcT

b) A, Ik
(c) Unchanged, /. nota function of S

(d) Veel, Id, I
@ phich, v, v, v, L, Vet

ET _VBE ~ ET _VBE

(a) B— =
R, +(f+DR, R, + PR,
IC:ﬁIB: ,3|: ETh _VBE :|: iTh _VBE
RTh +/8RE J_,_RE

R
As g1, L4 1t v, T
p
VC = VCC - VRC

and Vel

(b) R, =open, IBT, 1T
Vee = Vee = Id(Re + RE)
and VCE*L

() Ve, Vad, Vil Il I

(d) IB =0 ,UA, IC = ICEO and Ic(RC + RE) negllglble
with Ve = Vee=20V

() Base-emitter junction = short /| 5T but transistor action lost and /- = 0 mA with
VCE = VCC =20V

(a) Rpopen, =0 uA, Ic =Icpo = 0 mA
and VezVee=18V

w) AT VLV T Verd

(C) RCJ’a IBTa [CT: I/vET
(d) Drop to a relatively low voltage = 0.06 V

(e) Open in the base circuit
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V

IB —_ _CcC

Vg 12V-07V 113V

R, 510kQ  510kQ

Ic= Blz=(100)(22.16 xA) = 2.216 mA

Ve=—Vee+IcRc=-12V + (2216 mA)(3.3 kQ)
=—4.69V

Vep=Ve=—4.69 V

=22.16 uA

PRe> 10R,

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

V= 16KA=22V) _ 559y
16 kQ + 82 kQ

Ve=Vp+07V=-359V+07V=-289V
Ic=1Ip=Vi/Rg=2.89/0.75 kQ2 = 3.85 mA
I. 3.85mA

= =17.5 pA

.= <
BT 200

Ve=~Vee+IcRc
— 22 V+(3.85 mA)2.2 kQ)

=_1353V
oV 8V=0TV T3V o
R, 33kQ 33k
Ve=—Vee+IcRe=—12 V + (2212 mA)(3.9 kQ)
=337V

(@) Sco)=p+1=91

- =90 4
b) S(Vg) = L = —_1.92 x107* S
() 5(Vsz) R, 470kQ

I
i:# —32.56 x 10~° A

c) S(P)=
() S(D 7
(d) Alc=S(Uco)Alco + S(Vpe)AVpe + S(DAS

=(91)(10 A — 0.2 uA) + (=192 x 107*S)(0.5 V — 0.7 V) + (32.56 x 10 °A)(112.5 — 90)
=(91)(9.8 £A) + (1.92 x 107*S)(0.2 V) + (32.56 x 107°A)(22.5)

=8.92 x 107*A + 0.384 x 107*A + 7.326 x 10*A

=16.63 x 10*A

~1.66 mA
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For the emitter-bias:

(1+R,/R,) _ 100+ 1510 kQ/1.5 kQ)

@ Seo) =D R R (100 +1)+510 kQ/1.5 kQ

=178.1

y; ~ -100
R, +(B+DR, 510kQ+(100+1)1.5kQ
=-1.512x 107*S

(b) S(Vr) =

I.(1+R,/R n
© S - o 1+ Ry /R;) _ 2.92mA(l +340)

B+ B, +R,/R,) 100(1+125+340)
=21.37x 107°A

(d) Ale=SUco)Alco + S(Ve)AVse + S(DAS
= (78.1)(9.8 uA) + (—=1.512 x 107'*8)(-0.2 V) + (21.37 x 107° A)(25)
=0.7654 mA + 0.0302 mA + 0.5343 mA
=133 mA

(@) Ry =62kQ| 9.1 kQ=7.94kQ
1+R,, /R . '
SUeo) = (4 1)— B/ Be g, p) (1+7.94KQ/0.68 kO)

(B+1)+R, /R, (80+1)+7.94 kQ/0.68 kQ
_ (8)(1+11.68)
81+11.68

=11.08

) _ ~80
R, +(B+DR, 7.94 kQ+(81)(0.68 kQ)
_ -80

7.94 kQ +55.08 kQ

(b) S(Ve) =

=-1.27x107%S

© S - I 1+ Ry /Ry) 171 mA(1 +7.94 kQ/0.68 kQ)
B+, +R, /R,)  80(1+100+7.94 kQ/0.68 kQ)

171 mA(12.68)

©80(112.68)

=241 x10°A

(d) Alc=SUco)Alco + S(Vpe) AVse + S(BAS
= (11.08)(10 A — 0.2 uA) + (=1.27 x 107°8)(0.5 V — 0.7 V) + (2.41 x 10 °A)(100 — 80)
= (11.08)(9.8 A) + (—1.27 x 107°S)(—0.2 V) + (2.41 x 10°A)(20)
=1.09 x 10*°A +2.54 x 10*A + 0.482 x 10*A
=411 x 10*A = 0.411 mA
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55.

56.

57.

For collector-feedback bias:
(@) SUeo)=(B+1) (1+R,;/R.) _(19632+1) (14560 kQ/3.9 kQY)
(B+1D)+R, /R, (196.32+1)+ 560 kQ/3.9 kQ
1+143.59
(197.32+143.59)

=(197.32)

= 83.69

y; ~ -196.32
R, +(B+DR. 560 kQ+(196.32+1)3.9 kQ
=—-1.477 x 107*S

(b) S(Vr) =

© S = I (R, +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

(d) Alc=SUco)Alco+ S(Ver) AVee + S(BAL
= (83.69)(9.8 nA) + (=1.477 x 107*S)(—0.2 V) + (4.83 x 107°A)(49.1)
=820 x 107*A +0.295 x 107*A +2.372 x 10*A
=10.867 x 10*A =1.087 mA

Type SUco)  S(Vir) S(p)

Collector feedback 83.69 | —1.477 x 107*S 4.83x10°A
Emitter-bias 78.1 ~1.512 x 107*S 2137x10°A
Voltage-divider 11.08 | -12.7x107*S 241 x 10°°A
Fixed-bias 91 ~1.92 x 107*S 3256 x 10° A

S(Ico): Considerably less for the voltage-divider configuration compared to the other three.
S(Vge): The voltage-divider configuration is more sensitive than the other three (which have
similar levels of sensitivity).

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

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

(a) Fixed-bias:
S(co) =91, Al- = 0.892 mA
S(Vge) =—1.92 x 107'S, Al- = 0.0384 mA
S(B) =32.56 x 10°A, Al =0.7326 mA
(b) Voltage-divider bias:
S(Ico) = 11.08, Al-=0.1090 mA
S(Vge) =—-1.27 x 107°S, Alc = 0.2540 mA
S(B) =2.41 x 10°°A, Al-=0.0482 mA
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(c) For the fixed-bias configuration there is a strong sensitivity to changes in /¢, and £ and
less to changes in V.

For the voltage-divider configuration the opposite occurs with a high sensitivity to
changes in Vg and less to changes in /o and £.

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

L.

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

(¢) P,=IR=(5mA)22kQ=>55mW
Pi=Veel = (18 V)(3.8 mA) = 68.4 mW

_B@)_ SSmW 04— 80.4%
P(dc) 68.4mW

1 1 _
" 22fC 2x(1 kHz)(10 uF)

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

Xc 15.92 Q

@ z-Y_10mv
I 0.5mA
=200 (=1,
(b) Vo = IcRL
= alcRL
=(0.98)(0.5 mA)(1.2 k)
=0.588 V
© 4=V 0588V
V., 10mV
=58.8
d) Z,=0Q
1 1
() A=-2 =% —4-098
Ii e
(f) Ib = [e - Ic
=0.5 mA - 0.49 mA
=10 A
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(a)

(b)
(©)
(d)

(e)

®

(a)

(b)

(©)

(d)

g Vi BmVeq
I 32mA
Z=r.=15Q

Ic=al, = (0.99)(3.2 mA) = 3.168 mA
V,=IR, = (3.168 mA)(2.2 kQ) = 6.97 V

697V

= =145.21
48 mV

A, =

IR

L=(1-a)l,=(1-099)=(0.01)(3.2 mA)
=32 uA

_26mV_26mV
CI,(dc) 2mA
Z,= fr.= (30)(13 Q)

= 1.04 kQ

13Q

Ve

___M0ke o
40 kQ+1.2 kQ

=177.67

A=—RL

r,  12kQ[40kQ
- 130

e

_L165kQ

130
=-89.6
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8.

(@) Zi= fr.=(140)r,= 1200

=120 _gs710
140
V. 30mV
b) Ip= = =25 uA
®) 1 Z 12k K

() L= pl,=(140)(25 uA)=3.5 mA

rl. (50 kQ)(3.5 mA)

(d) I, =—2< =3.321 mA
r+R, 50kQ+2.7kQ
A= ]_L:m =132.84
I 25uA
V. —AR .
(€) A,=-2= AR, _ —(132.84)m
V. Z 1.2 kQ
=-298.89
(@) re Ip= Vee Vo [12V=07V =51.36 uA
R, 220 kQ
Ip=(B+ 1)z = (60 + 1)(51.36 pA)
=3.13mA
, - 26mV_ 26mV. oo
I, 3.13mA
Z:=Rg || fr.=220kQ || (60)(8.31 Q) =220 k2 || 498.6 O
=497.47Q

Vo2 IORC S Zy=Rc= 2.2 kQ

b) A= D T22KY_ a4
r 8310

e

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

= 1.98 kQ
—R _
) a,= el Z198KQ g0y
7, 8310
A,‘ = —AVZ,'/RC
— _(-238.27)(497.47 Q)12.2 kO
—53.88
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R. _ 47kQ

10. A,=-"-"E =p=-"C= =235Q
r 4. (200
- 26 mV - 26mV:26mV 1106 mA
1, 7, 23.5Q
= [E :1.106mA — 1215 uA
L+1 91
V.. -V
Iz= —CBE Vee=1gRg + Vag
Ry
=(12.15 pA)(1 MQ) + 0.7V
=1215V+0.7V
=1285V

Ve Vg 10V-07V
R,  390kQ
Iy=(B+ DIz =(101)(23.85 pA) = 2.41 mA

_26mV _26mV o0
I, 241mA
Ic= fls = (100)(23.85 uA) = 2.38 mA

1. (a) I=

=23.85 yA

Ve

(b) Z:=Ry|| Br.=390 kQ || (100)(10.79 Q) = 390 kQ || 1.08 kQ
= 1.08 kQ
ro> 10Rc ~.Z,= Re = 4.3 kQ

(c) 4,= _Re _A3KY 5485
r 10.79 Q

e

R|r, _ (43kQ)[B0kQ) 376 kO
ro 1079Q  10.79Q

e

=-348.47

(d) 4,=

12. (a) Test SRz > 10R,
?
(100)(1.2 kQQ) > 10(4.7 kQ)
120 kQ > 47 kQ (satisfied)

Use approximate approach:
RV, — 4T7kQ16V)
R +R, 39kQ+4.7kQ
Ve=Vp—=Vee=1721V-0.7V=1.021V
V., 1021V
Ip=—=
R, 12kQ
_26mV_ 26 mV

I, 0.8507 mA

V= =1.721V

=0.8507 mA

=30.56 Q

Ve
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(®) Zi=Ri||R:| Bre
=4.7kQ |39 kQ || (100)(30.56 ©2)
=1.768 kQ
7,2 IORC S 2z, ERC:3.9 kQ

R .
(©) Ay=-Re_ 39K _ 106
30.56 Q

d) r,=25kQ

(b) Zq(unchanged) = 1.768 kQ
Z,=Rc|| 7, =3.9kQ | 25 kQ =3.37 kQ

(Rc

© A-_Fln)_ B9 kQ)[(25kQ) 337 kO
' . 30.56 Q 3056 Q
=-110.28 (vs. —127.6)

S
13. PRe > 10R,
(100)(1 k€2) > 10(5.6 kQ)
100 kQ > 56 kQ (checks!) & 7, > 10R¢
Use approximate approach:

d=-Be o R 33K 5650
re 4, -160

po= 20V _, _20mV_ 20mV_ o0
1, R 20625Q

Ie= ;—E: Vi=I:Rp = (1.261 mA)(1 kQ) = 1261 V
E
VB: VBE+ VE:O7V+ 1261 V= 1961 \Y%
_ 26KV g0y
5.6 kQ+82 kQ
5.6 kQ Vee=(1.961 V)(87.6 kQ)
Vee=30.68V

B

14. Test ﬂRE > 1OR2
l’)

(180)(2.2 kQY) > 10(56 k)
396 kQ < 560 kQ (not satisfied)

Use exact analysis:

(a) Ry =56kQ | 220 kQ = 44.64 kQ

Ep= 0KAOV) ) osgy
220 kQ + 56 kQ
En Ve _ 4058V-07V

Ip

B R, +(B+DR,  44.64kQ+ (181)(2.2 k)
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=7.58 uA
Ig= (B+ DIz = (181)(7.58 uA)
=1.372 mA

_26mV _ 26mV

= =18.95Q
I, 1372mA

Ve

(b) Ve=IRp= (1372 mA)2.2kQ)=3.02V
VB: VE+ VBE:302V+07V
=372V
Ve=Vee—IcRc
=20V — fllzRc =20 V — (180)(7.58 1A)(6.8 kQ)
=10.72V

() Zi=Ri| R fre
=56 kQ || 220 kQ || (180)(18.95 kQ)
— 44,64 kQ || 3.41 kQ
=3.17 kQ

o

RC
r,<10Rc .. 4,= ——2
v,

_ (68 kQ)(|(50 k)

18.95 Q2
=-315.88

VCC _VBE _ 20 V_07 V
R, +(S+DR, 390 kQ+(141)(1.2kQ)
559.2 kQ
Iz = (B+ DIz = (140 + 1)(34.51 uA) = 4.866 mA
_26mV _ 26mV a0

I, 4866 mA

15. (a) IB:

Ve

(b) Zy=fro+(B+ Ry
= (140)(5.34 kQ) + (140 + 1)(1.2 kQ) = 747.6 Q + 169.9 kQ
=169.95 kQ
Z:=Ry || Z,=390 kQ || 169.95 kQ = 118.37 kQ
Z,=Rc =22KkQ

BR. _ (140)22kQ) _
Z, 169.95 kQ

() A,=- 1.81

@ Zb:ﬂr2+{(ﬂ+l)+Rc/ro }RE

I+ (R, +R;)/r,

(14D +22kQ/20kQ ] |
1+ (3.4 kQ)/20 kQ

=747.6 Q {
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=747.6 Q + 144.72 kQ
=145.47kQ

Z:= Ry || Z, =390 kQ || 145.47 kQ = 105.95 kQ
Z,=Rc=2.2 kQ (any level of r,)

_ﬂZRC|:1+r":|+RC
Av: ﬁ_ b Rro 7’0
Vz’ 1_’_76'
rO
—(140)(2.2 kQ) 5.34 2.2kQ
1+ +
_14547kQ | 20kQ | 20kQ
2.2kQ
20 kQ
_ —2.117+0.11 —_181
1.11
16. Even though the condition 7, > 10R is not met it is sufficiently close to permit the use of the
approximate approach.
o PR __PR._ R __,
Zb ﬁRE RE
R .
E= —C=82kQ =0.82 kQ
10 10
I = 26mV _ 26 mV — 6.847 mA
r, 3.8Q
Ve=IgRr = (6.842 mA)(0.82 kQ)=5.61 V
VB: VE+ VBE:5.61 V+0.7V=631V
= I, _6842mA — 56.55 uA
L+ 121
v, .=V, —6.
and Ry = o =Vee TV _20V203IV_ 54 09k
I, I, 56.55 uA
17. (a) dc analysis the same
- re=5.34Q (asin #15)
(b) Zi=Rp||Zy=Rp| fr.=390kQ || (140)(5.34 Q2) =746.17 Q2 vs. 118.37 kQ in #15

Z,=Rc=2.2KQ (as in #15)

© A= ~R.  —22kQ
Tor 5340

=—411.99 vs —1.81 in #15

(d) Z =746.17 Q vs. 105.95 kQ for #15
Z,=Rc||r,=22kQ | 20 kQ =198 kQ vs. 2.2 kQ in #15
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R
A= el 1IBKQ 424 29 vs. 181 in #15
r 534 Q

e

Significant difference in the results for 4,.

18. (@) Iz= Ve Ve
R, +(B+DR,
_ 22V-0.7V 213V
 330kQ+ BD(1.2 kQ+0.47 kQ) 46527 kQ
=45.78 uA

Ig=(f+ 1)z =(81)(45.78 uA) =3.71 mA
_ 26 mV 26 mV _
I, 3.71 mA

e

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

Zy= frot (B+D)+R. /7, R
1+ R AR | F

_ (80)(7 ) + [(81)+5.6 kQ/40 kQ} 19k0

1+6.8 k€2/40 kQ

=560 Q + 81+0.14 1.2 kQ
1+0.17

(note that (f+ 1) =81 > R/r,=0.14)
=560 Q2+ [81.14/1.17]11.2 kQ = 560 Q + 83.22 kQ
= 83.78 kQ

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

4= n) T
1+&
ra
~BOS6k)(| . T, 5.6k
83.78 kQ 40k )" 40 kQ
1+5.6 k(Y40 kQ
_ —(5.35)+0.14
1+0.14
= -4.57
19, (@ etV ____16V-07V____ 153V

"R, +(B+DR, 270kQ+(111)(2.7kQ) 569.7kQ
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=26.86 LA
L= (B+ 1)z = (110 + 1)(26.86 uA)

=2.98 mA
, o 26mV_26mV. o)
I,  298mA

fr.=(110)(8.72 Q) = 959.2 O

(b) Z,=pfr.+(B+ DRe
=959.2 Q + (111)(2.7 kQ)
=300.66 kQ
Z:=Rg | Z, =270 kQ || 300.66 kQ
= 14225 kQ
Z,=Rg||r.=2.7kQ|8.72Q=8.69 Q

© 4= R 2.7 kQ

= = =~ 0.997
R, +r, 27kQ+8.690Q

0. (@) Ip= Ve = Ve _ 8V-07V —6.
R, +(B+DR, 390kQ+(121)5.6 kQ
Ig=(f+ 1)Iz=(121)(6.84 uA) = 0.828 mA
= 26mV: 26 mV ~3140
I, 0.828 mA

ro < 10Rg:

84 uA

Zo= fr. + (B+DR,
1+R,/r,
(121)(5.6 k)
14 5.6 kQ/40 kQ
=3.77 kQ + 594.39 kQ
=598.16 kQ
Z; =Ry || Z,=390 kQ || 598.16 kQ
=236.1 kQ
Z, = Rg|| 7e
=56kQ|31.40Q
=31.2Q

= (120)31.4 Q) +

A, = B+DR, /2,
1+R,. /7,
_ (121)(5-6 k€2)/598.16 kQ

1+5.6 kQ2/40 kQ
=0.994

(b)

N

L =0.994

(c) 4,
Vo

AV = (0.994)(1 mV) = 0.994 mV
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?
21. (a) Test SR > 10R,
(200)(2 k) > 10(8.2 kQ)

400 kQ > 82 kQ (checks)!

Use approximate approach:
_ 82kOQ(20V)
7 82KkQ+56 kQ
VE=Vg—Vpe=25545V-0.7V=1855V

V, _ 1855V _ 0.927 mA

R,  2kQ
I, 0927mA _

= = 61 uA
(B+1) (200 + 1)
Ie= Bl = (200)(4.61 xA) = 0.922 mA

=2.5545V

]E:

Ip

_ 26 mV 26 mV

= =28.050Q
I,  0.927mA

(b) 7

©) Zy=fro+(B+ DRs
— (200)(28.05 Q) + (200 + 1)2 kQ
=5.61 kQ + 402 kQ = 407.61 kQ
Z,=56kQ || 8.2kQ || 407.61 kQ
=7.15kQ || 407.61 kO
=7.03 kQ
Z,=Ry|| r.=2kQ| 28.05 Q = 27.66 Q

d) 4,= Re _ 2 kQ =0.986
R,+r, 2kQ+28.05Q
22, (a) Ip= Vig Vo _OV= 07V _ 579 ma
R, 6.8 kQ
_26mV_ 26mV a0

e =
1 0.779 mA

E

(b) Z=Rg| r.=6.8kQ|33.38Q
=33.22Q

Z,=Rc=4.7kQ

aR. _(0.998)(4.7 k)

(c) 4,=

33.38Q
— 140.52
23 a=-L 15 _ (9868
B+l 76

61



Ve =Vye 5V-07V 43V
R,  39kQ  39kQ

_ 26 mV _ 26 mV

I, llmA

, Re _(0.9868)3.9 k)
r, 23.58 Q

Ig= =1.1 mA

=23.58Q

Ve

A,= =163.2

24 (@) p= VeV 12V-07V
R.+BR. 220 kQ+120(3.9 kQ)
=16.42 uA
Iy=(B+ DIz = (120 + 1)(16.42 uA)
=1.987 mA

_26mV_ 26mV

= =13.08Q
I, 1987 mA

e

) Z=p| 2o

|4,
Need 4,!
A - -R. _ -3.9kQ
r, 13.08 Q

=-298

220 kQ

298
= 1.5696 kQ || 738 Q
=501.98 Q

Z,=Rc|| Rr=3.9kQ || 220 kQ
=3.83 kQ

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

(¢) From above, 4, =-298

25. A,= “Re __160

r

e

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

~ 200R,
R, +BR, R, +200(1.6 kQ)
19R; + 3800R . = 200R
. 3800R. _ 3800(1.6 k)
ETY 181
=33.59 kQ

Ve Vi
RF + ﬂRC
Is(Rr+ BRc) = Vee — Vae
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and Vee = Vie + Is(Rr + fRc)

with Iz = 26 mV:26 mVy =2.6 mA
7, 10Q

- I, :2.6mA:12‘94ﬂA
L+1 200+1

VCC = VBE + ]B(RF + ﬂRc)
= 0.7V + (12,94 4A)(33.59 kQ + (200)(1.6 kC2))

=528V
26. R,
I; [—P I’ WV
S
+ Bn B]b T
a0, ) ligk,

@ Ay Vi=Lfre+ (B+ DR
L+ I'=1c=pl,
but ;=1 +1,
andI'=1,-1,
Substituting, 1, + (I; — 1,) = S,
and I, = (B+ DI, - I;

Assuming (S+ DI, > I,
10 = (ﬂ+ 1)Ib
and V, = ~I,Rc=~(f+ DI,Re

Therefore, Ve = — B +DLR
Vi Lpr.+(B+DLR,
~ ﬂ'[bRC
B+ BLR,

andszzg__c:__C
Vi R

E

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

Viz BlsRe

Now I;=1"+1,
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Since V, > V;

V
i=——=+l,
RF
orl,=1+ 4
F
and V;= fl,Rg
Vi=PBReli + B Vo Ry
RF
but VOZAVI/i
AVR
and V,':,BREL"" &
RF
A BR.V.
or Vl_ vﬂ El/t :ﬂREII
RF
R
V{l_%}z[ﬁ&]g
RF
) Zi=£= BR, _ _ PR Ry
1,7 |_APR. R+ PAR,
RF
V.
7= I_l =x|y where x = Rr and y = Ry/|4,]
. R.)(R,/|A
Wichl': Xy :(ﬂ E)( F v)
Xty ﬂRE+RF/|AV|
Z[E M
BR.|A |+ R,
Z,. SetV;=0

Vi=Lpre+ (B+ DIRe
Viz Bl(r. + Rp) =0
since B, 7.+ Rg#0 [,=0and pl,=0
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27.

28.

29.

30.

31.

RF RC RF
andZ(,:&: ! = ReRy =Rc|| Rr
L, 1 R.+R,
RC F
R .
(©) Ay=-Re__22kQ_ 4
R, 12kQ
S o BRR, _ (90)1.2kQ)(120 k)
"T BRA[+R,  (90)(1.2 kQ)(1.83)+120 kO
= 40.8 kQ
Z,=Rc|| Rr
=22kQ | 120 kQ
= 2.16 kQ
@ 1= Vo=V _ 9V-07V
" R.+BR. (39 kQ+22 kQ)+(30)(1.8 kQ)
83V 83V

= = = 40.49 LA
61kQ+144kQ 205 kO

Le=(B+ 1)z = (80 + 1)(40.49 A) =3.28 mA
_26mV_ 26mV o0
I, 328mA

E

Zi: RF1 H ﬂre

=39k || (80)(7.93 Q) = 39 kQ || 634.4 O = 0.62 kQ
Z,=Rec|| R, = 1.8kQ | 22 kQ = 1.66 k2

Ve

(b) 4,= R R R,  18kQ[22kQ
V o 7930

e e

_ -1.664 kO
7.93Q

=-209.82

A= =60
A= =100
A= —-AZ/Rc = —(—127.6)(1.768 kQ)/3.9 kQ = 57.85

BR,  (140)(390 kQ)

- =139.73
R,+Z, 390kQ+0.746 kQ

(c) 4=

N

(@) A= —d, 25 =~(-370.79)(746.17 ©)/2.2 k2
C

=125.76
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32.

33.

34.

35.

36.

A;=—-A,Z/Rr=—(0.986)(7.03 kQ)/2 kQ) = -3.47

A=t _ 0986821
11

e

A;=-A,Z/Rc=—(-298)(501.98 €2)/3.9 kQ) = 38.37

Z, _—~(-209.82)(0.62 k)

Ai= -4+ =72.27
R, 1.8 kQ
(@) 1= Lee=tor I8V 20TV o544 s
R, 680 kO
I = (f+ DIz = (100 + 1)(25.44 uA)
=2.57 mA
=281V _ 101160
2.57T mA
4, =-Re 338 _ 36

w1016 Q

Z,=Ry || Br.= 680 kQ || (100)(10.116 Q)
=630 kQ || 1,011.6 Q

= 1.01 kQ
Z,=Rc=33kQ
(b) -
(C) AV = RL A\,, _ 4.7 kQ (_32622)
C TR AR T 4TKQ133 KA
— ~191.65
@ 4, = -, 219165 LU E2)
' "R, 4.7 kQ
~41.18
() 4, =Loo L, (Re|[R,) _ A060(1.939 kQ)
CV LBy A00(10.116Q)
—-191.98

Z;=Rg|| fr.=1.01 kQ
R.(BI
i, = BBL) =41.251,

C+RL
1b=i=0.99851,.

R, + pr,

I I, I, I
A = ="L="L.°b —(4]25)(0.9985)
A A A

=41.19
Z():RC:33kQ
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3. () A4, =-32622
" R +R ™

Ri=47kQ: A, = — 7K (39629) — 19165
L 47kQ+33kQ
R=22k0: A4 - —22K2 (3969) —_130.49
b 22kQ+33kQ
Ri=05kQ: 4, = — 282 (39620) = 42,92
L 0.5kQ+2.3kQ
AsRi, 4,4

(b) No change for Z;, Z,, and AVNL !

Vee =V 12V-07V
R,  1MQ
Is=(B+ DIz = (181)(11.3 pA) = 2.045 mA
_26mV_ 26mV

8. (@) I=

=11.3 uA

e = =1271Q
I,  2.045mA
A4, = _Re__3 kQ =-236
e 12710

Z=Ry|| fr.= 1 MQ || (180)(12.71 Q) = 1 MQ || 2.288 kQ
=2.283 kQ
Zo :RC =3 kQ

(b) ~

(c) No-load: 4,= 4, =-236

@ 4 = iy o 2283KQ(-236)
©Z+R ™ 2283 kQ+0.6 kQ

=-186.9

(e) Vo = _[nRC = _ﬁ[bRC

Vi:Ibﬂre
szzz__ﬂleC =_&=_ 3 kQ =-236
V. B, r, 12.71 Q3
v, _V, 7,
4= v, 7V,
AMQ|Bry, _2.288kQ()

=0.792 V;

i

T (AMQ|fr)+ R, 2.288KQ+0.6 kO
A, =(-236)(0.792)
= —186.9 (same results)
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(f) No change!

z, 2283 kQ(-236) _

4 —(4,,)= -164.1
® )= a1 ko

" Z +R
RT, 4

(h) No change!

VCC _VBE _ 24V -0.7V
R, 500 kQ
Ip=(B+ DIz = (80 + 1)(41.61 pA)=3.37 mA

_26mV_ 26mV oo
I, 337mA

4, = R 43k =-557.36
r 7.715Q

e

Z=Ry|| fr=560 kQ || (80)(7.715 Q)
=560kQ || 617.2Q

(@) Iz=

=41.61 uA

Ve

=616.52Q
Z,=Rc=43kQ
(b) -
© 4 Lo R, _27KQ(557.36)
©V, R 4R 27kQ+43%kQ
= —214.98
v,_¥. ¥
4, = VY
o AV 616520V, oo,
Z,+R  61652Q+1kQ
A, =(-214.98)(0.381)
=-81.91
) 4 —-4 R+Z z_(_81‘91)[1k9+616.52§2j
Uk 2.7 kQ
~49.04
© 4 Voo R, _S6KASSTIO 0,
©V, R 4R, ™ 5.6kQ+43kQ

A s = (-315.27)(0.381) = -120.12
s
AsRT, 47T
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(f) 4, thesame=-214.98
V. Z 616.52 Q

2= = =0.552
V. Z. +R 61652 Q+0.5kQ
A, =ﬂﬂ =(-214.98)(0.552) = -118.67
AR

AsRA, 4 T

(g) No change!

40. (a) Exact analysis:

Ep = R, 16 kQQ(16 V) _ 3048V

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

_ EyVe  3048V-07V
PR +(B+DR, 12.95kQ+(101)(0.75 kQ)

= 26.47 uA
L= (B+ Dy = (101)(26.47 uA)

=2.673 mA
= 26mV: 26 mV — 97260

I, 2673mA
w9726 Q

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

=904.66 Q
Zo = RC =2.2kQ
(b) -
© A =4 )-36K0E260) 0
© R +Z, ™ 5.6kQ+22kO
d) 4 =-d4, 2
L L RL
162400466 )
5.6 kQ
=26.24
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R

R, —22KkQ[5.6kQ
97260

el

(€ 4, =—

=-162.4
Z=68kQ | 16kQ[972.6Q
H_J

Pre
=904.66 QQ
Z.
1 AVL RL
_ (=162.4)(904.66 Q)
5.6 kQ
=26.24
Z,=Rc=22KkQ
Same results!
41. () 4, = R, A,
LR +Z, ™
R, =47k A = 4.7 kQ (—226.4) =-154.2
L 47kQ+22kQ
R, =22k A4 = 2.2 kQ (-226.4) =-113.2
L 22kQ+22kQ
R, =05k 4 = 0.5 k> (—226.4) =-41.93
L 05kQ+22k0D
R, 4, 4
(b) Unaffected!
0. (@) Ip= Vee =V _ 18V-0.7V
Ry, +(B+DR, 680kQ+(111)(0.82kND)
=22.44 uA
Ig=(f+ DIz=(110+ 1)(22.44 uA)
=249 mA
- 26mV: 26mvV._ 10.44 O
I, 2.49 mA
4 = R, _ 3kQ
e r,+R, 10.44 Q+0.82 kQ
=-3.61
Z;=ZRp|| Z,=680kQ || (fr. + (B+ 1)RE)
=680 kQ || (610)(10.44 Q) + (110 + 1)(0.82 k)
=680 k2 92.17 kQ
=81.17 kQ
Z,=Rc=3KkQ
(b)) -
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V R 4.7 kQ(-3.61
@ 4,= o= oy -ATEAOD
V. R +R, 4.7 kQ+3kQ
=-2.2
PRARAA
A AN
v - ZV, _ 81.17kQ (V) 0992 7.
Z +R  81.17kQ+0.6 kQ
4, =(-2.2)(0.992)
=-2.18
(d) None!
(e) 4, —none!
vio__z 8117 kQ — 0.988
V. Z. +R  81.17kQ+1kQ
4, =(-2.2)(0.988)
=-2.17
R,T, 4, J, (but only slightly for moderate changes in R, since Z; is typically much larger
than Ry)
43. Using the exact approach:
Ig= E Th VBE Ep, = Rz "
R, +(B+DR, R +R,
_ 233V-0.7V _ 12 kQ (20 V) =233V
10.6 kKQ+ (121)(1.2 kQ) 91kQ+12 kQ
=10.46 A Ry =R || R,=91kQ| 12kQ=10.6 kQ
Ig=(f+ DIz=(121)(10.46 uA)
=1.266 mA
= 26mV _ 26 mV 0540
I, 1.266 mA
R .
(2 4, =—+ 1.2 K2 =0.983

r,+R, 2054 Q+12kQ
Zi=Ri||Re || (Bre + (B+1)R)
—91 kQ || 12 kQ || ((120)(20.54 Q) + (120 + 1)(1.2 k)
~10.6 kQ || (2.46 kQ + 145.2 kQ)
~ 10.6 kQ || 147.66 kQ
=9.89 kQ

Z,=Rp||r.=12%kQ [ 20.54 Q
=20.19Q
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(b)

(©)

(d)

(e)

&)

44. (a)

(b)

(©)

4R 27Kk0(0.983)
R +Z, ™M 27kQ+20.19Q
=0.976
_Z _9.89 kQ(0.976)
" Z+R A =589 k0106 kO

=0.92

4, =0.976 (unaffected by change in Ry)
_ Z, 4 = 9.89 kQ(0.976)
" Z+R " 9.89kQ+1kQ

=0.886 (vs. 0.92 with R, = 0.6 k)
As RST, AVS d

Changing R, will have no effect on Am , Z;,or Z,.

e R, (4, )= 5.6 kO(0.983)
4+ Z, 5.6 kQ+20.19 Q
=0.979 (vs. 0.976 with R, = 2.7 kQ)
—Z 4= 9.89 kQ(0.979)
" Z+R " 9.89kQ+0.6 kQ
=0.923 (vs. 0.92 with R, = 2.7 kQ)
AsRT, 4, T, 4.7

fo Ve Vee 6V =0TV
R, 2.2kQ
=241 mA
_26mV_ 26mV
I, 24lmA

E

g =B _ATKY 559
w1079 Q
Z=Rg | r.=22kQ] 10.79 Q=10.74 Q

Z,=Rc=4.7kQ

=10.79 Q

Ve

__ R, _56k0(43559)

= - ~236.83
©OR AR, ™ 5.6kQ+4.7kQ
pe Ly 1074200 40y
Z 4R 1074 Q+100 Q
v, V,
=201 =(236.83)(0.097
4, A ( )(0.097)
=22.97
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(d) I/i:Ie're

Vo = _IoRL
I,= —47kQ(,) ~0.45631,
47 kQ+5.6 kQ
4 - V, _ +(0.45631)R, _ 0.4563(5.6 k)
N 4 A, -r, 10.79 Q

=236.82 (vs. 236.83 for part c)

4, 122kQ(10.79 Q=10.74 Q

- Z, V- 10.74 Q(V,) = 0.097 7,
Z, +R, 10.74 Q+100 Q
Vv,V
=—2.— =(236.82)(0.097
4, A ( )(0.097)
=22.97 (same results)
R 2.2 kQ
() 4, =—"+—4, = (435.59)
" R, +R, M 22kQ+4.7kQ
=138.88
g =LV Z4 o 1070
V. V. V. Z+R 1074 Q+500 Q

A, = (138.88)(0.021) = 2.92

A, very sensitive to increase in R, due to relatively small Z;; R, A, {
AVL sensitive to R;; RLi«, AVL N

(f) Z,=Rc=4.7 kQ unaffected by value of R;!
(g) Z;=Rgl|| r.=10.74 Q unaffected by value of R;!
R A _
45. (@) A =——w - 1KQ(420) _ 4767
" R, +R, 1kQ+33kQ
R A 2.7k0(-420) _ 189
" R, +R 27kQ+33kQ
(b) A4, =4, -4, =(-97.67)(-189)=18.46 x 10°
PRARARA
' s iy I/il Vs
V.
—AcAy
= ZV, _ 1K) s
Z +R  1kQ+0.6 kQ
A, =(-189)(-97.67)(0.625)
=11.54 x 10°
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46.

_AZ _—(-97.67)(1kQ)

C .= = .
) A4 97.67
R 1kQ
4 - TAZ I8k
: R 2.7kQ

L

(d) 4, =4 -4, =(97.67)(70)=6.84 x 10°

(e) No effect!
(f) No effect!

(g) Inphase

Z
4 1.2 kQ

a = 2 ==
@ 4, Z, +Z, "™ 12kQ+200

=0.984
R

— L
A""z RL + ZO2 AVz.VL

=-207.06

(b) A, =A, -4, =(0.984)(-207.06)
=-203.74
Zi
" Z+R A,
- _0KQ 0374
50 kQ+1kQ
~199.75

@

O 22kQ
22 kQ+4.6kQ

Z.
(C) Ail == —

= _(0_984)M
1.2 kQ

=-41

Zi

i _sz -

RL

N
Il

(1.2 kQ)
2.2kQ

—(~207.06)
112.94

z

d) A4 =-4 =1
(d) 4, =-4, R,
= _(-203.74) 20K

22kQ

=4.63 x 10°
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47.

48.

49.

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

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

(g) The emitter-follower has zero phase shift while the common-emitter amplifier has a
180° phase shift. The system, therefore, has a total phase shift of 180° as noted by the
negative sign in front of the gain for 4, in partb.

For each stage:
6.2 kQ

3= —————(15V)=3.08V
24 kQ+6.2 kQ
Ve=V5—-07V=308V-07V=238V
pxle= 22228V 5o ma
R, 15kQ
Ve=Vee—IcRe =15V —(1.59 mA)(5.1 kQ)
=6.89V
j o 26mV_ 26mV__oog
I,  159mA
R, =R || Ry fr.=62kQ| 24 kQ || (150)(16.35 Q)
= 1.64 kQ
R|R, 5.1kQ| 1.64 kQ
== =-75.8
1 r, 16.35 Q2
o 1635Q

e

A= A4 A, =(-75.8)(-311.9) = 23,642

;o 3.9 kQ

B 39k0+6.2kQ+7.5kQ
_ 62kQ+3.9kQ

% 39kQ+6.2kQ+7.5kQ

V.=V, —07V=44V-07V=37V

(20 V) =4.4V

(20 V) =11.48 V

Ve 37V
I, =], =—=——=37TmA=z1[, =]
G E, RE 1 kO Ey G
ch = VCC - IcRC =20V - (37 mA)(lS kQ)
=14.45V
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_26mV _26mV _

50. 7. =
I, 3.7 mA

7Q

51. R,=Rp=1.5kQ (¥, (from problem 50) = -2.14 V)

Vo(load) = R, >) =&(—2.14 V)
R +R, 10 k2 +1.5 kQ

=-1.86V

sy g2 Vee=Vee __ (16V-16V)
P B R +R, (6000)(510Q)+2.4MQ
144V

" 546 MO
Ic=1g= ﬂD]B = 6000(264 ,LIA) =15.8 mA
Ve= IRy = (15.8 mA)(510 Q) = 8.06 V

=2.64 uA

53. From problem 69, Iz = 15.8 mA
26 26V
I, 158mA
R, 5100

r+R, 1.65Q+510Q

=1.65Q

Ve

A,= =0.997 =1

Vee =Vas _ 16V-1.6V _,
R,+fB,R, 2.4 MQ+(6000)(510 Q)

I. = B,1, =(6000)(2.64 uA) = 15.84 mA

L _26mV_ 26mV
“ I, 1584mA

N

54. de: I, 64 uA

=1.64Q

ac:  Z, = f,r, =(6000)(1.64 Q) =9.84 kO

__ "
" 984
V.

V. =(=B.I )R.)=—(6000 i 200 Q
L =(=Bpl, )R =—( )[9‘84&}( )
=—121.95Vi

and 4, Voo 12195

4
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55.

56.

57.

58.

59.

60.

61.

62.

L™ _ 16 V-0.7V

- R, + BBR, C15MQ+ (160)(200)(100 €2)
=3.255 uA

Ic= Bl = (160)(200)(3.2556A) = 104.2 mA

Ve, =Vec—1cRc=16 V - (104.2 mA)(100 Q) =5.58 V

V, =IRs=(3.255 uA)(1.5 MQ) = 4.48 V

B

B

From problem 55: [, =0.521 mA
. 26mV. 26 mV
° I, (mA) 0.521mA
R, = pr, =160(49.9 Q) =798 kQ
BAR:.  _ (160)(200)(100 Q)
BB R +R, ~ (160)(200)(100 Q) +7.98 kQ

=0.9925
V,=AV; =0.9975 (120 mV)
=119.7 mV

=499 Q

A,=

_ 26 mV 26 mV
I 1.2 mA

E(dc)

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

=21.67 Q

Ve

a Av=z =-160
V.

Vi—hV, V.—h, AV, V.(l—h
(b) Ib: 1 0 — 1 reAv 1 — l( V(:'AV)
h, h, h

V(1-@x10*)(160))

B 1 kQ
1,=9.68 x 107*V;

v,

=1x 10y,
1kQ

© ILy=
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63.

64.

65.

66.

1x107V, —9.68x107*V,
1x107°V,

(d) % Difference = x 100%

=32%
(e) Valid first approximation

RL—RL||1/hoe

% difference in total load = x 100%

L

2.2 kQ - (2.2 kQ50 kQ)
= x 100%
22kQ

_ 22kQ-2.1073 kQ « 100%
2.2 kQ

=42 %

In this case the effect of 1/A,, can be ignored.
(a) V,=-180V; (hie=4KkQ, hye=4.05x 107

_ V,—(4.05x107)(180¥,)
4 kQ
=232 x 107,

(b) I

-V 2.5 x 107Yy;

I:_
© b= =a

25107, - 2.32x107*V,

(d) % Difference = - x 100% =7.2%

2.5x107',
(e) Yes, less than 10%
From Fig. 5.18
min max _ (1+30)uS
hoe: 148 30 1S Avg = — 15.5 1S

(@) he=p=120
B = fBr. = (120)(4.5 Q) = 540 Q

11
Boe= —=—— =25
v 40 kQ #
b) ro=le 1K 4510
B 90
B=he.=90
1 1
Vo= —=—"
h. 20 S
= 50 kQ
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67.

68.

(a)
(b)

(©)

(d)

(e)

®

(a)

(b)

= 8.31 Q (from problem 9)

. =B=60
h. = fBr.=(60)(8.31 Q) = 498.6 Q

Z;=Rg || hi.=220kQ || 498.6 Q =497.47 Q
Z,=Rc=2.2KkQ

_ ~heRe — ~(60)(2.2 kQ)

A, = =-264.74
h, 498.6 Q

A;=hy, =60

Z; =497.47 Q (the same)

Zy="ro || Re, 7o= 1 =40 kQ
25 uS
=40kQ | 2.2 kQ
=2.09 kQ

—h. (1, |R:) ~ —(60)(2.085 kQ) _
h, 498.6 O

e

A;=—A,Z/Rc = —(~250.90)(497.47 ©2)/2.2 kQ = 56.73

A,= -250.90

68 kQ [ 12 kQ =102 kQ
Z:=102kQ || by = 102 kQ || 2.75 kQ
=2.166 kQ
Z, =Rc|| 7,
= 22kQ | 40kQ
=2.085 kQ

_hfeRé '
A, = — R. =Rc| r,=2.085 kQ
_ —(180)(2.085kQ) _
2.75kQ

—136.5

h, 10.2 kQ j
1+h RL 10.2kQ+2.68kQ

oe

( j(o 792)
1+(25 ,uS)(Z 2kQ)
= 135.13
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69. (a) Z =Rl hy

~1.2kQ[9.45Q
~9.380
Z,~Re| - =27k ;A ~27kQ|| 1 MQ= 2.7 kQ
oy 1x10° 2

_ =hy RV By ~(-0.992)(=2.7 k)

(b) 4,

h, 9.45 Q
=284.43
A,=-1
(¢) a=—hp=—(—0.992) = 0.992
e o 0992 _ ..,
l-a 1-0.992
Fo=hi,=9.45Q
1 1
Fo=—= =1MQ
h, 1uA/V
, h,h R “)2.
70, (@) 2z =h -l g g5 (180)2x10 )22 kD)
1+h,R, (1+2548)(2.2 kQ)
=2.68 kQ
Z:=102kQ || Z' =2.12 kQ
s 1 B 1
© hy,—(hyh, I h,) 25 4S—(180)(2x107)/2.75 kQ

=83.75kQ
Z,=22KkQ | 83.75 kQ = 2.14 kQ

b) A = —h.R, _ —(180)(2.2 kQ)
U, =R )R, 275 KQ+((2.75 kQ)(2548) - (180)(2x107))2.2 kQ
=-1403
. h,
(©) 4/ =—ZF—= (80) =170.62
1+h R, 1+(2548)(2.2 kQ)
A,-:Lzl_o.]_f:(no_@)[ 10.2 kQ j
I A 10.2 kQ +2.68 kQ
=135.13
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fe're
1+h,R,
4
_ 086k — 140(5x107)(22 kQ)
1+ (25 uS)(2.2 kQ)
=0.86 kQQ —43.79 O
=816.21 Q2
Zi’ =Rp || Z
=470kQ || 816.21 Q
=814.8 Q

—h,h R,
M (@) Zi=he= 2L

h/eR

(b) 4,=
b +(hh, —hph )R,
~(140)(2.2 kQ)
" 0.86 kQ+((0.86 kQ)(25 18) — (140)(1.5x10))2.2 kO

=-357.68

h/e 140

(© Ai=te- -
I 1+h R, 1+(25 4S)2.2kQ)
=132.70

gL (L) L J__ 40kQ
T ' " 470 kKQ+0.816 kKQ

o L

1

1,
=(132.70)(0.998) — =0.998
I/

=132.43

1 1

(d) Z(): =
hye =(heh, (B, +R)) 25 4S—((140)(1.5x107)/(0.86 KQ +1 kQ))

-1 moko
13.71 418

, hyh,R, 0. ).
@ 2z =h, R g o (F0-997)(1x107)(2.2 kQ)
1+h,R, 1+(0.51A/V)(2.2 kQ)
=9.67Q
Z=12kQ| Z' =12kQ19.67Q2=9.59Q

, h -0.
L 0.997 —--0.996

(b) 4 =
L+h,R,  1+(0.5 uA/V)(2.2 kQ)
1, 1 .
A =02l (— 0996)[ 1.2 kQ j
I 1.2 kQ+9.67 kQ

1

=-0.988
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73.

74.

75.

e ~h,R,
’ hz‘b + (hibhob - h_/bhrb )RL
—(—0.997)(2.2 kQ)

(©)

945 Q+((9:45 Q)(0.5 uA/V) = (=0.997)(1x10)) (2.2 kQ)

=226.61

@ z'- 1

" by [k, by ]

1
0.5 LA =[(<0.997)(1x107)/9.45 Q |
=90.5 kQ

Z,=22kQ| Z' =2.15kQ

(@) 5% (0.2 mA) = 0.6 (normalized)
he (1 mA)=1.0

h,(0.2mA)—h, (ImA
%change=| fa )=l )| x 100%
| h,(0.2 mA) |

x 100%

:‘0.6—1

=66.7%

(b) he(1mA)=1.0
(5 mA) = 1.5

% change = |hfe(1 mA) ~hy. (5 mA)| x 100%
| h, (1 mA) |

x 100%

:‘1—1.5

=50%
Log-log scale!

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

x 100% = 75%

% change = ‘4;1

(b) I.=5mA, h;, = 0.3 (normalized)

1-0.3

% change = x 100% =70%
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76.

T7.

78.

79.

80.

(a)

(b)

(a)

(b)

(a)

(b)

(a)
(b)
(©)

(d)
(a)
(b)
(©)

(d)

(e)

hoe =20 S @ 1 mA
1.=0.2 mA, h,. = 0.2(h,e @ 1 mA)

=0.2(20 uS)
=48
1 1
ro= —=——=250kQ > 6.8 kQ
h, 4 uS

Ignore 1/A,,
I.= 10 mA, A, = 1020 xS) =200 LS

= ! =5kQvs. 8.6 kQ

1
h, 200uS
Not a good approximation

o =

h,(0.1 mA) = 4(h,(1 mA))
=42 x 107
=8x10™*
hrche = hreAv : Vz
=(8 x 107(210)V;
=0.168 V;
In this case #,.V,. is too large a factor to be ignored.
hy.
hUZ

hoe = 30 (normalized) to
hoe = 0.1 (normalized) at low levels of 1.

mid-region
h;. is the most temperature-sensitive parameter of Fig. 5.33.
h,. exhibited the smallest change.

Normalized: hfe(max) = 1.5, hfe(min) =0.5
For hy = 100 the range would extend from 50 to 150—certainly significant.

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

The parameters show the least change in the region 0° — 100°C.
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81.

Ip

(a) Test:

SR> 10R,

70(1.5 kQ) > 10(39 kQ)
?

105 kQ > 390 kQ

No!
Ry =39 kQ || 150 kQ = 30.95 kQ
_30K004V) ) ooy
39 kQ +150 kQ
B, Ve  289V-07V
"R, +(B+DR,  30.95kQ+ (71)(1.5 kQ)
= 15.93 uA
Ve = Em — IgRp,
=2.89 V — (15.93 1A)(30.95 kQ)
=2397V

Ve=2397V-07V=1697V

and Iz = Ez L7V _ 1.13 mA
R, 15kQ

Vee = Vee — Id(Re + Rg)
=14V - 1.13mAQ2.2kQ + 1.5 kQ)
=9.819V
Biasing OK

(b) R, not connected at base:

_ Vee =0 14V-07V _
R, +(B+DR, 150kQ + (71)(1.5kQ)

Vg="Vce—IgRp=14V — (51.85 pA)(150 kQ)
=6.22 V asnoted in Fig. 5.187.
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Chapter 6

1.

2.

From Fig. 6.11:

(a)

(b)

(c)

(d)

(e)

()

(2

(h)

(i)

(a)

(b)

VGS:OV,IDZSIHA
Vos=-1V, Ip=4.5 mA
Vos=-1.5V, Ip=3.25 mA
Ves=-1.8V,Ip=2.5 mA
Vos=—-4V,Ip=0mA
Vegs=—-6V, Ip=0mA

Vps=14V

l”d=K=ﬂ=233.33Q
I 6mA

VD551.6V

Fg= K=—1'6V =533.33Q
I 3mA

Vps=14V

l’d=K= 14V =933.33Q
I 15mA

r,=233.33Q

7, 233.33 Q) ~233.33Q

[

- VeV, [I-C1V)/(—4 V)]  0.5625
~ 414810

23333 Q 233330

fa= > =93320
[1-(2V)/(-4V)] 0.25

53333 Q vs. 414.81 Q } Eq. (6.1) is valid!
933.33 Qvs 9332 Q

Ves=0V, Ip=8 mA (for Vps> Vp)
VGS:—I V, ID:4.5 mA
AID:3.5 mA

Vegs=-1V,Ip=4.5mA
Ves=-2V,Ip=2mA
Alp=2.5 mA
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(©) Ves=-2V,Ip=2mA
VGS: -3 V, ID =0.5mA
Alp=1.5 mA

(d) VGS: -3 V, ID =0.5 mA
Ves=—-4V,Ip=0mA
Alp=0.5 mA

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

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

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

region of nonlinearity for each device.

(a) 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.

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

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

VGSZOV, ID:[DSS: 12 mA

VGS: VP:—6V,[D:0H’1A

Shockley’s equation: Ves=—-1V,I[p=8.33mA; Vgs=-2V,I[p =533 mA; Vgs=-3V,
ID =3 mA, VGS =—4 V, ]D =1.33 mA, VGS: -5 V, ID =0.333 mA.

Ay may
Ipss 1 _ _ .
104
I 1V
54 -2V
3y

Svp 10 15 20 25

For a p-channel JFET, all the voltage polarities in the network are reversed as compared to an
n-channel device. In addition, the drain current has reversed direction.
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(b) Ipss=10mA, Vp=—6V

VGSZOV,ID:[DSS: 12 mA
VGS: VP:—4V,]D:0H’1A
V 1
VGS: ?P :—2V,[D: DTSS =3 mA
VGS: 0.3Vp: -1.2 V, ID =6 mA
Ves=-3V, Ip=0.75 mA (Shockley’s equation)

(@) Ip=Ipss=9 mA

(b) Ip =Ipss(1 -V Vp)2
=9mA(l - (-2 V)/(-3.5 V))?
= 1.653 mA

(C) VGS: VP:—3.5 V, ID=0mA
(d) Vcs< VP =-3.5 V, ID =0 mA

VGSZOV,ID: 16 mA
Ves=03Vp=03(-5V)==1.5V, Ip=1Ipss/2 =8 mA
Ves=0.5Vp=0.5(-5V)==-2.5V, Ip=Ipss/4 =4 mA
VGS: VP:—SV,]DZOII]A

VGS: 0 V, ID ZIDSS: 7.5 mA

VGS =0.3 Vp = (03)(4 V) =1.2 V, ID = ID55/2 =7.5mA/2=3.75 mA
Ves=0.5Vp=(0.5)(4 V) =2V, Ip = Ipss/4 = 7.5 mA/4 = 1.875 mA
VGS: VP:4V,ID:0 mA

(@) Ip=1Ipss(1 — Vos/Vp)* =6 mA(1 — (=2 V)/(—4.5 V))?

=1.852 mA
Ip=Ipss(1 = Vsl V) = 6 mA(1 — (=3.6 V)/(—4.5 V))*
=0.24 mA
I
b) Ves=V,| 1= |12 |=(a5v) 1= [2 1A
I 6 mA
=-1318V
Vos=V,| 1= |22- |= (<45 V[ 1= [22MA
Y. 6 mA
=-0.192V

Ip=Ipss(1 = Vsl V)’

3 mA = Ipss(1 = (=3 V)/(=6 V)’
3mA= ID55(025)

IDSS =12 mA
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16. From Fig. 6.22:

-05V<Vp<-6V
I mA <Ipgs<5mA

For Ipsgs=5 mA and Vp=-6 V:
VGSZOV,IDZSITIA
VGS:0.3VPZ—1.8 V,ID=2.5mA
VGS: VP/2 =-3 V, ID: 1.25 mA
VGS=VP=—6V,ID=OmA

For Ipss=1mA and Vp=-0.5V:
VGSZOV,IDZIIHA
VGS:0.3VP:—O.15 V, IDZO.S mA
VGS = VP/Z =-0.25 V, ID =0.25mA
Ves=Vp=—-0.5V,Ip=0mA

Opérating
rang
o / J},l
-6 -5 -4 3 2 - 0 Vi
B, 12
17. VDS = VDS =25 V, [D = D = 0 mW =4.8 mA
VDSW 25V

P

ID:IDSS: 10 mA, VDS: D 2120 mW IIZV
I, 10mA

P
Ip=7mA, Vpg— Le 120mW _ 0y
I, 7TmA
A [p(mA)
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18.

19.

20.

21.

22.

23.

24,

Vos=-0.5V, Ip=6.5mA
VGS:—I V,ID:4H1A
Determine Alp above 4 mA line:

2.5 mA

29MA_ Y SmA

05V 03V
Ip=4 mA + 1.5 mA = 5.5 mA corresponding with values determined from a purely
graphical approach.

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

From Fig 6.25, Ipss = 9 mA
At Vgs=-1V,Ip=4 mA
Ip=1Ipss(1 = Vos/ V)

ID

I =1-VsdVp
Vos 1 [
VP [DSS
- Ves __ -1V
1_F |_ [4mA
1 s 9 mA

= -3 V (an exact match)

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

(a) Vps=0.7V @ Ip=4mA (for Vgs=0V)
e AVDS: 07V-0V 1750

Al, 4mA- 0mA

(b) For Vgs=-05V,@Ip=3mA, Vps=0.7V

r=27V 3330
3 mA

_ r, B 175 Q
A=V /V,)  (1=(=0.5V)/(-3V)
=252 Q vs. 233 Q from part (b)

(©) ra

The construction of a depletion-type MOSFET and an enchancement-type MOSFET are
identical except for the doping in the channel region. In the depletion MOSFET the channel is
established by the doping process and exists with no gate-to-source voltage applied. As the
gate-to-source voltage increases in magnitude the channel decreases in size until pinch-off
occurs. The enhancement MOSFET does not have a channel established by the doping
sequence but relies on the gate-to-source voltage to create a channel. The larger the
magnitude of the applied gate-to-source voltage, the larger the available channel.
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25.

26.

27.

28.

29.

30.

31.

AtVGS—OV Ip= 6 mA

At Vgs=-1V, Ip=6 mA(l — (-1 V)/(-3 V))* =2.66 mA

At Vgs=+1V, Ip=6 mA(l — (+1 V)/(-3 V))* = 6 mA(1.333)* =10.667 mA
At Vos =42V, Ip=6 mA(l — (+2 V)/(=3 V))* = 6 mA(1.667)* = 16.67 mA

VGS ]D
-1V 2.66mA Al =334mA
0 6.0 mA NP,
+1V  10.67 mA } p =%07m
2V 16.67mA A, =6mA

From -1 Vto 0V, Alp =334 mA

while from +1 V to +2 V, Alp = 6 mA — almost a 2:1 margin.

In fact, as Vg5 becomes more and more positive, Ip will increase at a faster and faster
rate due to the squared term in Shockley’s equation.

Ve,
VGSZOV,ID:[DSS: 12rnA, VGS:—S V,ID:OI’HA; VGS 7 :—4V ID—31’IlA
VGS: 0.3 VP =-24 V, ID =6 mA, VGS: -6 V, ]D =0.75 mA
From problern 20:
+1V +1V +1V
’ [14 1 1.473 1 1.21395
DSS 9 5
—— =467V
—0 21395
Ip=Ipss(1 = Vos/ Vi)’
Ipss = Iy = 4 mA =11.11 mA

(1=Vy V.Y (A=(22V)/(=5V))’

From problem 14(b):
1 mA
VGS: VP 1- L =(—5 V) 1- 20
1) 2.9 mA

=(-5V)(1 -2.626) = (-5 V)(-1.626)
=813V

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

Dyyax

P =Vpslp
P
and Vpg= ﬂ:M =25V
I, 8 mA
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32. (a) In a depletion-type MOSFET the channel exists in the device and the applied voltage
Vs controls the size of the channel. In an enhancement-type MOSFET the channel is
not established by the construction pattern but induced by the applied control voltage
VGS.

(b) -

(c) Briefly, an applied gate-to-source voltage greater than V7 will establish a channel
between drain and source for the flow of charge in the output circuit.

33, (@) Ip=k(Vgs— Vi)' =04x10"Vgs— 3.5

Vs Ip
35V 0
4V 0.1 mA
5V 0.9 mA
6V 2.5 mA
7V 4.9 mA
8V 8.1 mA

(b) Ip=0.8x 107(Vgs— 3.5)

Vas Ip

35V 0 For same levels of Vg, Ip attains
4V 0.2 mA  twice the current level as part (a).
5V 1.8 mA  Transfer curve has steeper slope.
6V 5.0mA  For both curves, Ip = 0 mA for

Y% 16.2 mA

=1 mA/V?

M. (1) k= —ow ___ 4mA
. - 2 2
(VGS(on) -V ) 6V-4V)
In=k(Vos— Vi’ =1 x 10°(Vgs — 4 V)’

(b) VGS [D For VG5< VT:4 V, ID: 0 mA
4V 0 mA
5V 1 mA
6V 4 mA
7V 9 mA
8V 16 mA
(c) Vas Ip Ves<Vr)
2V 0 mA
5V 1 mA

10V 36 mA
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35.

36.

37.

38.

From Fig. 6.58, V;yr=2.0V

Atlp=6.5mA, Vgs=5.5V: In=k(Vgs— Vo)
6.5mA =k(5.5V-2V)
k=531x10""

Ip=15.31 x 107 (Vgs — 2)°

2
Ip= k(VGS(on) _Vr)
2 ]
and (VGS(OH) —VT) :70
I
Vesiom = Ve = 1|2
GS(on) T k
1
Ve=T, — |2
T GS(on) k
3mA
=4V- ,|——— =4V -J75 V
V0.4x10~
=4V -2739V
=1.261V

Ip=k(Vos— Vi)’
1
ID =Ves— VT)2

1
7D:VGS_VT

7 30 mA
Ves= Vit |22 =5y 4 |0mA
Gk 0.06x107

=2736V

Enhancement-type MOSFET:
Ip=k(Vy —V;)’

dl,, d

=2k(Vys =V7)| —— -V,
= A0 T){ v WGIS T)}
dr,,

=2k(Ves—V;
dVGS ( GS T)
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39.

41.

42.

43.

Depletion-type MOSFET:
Ip=Ipss(1 = Vs Vp)

di, d Vi )
= Ipss——| 1-=+
dVGS dVGS VP

I /A I P
VP dVGS VP

= 21, 1_ﬁ _L
v, \ v,
_ 2psf| Vs
v, v,
2 (V) Vs
v, \V, v,
dl 21

D DSS (VGS _ Vp)

dv vy

: dil
For both devices —2- = k;(Vss — K3)
dV
revealing that the drain current of each will increase at about the same rate.

Ip=k(Vgs— Vi)’ = 0.45 x 10°(Vgs — (=5 V))?

=0.45x 10°(Vgs+ 5 V)
VGS: -5 V, ID =0 mA, VGS =-6 V, ]D =0.45 mA, VGS: -7 V, ID =1.8 Il’lA,
VGS: -8 V, ID =4.05 mA, VGS =-9 V, ID =72 l’IlA, VGS =-10 V, ID =11.25 mA

(@ -
(b) For the “on” transistor: R = v = 01V _ 25 ohms
4 mA
For the “off” transistor: R = r = 49V _ 9.8 MQ
I 0.5 uA

Absolutely, the high resistance of the “off” resistance will ensure V, is very close to 5 V.
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Chapter 7

L.

(a)

(b)

(©)

(d)

(a)

(b)
(©)

VGSZOV,ID:[DSS: 12 mA

VGS: Vp=—4V,[D=OmA

VGS: VP/Z =-2 V, ID :ID53/4 =3 mA
VGS: 0.3 VP =-1.2 V, ID :IDgs/z =6 mA

-4 -3 -2 -1 0 \%4

I, =4.7mA
Vas, = Voo — I, Ry, =12V — (4.7 mA)(1.2 kQ)
=6.36 V

I, =Ipss(1 = Vgs/Ve)' =12 mA(1 = (=1.5 V)/(=4 V)Y’
=4.69 mA

Vs, = Voo = I R, =12V = (4.69 mA)(1.2 kQ)

=637V
excellent comparison

I, =Ipss(1=V s /V,)

o

=10mA (1-(-3 V)/(-45 V))’

=10 mA(0.333)
I, =111mA
Vs, =3V

Vbs = Vpp — Ip(Rp + Rs)
=16 V- (1.11 mA)(2.2 kQ)
=16V -2444V
=13.56 V

VD = VDS =13.56 V

VG = VGSQ =-3V

VSZOV
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6.

=3.125mA

@ 1 V=V _14V-9V
Pe R, 1.6 kQ

b)) Vps=Vp—Vs=9V-0V=9V

1
(C) ID :Ipss(l - Vcs/VP)Z = VGS: VP (1— D J
IDSS
3.125mA
as= (4 V)(l‘ WJ
=-15V
VGG =15V
VGSQ :OV,ID:IDSSZS mA
Vo= Vpp— IpRp
=20V - (5 mA)(2.2 kQ)
=20V-11V
=9V
VGS = Vp =4V
w1, =0mA
and Vo= Vpp — I, R, = 18 V = (0)2 k)
=18V
@]D(mA)
(a)(b) Ves=0 V, Ip=10mA 10
Ves=Vp=—-4V,Ip=0mA 1o
VGSZ%Z—2V,ID=2.5mA T8
T7
Vos=03Vp=-12V,I,=5mA I
Vs = —IpRs 15
ID =5 mA: A
Vs = —(5 mA)(0.75 kQ) T
:—375V QPZ_ ___)--3ID
4 Qo
() 1, =27mA : :
' T1
Vas, = -19V . v -
-4 N N 0 "
Vos(V
(d) Vps=Vpp — ID(RD + RS) \ VGSQ Gs(V)

=18 V — (2.7 mA)(1.5 kQ + 0.75 k)
=11.93V
Vo = Vop —IpRp
=18 V — (2.7 mA)(1.5 kQ)
=1395V
VG =0V
Vs=IsRs = IpRs
= (2.7 mA)(0.75 kQ)
=2.03V
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0.

2UpRs I'R;
v, v

I, ..R? 21, ..R
(—DSS SJ[§+[—L;S > —IJID+IDSS =0

2
P P

ID :Ipss(l — Vcs/VP)Z = IDSS (14—

Substituting: 351.56 1, —4.75Ip+ 10 mA =0

_h+Ap? =
Ip= w = 1091 mA, 2.60 mA
a
1 n, = 2.6 mA (exact match #6)

Vas = —IpRs = —(2.60 mA)(0.75 kQ)
=—1.95V vs.-2V (#6)

VGS:OV, IDZIDSS:6mA ID(mA)
VGS: VP:—6V,[D:OIHA
V 6
Ves = 7’3 =-3V,Ip=15mA
- 5
VGS: 0.3Vp: -1.8 V, ID =3 mA
Vs = —IpRs T 4
Ip=2mA:
Ves = —(2 mA)(1.6 kQ) T3
=-32V
QPT 1,
———————— >
(@) I, =1.7mA . I,
1
-1
VGSQ =-28V :
O t } W\ i 1 >
(b) Vos=Vop—Ip(Rp+ Ry) % =5 A %S—Z -l O%s
=12V —-(1.7mA)2.2 kQ + 1.6 kQ) ¢
=554V
Vo = Voo —IpRp
=12V — (1.7 mA)(2.2 kQ)
=8.26 V
VG =0V
Vs=1sRs= IpRs

= (1.7 mA)(1.6 kQ)
=272V (vs. 2.8 V from Vs = (Vg )

(@) IDQ =Is=

(b) Ve, =—15, Ry =—(3.33 mA)(0.51 kQ)
~-17V
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10.

1.

(©)

(d)

(e)

(a)

(b)

(c)

(d)

Ip=Ipss(1 = Vsl V)

3.33 mA = Ipss(1 — (-1.7 V)/(—4 V))?
3.33 mA = Ips5(0.331)

IDSS =10.06 mA

VD: VDD - IDQRD

=18V -(3.33mA)2kQ) =18 V-6.66 V

=1134V

VDS: VD— VS: 11.34V-17V
=9.64V

VGS: ov
]D :]DSS: 4.5 mA

Vps = Vpp —Ip(Rp + Ry)
=20V — (4.5 mA)(2.2 kQ + 0.68 kQ)
=20V -12.96
=7.04V

Vo= Vpp—IpRp
=20V - (4.5 mA)(2.2 kQ)
=101V

Vs=IsRs= IpRs
= (4.5 mA)(0.68 kQ)
=3.06 V

Network redrawn:

14V
2.2kQ

Ipgs=6 mA
Vp=—6V

39kQ

97

VGSZOV,ID:IDSS:6II1A
VGS: Vp=—6V,ID=OmA

V
Vs = 7P =3V,I[p=15mA

VGS: O.3VP:—1.8 V, ID: 3 mA
VGS = _]DRS = —ID(039 kQ)
Forlp=5mA, Vgs=-1.95V



12.

From graph / p = 3.55mA

Ves, =-14V
Vs=~(Vas, ) ==(-14V)
=+14V
5 3 4 5 S/ Oy
s,
R 110 kQ(20 V
(a) VG: 2 s — ( )
R +R, 910 kQ+110 kQ
=216V
VGSZOV, IDZIDSS: 10 mA
Ves=Vp=-3.5V,Ip=0mA
GS [/1'3 D I (mA)
VG5: ?P =-1.75 V, ID=25mA 10
T9
Vgs=0.3Vp=-1.05V, Ip=5mA Le
VGSQ = VG_IDRS Lq
Vs, =216 = Ip(1.1 kQ) Le
Ip=0: Vo =Vg=2.16V {s
216 V T4
Vos, =0V, Ip= 7= = 1.96 mA o
(b) I, =33mA
Vos, =-1.5V :

(C) VD = VDD_ IDQRD

=20V - (3.3 mA)(2.2 kQ)
=12.74V

Vs =IsRs=IpRs
= (3.3 mA)(1.1 kQ)
=3.63V

(d) Vps, =Voo— Ip, (R, +Ry)

=20V -(3.3mA)22kQ+ 1.1 kQ)
=20V -10.89 V
=9.11V
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13.

14.

(a)

(b)

(a)

(b)

(©)

(d)

Ip=Ipss= 10mA, Vp=-35V|  110kQ(20 V)
Vos=0V, Ip=Ipss=10 mA “ 110kQ +910 kQ
VGS: VP:—3.5 V, ID=0mA =216V

v, -3,
Vas= 2=V _ 175V, 1,=2.5mA rtee)

2 2 10
VGS:O.3VP:—1.05 V,ID=5mA 9
I,, =58 mA vs. 3.3 mA (#12) 8

7

Vos, =—0.85V vs. —1.5 V (#12)

I
I
|
I
I
|
I
!
I
} t Y t f
—4 —3 —2 —1\ 0 1 2 Vas(V)

As Ry decreases, the intersection on the vertical axis increases. The maximum occurs at
ID = IDSS =10 mA.

Vo 216V
I, 10mA

SR, =

Smm

=216 Q

Ve, Vop—V, 18V-9V 9V
ID: = = =

. R, 2kQ 2k

=45 mA

VS = ]SRS = IDRS = (45 mA)(068 kQ)
=3.06 V
Vps = Vpp = Ip(Rp + Rs)
=18 V- (4.5 mA)(2 kQ2 + 0.68 kQ)
=18V -12.06V
=594V

_ R, 91kQ8YV)
R+R, " 750 kQ+91kQ
VGS:VG—VS:1.95V—3.06V:—1.11V

Ve =195V

e Ve ZLIV Ly

[ 1_\/4.5mA
1 8§ mA

=-1.48V
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15.

16.

17.

(a)

(b)

(a)

(b)

(©)

(a)
(b)

(©)

VGSZOV,ID:IDSS:6II1A
VGS: Vp=—6V,ID=OmA
Vas = VP/2 =-3 V, Ip=15mA [D(mA)
Ves=03Vp=—-18V,Ip=3mA

Vis= Vss— IpRs L 5
Vos =4V — Ip(2.2 kQ)

4V =1.818 mA T4

Ves=0V, Ip=
@ P2k
IDZOI’HA,VGS:4V

I, =2.7mA
Vis, =2V

Vbs=Vop + Vss — Ip(Rp + Ry)
— 16 V+4V— (2.7 mA)4.4 kQ)
=812V
V= Vs + IpRs =4 V + (2.7 mA)(2.2 kQ)
=194V

or Vs=—(Vgg, ) ==(-2V) =42V

SV Vo +V =V 12V4#3V-4V 11V
"R R, + R, 3kQ+2kQ  5kQ

=2.2 mA

Vo= Voo —IpRp =12V — (2.2 mA)(3 kQ)
=54V
Vs=IsRs+ Vss = IpRs + Vs
~ (22 mA)2 kQ) + (=3 V)
=44V -3V
=14V

Vos=Ve—Vs
=0V-14V
=-14V

I, =4 mA

VDQ =12V-4mA(1.8kQ)=12V-72V =48V
Vs =48V

DS,

P,=(12 V)(4 mA) = 48 mW
P,= (4.8 V)(4 mA) = 19.2 mW
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18.

19.

VGSZOV,ID:IDSS:6II1A
VGS: Vp=—4V,ID=OmA
VGS: VP/2:—2 V, ID:ID53/4: 1.5 mA

VGS = _]DRS = —ID(043 kQ)
ID =4 mA, VGS: -1.72V

Vos=03Vp=-12V,Ip=1Ipss/2 =3 mA

I (mA)

6

15

L4

I, =29 mA
e -=>» ,=29mA
VoS -12V .
Q
! 2
| 5

I

: T1
|

o=—+—+—Y, >
4 3 2 -1 |0
VE-12v Vs
(b) Vps=Vop—Ip(Rp + Ry)
=14V -29mA(1.2 kQ + 0.43 kQ)
=927V
Vp="Vpp—IpRp
— 14V - (2.9 mA)(1.2 kQ)
=10.52V
(@ Vas=0V,Ip=Ipss=8mA 1 ma)

Vos=Vp=-8V,Ip=0mA

V
VGS: 7[) =—4V,ID=2mA
VGS:O.3VPZ—2.4 V, ID:4I'I1A
Ves=+1V,Ip=10.125 mA
VGS:+2 V, ID: 12.5 mA

Vos=—Vss — IpRs
— _(—4 V) — [5(0.39 kQ)
VGS =4 - [D(039 kQ)

IDZOZ VGS:+4V

1

1

1

1

I

4 1

Vs =0: Ip= = 10.26 mA 5T
0.39 kQ Al

1

I, =9mA 31
1

Vis, Z+0.5V 27T
14

A

pT

|
(=)
)

4

Vies(V)



(b) VDS = VDD - ID(RD + Rs) + VSS

=18 V-9mA(1.2kQ+0.39kQ)+4V

=22V -1431V
=7.69V

Vo= ~(Vas, ) =05V

20.  Ip=k(Vos— Vi)
k — ID(on) _ 5 mA

_5SmA

(VGS(on) _Vrh)z ) 7V -4 V)z

K=0.556 x 107 A/V?
and Ip=0.556 x 10°(Vgs — 4 V)?

134
12.87 mA— |
121
114
10T
9 4@ Ip,=825mA

9V?

Vbs = Vpp = Ip(Rp + Rs)

Vps=0V; Ip=

VDD

R, + R

22V

B 1.2kQ+0.51kQ

=12.87 mA
Ip=0mA, Vps= Vpp

=22V

8-
i
ot
s+

(b)

L v, =79V
4 GS
3 s, =79V
2--
1

1 1 O t 1 t 1 } } t >

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 Yes(V)

©) Vo =Vop—IpRp
=22V - (8.25 mA)(1.2 kQ)
=121V
Vs =IsRs= IpRs
=(8.25 mA)(0.51 kQ)
=421V

(d) Vps =Vp—"Vs
=12.1V-421V
=789V

vs. 7.9 V obtained graphically
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21.

(@ Ve=

R, . 68MQ
R+R, ™ 10MQ+6.8MQ

Vos= Ve — IpRs
Vas=9.71 — In(0.75 k)
AtID =0 mA, VGS =971V

971V
At Vgs=0V, Iy =
@ P 075 kQ

=12.95 mA

k: ID(QH) _ 5 mA _SmA

(24 V) =971V

2= 7= >
(Vcs(on) - VGS(Th)) (6V=3V)" @3V)

=0.556 x 10°A/V?
Ip=10.556 x 107 (Vs — 3 V)?

VGS ]D

3V 0 mA

4V 0.556 mA

5V 2.22 mA

6V 5 mA

7V 8.9 mA
I(mA)

1 2 4 5 V6 7
GSQ
IDQ =5 mA
V. =6V
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22.

23.

(b) Vp=Vop—IpRp=24V — (5 mA)(2.2kQ)

=13V
Vs =IsRs= IpRs
— (5 mA)(0.75 kQ)
=375V
@) Vo= 2 . __ 18K 5 ]
R +R, 91 kQ+18 kO [(mA)
=33V

(b) Ves=0V,Ip=Ipss=6mA
VGS: Vp=—6V,ID=OmA
Ves = % =-3V,Ip=15mA

VGS: VP:—I.S V,ID:3 mA

Iy, 23.75 mA
Ves, =-1.25V

(C) IE:ID:3.75 mA

I, 3.
@) Ip=1c=3P A o344 pa
p 160

() Vp=Ve=Vs—Vgr="Vec—IzRy— Vgr =20V — (23.44 uA)(330kQ) - 0.7 V
=11.56 V

(f) Ve=Vee—IcRc=20V —(3.75 mA)(1.1 kQ)
=15.88V

Testing:
PRe > 10R,
(100)(1.2 kQ2) > 10(10 kQ)
120 kQ > 100 kQ (satisfied)

RV,  10kQ(16 V)
R+R, 40kQ+10kQ

(@ Ve=Vs=
=32V
) Vi=Vi— V=32V -07V=25V

() IE=£= 25V 508 mA
R, 12kQ
I-=1;=2.08 mA
ID:IC:2.08 mA
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24.

25.

I. 2.08mA
d) I=-S=="——=208
(d) Iy 5100 HA

(e Ve=Ve—"Vgs
I

VGS: V,|1- D J
P( L s
:(_6\,){1_ 2.08mAJ

6 mA
=247V

Ve=32-(-247V)

=5.67V
Ve=Vc=5.67TV
Vo= Vpp—IpRp

=16 V — (2.08 mA)(2.2 kQ)

=1142V

(f) VCE:VC—VE:5.67V—2.5V
=317V

(g Vps=Vp—-Vs=1142V =567V

=575V
Vs = VP(I— ]—DJ - (-6 V)(l— /ﬂJ
Y. 8 mA
=-1.75V
Vas=—IpRs: Rs= es _ZCLBV) g 4410

1, 4 mA
Rp=3Rs=3(0.44 kQ)=1.32 kQ
Standard values: Rg= 0.43 kQ

Rp=13kQ
1 2.5 mA
Ves=V,| 1= |2 | =(-4 V)| 1- >
s 10 mA
=2V
Ves=Ve—Vs
and Vs=Vs—Vgs=4V -(-2V)
=6V
Rs= Vs = 0V _ 2.4 kQ (a standard value)
I, 25mA
Rp=2.5Rs=2.5(2.4 kQ) =6 kQ = use 6.2 kQ
Vo= —II;QZVDI? =4V= —2;{21\(/[2;; VL = 88 MQ + 4R, = 24R,
1 T 20R, = 88 MQ
R, =4.4MQ

Use R, = 4.3 MQ
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26.

27.

28.

Ip= k( Vas — VT)Z

1
TD:(VGS_VT)Z
1
,/TD =Ves—Vr
and Vos= Vit |22 —av+ | OMA 546y
k 0.5x107°A/V
oo Vi Vop=Vos _Vop—Ves _16V-T746V _854V
", 1, 1, 6 mA 6 mA
=1.42kQ
Standard value: Rp=0.75 kQ
RG:10MQ
V. 4V
a) Ip=Iy=—>=—— =4mA
(@ Ip=1Is R 1kQ

VDS = VDD - ID(RD + Rs) =12V - (4 rnA)(2 kQ+1 kQ)
=12V - (4 mA)(3 kQ)
=12V-12V
=0V

JFET in saturation!

(b) Vs=0 V reveals that the JFET is nonconducting and the JFET is either defective or an
open-circuit exists in the output circuit. Vs is at the same potential as the grounded side
of the 1 kQ resistor.

(c) Typically, the voltage across the 1 MQ resistor is = 0 V. The fact that the voltage across
the 1 MQ resistor is equal to Vpp suggests that there is a short-circuit connection from
gate to drain with /p = 0 mA. Either the JFET is defective or an improper circuit
connection was made.

_ T5kQ(20 V)
“ 75k +330kQ
Ves=3.7V —6.25V =-2.55V (possibly okay)
Ip=Ipss(1 = Vos/Vp)

=10 mA(1 — (-2.55 V)/(—6 V))*
= 3.3 mA (reasonable)

=3.7 V (seems correct!)

However, Iy = ﬁ = 6.5V _ 6.25 mA #3.3 mA
R, 1kQ
VRI) = IDRD = ISRD = (625 mA)(22 kQ)
=13.75V
and V, +V, =625V +13.75V
=20V = VDD
VDS =0V

—_

Possible short-circuit from D-S.
2. Actual Ipss and/or Vp may be larger in magnitude than specified.
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Vbs = Vop — Ip(Rp + Rs)
=20V —(6.25 mA)(2.2 kQ + 1 kQ)
=20V-20V
=0V (saturation condition)

RV,,  75kQ(20V)
R +R, 330kQ+75kQ
Vos=Vo—Vs=31V—-625V=-255V

V
Ip= I} [1_%

Vo= =3.7 V (as it should be)

P

=33 mA #6.25 mA

) =10 mA(1 — (-2.55 V)/(6 V))*

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

(a) VGSZOV,ID:]DSSZSH’IA

VGS = VP =44 V, ID =0 mA ID(mA)
VGS=%=+2V,ID=2mA 8
Vos=03Vp=12V, I[p=4mA '
16
Vs = IpRs 15
Ip=4mA; A
Ves = (4 mA)(0.51 kQ) T
=204V lp, 7€ -~~~
I,, =3mA, Vs =155V 1, ;
e !
(b) Vos=Vpp+ Ip(Rp + Rs) ; 4 : .
=—-18 V+ (3 mA)(2.71 kQ) 0 ) 3 i Vo)
=—987V %o

() Vp=Vpp—1IpRp
=-18 V-3 mA)(2.2 kQ)
=-114V
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(VGS(on) - VGS(Th) )2 (_7 V-(3 V))2 ) (-4 V)2

=0.25x 107 A/V?
Ip=025x 10" (Vgs +3 V)

31 k: ID(on) . 4mA 4mA

Vas Ip

-3V O0mA  Ves=Vps= Vpp+IpRp

-4V 0.25 mA At[D:OIIlA, VGS:VDD:—16V

Y 1 mA ~ v, 16V _

6V 2925 mA AtVGS—OV,[D—R—D—m—gmA

-7V 4 mA [D(mA)
-8V 6.25 mA 10

(b) VDS = VGS =-7.25V

(C) Vp=Vps= =725V
or Vps= Vpp +IpRp
=-16 V+ (4.4 mA)(2 kQ)
=-16 V+88V
VDS =-72V= VD

& _-15V
v, 4v
Find —0.375 on the horizontal axis.

Then move vertically to the Ip = Ipss(1 — Vis/ VP)2 curve.
Finally, move horizontally from the intersection with the curve to the left to the /p/Ipgs axis.

32. =-0.375

I _ 0.39

DSS

and I, = 0.39(12 mA) = 4.68 mA vs. 4.69 mA (#1)
Vs, = Voo = IpRp =12V = (4.68 mA)(12 kQ)

=6.38 V vs. 6.37 V (#1)
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_ V| ~ 4V
I,R; (10 mA)(0.75 kQ)

=0.533
V= Ve _ 0-533(0)
v, 4v
=0

Draw a straight line from M = 0 through m = 0.533 until it crosses the normalized curve of /p

2
=1 [1 - f} . At the intersection with the curve drop a line down to determine

P

Vos _ 049

7l

55, =—0.49Vp=-0.49(4 V)
=—1.96 V (vs. 1.9 V #6)

so that

If a horizontal line is drawn from the intersection to the left vertical axis we find

Iy _ 0.27

DSS
and Ip = 0.27(Ipss) = 0.27(10 mA) = 2.7 mA
(vs. 2.7 mA from #6)

(@) Vo, =-196V, I, =2.7mA

(b) -
(c) -

(d) Vos=Vpp—Ip(Rp+ Rs) =11.93 V (like #6)
VD = VDD — IDRD =1395V (hke #6)
V=0V, Vs=IpRs=2.03 V (like #6)

_ RV,, ~ 110kQQ20V)
R +R, 110kQ+910kQ
v

_ Wl 35V =0.318

IpsRg (10 mA)(1.1 kQ)

M=mx Lo _318210V)

72|

Find 0.196 on the vertical axis labeled M and mark the location. Move horizontally to the
vertical axis labeled m and then add m = 0.318 to the vertical height (= 1.318 in total)}—mark
the spot. Draw a straight line through the two points located above, as shown below.

Voe =2.16V

m

=0.196
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35.

/- normalized curve Ip = Ipgs (1 — Vs /Vp)

Y AM

A

0.196

Continue the line until it intersects the Ip = Ipss(1 — Vis/ Vp)2 curve. At the intersection move

horizontally to obtain the /p/Ipss ratio and move down vertically to obtain the V. / ‘Vp‘ ratio.

I _ 033 and I, =0.33(10 mA) =3.3 mA
L pss ¢ vs. 3.3 mA (#12)
% =—0.425 and V,, =-0.425(3.5V)
Pl 149V
vs. 1.5V (#12)
V| 6V
m = =
IRy (6 mA)2.2kQ)
=0.4545
M= mle ~0.45453Y)
V] ©V)
=0.303

Find 0.303 on the vertical M axis.
Draw a horizontal line from M = 0.303 to the vertical m axis.
Add 0.4545 to the vertical location on the m axis defined by the horizontal line.

Draw a straight line between M = 0.303 and the point on the m axis resulting from the
addition of m = 0.4545.

Continue the straight line as shown below until it crosses the normalized
Ip=Ipss(1 — VGS/VP)2 curve:

\ Am AM
< / 104
R
Toss m=0.4545
s 1oz
™
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At the intersection drop a vertical line to determine

Vos —_034

A

and Vas, =—0.34(6 V)
=-2.04 V (vs. -2 V from problem 15)

At the intersection draw a horizontal line to the /p/Ipgs axis to determine

Iy _ 0.46

DSS

and IDQ =0.46(6 mA)
=2.76 mA (vs. 2.7 mA from problem 15)

(@) 1, =276 mA, V, =-2.04V

(b) Vps=Vpp+ Vss—Ip(Rp + Ry)
=16 V+4V —(2.76 mA)(4.4 kQ)
="7.86 V (vs. 8.12 V from problem 15)

VS = _VSS + IDRS =-4V+ (276 mA)(22 kQ)

=4V+6.07V
=2.07 V (vs. 1.94 V from problem 15)
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Chapter 8

2 _2(15mA)

1- mo — - 6
Tl T ™
21 20, 2(12 mA)
2. o = DsS V. |= DSS = 24V
& Ty == oS
Vp=-24V
3 gm _ 2|£/_DS|S = IDSS: (ng;(|VP|) — 5 ms(35 V) — 8.75 mA
P

v -
4, Emn= 8mo 1- %o :2(12 mA)(l— lvj =53 mS
v, -3 V| -3V

5 g :ZIDSS I_VGSQ
S 7

6 mg o s ([ Z1V
25V 25V

IDSS =12.5 mA

I, 2l [Is/4 2010mA) [T
[DSS |VP| IDSS 5 V 4

_ 20mA(l) 2 mS
5v \2

6. 8m = &mo

v,
0= G| 1-—22 | =32 ms| 1- L2/ =3.2ms(1—lj=3.2ms(3j
v, Ve 4 4

8. @) gn=ys=45mS

) r= = —40ka

Yos 2548

9. gn =y =4.5mS

P S ST e

Vos 2548
Z,=r,s=40 kQ
A,(FET) = —g,ry = —(4.5 mS)(40 kQ) = ~180
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10.

11.

12.

13.

14.

15.

16.

-4, (=200)

Ay =—gura = gn= = =2 mS
Sl = & T T 100 k)
21
(@ gmo= DSS =2(10 mA) =4 mS
V| 5V
Al 6.4 mA —3.6 mA
b) gn=-—r= ~2.8mS

AV 2V-1V

(c) Eq.8.6: g,= gm0(1_ ;

14
GSy

P

j=4 mS(l—_l'5 V) =2.8mS
v

Al, ~3.6mA-1.6mA _

d) gn= 2 mS
Vos 25V
€) gn= 8| 1-—2 |=4mS|1-—" | =2m$
© ng{ Ve } ( -5V )
@) ry=2os __(5V-5V) 10V i
AID Vs constant (9.1 mA-88mA) 03mA
(b) At VDS: 10 V, ID: 9 mA on VGS:OVCUI'VS
S-8mo = Upss _20mA) _ 4.5 mS
V| 4V
From 2N4220 data:
gm:)’_’ﬁv:750 4SS =0.75 mS
rqa= L=; =100 kQ
Vo 1048
21 2(8 mA
@ g.(@Ves=-6V)=0,2,(@ Vss=0V)=gu= DSs _ ( )
V.| 6V

(b) 8m (@ =0 mA) =0, 8m (@ Ip=1Ipss=28 mA) =8gmo = 2.67 mS

1

gn=Ys=5.6mS, r;= RN S 66.67 kQ
Voo 15 4S
27 V. _
gn= T8 1 =2(10mA)[1— ZVj=2.5ms
V| v, 4V -4V
rd=i=—l =40 kQ

Vo 2548

113
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17.

18.

19.

20.

Graphically, Vch =-15V

2] V —1.
- Dss(l_ GSQJzz(lomA)(1_ 15\7}=3.125m$

W

Zi:RG: 1 MQ
Z,=Rp || rs=1.8kQ| 40 kQ2 =1.72 kQ
A, =—-gu(Rp || rs) =—(3.125 mS)(1.72 k)

v, 4V

=-5.375
VGSQ =—15V

_ 21 g 1— VGSQ _2(12 mA) (1_ -1.5V
8m |VP| v, oV v
Zi:RG: 1 MQ
Zo=Rp || ra,ra= L=; =25kQ

o 40 1S
=1.8kQ || 25 kQ
=1.68 kQ

A,=-gu(Rp || ) = —(3 mS)(1.68 kQ) =-5.04

gn =y = 3000 S =3 mS

o= —=—1_—20k0

Vo S0 48
Z;=Rs=10 MQ
Z,=rq|| Rp =20kQ)| 3.3 kQ =2.83 kQ
Ay =—=gu(ra|l Rp)
=—(3 mS)(2.83 kQ)
=-8.49

20 _ 2(6 mA)
v, 6V

VGSQ :OV: 8m = 8mo —
Z;=1MQ

Z,=r4|| Rp=25kQ || 2 kQ = 1.852 kQ
A, =—gu(rall Rp) =—(2 mS)(1.852 kQ) = -3.7

114
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=2mS,rg= —=—— =25kQ
y().&’
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21.

22.

23.

24.

gn=3mS, r,=20kQ

7 - R, _ 3.3kQ
l+g R+ R 1L 3mg)(1.1 k4 23 KEHLIKQ
r 20 kQ
__33kQ_33KQ .o
1433+022 452
e Ry ~(3 mS)(3.3 k)
l+g R+ TR 1 3 ms)(1.1 ko4 23 KEHLIKQ
20 kO

r
_ -9.9 _ 99
1+3.3+0.22 4.52

=-2.19

Zn =Y =3000 1S =3 mS

rg= L:; =100 kQ

Yoo 1048
Z;= Rs =10 MQ (the same)
Z,=rq4|| Rp=100kQ || 3.3 kQ = 3.195 kQ (higher)
Ay =—gun(ra|| Rp)
= —(3 mS)(3.195 kQ)
=-9.59 (higher)

Vos, =—0.95V

g, = 21, I_VGSQ
! Vp Vp

_ 2(12mA) 1— -095V
3V -3V
5.47 mS

Z,=82MQ| 11 MQ=9.7 MQ

Z,=r|| Rp=100kQ || 2 kQ = 1.96 kQ

Ay = —g,(ra|| Rp) = —(5.47 mS)(1.96 kQ) = —10.72
V,=A,V:=(-10.72)20 mV) = —214.4 mV

VGSQ =—-0.95 V (as before), g,, = 5.47 mS (as before)
Z;=9.7 MQ as before

Z,= Ry

R, +R
l+g, R, +—2—F5
Ty

but Vq > lO(RD + Rs)
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R, _ 2 kQ L 2KQ 2KkOQ
° l+g R, 1+(547 mS)0.61kQ) 1+3337 4337
=461.1Q
= -g.Ry
1+ g, R,
_ —(547mS)2kQ)  10.94
4337 (fromabove)  4.337
V,=A,V;=(-2.52)(20 mV) = —50.40 mV (compared to —214.4 mV earlier)

since rg2> 10(RD + Rs)

=-2.52 (a big reduction)

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

Z; (the same) = 9.7 MQ

Z, (reduced) =r,4|| Rp =20 kQ || 2 kQ = 1.82 kQ

A, (reduced) = —g,(r4 || Rp) = —(5.47 mS)(1.82 kQ2) = —9.94
V, (reduced) = 4,V; = (-9.94)(20 mV) = -198.8 mV

26. Vch =-0.95V (as before), g,, = 5.47 mS (as before)

Z;=9.7 MQ as before

R .
Z,= D since ;< 10(Rp + Ry)
R, +R;
I+g,Rg+———
Ty

2 kQ
1+ (5.47 mS)(0.61 kQ) +

2kQ+0.61kQ
20 kQ
_ 2 kQ _2kQ
143334013 446
= 448.4 Q) (slightly less than 461.1 Q obtained in problem 24)

_ngD

A4,=
R, + R

1+g, R, +
Ty
—(5.47 mS)(2 kQ)
2kQ+0.61 kQ

20 kQ

1+ (5.47 mS)(0.61 kQ) +

_ -1094  -10.94
1+3.33+0.13 446

= —2.45 slightly less than —2.52 obtained in problem 24)

21
27, Vg, =285V, g, = =20 (1—

P

v -

as, | _ 209 mA)[l_ 2.85 V] 47 mS

Ve 45V -45V

Zi=Rs=10 MQ

Z,=r4|| Rs || 1/gn=40kQ || 22 kQ || 1/1.47 mS =512.9 Q
%_J
680.27 Q

g, |R) (147 mS)(40kQ[22kQ)  3.065
1+g,(r, |Rs) 1+(1.47 mS)(40 kQ2[2.2kQ) 1+3.065

=0.754
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28, Vg, =-285V,g,=147mS

Z; =10 MQ (as in problem 27)
Z,=71, | Rs| 1/gn=20kQ|2.2kQ] 680.27 Q=506.4 Q<512.9 Q (#27)
[N —

1.982 kQ
g, (r|R)  147mS(20kQ[22kQ) 2914

" ltg,(r|R) 14147 mS(20kQ[22kQ)  1+2.914
= 0.745 < 0.754 (#27)

29. Vg, =38V

g 2ps [ Vas, | _2(6 mA)(l_—
" v, 6V

The network now has the format examined in the text and

Z,=Rs=10 MQ ¥ =ra+Rp=30kQ+33kQ=333kQ
g, (0733mS)(30kQ)  21.99
r,+R, 30kQ+33kQ  33.3kQ

=333kQ| 3.3kQ| 1/0.66 mS
=3kQ| 1.52kQ
=~1kQ

=0.66 mS

Z,=r IRsl /g, = g,=

g, (R 0.66mSGkQ) 198  1.98
1+g.(r;|Rs) 1+0.66 mS3kQD) 1+1.98 2.98
=0.66

v

30 Vg, =-175V,g,=2.14mS

74> 10Rp, ~.Z;=Rs|| l/gn=15kQ| 1/2.14 mS
=1.5kQ| 467.29 Q
=356.3 Q

2> 10Rp, . Z, = Rp=33kQ

4> 10Rp, . A, =g.Rp=(2.14 mS)(3.3 kQ) = 7.06

V,=A,V;=(7.06)(0.1 mV) = 0.706 mV
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31.

32.

33.

34.

35.

21
Vi, = =175V, gu= =2 (1 -

P

Vas, | 2(8 mA)(l_ -1.75V
v, 28V 28V

Z=Rs| r,+R, =1.5kQ” 25 kQ2+3.3 kO :1‘51{0”28.31(9
I+g.7, 1+(2.14 mS)(25 kQ) 54.5
=1.5kQ | 0.52 kQ2 =386.1 Q
Z,=Rp || rs=3.3kQ| 25k0Q=2.92kQ
_ &Ry +R, /1, (2.14 mS)(3.3 kQ) +3.3 kQ/25 kQ
1+R,/r, 1+3.3kQ/25kQ
_ 7.062+0.132 _ 7.194

1+0.132  1.132
V,=A,V;=(6.36)(0.1 mV) = 0.636 mV

j =2.14mS

v

=6.36

Vis, =12V, g, =2.63mS

ra>10Rp, - Zi=Rs|| 1/g,=1kQ| 1/2.63mS =1 kQ || 380.2 Q=2755Q

Zo =Rp= 2.2 kQ
A, = goRp = (2.63 mS)(2.2 kQ) = 5.79

1 1

ry= —==—— =50kQ, Vo =0V

“ v, 2048 o

gn=gno= 2oz J2BMA) _ g3
Z 3

A, =—g.Rp=—(5.33 mS)(1.1 kQ) = —5.863
V,=A,V:=(-5.863)2 mV) = 11.73 mV

Vas, =—0.75V, g, = 5.4 mS

Z;=10 MQ

ro210Rp, -.  Z,=Rp=1.8 kQ

7> 10Rp, - Ay = —g,Rp=—(5.4 mS)(1.8 kQ)
=-9.72

Z,=rq||Rp=25kQ| 1.8 kO =1.68 kQ
Av:_gm(rd || RD)
4 N
g, — Hoss[q_Los |_ 2012 mA)[l_ 0.75 VJ Cs4mS
Vs Ve 35V 35V

A,=—(5.4 mS)(1.68 kQ)
=-9.07
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36. gn =y = 6000 1S = 6 mS

ra= L:; =28.57 kQ

Yoo 35S
g < IORD, Av = _gm(rd || RD)
=—(6 mS)(28.57 kQ || 6.8 kQ)
Y

5.49 kQ
=-32.94
V,=A,V;=(~32.94)(4 mV)
=-131.76 mV

37. Z;=10MQ |91 MQ =9 MQ

1% _
g = 2o (1— 059]22(12 mA)(l_ 1.45 VJ CA13mS

v, v, 3V 3V
Z,=r4|| Rs|| 1/gn=45kQ || 1.1 kQ|| 1/4.13 mS
=1.074kQ (| 242.1 Q
=197.6 Q
g, (|Ry) (413 mS)(45kQ|1.1kQ)
" Tt g, (R 1+(4.13 mS)(45 kQ|1.1kQ)
_ (413mS)(1.074kQ) 4436
C1+(4.13mS)(1.074kQ)  1+4.436
=0.816

38 gn=2k(Vay, ~Vosan)
=2(03x107) 8V -3V)
=3 mS

39. Vg, =67V
g = zk(VGSQ - VT) —2(0.3 x 10°)(6.7 V = 3 V) =2.22 mS

_ R+ |R, 10 MQ +100 kQ 2.2 kQ
1+, [Ry) 1+(222 mS)(100 kQ[2.2 kQ)
_ 10 MQ+2.15kQ
14222 mS(2.15kQ)

i

=1.73 MQ

Z,=Rg | ra||Rp=10MQ || 100 kQ || 2.2 kQ = 2.15 kQ
A, = ~gu(Rr || 74 || Rp) =—2.22 mS(2.15 kQ) = —4.77
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40. g, = 2k(VGSQ - VT) =2(02x 107)(6.7V -3 V)
=1.48 mS
_ R.+r R, 10 MQ+100 kQ[2.2 kO
©l+g,(r Ry 1+(1.48 mS)(100 kQ[|2.2 kQY)
_ _1OMO+215K?  _, 39 Mo > 1.73 MQ (#39)
1+(1.48 mS)(2.15 kQ)
Z,=Rpe|| 74|l Rp = 2.15 kQ = 2.15 kQ (#39)
Ay = —gn(Re || 74 || Rp) = —(1.48 mS)(2.15 kQ)
= _3.182 < —4.77 (#39)
41 Ve, =57V, 8n= Zk(VGSQ —VT) —2(0.3 x 107°)(5.7V =3.5 V)
- 1.32mS
= —1 233330
30 4S
A,=—gu(Rr || 74 || Rp) =—1.32 mS(22 MQ || 33.33 kQ || 10 kQ)
=-10.15

V,=A,V;=(~10.15)(20 mV) = —203 mV

2. Ip=k(Ves— Vy)

ID(on) _ 4 mA
(VGS(on) - VT )2 (7 V-4 V)2
&n = 2k(Vys, ~Vasimy) =2(0.444 x 10°) (7 V —4 V)

=2.66 mS

=0.444 x 107

A, =—gu(R Rp) =—(2.66 mS)(22 MQ || 50 kQ || 10 kQ) = -22.16
(R || 7al| Rp) = ~(2.66 mS)( | | )

8.33kQ
~ 8.33 kQ
V,=AV;=(~22.16)(4 mV) = —88.64 mV

43 Vo, =48V,g,= zk(VGSQ Vs, ) =2(0.4x 10°)(4.8 V-3 V)= 1.44 mS

A, =—gu(ra|| Rp) = —(1.44 mS)(40 kQ || 3.3 kQ) = —4.39
V,=A4,V;=(-4.39)(0.8 mV) = -3.51 mV
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44,

45.

S B BN

Vos 2548
21, 2(8 mA)
v, 25V

VGSQ =0V, ..gn=8gmw= =6.4 mS
|Av| =gn(ra || Rp)
8 = (6.4 mS)(40 kQ || Rp)
8 40kQ- R,

=125kQ=
6.4 mS 40kQ+R,)

and Rp = 1.29 kQ
Use Rp=1.3 kQ

1y =%(—3 V) =-1V

GSy _3

2
V _ 2
I, =Ly 1-—2 | =12 mA 1—ﬂj =533 mA
v 3V

Dy
f5

Rg= =—— =187.62Q ..Use Rg=180 Q
mA

g, = 2oss [} Vos, | _ 212 mA)(l_ V) _ca3ms
m VP 3 V _3 V

Ay =—gu(Rp || ra) =10

or Rp || 40 kQ = —10
533 mS

=1.876 kQ2

=1.876 kQ

R,-40 kQ
R, +40 kQ

40 kQRp, = 1.876 kQRp, + 75.04 kQ?
38.124R, = 75.04 kQ
Rp=197kQ = Rp=2kQ
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Chapter 9

1.

(a) 3,1.699, —1.151

(b) 6.908, 3.912, —0.347

(c) results differ by magnitude of 2.3

(@) logi2.2 x 10° = 3.3424

(b) log. (2.2 x 10*) = 2.3 log;o(2.2 x 10°) = 7.6962
(c) log. (2.2 x 10%) =17.6962

(a) same 13.98

(b) same —13.01
(c) same 0.699

P 100 W
a) dB=10log;c—= =101o =101og;020 =10(1.301
(2) 210 P 210 . g0 ( )
=13.01dB
(®) dB =10 logio 2™ _ 10 10g,620 = 10(1.301)
5 mW
=13.01dB
100 W
¢c) dB=101lo =10 log;05 = 10(0.6987
(©) £10 20 LW 210 ( )
=6.9897 dB
G = 101ogio b =10 loglo25—W
mw {5000 1 mW 0
=43.98 dBm

V. 100 V
G =201og;p—= =2010o
dB g10 % 210 25V

1

=12.04 dB

=20 log 4 = 20(0.6021)

V. 25V
G4 =20 log;y = =20 log,,——— =20 log;c 2500
dB 210 v 251 10 mV 10

1

=20(3.398) = 67.96 dB

(a) Gain of stage 1 = A dB
Gain of stage 2=2 A dB
Gain of stage 3=2.7 A dB
A+2A+2.7A =120

A =21.05dB
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(b) Stage1: 4

il

%
=21.05 dB =20 10g1070]

1
1

21.05 V
T =1.0526 =log;p—=>
20 g10 V,-l
1010526 — I/ol

v

v,
and L =11.288

=

7
Stage 2: 4, =42.1dB =20 10g10V—"2

b

2.105=1 —VO
. =lo 2
210 V[Z

v,

2

102105 =

N

5

v,
and 2 =127.35

N

5

Stage 3: : 4

V3

4
= 56.835 dB =20 logiy~ >

i

oo Vo,
2.8418 = logl()V—[3
Vo,
v

1028418 —

iy

v
and —2 =694.624

N

By

A, =4, -4, -4, =(11.288)(127.35)(694.624) = 99,8541.1
?
A7r=120dB = 20 l0g;099,8541.1
120 dB = 119.99 dB (difference due to level of accuracy carried through calculations)

P 48 W
(a) GdB =20 10g1()?2 =10 IOgIOW =69.83 dB

1

PR, 20 log,,+/(48 W)(40 kQ
(b) Gv =20 logloﬂ =20 10g10 \/i — 089 ( )( )
Vi 4 100 mV
=82.83 dB
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10.

11.

2 2
© R=Vl_000mV) g
P 5uW

2
(d) P,= I;O = V,= PR, =(48 W)(40 kQ) =1385.64 V

0

(a) Same shape except 4, = 190 is now level of 1. In fact, all levels of 4, are divided by 190
to obtain normalized plot.
0.707(190) = 134.33 defining cutoff frequencies
at low end f; = 230 Hz (remember this is a log scale)
at high end f; = 160 kHz

Ay

(®) Ay, 13100 Hz /| 1 kHz 10 kHz 100 Hz £, 1 MHz £ log scale

i t f t f t >

2t |

T Y

44

-5

21 BW =/,~/, = 160 kHz - 230 Hz

-8t =159.77 kHz =f,

4 1 1 1
a e B — = —
@ 4] Vil J1+(f,/ /) S 27RC 27(1.2 kQ)(0.068 uF)
=1950.43 Hz
1
4= 2
\/ [1950.43 sz
I+ ———=
/

(b) Ay,

100 Hz: |4,| =0.051 -25.8

1 kHz: |4, =0456  —6.81

2kHz: |4,=0.716  -2.90

S5kHz: |4]=0932  -0.615

10 kHz: |4,/ =0.982  -0.162
(c) fi=1950 Hz
(d)(e) Ji 0db(1)

! log scale
-3 dB (0.707)
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1

12. (a) fi T2 RC 1.95 kHz
0=tan' 2L = tan™ 1.95 kHz
f
(b) , e ! 1:95 KHZ
100 Hz 87.06°
1 kHz 62.85°
2 kHz 44.27°
5 kHz 21.3°
10 kHz 11.03°
100 Hz 1kHz 2kHz 5kHz 10kHz
| } } } t } f (log scale)
80°T < 9¢°
70°
60°t
50°t
400 I-- ______________
300..
20°T
]00 +
)
() fi= . 1.95 kHz
27RC

(d) First find 8=45° at f; = 1.95 kHz. Then sketch an approach to 90° at low frequencies and
0° at high frequencies. Use an expected shape for the curve noting that the greatest
change in @ occurs near f;. The resulting curve should be quite close to that plotted above.

13. (a) 10 kHz
(b) 1KkHz
(¢) 20kHz — 10 kHz — 5 kHz

(d) 1kHz— 10 kHz — 100 kHz
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14. From example 9.9, .= 15.76 Q

—R.NIR, |l7r,  —4KkQ[2.2kQ| 40 kQ
r 15.76 Q

e

=—-86.97 (vs. —90 for Ex. 9.9)

A,=

f. @ rodoesnotaffectR; .. f, = 1 the same = 6.86 Hz
' © 27n(R,+R)Cq
B 1 B 1
© 27(R,+R)C. 27(R. |7, +R,)Ce
Rc|| 7, =4kQ| 40 kQ =5.636 kQ
3 1
Jie = 27(5.636 kQ+2 kQ)(1 uF)
=28.23 Hz (vs. 25.68 Hz for Ex. 9.9)

J(Lc

1

fLE : R, not affected by r,, therefore, f, L = =~ 327 Hz is the same.

e E
In total, the effect of r, on the frequency response was to slightly reduce the mid-band
gain.

15. (a) PRg>10R,
(120)(1.2 kQ2) > 10(10 kQ)
144 kQ > 100 k2 (checks!)

_ 10KQA4V) ey
10 kQ + 68 kQ
Ve=Vs—Vgg=1795V -0.7V

=1.095V
V, 1095V

Ip= 2E =
R 12KO

E

_ 26 mV 26 mV
I, 0.913 mA

=0.913 mA

=28.48 Q

e

(R R)  ~(B33kQ5.6 k)
C 28480

(b) 4, =

=-72.91

(©) Zi=R/ || Ry pre
— 68 kQ || 10 kQ || (120)(28.48 Q)
%_J

3.418 kQ
=2.455 kQ
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V._ V. ¥
G AT
V. Z  2455kQ
V. Z+R  2455kQ+0.82 kQ
=0.75
A, = (=72.91)(0.75)
= -54.68
1 1
(e) fLS = =
27(R, +R)C. 2m(0.82 kQ +2.455 kQ)(0.47 1iF)
=103.4 Hz
_ 1 ~ 1
Jie 27(R, +R,)C.  27(5.6 kQ+3.3 kQ)(0.47 1iF)
= 38.05 Hz

1 R!
fi, = PRe=Re ||l | —+,
£ 27RC, B

R =R,|| Ri||R-=0.82kQ || 68 kQ | 10 kQ

=749.51 Q)
R.=12kQ|| TOS1L | e ag0
120
=12kQ| 3473 Q
=33.75Q
i - 1 1
b 27zRC,  2x(33.75 Q)(20 uF)
=235.79 Hz
(H fiz f, =23579Hz
1L
(2)(h) 10 fie a0 Tu 1000

Z _ - (-3db)
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16.

Ve Ve 20V-0.7V 193V

a I = = =
@ I R,+(f+DR, 470kQ+(111)(0.91kQ) 470kQ+101.01kQ
=33.8 A
Ir=(B+ DIz =(111)(33.8 uA)
=3.752 mA
o= —20mV__ (030
3.752 mA
) 4 _V, _—(RIR) _ -(BkQ[4.7kQ)  -1.831kQ
ey r, 6.93 Q) 6.93 Q
=-264.24
(¢) Zi=Rg| Br.=470kQ | (110)(6.93 Q)=470kQ || 762.3 Q
=1761.07 Q
d 4, = Z A = 761.07 2 (—264.24)
w0 Z 4R 761.07 Q+0.6 kQ
=—-147.76
1 1
() f, = =
27(Ry +Z,)Cy  27(600 Q+761.07 Q)(1 uF)
=116.93 Hz
i - 1 ~ 1
f  27z(R +R,)C. 27x(3kQ+4.7kQ)(1 uF)
=20.67 Hz
f, ! R =R, || R +
- _ LA
“  27RC, U B
= 1 Rs || RB
27(12.21 Q)(6.8 4F) = 09TkQ ”( 5
=1.917 kHz
=0.91kQ|| [0'6 leq(A)wo KO 693 Qj
® fiz f, =1917kHz
Sz 1, =910 Q|12.38 Q
=1221Q
(g, h) 10Hz J1c 100Hz i 1KHz /1, 10kHz
I I I : f (log scale)
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17.  (a) PRe>10R,
(100)(2.2 kQ) > 10(30 kQ)
220kQ ¥ 300kQ (No!)
Ry =Ry || Ry =120 kQ || 30 kQ = 24 kQ
30 kQ(14 V)

ETh: =28V
30 kQ +120 kQ
_ E,-V,  28V-07V
"R, +(B+DR, 24kQ+2222 kO
=8.53 A
Ie=(f+ DIz=(101)(8.53 uA)
=0.86 mA
p o 26mV_ 26mV__g0000
I,  0.86mA
R, |R
(b) 4, L
"+ R | R,
~ 2.2kQ|8.2 kQ
30.23 Q+2.2 kQ|8.2 kO
=0.983
(¢) Z=Ri||R:| Bre+ Ry}) R, =Rg|| R, =22kQ| 82kQ=1.735kQ
=120 kQ || 30 kQ || (100)(30.23 Q + 1.735 kQ)
=21.13 kQ
(d) 4, :ﬂ:ﬂ.ﬁ E: Z = 2113 kO =0.955
A A S V. Z+R  2113kQ+1kQ
(e) f —;
b 22(R +R)C,
_ 1
272(1 kQ+21.13 kQ)(0.1 uF)
=71.92 Hz
1
_ . R =R ||R IR
fLC 27[(R0+RL)CC s s‘|| 1” 2
' =1kQ|[120 k|30 kQ
R,=Rz|| (&_erJ =0.96 kQ
B
=(22kQ) || 096K 3023 Qj
100

=39.12Q

1
T 27(39.12 Q +8.2 kQ)(0.1 F)
= 193.16 Hz

Jio

129



18.

(H f_ =193.16 Hz

@M f log scale
@ I= Vee =Veg _4V-0TV _ o o
R, 1.2kQ
j o 26mV_26mV o
I,  275mA
R.||R . .
b) 4 - IR, _33KkQ[[4.7 kQ
mid r, 945 Q)
=205.1
() Z=Rg|r.=12kQ|9.45Q
=9.38Q
Z 9.38 Q(205.1)
d = ’ =
@ A““"‘“’ Z, +R, AV“““ 9.38Q2+100 Q
=17.59
1 1
© f, = -
27(R, +Z)C,  27(100 Q+9.38 Q)(10 uF)
=145.5 Hz
7 = 1 B 1
" 272(R +R)C, 27(3.3kQ+4.7kQ)10 uF)
=1.989 Hz
(O f=f, =1455Hz
T,
(g h) 1 Hz {Lc 10 Hz 100 KHz 1 kHz
~ -~ (-3db) / (log scale)
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19.

(a)

(b)

(©)

(d)
(e)

®

Vos = —IpRs

SN

V.
ID=1DSS[1——°SJ } e
v, I,

gmo = = 2

2 2(6 mA)

V| 6V

VGS
m = 1- £ = 2 mS
g ng L VP J (

=1.18 mS

AVmi . —gn(Rp || RL)

=—1.18 mS(3 kQ || 3.9 kQ) = —1.18 mS(1.6956 kQ)

=245V
=2.1mA

mS

(245 V)
(-6V)

=2
Z;=Rs=1MQ
A, =4,=-2
/= 1 _ 1
b2n(R, +R)C,  27(1kQ+1 MQ)(0.1 4F)
=1.59 Hz
1

Jie = 27(R, +R,)C,

_ 1

27(3 kQ+3.9 kQ)(4.7 uF)
=4.91 Hz
1 1

fLS Req:Rsll—zl.Z kQ ||

27R,Cy

_ 1
27(496.69 Q)(10 1F)

=32.04 Hz

(@) fi=f, =32Hz

(h, 1)

m

=496.69 Q

1

=1.2kQ || 847.46
1.18 mS
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20.

21.

(a)

(b)
(©)

(d)

(e)

®

(a)

(b)

same as problem 19
Ve =-2.45V, 1, =2.1mA
o o

gno=2mS, g, =1.18 mS (r,has no effect!)

Avm,d =—8n (Rp || Ry || ra)

=-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)

R /R |
w0 Z 4Ry, ™ IMQ+1kQ
i sig

=-1.969 vs. -2 for problem 19

(-1.971)

J1, = 1.59 Hz (no effect)
Ji, 0 Ro=Rp|lra=3kQ| 100 kQ =291 kQ
1 1
B 27(R, +R,)C, B 27(2.91kQ+3.9 kQ)(4.7 uF)
=4.97 Hz vs. 4.91 Hz for problem 19

fi

R
fLs: Req = 5
1+ Rs(1+g,7,)/(r; + (R, | R))
_ 1.2 kQ
1+(1.2 kQ)(1+(1.18 mS)(100 k€2))/(100 kQ + 3 kQ || 3.9 kQ)
_ 1.2 kQ
1+1.404
=~499.2 Q)
1 1
Ji,

B 27R, Cs - 27(499.2 Q)(10 uF)
=31.88 Hz vs. 32.04 for problem 19.
Effect of 7, = 100 kQ insignificant!

= _8kOQOV) o
68 kQ +220 kQ
Vos= Ve — IpRs
Vos=4.72V = Ip(22kQ) | Vg, =-2.55V
Ip=1Ipss(1 = Vas/Vp)’ I, =3.3mA
oo = Soss 200mA) 5 55
A 6V
= g1 353 ms 1 25 V)
v, -6V
=1.91 mS

132



(C) Ame = _gm(RD || RL)
=—(1.91 mS)(3.9kQ || 5.6 kQ)
=—4.39

(d) Z=68kQ| 220kQ=51.94 kQ

v, V.
© A =5y

, 7 )
Vio_ Z _  5194kQ 097
V. Z+R, 51.94kQ+15kQ
A, =(-439)(0.972)=—4.27
1 1
® f, = =
27(Ry, +R)C;  2m(1.5 kQ+51.94 kQ)(1 uF)
=2.98 Hz
S = 1
‘ 27z(R, +R)C. 27(3.9kQ+5.6kQ)(6.8 uF)
=2.46 Hz
1 1 1
I — Re =R — =1.5 kQ)
Jis 27R,,Cy 1= Rsl . I otms
_ 1 =1.5kQ | 523.56 Q
27(388.1 Q)(10 uF) =388.1Q
=41 Hz

(®) fiz f, =41Hz

(h, i) : ic i 2 Tis 100

<~ 3 db) f log scale
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22. (a) 1 RTh] = Rs || R1 || Rz ” Ri

f = —
" 2xR,C =0.82 kQ|| 68 kQ |10 kQ | 3.418 kQ
_ ! ~ 081kQ 2.547kQ
27(614.56 Q)(931.92 pF)
~ 277.89 kHz =614.56 Q
Ci=Cy +C,+C,(1-4)
=5 pF + 40 pF + 12 pF(1 — (=72.91))
=931.92 pF TProb. 15
ro- 1 Ry, =Rc| R =5.6kQ| 33kQ
H,
" 27R,C, =2.08 kQ
1 C,= CWO +C,+ CMO
27(2.08 kQ)(28 pF) =8 pF+8pF+ 12 pF
=2.73 MHz =28 pF
1 1
(b) fp= =
276, .,7.(C,, +C,))  2m(120)(28.48 Q)(40 pF + 12 pF)
=895.56 kHz T Prob. 15
fr=Bfz=(120)(895.56 kHz)
=107.47 MHz
(c) >
______ f log scale
(-3 db) /
/f,= 250 kHz
B @ fye——
' " 27R,C,
Ry, =R Rg || R:
R L= Vee Ve _ 20V-0.7V
’ R, +(B+DR, 470 kQ+(111)(0.91 kQ)
=33.8 A
Ir=(B+ D)= (110 + 1)(33.8 xA)
=3.75mA
. 26mV _ 26mV__ o
I,  3.75mA
Ri= fr.=(110)(6.93 Q)
=7623Q
Ry, =R||Rs|| Ri=0.6kQ| 470 kQ| 762.3 Q
=335.50 Q

134



ro- 1
M 272(335.50 Q)(C)
Ci Ci=C, +C,, +(1-A4,)Cy

_ R IR _ (47 kQ|I3 kQ)
r 6.93Q

e

=-264.2
C,=7 pF + 20 pF + (1 — (~=264.2)6 pF
=1.62 nF
~ 1
27(335.50 Q)(1.62 nF)

=293 kHz

Ay A,

mi

Ju

1
27TRT;,2C0
Ry, =Rc|R.=3kQ| 47kQ=1.831kQ

fu,

C,= Cm +C,+ CMO

-
= C}': Cbc
=11 pF + 10 pF + 6 pF
=27 pF
1
Ju, =
27(1.831 kQ)(27 pF)
=3.22 MHz
1
(b) fp=

278,.,1.(C,, +C,.)
~ 1
 272(110)(6.93 Q)(20 pF + 6 pF)
— 8.03 MHz

Jr= Bigfp= (110)(8.03 MHz)
= 883.3 MHz

(©) 100kHz  TH, IMHz T, T8 10 MHz

f log scale

£,= 1, =293 kHz
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24, (a) _ 1

S = 27R,, C,
- 1
272(955 Q)(58 pF)
—2.87 MHz

1

Ju = 27R,,C,
- 1
 272(38.94 Q)(32 pF)
—127.72 MHz

1
(d) fp=

273, . (Cyo + Cp)
1

Ry, =R AR R, Z,

Zy=Pret (B+ DRe || Rr)
= (100)(30.23 Q) + (101)(2.2 kQ || 8.2 k)
=3.023 kQ + 175.2 kQ

=178.2kQ
Ry =1kQ [ 120 kQ || 30 kQ2 || 178.2 kQ
=955Q
Ci= G, +C,, +C,, (No Miller effect)
=8 pF +30 pF +20 pF
=58 pF
24 kQ
f_H
Ry, =Rell R, | (m—RI 1% ”R3J
B
=22kQ1 82kQ | (30.23 Q+%j

=1.735kQ2 || (30.23 Q+9.6 QY)
=1.735kQ || 39.83 Q
=38.94 Q
G =G, +C,
=10 pF + 12 pF
=32 pF

27(100)(30.23 Q)(30 pF + 20 pF)

=1.05 MHz

Jr= Biafp=100(1.05 MHz) = 105 MHz

(©)

100 kHz

f (log scale)
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1
27R,, C,
RTh1 =R || R || R;
Ve =V 4V-07V

25. (a) fH, =

Ri: Ip= = =2.75mA
R, 1.2kQ
= 26mV: 26 mV — 9450
1, 2.75 mA
Ri=Rp||r.=12kQ| 9.45Q
=90.38Q)

C: Ci= G, +C,, (no Miller cap-noninverting!)
=8 pF + 24 pF
=32 pF
R=0.1kQ[1.2kQ1[938Q=8.52Q
1
Ju = ~ 584 MHz
" 27(8.52 ©)(32 pF)
-
° 2R, C

Thy, ~o

£ Ry, =Rc| R.=33KkQ|4.7kQ=1.94kQ

G, = G, +C, + (no Miller)

=10 pF + 18 pF
=28 pF
1
fHo =
27(1.94 kQ)(28 pF)
=2.93 MHz
1
(b) fp=

273, . (Cyo + Cp)
1
27(80)(9.45 Q)(24 pF + 18 pF)

=5.01 MHz
Jr= Buidf= (80)(5.01 MHz)
=400.8 MHz
L
©) 100 kHz IMHz,  /H, /" 10 MHz
(-3 db)- : = l - l 1 log scale
/,52 MHz /s

(due to effect of £ on
lowering f,, below fH,, )
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26. (a) From problem 19 g,0=2mS, g, =1.18 mS

(b) From problem 19 Avmd = Avs I -2
(c) ;= R R, =Rl Ro
H
' 27mR, G = 1kQ| 1 MQ
1 =999 Q
Ju, = 27(999 Q)(21 pF) Ci= Gy +C +Cy,
=7.59 MHz Cy, =(1-4,)Ce
=(1-(-2)4pF
=12 pF
Ci=3pF+6pF+12pF
=21 pF
f _ 1 RThz = RD || RL
H
T 27R,,C, —3kQ|3.9kQ
1 = 1.696 kQ
27(1.696 kQ)(12 pF) Co=Cy +C+Cy,
=17.82 MH 1
g Cy = [1—_—2j4 pF
= (1.5)(4 pF)
=6 pF
C,=5pF+1pF+6pF
=12 pF
(d) f (‘an
100 kHz 1 MHz Hil 10 MHz
t 1 — t f (log scale)
S BEEE
fzf 6 MHz
7. @) g 2Upsy _2010mA) _ 4o o

A 6V
From problem #21 Vg5 =-2.55V, I, =3.3 mA

V. -
&m = &mo [1— ;SQ j =3.33 mS (1— 2.655\7\/} =1.91 mS

p —
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(b) A, =-gu(Rol Ry)
=—(1.91 mS)(3.9kQ || 5.6 kQ)
=-4.39

Z,=68 kQ || 220 kQ = 51.94 kKO
Vi__ 2 __ 5194kQ oo
V, Z+R, S51.94kQ+15kQ

A =(-439)0.972)

Vs (mid)
=—4.27

1

N 2R, C, Ry, =R || Ri || R

= 1.5kQ | 51.94 kQ
= 1.46 kQ

© H,

C=C, +C, +(1-4)C,,
— 4 pF + 12 pF + (1 — (—4.39))8 pF
=59.12 pF

1
Ju, =
27(1.46 kQ)(59.12 pF)

~ 1.84 MHz
1
fH - RThz :RD||RL:39kQ||56kQ
27 Ry, C, ~23k0

1
Co= Gy +Cy +[1—Z]ng

1
—6pF+3pF+|1- 8 bF
prToP [ (—4.39)) P
=18.82 pF
1

S, = 27(2.3 kQ)(18.82 pF)
— 3.68 MHz

(d) 100 kHz IMHz Jo; T, 10MHz

(=3 db)

/£,51.3 MHz

(f; lowered from f;; by
affect of f;, ) '
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28. A"’T - 14"1 '14"2 .AVJ '14"4
=44
=(20)°
=16 x 10*

29.  f = (\/2”" —1)f2
- (\/2”4 —1)(2.5 MH?z)

—
1.18
— 0.435(2.5 MHz)
—1.09 MHz

f 40 Hz

30 'fl,z \/21/71 _1 - \/21/4 _1
_40Hz

0.435
=91.96 Hz

4 . 1. 1.
31. (a) v=— Vm{stﬂfxt+551n2ﬂ(3ﬁ)t+§51n2ﬂ(5ﬂ)t
T
1. 1.
+7sm27z(7fs)t+§sm27r(9fs)t+...
=12.73x 107 (sin27z(100><103)t+%sin27r(300x103)t

+§sin 272(500%10° )¢ + %sin 272(700%x10%)z + ésin 272(900x10°)¢)

0.35

(b) BW=— At 90% or 81 mV, t=0.75 us
g At 10% or 9 mV, ¢ = 0.05 us
= 0.35 t.=0.75 us — 0.05 us = 0.7 us
0.7 us
=500 kHz
(©) P= V-V =90mV—80mV —0.111
V 90 mV
;P U000k 4
© r
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Chapter 10

R
1. V,=-——L1 __20 kQ(1.5 V) =-18.75V
R, 20 kQ

2. A,= z=——F
Vi R
For R, =10 kQ:
500 kQ
10 kQ
For R, =20 kQ:

v

=-50

For V;=0.1 V:
V,=-10(0.1V)=-1V V, ranges
For Vi =0.5V: from
V,=-10(0.5V)=-5V -1Vto-5V

S v,= |1+ Vl=(1+360kQ (-0.3V)
R 12 kQ

=31(-03 V)=-9.3V

R
6.  V,=|1+-F VI:(H%OMJK =24V
R 12 kQ

2.4
Vl = 3—1\] =77.42 mV
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10.

11.

12.

13.

Vo= (1+£jV1
Rl

For R, =10 kQ:
Vo=11+ 200 kQ)(0.5 V) =21(0.5V)=10.5V
0 kQ
For R, =20 kQ:

V,= (1+ 200 kg?) (0.5V)=11(0.5V)=5.5V

V, ranges from 5.5 V to 10.5 V.

R, R R
e R

1 2 3

(0.2 V) (~0.5 V)+
33kQ 22 kQ 12 kQ

= —[10(0.2 V) + 15(=0.5 V) + 27.5(0.8 V)]
= [2V+(-7.5V)+22V]
=—[24V-75V]=-165V

_ _[330 kQ N 330 kQ 330 kQ(O.g V)}

1 R2 3
= | O8R5y SBKL 5 vy 4 B2 s vy
33 kQ 22 kQ 12 kQ
=—[0.41 V- 1.55V +4.53 V]
=339V

V(1) = —RLC [wr

= ! j 1.5 dt
(200 kQ)(0.1 4F)

=-50(1.5¢) = -75¢ w(1) =75t
Vo=Vi=+0.5V
R
v, = oty - 0K 5y,
R, 20 kQ

=_5(1.5V)=-75V

3 [2001@
=

(02V) ==2V
20 kQ

vy = [ 14200k (02V) =+42V
10 kQ
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14, 7= |1+ 20K2 )¢y [ 210K [ T0K2 ),y
20 kQ 10 kQ

= (2.1 V)(=5) + (=10)(0.1 V)
~105V-1V=-115V

, 600 li{Q (20 mv)}(_ 300 ij

30 kQ

sy _{600 kQ

25mV
15 kQ ( )

{—(3 00 kg)(—zo mV)}
15 kQ
—[40(25 mV) + (20)(—20 mV)](—10) + (—20)(-20 mV)
—[1V=0.4V]=10)+04V

=6V+04V=64V

1

= (1 20 kQj(6 mV) + (120 nA)(200 k)

R,
16. Vo= 1+R—' Vi +1,R,

=101(6 mV) + 24 mV
=606 mV +24 mV =630 mV

+Ii=2OnA+% =22 nA

7. I=1

Lo _opnA - % ~18nA

Ipy=1,

18.  f,=800kHz
f, 800 kHz

=2l = =53 Hz
% 4, 150x10°

9. Ay = SR _ 2.4 V/us P
AV./At 0.3 V/10 us

R,
20, Ay =-L= 200k _ 100
R 2kQ
K=A4q V;=100(50 mV) =5V

<SR_04V/us _ g0 10° radss

Wy <
K 5V
3
f= 2 80045 73 kHz
2 2
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Vie=1mV, typical
I, =20 nA, typical

R,
V,(offset) = (1 + ?’j Vi + 1Ry

1

200 kQ
=1+
20 kQ

=101(1 mV) + 4000 x 10°°
=101 mV + 4 mV =105 mV

)(1 mV) + (200 kQ)(20 nA)

Typical characteristics for 741
R,=250,4=200K

R
(@) Ao = B 200k 6
R, 2kQ
(b) Z =R =2KkQ
R
© 7=t = B
I+84 11 (200,000
100
=28 o250
2001
gy Vo _120mV o
vV, 1mV
A=Y 20V _hh 0107
~ 1mV
A 120
Gain (dB) =20 log—% =20log————
(dB) gAC £20x10"

=20 log(6 x 10°) = 75.56 dB
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24.

Vy= Vi — Vo =200 iV — 140 1V = 60 1V
Sl OO _ g

Ve

4
(a) CMRR = A—d =200

(4

_ A 6000 _
200 200

(b) CMRR = —<£=10

30

c

LN

AE
4, 6000
T

10

A. = 0.06=60 x 107>

Using V, =AdVd{1+ ! V‘}
CMRRV,

1 170 4V

200 60 1V

1 170 4V

10° 60 uV

(a) V,=6000(60 ,uV)[l + } =365.1 mV

(b)  V,=6000(60 xV) {1 + } =360.01 mV
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Chapter 11

180 kQ

1. V,=-—Ly = (3.5 mV) =-175 mV
R 3.6 kQ
2. V,= 1+R—F VI:(1+750 kQj(lSOmV,rrns)
R, 36 kQ
=3.275V, rms £0°
3. = [10310KQ) g [ 680KQTT 750 kO
18 kQ 22 kQ 33kQ
= (29.33)(=30.91)(=22.73)(20 V)
=412 mV
4. 420 kQ 420 kQ 420 kQ
AWy AW AWy
R, e
> R,
_EWV@ 124 @-_M—@j Ry @
+ P—M—
y, ————— —
T O QLL1TO O p
(1+420 ij s _420kQ 420kQ
1 R2 RZ
420 kQ 420 kQ 420 kQ
R, = Ry, = 37
14 22 30
R, =71.4KkQ R, =19.1 kKQ R;=14 kQ
V, = (+15)(=22)(=30)¥; = 9000(80 V) = 792 mV
=0.792V
5 Re
R, @ e Vor = _%Vl :_15(;1((2 1
AfW_‘ Var l 1
o S v, 150 kQ
0 =4, =—15=—
4 :
- RF2 R = 150 kQ ~ 10 KO
MWy 15
R2 @
—AW— - Vor R., 150 kQ
@ Voz = - V1 = Vl
+ @ @ R, R,
~) 7 = = Vﬂ:sz:_w:_ 150 kQ
T v, )
- 1500kQ _sk0
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a

~

o

10.

11.

12.

13.

14.

R ' R 47 kQ 12 kQ
=_[400 mV + 783.3 mV]=-1.18 V

v {ﬁVl +£V2}:{470 kQ(4O V) + 470 kQ(zomV)}

- 10 kQ j 150kQ+300ij 300 kQ
* {10 kQ+10 kQ 150 kQ "150kQ
=0.53)(1V)-22V)=15V-4V=-25V

- _{[330 kQ ) mv)}(wo ij+ 40KQ (o mv)}

33 kQ 47kQ ) 47kQ
=—[(-120 mV)(10) + 180 mV]=—[-1.2 V + 0.18 V]
=+1.02V

+loe
SN0 o
@ 124 — Va
Vl —_— 1+ @

12
P REL TP,
R 2k

V,=-IR; =—(2.5 mA)(10kQ) =25V

I, R.(1
V; RI Rs

00K LT N4 vy 0.5 mA
200 kQ\10 Q
v,= [HEJ[IG— a
Rp
- [1+Mjnv _3V]=-22V
1000
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15.

16.

17.

1 1
27RC,  27(2.2 kQ)(0.05 uF)

Jor

=1.45 kHz
1 1
JoL= =
2zRC,  27(20 k€2)(0.02 uF)
=397.9 Hz
1 1
JoL= = =318.3 Hz
2zRC,  27(10 kQ)(0.05 uF)
1 1
fOH =

27R,C,  27(20 kQ)(0.02 uF)
—397.9 Hz
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Chapter 12

1 / Ve =Vye 18V-0.7V
' %o R, 1.2 kQ

ICQ = ,BIBQ =40(14.42 mA) = 576.67 mA

Pi = VCCIdc = VCCICQ = (18 V)(57667 mA)

=104 W

=14.42 mA

I(rms) = fSlg(rms)
=40(5 mA) = 200 mA
P,= I2(rms)R, = (200 mA)*(16 Q) = 640 mW

Ve =Vye 18V-07V
R, 1.5kQ
I, = I, =40(11.5 mA) = 460 mA

2. 1, =

By

=11.5mA

Pi(de) = Veclse = Ve 1o, +15, )
= 18 V(460 mA + 11.5 mA)
=85W

| B ~Vicle, = 18 V(460 mA) = 8.3 W |

3. From problem 2: ICQ =460 mA, P,=8.3 W.

For maximum efficiency of 25%:

P P
%n=100% x ?" = m x 100% = 25%

P,=02583W)=21W

[If dc bias condition also is considered:

Ve=Vee— ICQRC =18V -(460 mA)(16 Q) =10.64 V

collector may vary £7.36 V about Q-point, resulting in maximum output power:
2 2
P,= Vee(P) _ (T30 V) g 69wy
2R, 2(16)
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Assuming maximum efficiency of 25%
with P,(max) = 1.5 W

%n= % x 100%

PUREL T
0.25

Assuming dc bias at mid-point, V=9V
Ve =Ve 18V—-9V

¢ = =0.5625 A
¢ R. 16 Q
Py(dc) = Vecle, = (18 V)(0.5625 A)
=10.38 W
at this input:

P .

%n=—=x100% = 1S W x 100% = 14.45%
P 10.38 W

2 2
R,= N R, =(§j (4 Q) =25kQ
N, 1

R,=a’R

<

2
a =

1
_8kQ
. 80

a = ~1000 =31.6

R2 = a2R1
8kQ=d*(4 Q)
2 8k0 2000

a=+~2000 =44.7

(a) Pp”‘:PLZZW

=1000

|,

a

(b) P =L

Vi= PR, =2 W)(16Q)

=32 =5.66V
() R,=d’R,=(3.87)*(16 Q) =239.6 Q
P,i= Vi _ 2W
pri
Rpri

V2o =(2W)(239.6 Q)

pri

V,i= 4792 =21.89 V

[or, Vi =aV; = (3.87)(5.66 V) =21.9 V]
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10.

d) P.= ILZRL

[dc:
Pi:

P
%n= FOXIOO%:54

=

L= i=1/2—w=353.55mA
R, \16Q

P,=2W=1'R =(239.6Q)1I’

pri” “pri pri
Li= =Y _9136ma
239.6 Q
or, Iy = 1L 239335 MA _ gy 36 A
a 3.87
I, =150 mA
Veele, = (36 V)(150 mA) = 5.4 W

2 W x100% =37%
"
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12.

13.

14.

(a)

(b)

(©)

(a)

(b)

(©)

(a)

(b)

Pi=Veelae = (25 V)(1.75 A) = 43.7TW

V
Where, I;. = glp =2—p=£~22—V =1.75A
T TR, 7 8Q
v’ 2
= Yy _@22V)y =30.25 W
2R, 28 Q)
P .
%n=—=x100%= m x 100% = 69%
P 4377 W
max P i VCCIdc
V..
= Vee - 2 Ve =(25V)[2.ﬂ}
7T R, 7 8Q
=49.74 W
2 2
max P, = Vee =(25 V) =39.06 W
2R, 28 Q)
P .
max %= T 1009 =200 W 009
max P 49.74 W
=78.5%
VL(mk) =20V
2V,
Pi=Veclac =V {;R_i}
— 2|22V 0w
7 4Q
2 2
p= L OV 5y
2R, 2(40Q)
P
%n=—= x100% = S0 W x 100% = 71.4%
P W
P=2v| 22V | Saw
T 4Q
_ @
T2(4)

P 2
%= % X 100% = 14\3;

1

x 100% = 14.3%
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15.

L7

_QU_ V.—e el = =7

L

16. (a) max P,(ac) for VLmk =30V:

2 2
max P,(ac) = Vi _GO0V) 56.25 W
2R, 28 Q)
2V 2
(b) max P(dc)=Veclse = Voo | — == | =V, {—30—\/} =71.62 W
7 R, 7 8Q
P 2
(c) max %n= maxt, . 100% = 6.5 W x 100%
max P,
=178.54%

(d) max PZQ =

2

2 Ve 2 G
R,

> = =228W
T 8

7. (@) PAdo)=Vedle = Vee - 2| Lo
T\ R,

2{@}:”
8

=30V

N |

V7’ (rms) _ 8 V) _g
R, 8Q

W

(b) Po(ac)=

(c) %n= 5x100%= 8 W
P 27TW

1

x 100% = 29.6%

(d) Pyp=P—P,=2TW-8W=19W
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18.

19.

20.

21.

22.

V:(rms) (18 V)’
R

L

=40.5W

(a) Po(ac)=

2 Vchak
(b) Pidc)=Veclse = Ve | —-
T R,

2 182V

T

=(4OV){ }=81W

405W100% = 50%

() %n= % x 100% =

1

(d) B, =Pi-P,=81 W-40.5W=40.5W

%D, = | 22| x 100% = ‘M‘ x 100% = 14.3%
4, 21V

%Dy = |25 % 100% = 21V 100% = 4.8%
4, 21V

%D = |24 % 100% = 22V 100% = 2.4%
4, 2.1V

%THD = \|D} + D} + D} x 100%

= /(0.143)* +(0.048)* +(0.024)* x 100%
= 15.3%

D, = |2 7 "1 % 100%

xxxxx

%(20 V+24V)-10V

x 100%
20V =24V

12V
176 V

x 100% = 6.8%

THD = \|D? + D? + D} =1/(0.15)* +(0.01)* +(0.05)’

=0.16
2 2

P = 1‘§C S A; G _osw

P=(1+THD»P,=[1+(0.16))]21.8 W

=22.36 W
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23. Pp (150°C) = Pp(25°C) — (T'150 — Ts) (Derating Factor)
=100 W — (150°C - 25°C)(0.6 W/°C)
=100 W — 125(0.6) = 100 — 75

=25W
T, -7, 200°C -80°C

24 PD: = 5 5 5

0. +0.+6;, 0.5°C/W+0.8°C/W +1.5°C/W

= & =429 W

2.8 °C/W

25 PD: T] _TA
HJA

_200°C-80°C _ 120°C
(40°C/W)  40°C/W
=3W
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Chapter 13

1. +15V
OO
Lol >,
£ 1
sV =
- -15V
5 A
+12V /\
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6. +12V  — ——

0oV
-12V
7. Circuit operates as a window detector.
. 1kQ
Output goes low for input above J +12V) =71V
9.1kQ+62kQ
. 1kQ
Output goes low for input below ——— —(+12 V) =1.7V
1 kQ + 6.2 kQ

Output is Aigh for input between +1.7 V and +7.1 V.

8. 15 kQ 15 kQ 15 kQ 15 kQ

AM Py AM Py AM Py AM Py

30 kQ 30 kQ 30 kQ 30 kQ 30 kQ 30 kQ
= D, D, D, D, D,
(LSD) (MSD)
0 1 0 1 1
11010 26
9. 16 V)= —(16V) =13V
> 16 V) > 16 V)

10. Resolution = Visr _ 1012V OV 2.4 mV/count

2" 2 4096
11. See section 13.3.
12. Maximum number of count steps = 2'* = 4096

12 1 1
13. 27 =4096 steps at T = — =——--—— =50 ns/count
f 20 MHz
ns

Period = 4096 counts x 50 =204.8 s

count
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14.
] PR TR,
R, - (R, +2R,)C
7.5kQ | 7 4
Cc= 1.44
Ry 555 4 v 7.5 kQ +2(7.5 kQ)(350 kHz)
[ =~ 183 pF
2
6 5
C :|: J_ f 0.01 uF
REE
15.
T=1.1 R,C
R, o 20 us =1.1(7.5 kQ)C
7 4
_20x10™°
6 555 3 output 1.1(7.5x10%)
=24x10"
c T ) =2400 x 102
1 5 _
/_|\ 0.01 uF
Trigger = =
input
16. T= i: ! =100 us
f 10kHz
T=1.1R,C=1.1(5.1kQ)(5nF) =28 us
< 100 pS >
J Trigger input
Output

’(—28 us—»‘
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17.

18.

19.

20.

21.

_ 2 (V=v,
° RrRC\ vV

V=12V
=B gy KR vy 103y
R, +R, 1.8kQ + 11 kQ
fim 2 [12 V-10.3 V}
° (4.7 kQ)(0.001 1F) 12V

=60.3 x 10° = 60 kHz

With potentiometer set at top:
Ve R, +R, . 5kQ+18 kQ
R, +R, +R, 510 Q+ 5kQ+18 kO
resulting in a lower cutoff frequency of
2 (V= 2 12V-11.74V
Jo= RICI[ vV J_(10x103)(0.001,uF)( 12V j
=4.3 kHz
With potentiometer set at bottom:
_ R, o 18 kQ
R, +R, +R, 510 Q+ 5kQ+18 kO

=919V
resulting in a higher cutoff frequency of

_ 2 (Vv 2 [12\/—9.19\/}
°RCG\ VT (10 k©)(0.001 wF) 12V

=61.2 kHz

(12V) =11.74 V

Ve

(12 V)

V=12V
oo R 10KO
R +R, 15kQ+10kQ
2 (v 2 12V-104V
fn_qu[ v J_IOkQ(Cl)( 12V )
=200 kHz

(12V) =104V

1

= (0.133)
10 kQ(200 kHz)
=133 x 10* =133 pF

f- 03 0.3
° RC, (4.7 kQ)(0.001 uF)
= 63.8 kHz

1

_ 03 _ 0.3 — 300 pF
Rf (10 kQ)(100 kHz)

159



22.

23.

24,

25.

LM

f=2,
_, 8(63.8x10) {f _ 03 _ 0.3 }
6V ° RC, 4.7k0(0.001 uF)
= 85.1 kHz =63.8 kHz

For current loop:  mark =20 mA
space = 0 mA

For RS — 232 C: mark=-12V
space =+12V

A line (or lines) onto which data bits are connected.

Open-collector is active-LOW only.
Tri-state is active-HIGH or active-LOW.
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Chapter 14

*h 1+(—](—2000)
10
dA,
2. ay _1dd_ ! (10%) =0.2%

4, pA A (—1J(—1000)
20

- 4 - ‘1300 _ 30 _ 443
+h 1+(—15)(—300)

Ry=(1+ BAR; = 21(1.5 kQ) = 31.5 kQ
Ry= R, 0K, 4ka
1+84 21

3. 4

4. RL=ﬂ=4OkQ||8kQ=6.7kQ
R +R

0 D
A=-g,R, =—(5000 x 10°)(6.7 x 10°) = -33.5
po R _ 200k
R +R, 200 kQ+800kQ
4 =335 -335
1+ 84 1+(=0.2)(-33.5) 7.7
=-4.4

Ay

5. DC bias:
VeV 16V-07V
"R, +(B+DR, 600kQ+76(1.2 kQ)

= 33V 1.
691.2 kO

IE:(I +ﬁ)[3
=76(22.1 uA) = 1.68 mA
[Vee=Vee—I(Rc+ Re) =16V —1.68 mA(4.7kQ + 1.2kQ) =6.1 V]

- 26mV._ 26 mV ~1550
I,(mA) 1.68 mA

hie=(1+ Pr.=76(15.5 Q) =118 kQ = Z;

Z,=Rc=4.TKkQ
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10.

o he =75

Ch,+R, L18kQ+12kQ

B=Rz=-12x10°

(1+ p4)=1+(-1.2 x 10°)(-31.5 x 107)
=38.8

=-315x%x10"

v

_ 4, -315x107
1+ A, 38.8

A, =—A;Rc=—(811.86 x 107°)(4.7 x 10°) =-3.82

Z, =(1+pA,)Z;=(38.8)(1.18 kQ) = 45.8 kQ

Z, =+ pA)Z, = (38.8)(4.7 kQ) = 182.4 kQ

=811.86x 107°

Ar

without feedback (R bypassed):

A,- -R. :_4.7 kQ 3032
r, 155Q

e

1 1
22RFN6  27(10x10°)(2.5%10° W6
= 2.6 x 107 =2600 pF = 0.0026 1F

1 1
Jo= SarC R
4 C
%
= 1 . 1
272(6x10")(1500x107%) /6 + 4(18x10° /6 10%)
=4.17kHz = 4.2 kHz
o 1
Jo= = 3 12
27RC 27(10x10°)(2400x107?)
= 6.6 kHz
Cum CC,_ (150 pPY2000 pF) _ oo o
C,+C, 750 pF + 2000 pF
frm——- :
"2 JLC,  2740x10°)(577x107?)
= 1.05 MHz
1
fr= —— where Ceq =

2z JLC,,
_ 1
27,/(1004H)(3300 pF)
=277 kHz
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11.

12.

13.

14.

1 Leq:Ll+L2+2M

fo= : — 1.5mH + 1.5 mH + 2(0
22 JL.C = 1.5 mH + 1.5 mH + 2(0.5 mH)
N =4 mH
_ |
271J(4x107)(250x1077)
=159.2 kHz
f= 1 where Ly =L+ L, +2M
" oL’ =750 pH + 750 xH + 2(150 uH)
| ~ 1800 uH
27 J(18004H)(150 pF)
~306.3 kHz

See Fig. 14.33a and Fig. 14.34.

1

1=
R.C; In(1/(1-1))
for n=0.5:
_ 15
o RTCT
(a) Using Rr=1kQ
- 1.5 _ 1.5 15 4F
R.f, (1kQ)(1kHz)
(b) Using Ry=10kQ
Cr— 1.5 1.5 ~ 1000 pF

" R.f, (10 kQ)(150 kHz)
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Chapter 15

1.

V,(rms) _2V/2

ripple factor = =0.028
PP v, 50 V
%VR = Vo =Ve 100% = 8V-25V 100% = 12%
Y 25V
Vi =0318V,
= Ve 20V =62.89V
0.318 0.318
V,=0.385V,,=0.385(62.89 V) =24.2 V
Vi =0.636V,
= Vo _ 8V _ 12.6 V
0.636 0.636
V,=0.308V,,=0.308(12.6 V) = 3.88 V
opr = L2 MS) 1000
dc
8.5
V(rms) =1V = —— x 145V=12V
100
VNL = Vm =18V
VFL =17V
%VR = Vo =Ve 100% = BV-17V 100%
- 17V
=5.88%
V,=18V _ 241, 24(100)
C =400 4F V,= C 200 =0.6 V, rms
I, = 100 mA
ViV 4171,
C
=18V - 4.17(100) =16.96 V
=17V
- 241, _2.4(120) _ 144V
C 200
C=100 4F
Vie=12V IdC=V°'°= 12V _soA
R, =2.4KkQ R, 24kQ
V. (rms) = 24, =i(5) =012V

C 100
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_ 240, _ 24050 o0

10. =
PV, (0.15)(24)
11.  C=500 4F
Iie =200 mA
R =8%=0.08
241,

Usin r=
8 Ccv,
V- 241, _ 2.4(200) _ 12V
rC 0.08(500)

4.171 .
V= Vet 2 —1py 4 —(2005)53 17)

=12V+17V=13.7V

oo 24 24000 _ oo
v, (0.07)

r

12.

13.  C=120 4F

Is= 80 mA
V=25V
4.171 .
vooy, - AT ooy 41760
c 120
=222V

%r=ﬂ x 10 °o=ﬂ x 100%
crv (120)(22.2)

dc
=7.2%

4 p="Te 260 46y rms

100 100

15. V=2V v 2V
_ Yor = — x 100% = x 100%
V=24V T YRV ’

= 8.3%

R=330Q,C=120 4F
~L3_ 13 50

" C 120

v <oy 1986 vy —o6sv
R 3

r

Vi =Vi—IR =24V -33Q(100 mA)
=20.7V

Y%r' = 1 x 100% = 065V x 100% = 3.1%
Vi 207V

dc
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16.

17.

18.

19.

———40V)

R, =500 Q

T=—=V =£(2.5 V)
R 100
=0.325V, rms

VNL =60V

Vip= —+— de =
R+R, 100 Q2 +1

%VR = V=V 100% =

FL

R v 1kQ

(50 V) =45.46 V
kQ

50V-4546V
4546 V
10 %

x 100%

Vo=V;=Vge=83V-07V=76V
Vee=Vi=V,=15V=-T76V=74V

_ V-V, 15V-83V

Ig
R 1.8 kQ
I = V"=7'6—V=3.8mA
R, 2kQ
IB:I_C:3.8mA 38 A
y/j 100

=3.7mA

I;=1r—1=3.7mA — 38 uA =3.66 mA
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20.

21.

22.

23

25.

R +R
V,= %(VZWBEZ)

2

_ 33kQ+22k0

22 kQ
=26.75V

V,= 1+ﬁ v, :(1+ 12 kQJIOV
R 8.2 kO

2

(10 V +0.7 V)

=246V

V,=V,=10V+07V=10.7V

3lE ST
1

24.

I, =250 mA
V=V, (ms) - V2 =2 (20 V) =283V

V. = NE] V,(rms) = NE] (ﬂj

peak C
2.4(250)
=B === =20V
\f( 500 ]
Vie=Vu-V,, =283V-21V=262V
Vilow)=Vee— V. =262V -21V=241V

Tpeak

To maintain V{min) > 7.3 V (see Table 15.1)
V. <Vu=V{min)=12V-73V=47V

Tpeal

so that

V.
V(rms) = —= = 2TV o9y

3173

The maximum value of load current is then

_ V,(ms)C _ (2.7 V)(200)

Iy
¢ 2.4 2.4

=225mA
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26. V,= Vref(l +%) + LRy,

1

—125v[1+18K2 0 00 UA2.4 kQ)
240 Q

=1.25V(8.5)+0.24V
=10.87V

R
27. V,= Vref[l +F2] + L Ry

1

—125v[1+ 15K ) 460 LA(1.5 kQY)
220 Q

=99V
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Chapter 16

L.

(a) The Schottky Barrier diode is constructed using an n-type semiconductor material and a
metal contact to form the diode junction, while the conventional p-n junction diode uses
both p- and n-type semiconductor materials to form the junction.

(b) -

(a) In the forward-biased region the dynamic resistance is about the same as that for a p-n
junction diode. Note that the slope of the curves in the forward-biased region is about
the same at different levels of diode current.

(b) In the reverse-biased region the reverse saturation current is larger in magnitude than
for a p-n junction diode, and the Zener breakdown voltage is lower for the Schottky
diode than for the conventional p-n junction diode.

Al, 100 uA-0.5 uA
A°C 75° C

=133 uA/°C

Al =(1.33 uA/°C)AC = (1.33 uA/°C)(25°C) = 33.25 A
I, =0.5uA+33.25uA = 33.75 A

1 1

c = = = 22.7 kg
2z fC 2z (1 MHz)(7 pF)

2 _Ve_400mv

=—£ =40 Q
. 10mA

Temperature on linear scale
T(1/2 power level of 100 mW) = 95°C

V- a linear scale Ve (25°C) =380 mV =0.38 V
At 125°C, Vp =280 mV

AV, _100mV _
A, 100°C

oAt 100°C Vp=280 mV + (1 mV/°C)(25°C)
=280 mV + 25 mV
=305 mV

Increase temperature and V' drops.
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10.

11.

12.

(@ Civy-—O _ S0pF
(1+]7/77]) (1+4'2Vj
07V

0

_ 80PF _ 4185 pF
1.912

(b) k=C(Vr+Vp)
=41.85pF(0.7 V+42V)"
H_J

1.698
=71 x 107"

(a) At-3V,C=40pF
At-12V, C=20 pF
AC = 40 pF — 20 pF = 20 pF

AC 40 pF
AV, 20V
AC 60 pF
AV, 9V

(b) At-8YV, =2 pF/IV

At-2V,

= 6.67 pF/V

increases at less negative values of V.
R

. C(-1V) _ 92pF

Ratio = =16.73
C(-8V) S5.5pF
C(-1.25V) 13

C(-7V)

C,=z15pF
1 1

Q =

27 fRC, B 27(10 MHz)(3 Q)(15 pF)
=354.61 vs 350 on chart

0
TCo= —2C L 100% = 1, = 26x100%
C,(T,-T,) TC.(C,)
_ (0.11pHA00) , s
(0.02)(22 pF)
— 50°C

Vi from -2 Vto -8V
C(-2V)=60pF, C(—8 V)=6pF

C(-2V) 60 pF _

= 10
C(-8V) 6pF

Ratio =
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13.

14.

15.

16.

O(-1V)=82,0(-10 V) =5000

O(-10 V) _ 5000

Ratio = =60.98
Q(-1V) 82
6
BW = £=M =121.95 kHz
0 82
6
BW = L:M =2 kHz
0 5000

High-power diodes have a higher forward voltage drop than low-current devices due to larger
IR drops across the bulk and contact resistances of the diode. The higher voltage drops result
in higher power dissipation levels for the diodes, which in turn may require the use of heat
sinks to draw the heat away from the body of the structure.

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.

At 1 MHz: X¢= L _ - ! —
2 fC 27 (1x10° Hz)(5x107 " F)
=31.83 kQ

1
27(100x10° Hz)(5x107F)

At 100 MHz: X =

=3183Q
At1MHz: X, =2afL=2(1 x 10°Hz)(6 x 10~ H)
=0.0337 Q
At100 MHz: X, =27(100 x 10° Hz)(6 x 10~ H)
=3.769 Q R
L, effect is negligible! AAA
: -152Q
R and C in parallel: SE— I—
f= 1 MHz |1/
AN
= 27:7 =31.83 kQ

7,— (152018093183 kO£ -90°)
~152 Q- j31.83kQ
=-152.05 Q£0.27° = —152 QL0°
£=100 MHz
7,— (1520180931832 -90°)
~152 Q- j318.3

=—-137.16 Q/£25.52 # —-152 Q/0°
At very high frequencies X¢ has some impact!
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17.

18.

19.

20.

21.

22.

The heavy doping greatly reduces the width of the depletion region resulting in lower levels

of Zener voltage. Consequently, small levels of reverse voltage can result in a significant
current levels.

At VT: 0.1 V,
Ir=55mA

At VT: 03V
Ir= 2.3 mA

oAV __03V-01V
Al 23mA-55mA
_ 02V
-3.2mA

=—625Q

Isat=£= 2V =5.13 mA
R 039kQ
From graph: Stable operating points: /7= 5 mA, Vr= 60 mV

Ir= 2.8 mA, V= 900 mV

Isat: EZM = 98 mA
R 51Q
Draw load line on characteristics.
1y vr (V)A
S1.1 VT

Y
Y

2
ﬁ=( 1 jl_&c
2N LC L

_ 1 \/1_(10 Q) (1x10° F)
2723J(5x107° H)(1x10°° F) 5x10° H

=(2250.79 Hz)(0.9899)
=2228 Hz

e v (6.624x1071'5)(3x10° mys)
Wp K P (5000)(10™"° m)

=3.97x10"°J
3.97x107° 7 LV]Q =2.48 eV
1.6x107°Y
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23.

24.

25.

26.

27.

28.

29.

(a) Visible spectrum: 3750 A — 7500
(b) Silicon, peak relative response = 8400 A
(c) BW=10,300 A—-6100 A=4200 A

4x10” W/m’
1.609x107"
From the intersection of V4 =30V and 2,486 f. we find

I, = 440 uA

=2,486 f.

(a) Silicon

6x107"m

> 10" /A = 6000 A — orange

b) 1A=10"m

Note that V, is given and not V.
At the intersection of V; =25 V and 3000f. we find /; = 500 ¢A and
Ve=LR = (500 x 10° A)(100 x 10° Q) =50 V

(a) Extending the curve:
0.1 kQ — 1000f;, 1 kQ — 25f.

_ 3
AR _(1-0.Dx10°Q _ 0.92 Q/f. = 0.9 Q/f.

Af.  (1000-25)f.
(b) 1kQ — 25f, 10 kQ — 1.3f.
AR _ (10-1)x10° Q

= 379.75 Q/f, = 380 QIf,
A (25-13)f,

(©) 10kQ— 1.3£, 100 kQ — 0.15£.
_ 3
AR _A00=10)x10° _ 2g 560.87 Quf. = 78 x 10° Q.
A (13-0.15)f,

The greatest rate of change in resistance occurs in the low illumination region.

The “dark current” of a photodiode is the diode current level when no light is striking the
diode. It is essentially the reverse saturation leakage current of the diode, comprised mainly
of minority carriers.

10f. > R=2kQ
3
v —6V = (23><10 Q)V;3
2x10° Q+5x10° Q
Vi=21V
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30.

31.

32.

33.

110} % Conductance Except for low illumination levels (0.01f,)
the % conductance curves appear above the
100 T-e=——] "~~~ "~ 100% level for the range of temperature. In
addition, it is interesting to note that for

0.01 . ..
0y Je other than the low illumination levels the %
20 25 50 75 T°C) conductance is higher above and below
\ room temperature (25°C). In general, the %
% Conductance )
110 conductance level is not adversely affected
by temperature for the illumination levels
L0 examined.
90§, 1.0f
/ c
( L L L 1 T -
5 0 25 50 75 7(°C)
( L L 1 L 3>
5 0 25 50 75 T(°C)
rise time (ms) Decay time (ms)
@ 500 (b) 125$
400 100 1
300 751
200 50T
100 251
ol o1 1.0 10 100 1. 0ol 01 1.0 10 100 /.

(c) Increased levels of illumination result in reduced rise and decay times.

The highest % sensitivity occurs between 5250A and 5750A. Fig 16.20 reveals that the CdS
unit would be most sensitive to yellow. The % sensitivity of the CdS unit of Fig. 16.30 is at
the 30% level for the range 4800A — 7000A. This range includes green, yellow, and orange
in Fig. 16.20.

(a) =5 mW radiant flux

(b) =3.5mW 3.5 mW =234 x 10" Ims

1.496x10™" W/Im
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34.

35.

36.

37.

38.

39.

40.

41.

42.

(a) Relative radiant intensity = 0.8.

A
(b) B
Relative radiant vs degrees off vertical
0.75 4 . . ; . .
60>30° and relative radiant intensity essentially zero-
0.5 -
Drops off very sharply after 25°!
0.25 1
} t L } » Degrees off vertical
0 10°  20°  30°

AtIr=60mA, ® =44 mW
At 5°, relative radiant intensity = 0.8
(0.8)(4.4 mW) = 3.52 mW

6,7,8

The LED generates a light source in response to the application of an electric voltage. The
LCD depends on ambient light to utilize the change in either reflectivity or transmissivity
caused by the application of an electric voltage.

The LCD display has the advantage of using approximately 1000 times less power than the
LED for the same display, since much of the power in the LED is used to produce the light,
while the LCD utilizes ambient light to see the display. The LCD is usually more visible in
daylight than the LED since the sun’s brightness makes the LCD easier to see. The LCD,
however, requires a light source, either internal or external, and the temperature range of the
LCD is limited to temperatures above freezing.

n% = P = x 100%
(A4, .)(100 mW/cm™)

9% = > Do - x 100%
(2 cm™)(100 mW/cm™)

Prax =18 mW

The greatest rate of increase in power will occur at low illumination levels. At higher
illumination levels, the change in V¢ drops to nearly zero, while the current continues to rise
linearly. At low illumination levels the voltage increases logarithmically with the linear
increase in current.

(a) Fig. 16.48 = 79 mW/cm’

(b) It is the maximum power density available at sea level.

(c) Fig. 16.48=12.7 mA

(b)
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43.

44,

45.

46.

47.

()51

04T
03T

(@) A I (mA)

V =015V 20
o0

0.1+

1 N

. t } >
»> }()icnsily (mW/cm?) 050 60 70 80 90 100 I?iensity (mW/em?)

0 25 50 75 100

(c) The curve of I, vS Pgensity is quite linear while the curve of ¥, vs Pgensity 1 only linear in
the region near the optimum power locus (Fig 16.48).

Since log scales are present, the differentials must be as small as possible.

S7x10°
20° _
Nl_oi___:h\_\ AR _ (7000-1000)Q _ 60009 _ () oo
Fo AT (40-0)° 40°
1
: 1
0° 40°
=3Q _
Lo AR _(3-DQ 20

=0.05 Q/°C
I AT 40° 40°

From the above 150 Q/°C: 0.05 Q/°C =3000:1
Therefore, the highest rate of change occurs at lower temperatures such as 20°C.

No. 1 Fenwall Electronics Thermistor material.
Specific resistance = 10* = 10,000 Q cm
R=—‘: 2X S R=2x(10,000 2) =20 kQ
A
twice

(@ =10°A=10puA
(b) Power=0.1 mW, R=10" Q=10 MQ
(©) Log scale = 0.3 mW

2mA V= IR R+ Vi
*M M- V=IR Ru) + 0V
FRCTe Nz

02V (@?/’"ZOV R = ?_R‘

_ 02V _100
2 mA
=100Q-10Q

=90 Q

<
|

—
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Chapter 17

1.

2.

(a)
(b)

(©)

(d)
(a)
(b)
(©)
(d)

p-n junction diode
The SCR will not fire once the gate current is reduced to a level that will cause the
forward blocking region to extend beyond the chosen anode-to-cathode voltage. In

general, as I decreases, the blocking voltage required for conduction increases.

The SCR will fire once the anode-to-cathode voltage is less than the forward blocking
region determined by the gate current chosen.

The holding current increases with decreasing levels of gate current.

Yes

No

No. As noted in Fig. 17.8b the minimum gate voltage required to trigger all units is 3 V.
Ve=6V, Is;=3800 mA is a good choice (center of preferred firing area).

Ve=4V,Is;=1.6 A is less preferable due to higher power dissipation in the gate. Not in
preferred firing area.

In the conduction state, the SCR has characteristics very similar to those of a p-n junction
diode (where V7= 0.7 V).

The smaller the level of R, the higher the peak value of the gate current. The higher the peak
value of the gate current the sooner the triggering level will be reached and conduction
initiated.

(a)

(b)

Vp= (—Vsec (;ms) j \/5

= 11ﬂ(ﬁ) — 8278V
2

Ve = 0.636(82.78 V)
=52.65V

Vik= Ve — Vo =52.65V =11 V=41.65 V
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(©) Ve=Vz+Vsk
=11 V+3V
=14V
At 14V, SCR, conducts and stops the charging process.

(d) Atleast 3V to turn on SCR,.

(e) "

I

| —

V,=—(82.78 V) =41.39 V

1
2

(a) Charge toward 200 V but will be limited by the development of a negative voltage
Vox(=V, —V,, ) that will eventually turn the GTO off.

(b) 7=R;C, =20 kO)(0.1 uF)
=2 ms
57=10 ms

1
(¢) 57" = 5(51’) =5ms = 5Rgr0 C|

Sms 5 ms
5C,  5(0.1x10°° F)

Rero=

=10 kQ (:%(20 kQ - above))

(a) =0.7 mW/cm*

(b) 0°C — 0.82 mW/cm?
100°C — 0.16 mW/cm?

082-016 1000 g0 504
0.82

Ve=Ver+Vexk=6V+3V=9V
Ve=40(1 —e ™% =9
40 — 40 =9
40" = 31
e "R€=31/40=0.775
RC=(10x10°Q)(02x10°F)=2x10"s
log.(e"*) =10g, 0.775
—t/RC =12 x 107 =-0.255
and £ =0.255(2 x 10°) = 0.51 ms

Vir, =Vir, £10% V.
=64V+0.64 V=576V 704V
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16.

17.

18.

V-V,

40 V —[0.6(40 V) + 0.7 V]

P

>R,

=1.53 MQ > R]

V-

(a)

(b)

(©)

(d)

(a)

(b)

(©)

4

10x107°

Vy <R = % =4875kQ <R,

- 1.53 MQ > R, > 4.875 kQ

R
n=—h 65— 2K R, =1.08kQ
RB1 + RB2 2 kQ+ RB2 )

Tpeg

=2kQ + 1.08 k2 =3.08 kQ

Rys= (R, +R,,)

IE:O

Ve =nVas=06520V)=13V

VP:77V38+ VD:13V+O7V:13.7V

R

B

TR

BB

1;=0

B
10 kQ
R, =55kQ

Rpp= RB‘ +R82
10kQ=55kQ+ R,
R, =45kQ

0.55=

Vo= Vs + Vp=(0.55)20 V) + 0.7 V=117V

V-V, 20V-11.7V
< =
I 50 uA

P

ok: 68kQ<166kQ

R =166 kQ
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19.

@ # =R1C10geV_VV = (68 x 10°)(0.1 x 10™°) 1oge@ =5.56 ms
V-V, 8.3
v, B 11.7
= (R, +R,)Clog. 7 (0.2 kQ +2.2 kQ)(0.1 x 107 1ogeﬁ
f .
=0.546 ms
T:tl +l2:6.106 ms
1= 11 637712
T 6.106 ms

0le— 71— > +1,=6.106ms 1
f =5.56 ms
® AVR
RV 2.2 kQ(20 V)
T S V, = =
* R, +R, 22kQ+10kQ
] =3.61V
361V R _
— ) p 2R, =07V)
L L ’ R, +R,
0 tott, t l
_22k0(11.7V-07V)
22kQ+0.2kQ
=10.08 V
1 1
() f= =184.16 Hz

R.C log, (1/(1-1)) - (6.8 kQ)(0.1 uF)log,2.22
difference in frequency levels is partly due to the fact that £, = 10% of ¢,.

I5=25 uA
Ic= h, I, = (40)(25 uA) =1 mA
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Y

%VCCI

<

U

N
% ~r VCC2

20.
21. (a)
(b)
22. (a)
L
[i
Yes,

i&:

Al
D = —_——
PUOAT
09520 095 ) oc
25-(=50) 75

Yes, curve flattens after 25°C.

At 250C, Icro =2 nA
At 50°C, Icpo =30 nA
Al, (30-2)x10°A 28nA
AT (50-25)°C 25°C
Icro (35°C) = Icro(25°C) + (1.12 nA/°C)(35°C — 25°C)
=2nA+11.2nA
=13.2 nA
From Fig. 17.55 Icgo (35°C) =4 nA

=1.12 nA/°C

Derating factors, therefore, cannot be defined for large regions of non-linear curves.
Although the curve of Fig. 17.55 appears to be linear, the fact that the vertical axis is a
log scale reveals that /cx0 and 7( °C) have a non-linear relationship.

Lo 20mA o4
I, =45mA

relatively efficient.
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24.

25.

26.

27.

(@) Pp=Veele=200 mW T S

P 200 mW
Jo= —2 = =6.67TmA @ V=30V SR
v, 30V @ Ver s

‘max 6 __________

P, 200 mW
Vep= 2= 50 v @Ie-=10mA 4t
< 1omA Bl

J ) T
IC=—D=M=8.OmA@VCE=25V } } } }

Vep 25V ol 5 10 15 20 25

Almost the entire area of Fig. 17.57 falls within the power limits.

Ie _AmA _ 4 Fig 1756 Lo = 2MA _ 4
I, 10mA I,  10mA

(b) fuc=

The fact that the /r characteristics of Fig. 17.57 are fairly horizontal reveals that the level
of /¢ is somewhat unaffected by the level of V¢x except for very low or high values.
Therefore, a plot of /¢ vs. Ir as shown in Fig. 17.56 can be provided without any
reference to the value of Vg As noted above, the results are essentially the same.

(a) Ic>3mA

(b) Atlc=6mA; R, =1k, t=8.6 us
R, =100Q; t=2 us

1 kOQ:100 Q=10:1

8.6 us:2 us =4.3:1

AR:At=2.3:1
- 3—075 Vo= nVe=0.7520 V)=15V

"3k, vk, a4 e TmTE

Vp=8.7V,Ip=100 uA Zp= Ve _ 87V = 87 kQ (= open)
I, 100 uA
v, 1A% .

Vy=1V,I,=55mA Zy=—= =181.8 Q (relatively low)
I, 55mA

87 k€: 181.8 (2 =478.55:1 =500:1
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28.

29.

Vs )
Vg = (Vs + V)

Eq. 17.23: T=RC log, (LJ =RCloge[
VBB - VP

Assuming 77Vp > Vp, T=RC log, [LJ = RClog.(1/1- 1) = RC log,
Vip(L—17)

R, +R, R,
=RClog,| —= |=RClog,| 1 +— | Eq. 17.24
Ry Ry
(a) Minimum Vpp:

Ry = —VBB[_ Ve 5 20k0

P
VBB — (77VBB + VD)
I

P
Vg — Vs — Vp = Ip 20 kQ
VBB(I - 77) :Ip 20 kQ + VD

=20kQ

1,20 kQ+V,
VBB:—
1-7n
_ (100 £A)(20kQ) +0.7 V
1-0.67
=8.18V
10 V OK
V..=V, 12V -1
(b) R< -2V _ VoIV ko
1, 5.5mA
R<2KkQ

RB
(c) T=RClog, 1+R—'

B,

2x 107 =R(1 x 106)loge[l+ 10 kQJ

5kQ

log.3 = 1.0986
3 2x107
 (1x107°)(1.0986)
R=1.82kQ
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EXPERIMENT 1: OSCILLOSCOPE AND FUNCTION GENERATOR OPERATIONS

Part 1. The Oscilloscope

Part 2:

@e a0 o

=

it focuses the beam on the screen

adjusts the brightness of the beam on the screen

allows the moving of trace in either screen direction

selects volts/screen division on y-axis

selects unit of time/screen division on x-axis

allows for ac or dc coupling of signal to scope and at

GND position; establishes ground reference on screen

locates the trace if it is off screen

provide for the adjustment of scope from external

reference source

determines mode of triggering of the sweep voltage

the input impedance of many scopes consists of the parallel combination of a 1 Meg
resistance and a 30pf capacitor

measuring device which reduces loading of scope on a circuit and effectively
increases input impedance of scope by a factor of 10.

The Function Generator

T =1/f=1/1000 Hz = I ms

(calculated): 1 ms*[l cm/.2 ms] = 5¢cm

(measured): 5 cm = same

(calculated): I ms*[cm/.5ms] =2 cm

(measured): 2 cm = same

(calculated): 1 ms*[cm/1ms] =1 cm

(measured): | cm = same

.2 ms/cm takes 5 boxes to display total wave

.5 ms/cm takes 2 boxes to display total wave

1 ms/cm takes 1 box to display total wave
1. adjust timebase to obtain one cycle of the wave
2. count the number of cm's occupied by the wave
3. note the timebase setting
4. multiply timebase setting by number of cm's occupied

by wave. This is equal to the period of the wave.

5. obtain its reciprocal; that's the frequency.
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(calculated): 2cm * [2V/cm] = 4Vp-p

8 * [.5V/cm] = 4Vp-p

the signal occupied full screen; the

peak amplitude did not change with a

change in the setting of the vertical sensitivity
m. no: there is no voltmeter built into function
generator

o

Part 3: Exercises

a. chosen sensitivities: Vert. Sens. =1 Vicm
Hor. Sens. =50 us/cm
T(calculated): 4cm*[50 gs/cm)= 200 s

Fig 1.1
™ o — '_T—?"-_"_—‘ M e
L,; ‘:":‘t:'f":T.:

L1 ;
T T ITTET N dilinhn
3&%%; | \t\‘/” 4»'; -

?\

j
ik
I
[>
.

18

"“"r' ot

HTH A REECERS2S
b. chosen sensitivities: Vert. Sens. = .1 V/cm

Hor. Sens. =1 ms/cm
T(calculated):5 cm*[I ms/cm] =5 ms

Fig 1.2

- <+
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c. chosen sensitivities: Vert. Sens. =1 V/icm
Hor. Sens. =1 us/icm
T(calculated):10 cm*[1s/cm]=10 us

Fig 1.3

{:,5:,",'54,43,.;_'.‘/‘5."3
L2V I SR S

Part 4: Effect of DC Levels

Vms)(calculated) = 4V * 1/2 * 707 = 1.41 Volts
V(ms)(Measured) = 1.35 Volts

[(1.41 - 1.35)/1.41) * 100 = 4.74%

no trace on screen

signal is restored, adjust zero level

no shift observed; the shift is proportional to dc
value of waveform

g. (measured) dc level: 1.45 Volts

hD OO oW

i. Switch AC-GND-DC switch, make copy of waveform above.
The vertical shift of the waveform was equal to the battery voltage.
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The shape of the sinusoidal waveform was not affected by changing the positions of
the AC-GND-DC coupling switch.

J-  The signal shifted downward by an amount equal to
the voltage of the battery.

Fig 1.6
A SRR it
. o | 4
H—t ot | s
C t T 18l
L 1
BRI O N
AT . Fa .‘LL_—-
SR mm od
-+ 4 LAWIL-!_I_ : [ 11 1 _r,] .L_
HEEREER! ' I
1 V $ 1 t :

Part 5: Problems

1. b. f=2000/(2*3.14) = 318Hz

. T=1/f=1/318 = 3.14ms

. by inspection: V(peak) = 20V

. V(peak-peak) = 2*Vpeak = 40V
V(rms) =.707 * 20 = 14.1V

. by inspection: Vdc = 0V

QQ —HhDd OO

a. f=2*3.14*4000/(2 * 3.14*) = 4 KHz
c. T=1/f=1/4 Khz =250 s

d. by inspection:Vpeak)=8 mV

e. V(peak-peak) =2 * V(peak) = 16 mV
f. V(rms) =.707 * 8 mV = 5.66 mV

g. by inspection: Vdc = 0V

3. V(t) = 1.7 sin (2.51 Kt) volts
Part 6: Computer Exercise

PSpice Simulation 1-1
See Probe Plot page 191.
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EXPERIMENT 2: DIODE CHARACTERISTICS

Part 1: Diode Test
diode testing scale

Table 2.1
Test Si (mV) Ge (mV)
Forward 535 252
Reverse oL oL
Both diodes are in good working order.
Part 2. Forward-bias Diode characteristics
b.
Table 2.3
Vr(V) A 2 3 A4 5 .6 7 .8
Vp(mV) 453 481 498 512 528 532 539 546
Ib (MA) 1 2 3 A4 5 .6 T .8
Vr(V) 9 1 2 3 4 5 6 7 8 9 10
Vp (MmV) 551 559 580 610 620 630 640 650 650 660 660
Io(MA) 9 1 2 3 4 5 6 7 8 9 10
d.
Table 2.4
Vr(V) A 2 3 A 5 .6 7 .8
Vp(mV) 156 187 206 217 229 239 247 254
Io(MA) 1 2 3 4 5 6 7 8
Vr(V) 9 1 2 3 4 5 6 7 8 9 10
Vp (MmV) 260 266 300 330 340 360 370 380 390 400 400
Io(MA) 9 1 2 3 4 5 6 7 8 9 10

€.
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f.  Their shapes are similar, but for a given Ip, the potential Vp is greater for the silicon diode
compared to the germanium diode. Also, the Si has a higher firing potential than the
germanium diode.

Part 3: Reverse Bias

b. Rn=9.9 Mohms
Vr(measured) = 9.1 mV
Is(calculated) = 8.21 nA

c. Vg(measured) =5.07 mV
Is(calculated) = 4.58 1A

d. The Is level of the germanium diode is approximately 500 times as large
as that of the silicon diode.

e. Roc (Si) = 2.44*10° ohms
Rpc(Ge) = 3.28 M*10° ohms

These values are effective open-circuits when compared to resistors in the kilohm range.

Part 4: DC Resistance

a.
Table 2.5
Ib (MA) Vp (MV) Roc (ohms)
2 350 1750
1.0 559 559
5.0 630 126
10.0 660 66
b.
Table 2.6
Ib (MA) Vp (MmV) Rpc (ohms)
2 80 400
1.0 180 180
5.0 340 68
10.0 400 40

Part 5: AC Resistance
a. (calculated)r, = 3.4 ohms
b. (calculated)ry = 2.9 ohms
c. (calculated)r, =27.0 ohms
d. (calculated)r, = 26.0 ohms
Part 6: Firing Potential
V+(silicon) = 540 mV
Vr(germanium) = 260 mV
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Part 7: Temperature Effects

c. For anincrease in temperature, the forward diode current will increase while the voltage
Vp across the diode will decline. Since Rp = Vp/lp, therefore, the resistance of a diode
declines with increasing temperature.

d. As the temperature across a diode increases, so does the current. Therefore, relative to the
diode current, the diode has a positive temperature coefficient.

Part 9: Computer Exercises
PSpice Simulation 2-1

1. See Probe plot page 195.

Rb s0omv = 658 Q

Ro 700 mv = 105 Q

Roeoomv = 257 Q

See Probe Plot VV(D1) versus 1(D1)
Silicon

See Probe plot page 196.

See Probe plot page 196.

0. See Probe plot page 196.

N

HBoOoo~NOkA
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EXPERIMENT 3: SERIES AND PARALLEL DIODE CONFIGURATIONS

Part 1. Threshold Voltage V1

Fig 3.2

Firing voltage: Silicon: 595 mV Germanium; 310 mV

Part 2: Series Configuration

b.

Vp=.59V
Vo (calculated) =5—-.595=4.41V
Ib=4.41/22 K=2mA

Vp(measured) = .59 V
Vo(measured) = 4.4 V
In(from measured) = 2 mA

Vp = 595 mV
Vo(calculated) = (5 — .595) 1 K/(1 K + 2.2 K) = 1.33 V
Io = 1.36 MA

Vp=.57V

Vo=136V

In(from measured) = 1.36 V/1 K = 1.36 mA

Vp(measured) =5V h. Vp(measured) =5V
Vo(measured) =0 V Vo(measured) =0 V
In(measured) =0 A In(measured) =0 A

Vy(calculated) = .905 V
Vo(calculated) = 4.1 V
Ip(calculated) = 1.86 mA

Part 7: Computer Exercise
PSpice Simulation 3-2

1. 638.0 mV
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EXPERIMENT 4: HALF-WAVE AND FULL-WAVE RECTIFICATION

Part 1. Threshold Voltage
Vr=.64V

Part 2: Half-wave Rectification
b. Vertical sensitivity = 1 V/cm

Horizontal sensitivity = .2 ms/cm

Fig 4.4

S8 £ R B PN R

-t

N
N

d. Both waveforms are in essential agreement.
e. Vi=(4-.64)3.14=1.07V

f. Vg(measured) =.979 V
% difference = (1.07 — .979)/1.07*100 = 8.5%

g. Foran ac voltage with a dc value, shifting the coupling switch from its DC to AC
position will make the waveform shift down in proportion to the dc value of the
waveform.
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i. Vg(calculated) = -1.07 V
Vgc(measured) = -.970 V

Part 3: Half-Wave Rectification (continued)

b.
Fig 4.8
r s . -
8 S ;
\ e
[ N- 1L 171
J
\ 1 _
8 + “ ‘ ! ‘ of . .
b P 4+
C.
p e s e o e 4
o : . : I
- ‘ ] P
P C
[ | ' '
BIREERERES
AR RERE
SESSARRAS!
SensiRug
ov m S

The results are in reasonable agreement.

d. The significant difference is in the respective reversal of the two voltage waveforms.
While in the former case the voltage peaked to a positive 3.4 volts, in the latter case, the
voltage peaked negatively to the same voltage.

e. Vpc= (318)*34 =1.08 Volts

f. Difference = [1.08 —.979]/1.08*100 = 9.35%
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Part 4: Half-Wave Rectification (continued)

b.

= i S e
RSN ST AR A B SR AT A SRR .
S b P i | Iy
A B P Il P
AEEE R BERR B8N 1?-
[ PP . i 44 o
BESRERERRRERRRERNR AR

RS

S
e
-

-

There was a computed 2.1% difference between the two waveforms.

Fig 4.13

-
-

PN EE TR

]

H . 1 .
B . Pt P Vb g
9:7!!_1'4, T 17 SEERIREEY Vo,
P ' "y T i A
SRENEERRSNENE ENERE A
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We observe a reversal of the polarities of the two waveforms caused by the reversal of
the diode in the circuit.

Part 5: Full-Wave Rectification (Bridge Configuration)
a. V(secondary)rms =14V

This value differs by 1.4 V rms from the rated voltage of the secondary of the
transformer.

b. Vipeay = 1.41%14 =20 V

C.
Fig 4.15
.
P S S N O - -4 —+-
oA
- \‘ N -4
T
‘ N/ N
b Yamks | Jrimw
Vertical sensitivity: 5V/cm
Horizontal sensitivity: 2 ms/cm
d.

Fig 4.16

T ¥
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Again, the difference between expected and actual was very slight.

e. Vg(calculated) =(.6326)*(20) = 12.7 V
Vac(measured) =11.36 V
% Difference =-10.6%

g. Vertical sensitivity =5 V/cm
Horizontal sensitivity = 2 ms/cm

e

N
. =

1 AR DEEE W AEE

i. Vg(calculated) = (.636)*(12) =7.63V

j  Va(measured) = 7.05 V
% Difference = -7.6%

k. The effect was a reduction in the dc level of the output voltage.
Part 6: Full-Wave Center-tapped Configuration

a.  Vims(measured) = 6.93 V
Vims(measured) = 6.97 V

As is shown from the data, the difference for both halves of the center-tapped windings
from the rated voltage is .6 volts.

b. Vertical sensitivity =5 V/cm
Horizontal sensitivity = 2 ms/cm
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Fig 4.21
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d. Vg(calculated) =3.5V
Vgc(measured) = 3.04 V

Part 7: Computer Exercise
PSpice Simulation 4-2

1 V, = 8.47 V; relative phase shift is equal to 180°
2 PIV=2Vp

3. 180° out of phase

4 See Probe plot page 204.

Its amplitude is 7.89 V

Yes

Reasonable agreement.

oo
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EXPERIMENT 5: CLIPPING CIRCUITS
Part 1. Threshold Voltage

V+(Si) = .618 V
V+(Ge) = .299 V

Part 2 Parallel Clippers

b. Vo(calculated) =4V
c. Vo(calculated) =-1.5-.618=-2.2V
d.
Fig 5.2

s % S

L i !
T o
1!;[ ii‘ }!E]:.EE|!‘
USRI RN REEEE
EEEAREEEE AREREERRED RNNE
SR | S T B | [
EARNNERNES FRARN RN SN
RERREREEE ERRERERERE B
EREERRRRE SREE aEnd NRRE
A IEREE Py T_..I.i IL;'?’
Eeop i , ; -
R EREEE L2 IRRNEE LY 38
NREERETERYEE BREREREREE LEEEE

!

-2l

Vertical sensitivity = 1 V/cm
Horizontal sensitivity = .2 ms/cm

Fig 5.3
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No measured differences appeared between expected and observed waveforms.
f. Vo(calculated) =4V

g. Vo(calculated) = .62 V
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Part 3: Parallel Clippers (continued)

b. Vo(calculated) = .61V
c. Vo(calculated) = .34V

d.

. ooy | ‘Il 1r<,‘$

{ w P P
it < - Y i M i P

i ré:! i Ir !

H i L] i
! [T TS RIS SPO AR ST SN TN SEDU S

Vertical sensitivity = 1 V/cm
Horizontal sensitivity = .2 ms/cm

Fig 5.8
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Srd- JENERERREERERENEES
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L i bt 4 ' i ‘I t ! !
SENEUURER (RERERRERE B
Pl TR T IR BN |
l-g-kZ'f ™ ! i

e mepm et o e 4k - I ——

The waveforms agree.
Part 4: Parallel Clippers (Sinusoidal Input)
b. Vo(calculated) =4V whenV;=4V

Vo(calculated) = -2 V when V;=-4V
Vo(calculated) =0 V whenV;=0V
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Fig 5.9

Vertical sensitivity = 1 V/cm

Horizontal sensitivity = .2 ms/cm

e. agree within 5.1%
f.  Vo(calculated) =5.5V whenV;=4V

g. Vo(calculated) =0V when V;= -4V
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c. Waveforms agree within 6.5%.
Part 5. Series Clippers
b. Vo(calculated) =2.5V when V; =4V
c. Vo(calculated) =0V when V; = -4V
d.
Fig 5.12
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Fig 5.14
IS R .
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ENRENEN N N
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SRSHEREESENERREEN At
Vertical sensitivity = 2 V/cm
Horizontal sensitivity = .2 ms/cm
i. no major differences
Part 6: Series Clippers (Sinusoidal Input)
b. Vo(calculated) =2V when V; =4V
Vo(calculated) =0 V when V;=-4V
Vo(calculated) =0 V when V;=0V
Fig 5.16
1 f - ‘N
Pt
. | C )

Vertical sensitivity = 1 V/cm
Horizontal sensitivity = .2 ms/cm
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Part 7: Computer Exercises
PSpice Simulation 5-2

See Probe plot page 210.
Vour =4V

No

VOUT =-2.067V

Yes, Vour(ideal) =-1.5V
Reasonable agreement

No significant discrepancies
See Probe plot page 211.

NGO~ E

PSpice Simulation 5-3

1. See Probe plot page 212.

2 In close agreement

3. No

4 ForVi=4V; Vou=Vi-Vp—-15V=4V-6-15V=19V
ForVi=-4V; lpy=0A, .. Vou=0V

See Probe plot page 213.

See Probe plot page 213.

See Probe plot page 213.

See Probe plot page 213.

© o N o O

Forward bias voltage of about 600 mV when “ON”.
Reverse diode voltage of diodeis—-4V -15V=-55V
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EXPERIMENT 6: CLAMPING CIRCUITS

Part 1. Threshold Voltage
VT =62V

Part 2: Clampers (R, C, Diode Combination)

b. Vc(calculated) =4 —0.62 =3.38 V
Vo(calculated) = 0.62 V

c. Vo(calculated) =-4-3.38V =-7.38V

i TR -
d. Fig 6.2 bt 14 -
EEERTE i
o d }
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_ém Y
T . I -
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Vertical sensitivity = 1 V/cm :
Horizontal sensitivity = .2 ms/cm o 1 .
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Fig 6.3
Fig 6.4
I
+++

.2 ms/cm

1V/iem

T

-3.38V
-0.62 V

i

7.38V

g. Vo(calculated)
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Vc(calculated)
Vo(calculated)

+
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Horizontal sensitivity

Vertical sensitivity

e
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Part 3: Clampers with a DC battery

b. Vc(calculated) = 1.88 V
Vo(calculated) =0.62V +15V =212V

c. Vo(calculated)=-1.88V -4V =-588V

d. Fig 6.7
17T —+H Vertical sensitivity = 1 V/cm
S Horizontal sensitivity = .2 ms/cm

e. Fig 6.8
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f.  Vc(calculated) = 4.88 V
Vo(calculated) =15V -0.62V =0.88V

g. Vo(calculated)=4V +4.88V =888V
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Part 4. Clampers (Sinusoidal Input)

b.

Vo(calculated) =0 V
Vo(calculated) = -2 V
Vo(calculated) = -1.6 V

when V;=2V
whenV;=-3.6 V
whenV;=0V

.......

[P S

.o -
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Part 5: Clampers (Effect of R)

a. Tau(calculated) = R*C = 103 ms

b. T(calculated) = 1/f =1 ms
T/2(calculated) =1 ms/2 =.5 ms
c. 5Tau(calculated) = 5*103 ms =515 ms
d. otherwise the capacitor voltage will not remain constant
e. 5Tau(calculated) =5 ms
f. 5ms/5ms=10
g.
Fig 6.13
T T R i
i . ‘ . !
N - b L1 1
A A I i
o R T
] A ais
Vertical sensitivity = 1 V/cm
Horizontal sensitivity = .2 ms/cm
i. bTau=.5ms
jo .5ms/5ms=1
k.
Fig 6.14
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i ! ! a

Vertical sensitivity = 1 V/cm
Horizontal sensitivity = .2 ms/cm

m. 5Tau=25TorTau=1/2T
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Part 6: Computer Exercise
PSpice Simulation 6-2

See Probe Plot page 220.

They are the same.

Vo(calculated) is close to V(2) of Probe plot.

See Probe plot page 221.

V(1, 2) remains at 2 V during the cycle of V(1)

It rises exponentially toward its final value of 2 V.
See Probe plot page 222.

Nogk~wdE
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EXPERIMENT 7: LIGHT-EMITTING AND ZENER DIODES
Part 1: LED Characteristics

b. Vp(measured) =1.6 V
Vr(measured) = 49.1 mV
In(calculated) = 49.1 mV/101.4 ohms = 484 uA

c. Vp(measured) =19V
Vgr(measured) = 1.55 V
Ip(calculated) = 1.55 V/101.4 ohms = 15.3 mA

d.
E(v) 0o 1 2 3 4 5 6
VD (V) 0 1 171 184 1.93 2.01 2.08
VR (V) 0 0 34 12 22 31 39
ID =VR/R (mA) 0 0 33 11.8 214 30.6 38.5
e. _Fig7.2
‘I.; b N s
R0
R [ P
4% ‘ (11
N . T AR
I I
h =
4+ BEREOEEEE . SRR R
SESEEREE ERNED - SRSN RNERY
L e LV

h. The reversed biased Si diode prevents any current from flowing through the circuit,
hence, the LED will not light.

k. Vg(V)=3.48 V, therefore Io(mA) = 1.6 mA and LED is in the “good brightness” region.

Part 2: Zener Diode Characteristics

b. and c.
Table 7.2
E (V) 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Vz (V) 0 1 2 3 4 5 6 7 8 9 10 10 10.1 10.2 103 104
Vr (V) 0O 0 0 0 0 0 O O O Nl 97 19 28 37 46 46
IbmA) 0 0 O O O O 0 0 O 99 96 18.7 276 36.5 454 454
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Fig 7.5

e e e e
1 .

e. Vz(V) (approximated) = (10.4 +9)/2=9.7V
f.  ry(ohms) = (10.4 — 9)/(.045 — .0099) = 39.9 ohms

g. Rz(ohms) =39.9 ohms
Vz(V)=9.7V

Part 3: Zener Diode Regulation

a. R (meas) =979 ohms
R_ (meas) = 986 ohms
Vz(V)=10.2V

b. Vi (V) = 986*15/(979 + 986) = 7.53 V
Vi (V) = 979%15/(979 + 986) = 7.47 V
Ix (MA) = 7.47/979 = 7.64 mA
IL (MA) = 7.53/986 = 7.63 mA
|Z(mA) =lg-1.=10 ,UA

c. Vi (measured)=7.5V
Vg (measured) 7.49 V
Ir (calculated) = 7.65 mA
I_ (calculated) = 7.60 mA
Iz (calculated) = 50 A

d. V_(calculated) =115V
Vg (calculated) 3.54 V
Ir (calculated) = 3.62 mA
I_ (calculated) = 3.48 mA
Iz (calculated) = .14 mA
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e. Vi (measured) =9.82V
Vg (measured) = 3.54 V
Ir (calculated) = 3.54 mA
I_ (calculated) = 2.98 mA
I (calculated) = .56 mA

The difference is expressed as a percent with calculated value as the standard of

reference.

percent change of: V.= -14.6%
Ve= 0%
k= -221%
L= -14.4%
Iz= 30.0%

f.  Rmin/(Rmin + 979)*15=9.82 V
R (calculated) = 1.86 Kohms

g. Since 2.2 Kohms > Ry, = 1.86 Kohms, therefore, diode is in the “on” state.

Part 4: LED-Zener diode combination

b. Vp=186V
Ib =15.8 mA
Vz=10.07V

Vap(calculated) = 11.9 V

c. Vi (calculated) =11.9V
I_(calculated) = 5.41 mA

e. E (calculated)=Vg+V_ =6.93+11.9=189V
f. E (measured) =19.1V

The two values are in agreement within 1.06% using E (calculated) as reference.
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Part 5: Computer Exercise

PSpice Simulation 7-1

1.-8. See Circuit diagram

. PSpice Simulation 7-1
]
'I RLlne
. _ 2
‘J_— - D1 a
D1N750 Rioad

1k

RLine

Yes
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EXPERIMENT 8: BIPOLAR JUNCTION TRANSISTOR (BJT) CHARACTERISTICS

Part 2: The Collector Characteristics

d., f.g.,h
VRrB
v

LWLWLWLWWLWWLWWW
. . .

¢« o . .
LWLWWLWWWWWW

A0 OO
. L Y B I
ARG O

.

(Yo JRVe TRVo Ve Vo]
((o J Vo JVo I Vs JRNe]

I
ua
10
10
10
10
10
10
10
10

20
20
20
20
20
20
20

30
30
30
30
30

40
40
40
40

50
50
50

Ve

oSN O 0o

o BN

Table 8.3

VRe
v
1.18
1.19
1.21
1.22
1.23
1.25

1.26
1.27

2.39
2.42
2.45
2.48
2.52
2.56
2.59

4.28
4.31
4.36
4.41
4.48

5.82
5.94
6.01
6.17

7.20
7.33
7.48

Ic
mA
1.21
1.22
1.24
1.24
1.26
1.28
1.29
1.30

2.45
2.48
2.51
2.54
2.58
2.62
2.65

4.38
4.41
4.46
4.51
4.59

5.96
6.08
6.15
6.32

7.37
7.50
7.66

Fig 8.3

VBE
v

.65
.65
.65
.65
.65
.65
.65
.65

.65
.65
.65
.65
.65
.65
.66

.66
.66
.69
.69
.69

.69
.69
.69
.69

.70
.70
.70
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Ig
mA
1.22
1.23
1.25
1.26
1.27
1.28
1.29
1.31

2.46
2.49
2.49
2.55
2.59
2.63
2.66

4.39
4.42
4.47
4.52
4.60

5.97
6.09
6.16
6.33

7.38
7.51
7.67

ALPA

.99
.99
.99
.99
.99
.99
.99
.99

.99
.99
.99
.99
.99
.99
.99

.99
.99
.99
.99
.99

.99
.99
.99
.99

.99
.99
.99

BETA

124
125
125
125
125
125
125
125

125
125
125
127
127
127
127

138
144
149
149
150

152
152
154
153

147
150
153



Part 3: Variation of Alpha and Beta

b. The variations for Alpha and Beta for the tested transistor are not really significant,
resulting in an almost ideal current source which is independent of the voltage Vce.

c. The highest Beta’s are found for relatively large values of Ic and Vce. This is a generally

well known factor.

d. Beta did increase with increasing levels of Ic.

e. Betadid increase with increasing levels of V.

Part 5: Exercises

1. Beta(average) = 141
The arithmetic average occurred in the center of Fig 8.3.

2. VBE(average) =.678V
Given that .7 V differs by only 3.14% from .678, and given that resistive circuit component
can vary by as much as 20%, the assumption of a constant .7 V is entirely reasonable.

3. The Beta of the transistor is increasing. Table 8.3 does substantiate that conclusion.

Beta would be a constant anywhere along that line.

Part 6: Computer Exercise
PSpice Simulation 8-1

1. See Circuit diagram.
PSpice Simulation 8-1
20,00
i 16 05uA ke
f

500k! RB
2

500k

28.03uA

330k |
A 688 SmV|
T -

16.05UA)
|
Q1

B i

4 439 8

Q2N3904

4
RS
2.5k

2. 764m2

§ R6 .
20V —

2.5k

vce

o=

oV =5

2. Experimental PSpice
a .99 99
Yii 150 208
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EXPERIMENT 9: FIXED- AND VOLTAGE-DIVIDER BIAS OF BJTs
Part 1: Determining S

b. Vge(measured) = .67 V
Vgre(measured) = 4.9V

c. lg=(Veec— Vee)/Re = (20 — .67)/1.108 M = 17.4 1A
lc = Vre/Re = 4.9/2.73 K = 1.79 mA

d. Betalc/lg =1.79 mA/17.4 uA =105

Part 2: Fixed-bias configuration

a. lg(calculated) = 17 p/A
Ic(calculated) = 1.79 mA

b. Vg(calculated) = Ve — Ig* Rg = .67 V
Vc(CaICUIatEd) =Veec—Ic*Rc =134V
Ve(calculated) = 0 V(emitter is at ground)
Vee(calculated) = Ve — Ve = 13.4 V

c. Vg(measured) =.67 V
Vc(measured) = 13.4 V
Ve(measured) =0V
Vce(measured) = 13.34 V
The difference between measured and calculated values in every case is less
than 10%. It’s almost too good to be true.

d. Vgeg(measured) = .68 V
Vre(measured) = 16.7 V
Ig(from measured) = 17.4 uA
Ic(from measured) = 6.12 mA
Beta(calculated) = 352

Table 9.1
Transistor Type Ve (V) Ic (MA) Is (1A) B
2N3904 13.34 1.79 17.4 105
2N4401 3.2 6.12 17.4 352

e.
Table 9.2
%Ap %A lc % A Ve % A lg
242 242 —76.0 0
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Part 3: Voltage-divider configuration

b.
Table 9.3
2N3904 Vg (V) Ve (V) Ve (V) Vee (V)
(calculated) 3.52 2.82 12.47 9.7
(measured) 3.3 2.6 12.9 10.1
2N3904 le (MA) Ic (MA) Ig LA)
(calculated) 4.07 4.05 30
(measured) 3.76 3.87 36.5
c. The agreement between measured and calculated values fall entirely within reasonable
limits.
d.ande.
Table 9.4
Transistor Type Vee (V) Ic (MA) Is (LA) Beta
2N3904 10.1 3.87 36.5 103
2N4401 9.6 4.03 17.2 234
f.
Table 9.5
%Ap %A lc % A Vce %A lg
56 41 4.9 53

Part 4. Computer Exercises
PSpice Simulation 9-1

1.-3.  See circuit diagram.

PSpice Simulation 9-1

.

19.31UA| - vce
’ RC
20V
RB 2.7
1Meg
arf =0

3.292mA|

2N3904
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7.
8.

See circuit diagram.

8.24%

%Al = 0.05%
%Alc = 8.2%
%Al = 8.15%
%AVce = —6.57%
() = .995

PSpice Simulation 9-2

1.-3.

See circuit diagram.

PSpice Simulation 9-1

PSpice Simulation 9-2

231

mEm .| Ve
20V T
2.7k 3.581mA
=0
Q2N2222



4.

10.
11.

Part 5:

See circuit diagram.

PSpice Simulation 9-2

-

Bl 342mA

Q2N2222

%AB = 8.24%
%Al = —6.47%
%Al = 1.13%
%Ale = 1.10%
%AVce = —0.94%

1.13%
S(p) 8040 0.13
Circuit with Q2N2222.
Same as #9.
Same as #9.

Problems and Exercises

a. o fixed bios) = 20/2.73 K = 7.33 mA

b.  lcsatvolt-divider bias) = 20/(1.86 K + 692) = 7.83 mA

c. The saturation currents are not sensitive to the Beta’s in either bias configuration.

In the case of the 2N4401 transistor, which had a higher Beta than the 2N3904 transistor, the
Q point of the former shifted higher up the loadline toward saturation. (See data in Table 9.4).

a.
Table 9.6
Fixed bias % Al % A Ve % A lg
%Ap %Ap %Ap
1 314 0
Volt-divider 732 .087 .94

The ideal circuit has Beta independence when the ratio of %A Ic/%A gis equal to 0.
Thus, the smaller the ratio, the more Beta independent is the circuit. Using this as a
criterion of stability, it becomes apparent that the voltage divider bias circuit is the more
stable of the two.
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4.

a.

b.

C.

lc = ﬁ(Vcc - 67)/RB mA

Ic = [Ro/(R1 + R2)*Vee — . 7)/[(R1 | R2)/ B+ Re] mA

In equation 4a, the Beta factor cannot be eliminated by a judicious choice of circuit
components. In 4b however, if the quantity Ry || R./4is made much smaller than R, then
Ic is no longer dependent upon Beta. In particular:

lc = [Rz/(Rl + Rg)*VCC — 7]/RE mA

In that case, we have achieved Beta independent biasing.
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EXPERIMENT 10: EMITTER AND COLLECTOR FEEDBACK BIAS OF BJTs
Part 1: Determination of S

b. Vg (measured) =5.04 V
Vre (measured) = 4.04 V

c. lg (from measured) = (20 —5.41)/1.1 M = 13.6 LA
Ic (from measured) = 4.04/2.2 K = 1.84 mA

d. B=1.84mA/13.6 LA =135
Part 2: Emitter-bias configuration
a. Using KVL:
20+ 1c* (LOLM/IA + 67V +1c* (223 K) =0V

therefore: Ic=(20-.67)/9.1 K=2.1mA
Ig =2.1 mA/135 =15 LA

b. and c.
Table 10.1
Calculated Values
Transistor type Vi (V) Ve (V) Ve (V) Vee (V) Vee (V)
2N3904 5.4 15.3 4.7 .70 10.6
2N4401 8.2 12.6 7.4 .8 5.2
Transistor type lg (1A) lc (MA)
2N3904 15.0 2.1
2N4401 11.7 3.3
Measured Values
Transistor type Ve (V) Ve (V) Ve (V) Vee (V) Vee (V)
2N3904 4.75 15.9 4.2 .66 11.8
2N4401 8.0 12.5 7.6 .62 4.8
Transistor type Ig (LA) Ic (MA) Beta
2N3904 14.7 2.2 150
2N4401 11.9 3.4 286

d. See Table 10.1.
e. See Table 10.1.

f. Inevery case, the difference between calculated and measured values were less than 10%
apart.
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Table 10.3
% AS %Al %A Ve %Alg
90.7 54.5 -58.5 -19
Part 3: Collector Feedback Configuration (Rg = 0 ohms)
b. Using KVL:
—20 +1¢(3.2K) + 1c(395 K)/150 + .7V =0V
from which: 1z =21 zA and Ic = 3.4 mA
Table 10.4
Calculated Values
Transistor type Ve(V) Ve(V) Ve (V) I1g(wA) Ic(mA)
2N3904 .62 9.1 9.1 21.2 3.4
2N4401 .55 6.2 6.2 14.4 4.3
Table 10.5
Measured Values
Transistor type Ve(V) Ve(V) Ve (V) 1g(wA) Ic(mA)
2N3904 .68 9.6 9.6 22.4 3.6
2N4401 .63 5.8 5.8 15.1 4.4
Table 10.6
%Ap % A lc % A Vce % A lg
83 22.8 -39.9 -33
Part 4: Collector Feedback Configuration (with Rg)
a. For 2N3904:
—20 + 1¢(3.2 K) + 1¢(395 K/150) + Ic(2.2K) =0V
from which: Iz = 15 ¢A and Ic = 2.4 mA
for 2N4401:
—20 + 1c(3.2 K) + 1¢(395 K/286) + I1c(2.2K) =0 V
from which: I = 9.7 A and Ic = 2.8 mA
b. See Table 10.7.
c. See Table 10.8.
d. See Table 10.7.
e. See Table 10.8.
f.
Table 10.7
Calculated Values
Transistor Vg (V) Ve (V)  Ve(V)  Vee(V) Ic(MA) e (MA) 15 (uA)
2N3904 6.2 12.1 5.4 6.7 2.45 2.5 15
2N4401 6.9 10.8 6.3 45 2.8 2.9 9.7
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Table 10.8

Measured Values
Transistor Vg (V) Ve (V) VE(V) Ve (V) Ilc(mA)  le(mA) g (rA)
2N3904 5.9 12.6 5.2 7.4 2.3 2.4 19
2N4401 7.0 10.8 6.5 43 2.8 2.9 9.2
Table 10.9
%Ap % A lc % A Vce % A lg
83.2 23.8 -41.2 -50.3
Part 5: Computer Exercises
PSpice Simulation 10-1
1-6.  See Circuit diagram.
PSpice Simulation 10-1
14.2 TuA ; m_
‘/ / g'm“k vce
2,506 PV B 46 41\
5.790 B _ i T_ .
M | Q2N3904
¥
RE
- 85mW T 2.9k
7. See Circuit diagram.
PSpice Simulation 10-1
1
J20.00VIN
RC
2.2k
C_ N | vee
| BEER 20V = - -ZERI
- W I 470mA|
\QZN2222
A2 470mA
T
__ RE
13.42mWj T 2 9k
=0
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10.
11.
12.

13.
14.

%AL=8.87%

%Alg = -2.18%

%Alc = 6.50%

%Al: = 6.42%

%AVCE =-7.43%

S(p) =.73

P(Q2N3904) = 46.41 mW
P(Q2N2222) = 49.40 mW

Yes

Yes, see circuit diagram above.
Yes, see circuit diagram above.

PSpice Simulation 10-2

1-6.

See Circuit diagram.

PSpice Simulation 10-2

2.526mAN

.| vee
a1 2.510mA 20V === _ _
T -50.52m
- L
;
15.84uA
o
-0
See Circuit diagram.
PSpice Simulation 10-2
1
2.594mAN
RC
T e
A 3k
14.98u/—\
RB
. vcc
20V === _ _
T -51 .88mW
Q2N2222
P
G 07
RE
v 2.2k
A}
14.80mW
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10.
11.
12-14.

%ASB= 8.64%
%Alg = -5.43%
%Alc = 2.75%
%Ale = 2.69%
%AVCE =-4.96%
S(H) = .32

See circuit diagrams above.

Part 6: Problems and Exercises

1.

a. legay 20/(2.2 K + 2.2 K) = 4.55 mA
b. logay = 20/3 K = 6.67 mA
C. IC(sat) =20/5.2 K =3.85 mA

d. Beta does not enter into the calculations.
The Q point shifts toward saturation along the loadline.

a.
Table 10.10
Emitter bias % A lc % A Vce % A lg
%A B %A B %A B

b. The smaller that ratio, the better is the Beta stability of a particular circuit. Looking at the
results, which were computed from measured data, it appears that the collector feedback
circuit with Re = 0 ohms is the most stable. This is counter to expectations.

Theoretically, the most stable of the two collector feedback circuits should be the one
with a finite Re. Since the stability figures of both of those circuits are so small, the
apparent greater stability of the collector feedback circuit without Re is probably the
result of measurement variability.

Using KVL:

_VCC + IC/ﬂkRB + VBE + IC*RE =0V
from this:

lc = (Vce — Vee)/(Re/ B+ Re) MA
This division results in:

Ic = AVce — Vee)/(Rs + f*Re) MA
If ﬁkRE >>Rp then Ic = (VCC — VBE)/RE mA

Using KVL:

—Vcc + IC*RC + |C/ﬂkRB + VBE =0V

from this:

IC = (VCC - VBE)/(RC + RB/@

if Rc>>RB/ﬂthen lc= (VCC - VBE)/RC mA

Using KVL:

—Vee + Ic*Re + Ic/f*Rg + Ve + Ic*Re =0 V

from this:

lc = (Vcc - VBE)/(RC + Rg + RB/,@ mA

if (Rc + RE)>>RB/ﬂthen Ic= (VCC - VBE)/(RC + RE) mA
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EXPERIMENT 11: DESIGN OF BJT BIAS CIRCUITS

Part 1: Collector-Feedback Configuration

a.

Rc = (15 - 7.5)V/5 mA = 1.5 Kohms
Rc(commercial) = 1.5 ohms

Vre(measured) = 5.14 V
Veeg(measured) = 7.7 V
lcq(from measured) = 3.4 mA
P(calculated) = 104

The most critical values for proper operation of this design is the voltage Vceq measured
at 7.7 V. It being within 2.7% of the design makes this a workable design.

Re/(S*Rc) = 214 K/(104*1.5 K) = 1.37

R|:1 + RFZ =189 K
Rg(commercial) + 214 K

No, the value of Rg is fixed both by Vcc and Vg, neither of which changed.

Vrc(measured) = 5.64 V

Vceg(measured) = 9.27 V

lco(from measured) = 3.76 mA

Mcalculated) = 3.73 mA/([9.27 — .7)/214 K] = 108

The measured voltage Ve is somewhat high due to the measured current I being below
its design value. In general, the lowest Ic which will yield proper Vg is preferable since it
keeps power losses down. For the given specifications, this design, for small signal
operation, will probably work since most likely no clipping will be experienced.

Re/(S*Rc)(calculated) = 214 K/(108*1.5 K) = 1.4
Re/(/*Rc)(calculated) = 1.34 (see above)

The parameters of the circuit do not change significantly with a change of transistor.
Thus, the design is relatively stable in regard to any Beta variation.

S(p) =3.76 mA -3.4mA)/3.4mA =8

Part 2: Emitter-bias Configuration

a.

Rc(calculated) = [(Vee — (7.5 + 1L.5)]V/ISmA =12 K
Rc(commercial) = 1.2 K

Re(calculated) = 1.5 V/5 mA = 300 ohms
Re(commercial) = 285 ohms

Rg(measured) = R; + R, =392 K
Reg(commercial) = 394 K
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e. Vre(measured) =6.04 V
Vce(measured) = 7.55 V
Ic(from measured) = 4.7 mA
[calculated) = 144

f.  All measured values are well within a 10% tolerance of the design parameters. This is
acceptable.

g. RB/(,B*RE) =9.6

h. Rg(calculated) = 950 K
Rg(commercial) =1 M

i. Yes, it changed from 214 K to a value of 950 K. The increase in Beta was compensated
for by the increase in Rg in such a way that lcq, and consequently Ve, Veeg and Ve
remained constant. Hence, so did Rc and Re.

Jo Vgrc(measured) =5.2V
Vceg(measured) = 8.6 V
Ico(calculated) = 4.2 mA
Mcalculated) = 372

k. The important voltage Vceq Was measured at 8.61 V while it was specified at 7.5 V. Thus,
it was larger by about 12%. This is probably the largest deviation to be tolerated. If the
design is used for small signal amplification, it is probably OK; however, should the
design be used for Class A, large signal operation, undesirable cut-off clipping may
result.

I.  The magnitude of the Beta of a transistor is a property of the device, not of the circuit. All

the circuit design does is to minimize the effect of a changing Beta in a circuit. That the
Betas differed in this case came as no surprise.

m. (calculated)Rs/(#*Re)@nasos) = 10.4
(CaICUIated)RB/(ﬂkRE)(ZNMo]_) =9.6

n. S(p) = .66
Part 3: Voltage-divider Configuration

a. Rc(calculated) = [25-(1.5+7.5)]V/5SmA=12K
Rc(commercial) = 1.25 K

b. Reg=1.5V/5mA =300 ohms
Re(commercial) = 285 ohms

d. Ry(calculated) =2.94 K
Ro(commercial) = 3.2 K
Ri(calculated) =17.1 K
Ri(commercial) = 18.2 VK
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e. Vre(measured) =6.47 V
Veeg(measured) = 7.09 V
Ico(calculated) = 5.2 mA
[calculated) = 144

The difference between the calculated and the measured values of Icq and Vceq are
insignificant for the operation of this circuit.

f. Ry R/(F*Re) = .066
g. Vge(measured) =6.98 V
Veeg(measured) = 6.47 V

Ico(calculated) = 5.6 mA
[calculated) = 368

h. The measured values of the previous part show that the circuit design is relatively
independent of Beta.

i. The Betas are about the same.

J- Rl R/(B*Re)@nasor) = .026
R1 || R2(8*Re)(2nss04) = .066

k. S(B)=.051

Part 4: Problems and Exercises

1.

Table 11.1
Configuration lcg (MA) Veeg (V)
Collector-feedback 3.4 7.7
Emitter-bias 4.7 7.5
Voltage-divider 5.2 7.1

The critical parameter for this design is the voltage Vceq. Given that its variation for the
various designs is less than 10%, the results are satisfying.

Table 11.2
Configuration Stability factors
Re/(BRc) S(B)
Collector-feedback 14 .8
Emitter-bias 0.6 .66
Voltage-divider .06 .051

The data in adjacent columns is consistent.
The voltage-divider bias configuration was the least sensitive to variations in Beta. This is

expected since the resistor R,, while decreasing the current gain of the circuit, stabilized the
circuit in regard to any current changes.
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Using KVL:

_VCC + IC*RC + IC/ﬂkRB + VBE =0V
from which: Ic = (VCC - VBE)/(RC + RB)/m mA
for stable operation, make: Rc>>Rg/f3

Using KVL:

—Vcc‘l' |C/ﬁkRB+ |C*RE+VBE:OV

from which: lc = (VCC - VBE)/(RE + RB)/ﬂ) mA
for stable operation, make: Re>>Rg/f

Using KVL:

_VBB + |C/Beta*R1 || R2 + VBE + IC*RE =0V
where: Vgg = Rll(Rl + Rg)*VCC

from which: lc = (VBB — VBE)/(RE + Ry || Rg/ﬂ) mA
for stable operation: make Re>>R; || R,/ S

Part 5: Computer Exercises

PSpice simulation 11-1

1.

akrwn

See Circuit diagram.

PSpice Simulation 11-1

vCC
G a2Vl
R =
My B
1 100k 1 1
Q2N3904
26.65uA 326 65uA
1
703.7mV]
=0
B=170.5
S=1.095
Yes

See Circuit diagram above.
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PSpice simulation 11-2

1. See Circuit diagram.
PSpice Simulation 11-2: The "bad" design.
2. £=170.96
3. S$=0.08
4. No
5. See Circuit diagram.

PSpice Simulation 11-2: The "good" design.

- CcC
20.00
B
_§ R1 RC. | vee
p0o R 20V ==
_ =
Q2N390.
I
s . -
m
=0
6. Yes
7. Not needed
8. See circuit diagram above.
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EXPERIMENT 12: JFET CHARACTERISTICS

Part 1: Measurement of the Saturation Current Ipss and Pinch-off Voltage Vp
c. Vg(measured) =.754 V

d. IDgs=7.44 mA

e. Vp(measured) =-2.53V

f.

1. IDs=83mA, V,=-3.1V
2. IDss=9.1MA V,=-39V

It is extremely unlikely that two 2N4416 ever have the same saturation current and pinch-off
voltage.

Fig 12.1

Part 2: Drain-Source Characteristics

a. through d.
Table 12.1

Ves(V) 0 -1.0 -2.0
Vbs(V) In(mA) In(mA) In(mA)
0.0 0.0 0.0 0.0
1.0 4.63 2.1 .25
2.0 5.61 2.6 .28
3.0 7.32 3.06 .34
4.0 7.40 3.1 .36
5.0 7.43 3.2 .39
6.0 7.5 3.16 42
7.0 7.5 3.31 43
8.0 7.5 3.33 44
9.0 7.3 3.36 46
10.0 7.3 3.36 50
11.0 7.1 3.36 .50
12.0 6.81 3.36 51
13.0 6.76 3.36 52
14.0 6.71 3.36 53
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b o) ;
. el n ) uﬂb‘v
T pe=csnuniiupE
S : /,( i Udﬁ"#"‘ v :
Hr B2 T | L
AREPZe RVY 2\ Ry
gwglk_ 418 /(/_t -% [
T i /Z 1] A4 .’, 1 . ;
AT A D
é«f g, _ - .u’“‘;l:
IDgs (Fig 12.3) = 7.5 mA
IDss (Part 1) = 7.44 mA
Vp (Fig12.3)=-3V
Vp(Part 1) = -2.53 V
Part 3: Transfer Characteristics
a. b.
Table 12.2
Vos(V) 3V 6V 9V 12V
Vas(V) In(mA) In(mA) In(mA) In(mA)
0 7.32 7.5 7.4 6.81
-1 3.06 3.26 3.36 3.36
-2 .34 42 46 51

d. Given that the various variables in the above Table vary by less than 10%, it is reasonable
that the curves can be replaced on an approximate basis by a single curve defined by
Shockley’s equation if the average values of both 1Dss and Vsofry are used.

Part 5: Problems and Exercises
1. Shockley’s equation involves four parameters. Given two of them, such as Ip and Vgs, an
infinite number of curves can be drawn through their interception all of which can satisfy
Shockley’s equation for particular 1Dss and V5.

2. Vg =Vp*[1 - (Io/IDss)] V

3. For: IDss=10 mA; Vp=-5V;and Ip =4 mA
Ves(calculated) = (-5)*[(.4)**] = -3.16 V

a. gmo(calculated) = 2*(7.44 mA)/2.53 = 5.88 ms
. The slope of the Shockley curve is maximum at Vgs =0 V.
C. gm(calculated) = gmo(1 — Vp/Vp) = 0 S when Vgs = Vp.

The slope of the transfer curve at Vgs =Vp =0 S
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VG5/VP =1/4 VG5/VP =1/2 VG5/VP =3/4
Om 441 mS 2.94 mS 1.47 mS
Note: gmg = 5.88 mS

e. The slope is a constant value.

f. Itis proportional to the derivative of Shockley’s equation.
Part 6: Computer Exercises
PSpice Simulation 12-1

1-4.  See Circuit diagram.

PSpice Simulation 12-1

DD
RG
GG 7
W
E!klﬂﬂ E‘EEM 3.5k ﬂﬂﬂﬂﬂ
R2 D RD X .| vop
3.911uA 900k 2.235Y 100 m —
_:. ilgﬂ NI R 577 sy
T I J2N43 - s § Re
v EEEEN | EEmn 25
R3
100k
8.911uA
_:0 m

PSpice Simulation 12-2
Part A
4. See Probe Plot page 247.
5. Ipss = 16 mA
6. Vp=-15V
Part B
4, See Probe plot page 248.
5. Ipss = 18.2 mA

Vp =-14V
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EXPERIMENT 13: JFET BIAS CIRCUITS
Part 1: Fixed-Bias Network

IDss = 12 mA

Vp(measured) = -6 V

Ip = 1273(1 - 1/6)*? = 8.33 mA
Verp(measured) =8 V
Iog(measured) = 8.2 mA
Rp(measured) = 976 ohms

o oo

Part 2: Self-Bias Network

b. IDQ =2.64 mA
VGSQ =-33V
C. Ves(calculated) = -3.3 V

Vp(calculated) = 12.4 V
Vs(calculated) = 3.1V
Vps(calculated) = 9.3 V
Vg(calculated) =0 V

d. Ves(measured) = -3.4 V
Vp(measured) = 12.2 V
Vs(measured) = 2.1 V
Vps(measured) = 9.1 V
Ve(measured) =0 V

The percent differences are determined with the calculated values as the reference.

Vgs(calculated %) = 3.1%
Vp(calculated %) = —1.6%
Vs(calculated %) = —.64%
Vps(calculated %) = —2.3%
Vg(calculated %) = 0%

Part 3. Voltage Divider-Bias Network
b. For voltage divider-bias-line see Fig. 13.2

C. Ipg(calculated) = 4.8 mA
Ves(calculated) = -2.4 V

d. Vp(calculated) =10.3V
Vs(calculated) = 5.2 V
Vps(calculatedy = 5.1 V

e. Veso(measured) =-2.3V
Vp(measured) = 10.4 V
Vs(measured) = 5.3 V
Vps(measured) =5.1V
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f. The percent differences are determined with calculated values as the reference.
Vgs(calculated %) = —4.2 %
Vp(calculated %) = .97%
Vs(calculated %) = 1.9%
Vps(calculated %) = 1.2%

g. lpg(measured) = 4.8 mA
Ino(calculated %) = .4%

Part 4. Computer Exercises

PSpice Simulation 13-1

1. 928 LA
2. 12.96 V
3. -1.114V
4. 13.92 mW
5. See Circuit diagram.
PSpice Simulation 13-1: Self-bias circuit
1
561 20V 1k
C28,0 A
_ U, . VDD
. __ B 15V =—------
. -
: I 525.0uA
o 928.0uA
23.04pA 1 J2N4393™ |~
RG RS R
ENTEN | "™Meo REN
‘%"0
6. Negligible due to back bias of gate-source function
7. 12.03 mW
8. No
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PSpice Simulation 13-2
See circuit diagram.

1-8.
- J3.557mA
[13.31mv/il

PSpice Simulation 13-2:Voltage-divider-bias circuit.

.| vop
= - -

15V —=

il 557 A

___g R2 RS
3k v 1.2k
=0

No
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EXPERIMENT 14: DESIGN OF JFET BIAS CIRCUITS

Part 1. Determining IDss and Vp

b.
C.

IDss(measured) = 10.8 mA
Vp(measured) = -6 V

Part 2: Self-bias Circuit Design

a.

IDg(calculated) = 5.4 mA
Vpso(calculated) = 15 V
Vpp(calculated) = 30 V
Rs(calculated) = 1/gy, = 333 ohms
Rs(commercial) = 330 ohms

VRD = VDD - VDSQ - VRS =30-15-18=13.2V
Rp=24K

Vpso(measured) = 14.7 V
Ioo(measured) = 5.6 mA
Vpso(calculated) = 15 V
Ino(calculated) = 5.4 mA

Agreements between calculated and measured values are within 10% of each other and
thus are within acceptable limits.

Vpso(measured) = 13.7 V
Ipg(measured) = 6 mA
IDss(borrowed JFET) = 9.8 mA
Vp(borrowed JFET) =-5.1V

Even though in our case, the variations between JFETs was relatively small, such may
not be the case in general. Thus, the values of the biasing resistors for the same bias
design but employing different JFETs may differ considerably.

Best is not to use the arithmetic but the geometric average for the range of 1Dss and Vp.
Thus in our case, the geometric averages would be:

IDss(geometric average) =
[IDssminy * IDssmax]”” = [5 MA*15mA)]"= 8.66 mA

Vp (geometric average) = [1*6]"? = 2.45 V

Statistically, these values are most likely the ones encountered.

Part 3. Voltage-divider Circuit Design

Ves(calculated) = -2.6 V
Rg = (VGG — VGS)“DQ = (6 - 26)V/4 mA = 850 ohms

Rs(commercial value) = 820 ohms
Vg(calculated) = Vgs + Ip*Rs = 2.6 + 4 mA*820 =5.85 V
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C. Vrp(calculated) = Vpp — VDSQ —Vgs=20-8-3.28=8.72V
where Vgs = Ipg*Rs =4 mA*820 = 3.28 V

RD = [VDD _(VDSQ + VRS)]IID = [20 — (8 + 328)] =2.18 Kohms
Rp(commercial value) = 2 Kohms

d. R,=10*Rs=10*820 = 8.2 Kohms
Ro(commercial value) = 10 Kohms

Solving equation 14.3 for R; we obtain:

R1 = R*(Vop — Vi)/Ve = 10 K*(20 — 5.85)/5.85 = 24.2 Kohms
R;(commercial value) = 22 Kohms

e. Vpso(measured) =79V
IDg(measured) = 4.2 mA
Vpso(specified) =8 V
Ino(specified) = 4 mA

f.  %lpg(calculated) = 5%
%Vpso(calculated) = —1.25%

Such relative small percent deviations are almost too good to be true.

The voltage divider bias line is parallel to the self-bias line. To shift the Q point in either
direction, it is easiest to adjust the bias voltage Vg to bring the circuit parameters within
an acceptable range of the circuit design.

g. Inthe present case, the percent differences for Ipg and Vpsg were well within the 10%
tolerance allowed. If not, the easiest adjustment would be the moving of the voltage-
divider bias line parallel to itself by means of raising or lowering of V. This could best
be accomplished by a change of the voltage divider Ry/(R; + Ry)*Vpp. Its value
determines the voltage Vg which in turn determines the Q point for the design.

h. Vpsg(measured) = 13.7 V
Ipo(measured) = 3.68 mA
Ipss(borrowed JFET) = 9.8 mA
Vp(borrowed JFET) =-5.1V

Part 4: Problems and Exercises

1. Rp(commercial value) = 2.7 Kohms
Rs(commercial value) = 180 ohms

2. Rp(commercial value) = 2.4 Kohms
Rs(commercial value) = 680 ohms
R:(commercial value) = 6.8 Kohms
Ro(commercial value) = 33 Kohms
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3. Inthe design, use the geometric mean of both the given ranges on IDSS and VP for a
given type JFET.

Part 5: Computer Exercises
PSpice Simulation 14-1

1-6.  See circuit diagram.

PSpice Simulation 14-1

123.5mW|
1.4k I
1,
- i
11.35V/ )
56.31mW| ~. . LVDD
=~ LYY 20V ==
13.33pAJ B G.177mAl
617 7mV
N
e
o 177 Al
‘-‘.—‘0
PSpice Simulation 14-2
1. See circuit diagram.
PSpice Simulation 14-2: Voltage divider bias
DD
Eﬂﬂﬂﬂ
-
R1 RD
240k 1.3k
1233V}
D
i . .| vop
u3 20V —
_e_;‘i =
AR  J2N4393 S L’-mu
-5.902mA
74 01uAl
§ R2 RS
27k 450
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gk w

See circuit diagram.

PSpice Simulation 14-2: Voltage divider bias

See above circuit diagrams.
%Vps = 7.37%
Yes
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EXPERIMENT 15: COMPOUND CONFIGURATIONS
Part 1: Determining the BJT(f) amd JFET (Ipss and Vp) Parameters

a. Rg(measured) = 982 Kohms
Rc(measured) = 2.6 Kohms

IB = (Vcc — VBE)/RB - (20 - 7)/982 K=19.7 /lA

Vre(measured) = 6.45 V
Ic = VRC/RC =6.45/2.6 K=2.48 mA
Pcalculated) = 1.48 mA/19.7 uA = 126

Part 2: Capacitive-Coupled Multistage System with VVoltage-Divider Bias

b. Ver=47KIA47K+15K)*20=48V
Ve =48-.7=41V
lgr = |c1 = VE]_/RE]_ =4.1/1K=4.1mA
Vei1=Vee—lci *Rer = 2041 mA*2.7K=9.2V
Vg, =2.4K/(24 K+ 15K)*20=28V
Vg, =28-.7=21V
lepp =l = VEleEg =2.1/470 = 4.6 mA
ch = VCC - |C2 * Rcz =20-46mMA*12K=145V

Table 15.1
Veu(V)  Ve(V)  Ve(V)  Veo(V)
Calculated Values 4.8 9.2 2.8 14.5
Measured values 4.7 9.1 2.7 14.2
% Difference -1.1 -1.1 -1.8 2.1

As can be seen from the above data, the differences between the calculated and measured
values were much less than 10%.

f.  We note that the voltages Vc; and Vg, are not the same as they would be if the voltage
across capacitor Cc was 0 Volts, indicating a short circuit across that capacitor.

Part 3: DC-Coupled Multistage Systems

Use the same equations to determine the circuit parameters as in Part 2 except that Vg,=Vc.

b. Table 15.2
Ve(V)  Ve(V)  Vea(V)  VeaV)
Calculated Values 4.8 9.2 9.2 13.0
Measured values 4.7 9.1 9.1 12.9
% Difference -1.7 -1.0 -1.0 -8

Again, the percent differences between calculated and measured values are less than 10%
in every instance.
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f.  The dc collector voltage of stage 1 determines the dc base voltage of stage 2. Note that no
biasing resistors are needed for stage 2.

Part 4: A BJT-JFET Compound Configuration

b. Ve=47K/(47k+15k)*30=7.2V
Ve=Vg—.7V=65V
le=1p=65V/1.2 K=54mA
Vb = Vpp*Rp = 30 — 5.4 mA*985 = 24.7 V

For the JFET used: IDss = 10.1 mA

Vp=-32V
determine Vgs:
Io/IDss = [1 — Vas/Ve]*? MA = 5.4 mA/10.1 mA = [1 — Vgs/3.2]Y2 mA
therefore:
[5.4 mA/10.1 mA]? = [1 - Ves/3.2]
286 = [1 — Vgs/3.2]

from which: Vgs = (1 -.286)*3.2=-2.28 V
remember: Vgs is a negative number:

Vc = VB - VGS =72- (—228) =95V

Table 15.3
Ve(V) Vo(V) Ve(V)
Calculated Values 7.2 23.6 9.5
Measured values 7.1 24.4 8.7
% Difference —-.56 3.4 -8.4

d. See Table 15.3.
. Differences were less than 10%.
f.  Vgs(calculated from measured values) =Vg —Vc=7.1-87=-16V
Ves(measured) = -1.7 V

g. Vro =Vpp—Vp = 30-247=53V
Ib =5.3V/985 =54 mA
Io(measured) = 6.4 mA

The percent difference between the measured and the calculated values of 1 was 18.5%,
with the calculated value of I used as the standard of reference.

Ve(calculated) =7.2-.7=65V

Ic(calculated) = 6.5 V/1.26 K = 5.2 mA
Ic(measured) = 5.06 mA
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The percent difference between the measured and the calculated values of Ic was —2.7%,
with the calculated value of I used as the standard of reference.

Part 5: Problems and Exercises

1. a. There will be a change of Vg and V¢ for the two stages if the two voltage divider
configurations are interchanged.

b. The voltage divider configuration should make the circuit Beta independent, if it is
well designed. Thus, there should not be much of a change in the voltage and current
levels if the transistors are interchanged.

2. Again, depending on how good the design of the voltage divider bias circuit is, the
changes in the circuit voltages and currents should be kept to a minimum.

Part 6: Computer Exercises
PSpice Simulation 15-1

1-11. See below.

PSpice Simulation 15-1: AC coupled multistage amplifier

I 250mA
2
220

| vee

20V —

2.009V 10.38mA
0.997mAJEN
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PSpice Simulation 15-2

Stages interchanged

PSpice Simulation 15-1: AC coupled multistage amplifier

- o CC -
1.153mA p 102 1mAII3.059mA
§ R12 RC2 R11 RC1
15k 1.2k 15k 2.7k
C2
_ L 311V
cc S
I B2 } 3.959mA|
o7 —1| N
/09 0.1uF EEND | Q2N3904
Q2 E 3 983mA
) 2
E<1::2r~139o4 |
] 3.983V/
3.983mA
§ R22 RE2 RE1
2.4k 470 1k

1-11. See below.
PSpice Simulation 15-2: DC coupled multistage amplifier
cC
20.00V]
7 025mA
RC2
R11 § RC1 1«
15k 2.7k 12 98
2
%
C1B2 7 025mA
9,197V 4
4,684V Q2N3904
Q M5 450V] 20V ==
) B1
, F2
24.42u Q2N3904
3.983V] 7. 067mA
o.997mA 1 .
3.983mA
§ R21 RE1 § RE2
4.7k 1k 1.2k
L 2 —8—
W -0
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PSpice Simulation 15-2: DC coupled multistage amplifier

Stages interchanged

cC .
20 .00V}
J3.756mAl
L RC1
3 R11 § RC2 27k
1k ‘“ S
73
] s 756mA
V] Q2N3904
vy s 3 15mA ! N
! El!il! 20V —
o T
2
EEE | Q2N3904 le
Elﬁzﬂﬁﬂﬂ
1.000mA ET ‘
§ R21 § RE2 RE1
4.7k 1.2k 1k
—
w -0
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EXPERIMENT 16: MEASUREMENT TECHNIQUES

Part 1. AC and DC Voltage Amplitude Measurements
DC MEASUREMENT

e.
f.

Vo(calculated) = 2K/(2K + 3.9 K)*12 = 3.86 V

Vo(measured) = 3.78 V

%Diff. (calculated) = —2%

Vo(measured shift) =3.8 V

The shift was down from the center of the screen.

There is almost complete agreement between the two sets of measurements.

The measurement taken with the DMM is the more accurate of the two, especially for a
DMM, since it reads to 1/100 of a volt.

AC MEASUREMENTS

h.

Vimms)(calculated) = 8/2*.707 = 2.82 V
Voems)(calculated) = [(2 K || 3.9 K +j0)*(2.82 + j0)]/(2.41 K - j1.59 K) = 1.34£33.4 V

Vo(measured) = 1.31V
% diff. (calculated) = —-1.51%

Vo -p(measured) =3.72 V
If we convert the measured rms value of Vg to peak value, we obtain 3.78 volts.

Comparing that to the measured peak value of Vo which was 3.72 V, we can be satisfied
with the results.

Part 2: Measurements of the Periods and Fundamental Frequencies of Periodic Waveforms

b.

C.

d.

Horizontal sensitivity = 100 gs/div
number of divisions = 5.6

Period(T) = 100 us/div*5.6 div = 560 us
Frequency(f) = 1/T = 1/560 us = 1800 Hz
f(dial setting) = 1750 Hz

The dial setting on the signal generator at best can only give an approximate setting of the
frequency.

f(counter) = 1810 Hz
Indeed it is, the difference between calculated and measured values is only 10 Hz using
the counter, whereas the difference between signal generator setting and calculated values

was 50 Hz. That measurement which is closest to that of the counter is the better
measurement. In our case, the scope measures better than the signal generator.
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Part 3: Phase-Shift Measurements

Part 4:

b.

Vims)(calculated) = 6/2*.707 = 2.12 V

Vogms = (0 — j1.59 K)*(2.12 + j0)/(1k — j1.59 K) = 1.81/-31.6 VV
Vorppms = 1.81%1.41%2 =51V

A(number of divisions) — 8
B(number of divisions) =10

angle ¢(calculated) = —31.6 degrees

The network is a lag network, i.e., the output voltage Vo lags the input voltage by the
angle theta, in our case it lags it by —31.6 degrees.

Vrms)(Calculated) = 1.1V

Vrp-p(calculated) = 3.1 V

angle theta = 58.4 degrees

The output voltage Vo leads the input voltage by 58.4 degrees. Note that an angle of 58.4
degrees is the complement of an angle of 31.6 degrees.

Vrp-p(mMeasured) = 3V
angle =58 degrees
It’s a lead angle.

Loading Effects

C.

d.

Vop-p(calculated) = 1 K/(1 K+ 1 K)*8 =4V
Vo(p-p(measured) = 3.98 V

Vop-p(calculated) =1 M/(I1 M+ 1 M)*8 =4V
Vop-p(measured) = 2.7V

The real part of the input impedance of the scope is now in parallel with the R2 resistor
and since for many scopes, that real part is about 1 Mohm, therefore, Rycope || R2 = 500
kohms.

Thus, Vo is considerably reduced.

Rerimey = 1 M/[VilVo — 1] = 1 M/[8/2.7 — 1] = 588 kohms
R(scope) = _R(pnme)*Rzl[R(pnme) - R2] = 1.43 MegOth

Most general purpose oscilloscopes have an input impedance consisting of a real part of
1 Megohms in parallel with a 30 pf capacitor. The result obtained for the real part of that
impedance is reasonably close to that.

Vop-p(calculated) = 1 K/(1 K+ 1 M)*8 =8 mV
Vo-p(measured) = 7.9 mV

The results agree within 1.25 percent.
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Part 5: Problems and Exercises
1. No. for the frequency of operation, the capacitor represents an impedance of 1.59k~/—90
ohms. Therefore, in relationship to the existing resistors in the circuit, it cannot be
neglected without making a serious error.

2. It depends upon the waveform. In case of sinusoidal voltages, the advantage is probably
with the DMM. For more complex waveforms, the nod goes to the oscilloscope.

3. For measuring sinusoidal waves, the DMM gives a direct reading of the rms value of the
measured waveform. However, for non-sinusoidal waves, a true rms DMM must be
employed. The oscilloscope only gives peak-peak values, which, if one wants to obtain
the power in an ac circuit, must be converted to rms.

4, T=5div*.1 ms/div=.5ms
f=1T=1/5ms=2KHz

5. angle theta = 1.5/8*360 = 67.5 degrees
VolVi=R'/(R" + Ry)

therefore: VilVo = (R" + Ry)/R’

solving for R": R'(VilVo) =R" + Ry
R'(VilVo—1) =Ry

Hence: R' = RJ/(VilVo — 1) ohms

Part 6: Computer Exercises
PSpice Simulation 16-1

See Probe plot page 264.

See Probe plot page 264.

See Probe plot page 265.

See Probe plot page 265.

33.74°

Vout

See Probe plot page 266.

See Probe plot page 266.

Vin(rms) =284V

Vout(rms) =132V

Yes

See Probe plot page 267.

See Probe plot page 267.
R3 2K

Vou = —> _(12V)=— "2 12V
= Rt R3 )(212+3.9K)( )

=4.067V

P RPOO 0T B~WNPE

=R
o

-
o1

|
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Agree
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PSpice Simulation 16-2

Using VOM, R2 = 100 kQ
Using DMM, R2 =1 kQ
For R2=1kQ

Both circuits

No

agrwdE
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EXPERIMENT 17: COMMON-EMITTER TRANSISTOR AMPLIFIERS

Part 1: Common-Emitter DC Bias
b. VBB = Rz/(Rl + Rz) * VCC =10 K/(lO K+ 33 K) *10=233V
VE = VBB -7=163V
Ve=Vee—Ilc*Rc=10-163mA*3K=51V
le =Ve/Re=1.63/1 K=1.63 mA
re =26 mV/Ig = 26 mV/1.63 mA = 16 ohms

c. Vg(measured) =2.25V
Ve(measured) = 1.57 V
V¢ (measured) = 4.95 V
le = Ve/Re = 1.57/978 = 1.6 mA
re =26 mV/1.6 mA = 16.2 ohms

The two values for r, obtained are within .2 ohms.
This represents a 1.25 percent difference.

Part 2: Common-Emitter AC Voltage Gain

a. Ay(noload) =—RC/re = 3.2 K/16 = 198
b. Vg =8.3mV(rms)

Vo(no load) = 1.47 V (rms)

Av(no load) = 177

The two values of Ay agree within 10.6 percent of each other.

Part 3: AC Input Impedance, Z;

Zin=R;|| Ry | Beta*r,=10 K| 33 K| (150 * 16) = 1.8 Kohms

Vi (measured) = 12 mV (rms)

Vsig = 20 mV(rms)

Zin=[12 mV/(20 mV - 12 mV)] * 1 K = 1.5 Kohms

The two values of the input impedance were within 18.9% of each other. This relatively large
divergence is in part the result of using an assumed value of Beta for our transistor. For a 2N3904
transistor, the geometric average of Beta is closer to 126.

Part 4: Output Impedance

a. Zo(calculated) = Rc = 3.2 Kohms
b- Vsig(rms) =10 mV(rms)
Vo(no load)(rms) = 1.8 V (rms)
Vo(loaded)(rms) = .913 V(rms)
R, = 3.2 Kohms
Zo=[(Vo—-V)/NV]*R. =[(1.8-.913)/.913] *3.2K=3.1K
The two values for Zg are within 3.15% of each other.
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Part 6: Computer Analysis

PSpice Simulation 17-1

1. See Circuit diagram.
PSpice Simulation 17-1: Common Emitter
! 20.00V]
R1 RC
33k 3k
GRERN C2
out
c1 \ Qg 15uF 20V ;___VCC
in T
15uF Q2N3904 R3
oA
Vsignal R ) 1Meg
13.773mA]

VOFF =0V R2 - CE

VAMPL = 10mV 100uF m

FREQ = 1kHz 10k

=0 ¢

2. re=6.93Q
3. See Probe plot page 271.
4. See Probe plot page 271.
5. 180°
6. As I(B) increases, so does I(C).

As I(C) increases, so does V(RC) and V(RE). Therefore V(C) decreases.
Z;, (theoretical) = 937.3 Q

See Probe plot page 272.

See Probe plot page 272.

10. Zin(PSpice) = 1.1323 k ~ Zj,(theoretical)

© o~

Determining output impedance
1. Zyw~RC=3k

2. See Probe plot page 273.

3. See Probe plot page 273.

4. Zyw(PSpice) = 2.6392 k ~RC
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EXPERIMENT 18: COMMON-BASE AND EMITTER-FOLLOWER
(COMMON-COLLECTOR TRANSISTOR AMPLIFIERS

Part 1: Common-Base DC Bias
a. Ve(calculated) = 10 K/(10 K+ 33 K) *10=2.33 V
Ve=Vg-.7V=163V
le=1c=Vg/Re=1.63V/1K=1.63 mA
Ve=10-Ic*Rc=10-(1.63mA) *3K=5.1V
r. =26 mV/lg = 26 mV/1.63 mA = 16 ohms

b. Vg(measured) =2.26 V
Ve(measured) = 1.57 V
Vc(measured) = 4.95 V
Ie(from measured values) = Ve/Reg = 1.57 V/978 = 1.6 mA
re(from measured values) = 26 mV/Ig = 26 mV/1.6 = 16.3 ohms

In every case, the differences between the two sets of values are less than 10% apart.
Such divergence is not excessive given the variability of electronic components.

Part 2: Common-Base AC Voltage Gain

a. Ay(calculated) = Re/re = 3.2 K/16.3 = 197
b. Vsig=50mV

Vo =243V

Ay = 2.43/Vq = 2.43/.05 = 122

The two gains differed by —38 percent with the calculated gain used as the standard of
comparison.

Part 3: CB Input Impedance, Z;

a. Z;=r.=16.3 ohms
b. Vg =50 mV
V;=9.9 mV
Rx = 100 ohms
Z; = [Vil(Vsig — Vi)] * Rx = [9.9 mV/(50 mV — 9.9 mV)] * 100 = 23.7 ohms

The two values of the input impedance differed by 45 percent with the theoretical value
of re (16.3 ohms) used as the standard of comparison.

Part 4: CB Output Impedance, Zo

a. Zo=Rc=32K
b. Vsig =20mVv
Vo(measured, no load) = 2.43 V
V(measured, loaded) = 1.22 V
Zo=[(Vo— V)NV ]*R. =[(2.43-1.22)/1.22] * 3 K= 3.18 Kohms

The agreement between the two values of the output impedance is within less than 1
percent.
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Part 5: Emitter-Follower DC Bias

a.

Vg(calculated) = 2.33 V

Ve(calculated) = 1.63 V

Ig(calculated) = 1.63 V

Vc(calculated) = 10 V

re(calculated) = 26 mV/Ilg = 26 mV/1.63 mA = 16 ohms

Ve(measured) = 2.26 V
Ve(measured) = 1.78 V
Vc(measured) =10.1 V
le=Ve/Re=1.78 V/ILK =178 mA
r. =26 mV/1.78 mA = 14.3 ohms

Part 6;: Emitter-Follower AC Voltage Gain

a.
b.

Ay =Re/(Re + 1) =1 K/(1 K + 14.3) = .986
Vsig =1V

Vo(measured) = .987 V

AV = VO/VSig =.987/1 = .987

The two values of gain are within .1 percent of each other.

Part 7: Emitter Follower (EF) Input Impedance, Z;

a.
b.

Zi=R;||R; || (Beta* (1 K +r.) = 7.31 Kohms

Rx = 10 Kohms
f=1KHz

Vi(measured) = .85V
Z; = [Vil(Vsig — Vi)] * Rx = [.85/(2 — .85)] * 10 K = 7.39 Kohms

The input impedance calculated from measured values is within 1.1 percent of the
theoretically calculated value of Z;.

Part 8: Emitter Follower (EF) Output Impedance, Zo

a.

b.

Zo=r1.=16 ohms
Vo(measured) = 19.8 mV
Vi (measured) = 11.2 mV

Zo=[(Vo—VONI*RL =[(19.8 mV — 11.2 mV)/11.2 mV] * 100 = 76.8 ohms
In the theoretical formulation, Zo was equated with re, this is an approximation. A better

expression for the output impedance is: Zo =re + (Rg || R1 || R2)/Beta. Thus it can be seen
that the given formulation was actually a minimum value of the output impedance.
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Part 9: Computer Analysis

PSpice Simulation 18-1
Bias Point Analysis
1. See Circuit diagram.

PSpice Simulation 18-1: Common Base Amplifier

S~ o 1.556mA 10.00V]
R1 RC
33k 3k

vcc

10V.—__—

VOFF =0V = veignal 0
VAMPL = 1omv (3
FREQ = 1kHz
=
=0
2. See circuit diagram.
4. re=16.71 Q
5. A, =179.53
6. Zin=1.=16.71Q
7. Zout = 3 kQ
Transient Analysis
1. See Probe plot page 277.
2. 38°

4. A, = 141.59, see Probe plot page 278.

Input Impedance
1. Zin = 20.7 Q, see Probe plot page 279.

Output Impedance
1. Zout = 2.87 kQ, see Probe plot page 280.
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PSpice Simulation 18-2
Bias Point Analysis
1. See Circuit diagram.

PSpice Simulation 18-2: Emitter Follower

! Jj10.00
R1
33k

c1 1|’ .| vec
I+ B Q2N3904 10V =
VOFF = 0V R 1021/ c2 ) h
VAMPL = 1V out
FREQ = 1kHz Vsignal g@ CRe 150 Rioad
10k s 1k 1Meg
£ ”
2. See circuit diagram.
4. r.=16.65 Q
5. A, =0.98
6. Zin=7.31kQ
7. Zoyt = I =16.65 kQ
Transient Data
1. See Probe plot page 282.
2. 0.0°
4. 0.981

Input Impedance
1. 7.35kQ

Output Impedance
1. 58.63 Q

281



_ 7002 ‘¢ USIBW :23=d

|
-

||||| B D L e R e R

'
]
1
||||| i Bafidiadiadil afitiiegiitly Innieii i S g e B
' ' | ' 1 1 1
[ ' ] i 1 1 1
e - Lcccadacaaa L e el e e e - dacaaa | -
1 ] ] ' 1 1 i
' ' | ' ] 1 1
] 1 ] ' [ 1 1
||||| 9-----r----Aa-----Sp oS-SS Tos- it Sl it

-—
' t
1
.

1 '
' '

(] ] @ A T

1 \ epe oA INAIN0
1 ' W '

' 1

F =

AOT

(9aT30®) T-TDILVWIHOS- Z-8T uoTiernwts &dot1dsd (v)

0Lz :2anjexsdws] €V:iCZiE€T v0O/€C/E0 unx mEﬂB\wumm
+++0o1dsd\(0z-91 201dsd UOTSTAS®Y geT\S3uswndog ZW\S3TTPEOIO\SaTTd wexboid\:D ] wI-TIDIIVYWAHDS. :9TTFOId x«x

282



EXPERIMENT 19: DESIGN OF COMMON-EMITTER AMPLIFIERS
Part 2. Computer Analysis
PSpice Simulation 19-1

1. See Circuit diagram.

PSpice Simulation 19-1: Design of Common Emitter Amplfier

.| vee
10V —
Rioad l
VORF £ ov 1Meg
VAMPL = 15mV
FREQ = 1kHz
3. £ =139.6
4, VCE =478V
5. Yes
Transient Analysis
1. Ay = 1479
2. Yes
4, Zin=2.78 kQ
5. Yes
8. Zout = 3.893 kQQ
9. Yes

Part 3: Build and Test CE Circuit

b. Vg(measured) =1.54 V
Ve(measured) = .87 V
Vc(measured) =7.15V
Ic = I = VE/Re = .87 /979 = .89 mA
r. =26 mV/Ig = 26 mV/.89 mA = 29.3 ohms
c. Vsg=10mV
Vi (measured) = .815 V
Ay = (Re || R)/re = (3.2 K || 10.2 K)/29.3 = 80.7
d. Vig=20.5mV
Ry = 3.17 Kohms
Vi(measured) = 8.8 mV
Zi = (R1|| R || Beta*r,) = (100.2 K || 21.6 K || 100 * 29.3 = 2.4 Kohms
e. Vo(measured) =1.08 V
Zo=(Vo— V)V *R. = (1.08 —.82)/.82 * 10.2 K = 3.25 Kohms
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Design parameter Measured value

Ay 100 min. 80.7

Z;i (Kohms) 1 Kmin. 2.38K
Zo (Kohms) 10 Kmax. 3.35K
Vomax(p—p) 3 Vp—p min. 7.1Vp-p

The design of the circuit was successful with all parameters, but the gain, meeting and
even exceeding the design specification. The gain is about 20 percent below the expected
value. To increase it, the supply voltage Vcc could be increased. This would increase the
quiescent current, lower the dynamic resistance r.and consequently increase the gain of
the amplifier.
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EXPERIMENT 20: COMMON-SOURCE TRANSISTOR AMPLIFIERS

Part 1:

Part 2:

Part 3:

Part 4:

Measurement of Ipss and Vp

a.

Ips = 9.1 mMA

b. Vp =-29V

DC Bias of Common-Source Circuit

VGS:—1.33V
Ip =255 mA
Vp=Vpp - Ip*Rp=20-255mA*22K=138V

Vg(measured) =0V
Vs(measured) = 1.46 V
Vp(measured) = 13.8 V
Vgs(measured) = -1.37 V

Ipo = Vp/Rs = 13.8/488 = 2.99 mA

The agreement between calculated and measured values was in most cases within 10
percent of each other, the exception being the 17.3 percent difference between the
calculated and measured value of Ip.

AC Voltage Gain of Common-Source Amplifier

a.

Av =—0nRp

where

Om = loss/(2 * | Ve |) * (1 — Vas/Ve)2 = 2 * 9.1 mA/2.9 * (1 — 1.33/2.9) = 3.4 mS
therefore: Ay=-34mS*2.2K=7.48

f=1KHz

Vo(measured) = 758 mV

Ay = Vo/Vsig = 758 mV/100 mV = 7.58

The difference between the theoretical gain and the gain calculated from measured values
was only 1.34 percent.

Input and Output Impedance Measurements

Zi = RG

Zi(expected) = 1 Megohm

Zo=Rp

Zo(expected) = 2.25 Kohms

Vi(measured) = 37.2 mV

Zj(calculated) = V;* Rx(Vsig — Vi) = 592 Kohms
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d. Vo(measured) = 760 mV
R.(measured) = 9.9 Kohms
V (measured) = 620 mV
Zo=(Vo—VL) *R/V.= (760 mV — 620 mV) * 9.9 K/620 mV = 2.24 Kohms
The infinite input impedance of the JFET is predicated upon the assumption of the zero
reverse gate current. Such may not be entirely true. Hence, we observe a 41 percent
difference between the theoretical input impedance and the input impedance calculated from
measured values.

The two values of the output impedance are in far better agreement. They differ only by .44
percent.

Part 5: Computer Exercises
PSpice Simulation 20-1

1. See Circuit diagram.

PSpice Simulation 20-1: Common Source amplifier

.| voDb
10V —

Rload B
1Meg

VOFF =0V
VAMPL = 100mV
FREQ = 1kHz

3. Omo = 21.15mS; g = 7.48 mS
4, A, =-17.9

6. A, =-19.47

8. Zin = 954.64 kQ

11. Zout = 2.34 kKQ

13. Ay

4. A|g =4kQ=21.93
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EXPERIMENT 21: MULTISTAGE AMPLIFERS: RC COUPLING

Part 1:

Part 2:

Measurement of Ipss and Vp

Ipss = 10.4 mA
Vp =-32V

DC Bias of Common-Source Circuit

a.

Vesi(calculated) = -1.36 V

Ipi(calculated) = 3.1 mA

VDl(CaICUIated) =Vop—Ip1 *Rp1 =20V -3 1mA*22K=132V
Vesz(calculated) = -1.38 V

Ioo(calculated) = 3.54 mA

Vpo(calculated) = Vpp — Ip, * Rp2 =20V - 354 mA * 22K =122V
Vei(measured) =0V

Vsi(measured) = 1.49

Vpi(measured) = 13.81 V

Vgsi(measured) = -1.04 V

Io1 = Vs1i/Rsy = 1.49 V/496 = 3 mA

Vea(measured) =0V

Vsy(measured) = 1.52 V

Vpz(measured) = 11.3 V

Vesz2(measured) = —.8 V

Ip, = Vsz/Rsz =1.52 V/468 = 3.25 mA

The theoretical and the measured bias values were consistently in close agreement.

Part 3: AC Voltage Gain of Amplifier

a.

For stage 2:
Avz = —0m2(Rpz || RL) = (-3.64 mS)(2.2 K || 10 K) = 6.6

For stage 1:
A = _gml(RDl || Zi2) = (—351 mS)(22 K || 1 M) =7.72
note: Z; = Rgz = 1 Megohm

AV = A\/l * AVZ =6.6*7.72=50.7

Vsig(measured) = 20 mV

Vi (measured) = 945 mV

Ay = Vi/Vsig = 945 mV/20 mV = 47.3
Voi(measured) = 145 mV
Vsig(measured) = 20 mV

A = VOl/Vsig =145 mV/20 mV =7.25
Ay, = Vi /Voi = 945 mV/145 mV = 6.52

The voltage gains differed by less than 10 percent from each other.
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Part 4: Input and Output Impedance Measurements

a.

b.

Zi = Rg1 = 1 Megohm
Zo =Rp,=2.2 Kohms

Viy(measured) = 7.5 mV

Vsig =20mVv

Rx = 1 Megohm

Zi=Vis * Rel(Vsig — Vi) = 7.5 mV * 1 M/(20 mV — 7.5 mV/) = 600 Kohms

Vi (measured) = 330 mV
Vo(measured) = 410 mV
Zo=(Vo—-VL) *RU/VL=(410 mV - 330 mV) * 10 K/330 mV = 2.42 Kohms

Again, the input impedance calculated from measured values is about 40 percent below
that which we expected from the assumption that the JFET was ideal and had no reverse
gate current. This seems not to be the case in actuality. There is a reverse leakage current
at the gate which reduces the effective input impedance below that of Rg by being in
parallel with it.

The output impedances again are in reasonable agreement, differing by no more than 9
percent from each other.

Part 5: Computer Exercise

Pspice Simulation 21-1

1. See circuit diagram.
PSpice Simulation 21-1: Multistage Common Source Circuit
N4
Cc1 10V =
in I
i
AN 15uF Vtest 3.807mA
~ | VOFF =0V
Vsignal \ - VAMPL = 1V
FREQ = 1kHz
VOFF =0V
VAMPL = 10mV
FREQ = 1kHz
3. Omo = 21.15mS
Omyi = 7.48 mS
Omiz = 7.48 mS

o

Ay =17.95 Ay, =7.48
Ay =19.498
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10.
11.
14.
16.
17.
20.

Ay, =8.275

(Av)(Ay) = 161.35
(Av)(Avg) = 161.35
Yes

Interchange J1 with J2
Zi, = 956.89 k)

Zou =989.74 Q
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EXPERIMENT 22: CMOS CIRCUITS

Part 1:

Part 2:

ov
ov
5V
5V

Part 3:

CMOS Inverter Circuit

Table 22.1

IN ouT

ov 5V

5V 3V

CMOS Gate

Table 22.3

B OUTPUT
ov 5V
5V ovVv
ov ov
5V ov

CMOS Input-Output Characteristics

d.
IN (V)
OUT (V)

IN (V)
OUT (V)

IN (V)
oUT (V)

0.0
5.0

2.2
3.9

3.8
1

Part 4: Computer Exercise

24
3.4

1

See Probe plot page 291.

1.
2. No
VPlot data
1.

See Probe plot page 292.

2.6
1.6

4.2
.08

Table 22.2
IN  OUT
oV 5V
5V .3V
6 8
50 4.9
28 30
11 .75
44 46
02 .02
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1.0
4.8

4.8
.005

1.2
4.8

14
4.7

1.8
4.4
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EXPERIMENT 23: DARLINGTON AND CASCODE AMPLIFIER CIRCUITS

Part 1. Darlington Emitter-Follower Circuit

a.

Vg(calculated) = 2.21 V
Ve(calculated) =1.01V

Ay = Re/(Re + 1) =47/(47 + 10) = .83
Ve(measured) =5.9 V

Ve(measured) = 4.94 V

Ig(calculated) = 199 A
Ig(calculated) = 106 mA
pcalculated) = 106 mA/199 uA =535
Vi(measured) = 350 mV
Vo(measured) = 340 mV

Ay = Vol/V; = 340 mV/350 mV = .97

Part 2: Darlington Input and Output Impedance

a.

b.

Zi(calculated) = 20.6 K || (535 * 47) = 11.3 Kohms

Zo=re+ (Rg || Re)/=9 ohms

Vsig = 500 mV

Vi(measured) = 55.6 mV

Z; = [Vil(Vsig — Vi) * Rx = [55.6 mV/(500 mV —55.6 mV)] * 100 K = 12.5 Kohms

Vo(measured) = 492 mV

Vi (measured) = 476 mV

R. =100 ohms

Zo=[(Vo— VIV *RL=[(492 mV — 476 mV)/476 mV] * 100 = 4.2 ohms

The two values of the input impedance differed by about 10.6 percent while the two
values of the output impedance differed by 53 percent. It is to be noted however that with
such small values the difference in just one ohm manifests itself as a large percent
change. Given the tolerances of electronic circuit due to their components and that of the
Darlington chip, the results are quite satisfactory.

Part 3;: Cascode Circuit

a.

Vg, (calculated) =5.5V

Vg, (calculated) = 4.8 V

Vci (calculated) = 11 V

Vg, (calculated) =12 V

Vg, (calculated) = 11.3 V

Ve (calculated) = 12.5 V

g = VE]_/RE]_ =4.8V/1k=4.8mA

lg, =11.3/1.8 K=6.24 mA

Feg = 26 mV/lg; = 26 mV/4.8 mA = 5.4 ohms
Feo = 26 mV/lg, = 26 mV/6.24 mA = 4.2 ohms

Vg (measured) = 4.69 V
Ver (measured) = 4.0 V

293



V¢ (measured) = 10.7 V

Vg, (measured) = 12.0 V

Vg, (measured) = 10.5V

Ve, (measured) = 12.3V

lg1 (CaICUIated) = VE1/RE1 =4V/1K=4mA

lgs (CaICUIatEd) = VEZIREZ =10.5/1.8 K=5.2mA
Feg = 26 mV/lg; = 26 mV/4 mA = 6 ohms

Feo = 26 mV/lg, = 26 mV/5.2 mV =5 ohms

c. Ay =-1 (as per equation 23.5)
Ay, = Rc/reg =1.8 K/5=360

d. Vig=10mV
V; (measured) = 8 mV
Vo2 (Measured) = 7.91 mV
Vo1 (measured) = 948 mV
Av: (calculated) = —Vo1/V; = 7.91/8 mV = —.98
Ay, (calculated) = Vop/Vo; =948 mV/7.91 mV =120
Ay = VOZNi =-948 mV/8 mV =-119

The voltage gains for stage 1 were within 2 percent of each other, while the overall
theoretical gain of 180 differs from the calculated gain from measured values by 34 percent.

Part 4. Computer Exercises
PSpice Simulation 23-1

1. See circuit diagram.

PSpice Simulation 23-1: Darlington Emitter Follower

10.00/
IN
0.001uF I .| Vvee
. mm 10V —
c2 K
V1 ouT

10uF

VOFF = 0V Rload

VAMPL = 1V 10Meg

FREQ = 10kHz

re=249 Q

See Probe plot page 295.
See Probe plot page 295.
See Probe plot page 295.
Ay =0.787

Zin = 47.123 kQ

Zoy = 2.04 kQ

Coakkown
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PSpice Simulation 23-2

1.

© ~No N

See circuit diagram.

PSpice Simulation 23-2: Cascode Amplifier

.| vee
20v ==

Rload2 -
10Meg
5.780mA

VOFF = 0V
VAMPL = 1mV
FREQ = 10kHz

=5.63Q r,, =9.6Q

€o1 &
See Probe plot page 297.
See Probe plot page 298.

R 1.8k
ForQ;; Ay= —=—"—— =319
Qu Av . 563Q
r, 56Q
ForQ, Ay=t=—=1
Qi Av L 56Q
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EXPERIMENT 24: CURRENT SOURCE AND CURRENT MIRROR CIRCUITS

Part 1: JFET Current Source

a.

b.

Vps (measured) = 9.64 V

L = (Voo — Vos)/Re = (10 — 9.64)/51.2 = 7.03 mA

Table 24.1
R, (ohms) 20 51
Vs (Volts) 9.88 9.64
I, (mA) 6.1  7.03

Part 2: BJT Current Source

a.

IL=19mA

b. Ve (measured) =—-.68 V

Vc (measured) = .404 V

Ie (calculated) = 2.13 mA
I (calculated) = 1.88 mA

Table 24.2
R. (kohms) 3.6 4.3
Ve (Volts) -68 —-.67
V¢ (Volts) 3.03 174
le (MA) 214 217
IL (mA) 194 1.92

Part 3: Current Mirror

a.

b.

Ix=.9mA

VBl =.669 V
ch =224V
Iy =.89 mA
IL=1.0mA

Iy (calculated) =1 mA
Vg: (Measured) = .669 V
Ve, (measured) =4.1V
Ix=.9mA

IL=15mA

82 100 150
944 934 885
6.83 6.60 7.57

5.1
—.68
404
2.13
1.88

299



Part 4: Multiple Current Mirrors

a. lx (calculated) =1 mA

b. Vg; (measured) =.672 V
V¢, (measured) = 1.67 V
Vs (measured) = 1.65 V

Ix=1.01 mA
I, =1.58 mA
I,=178 mA

c. Iy (calculated) =1 mA
Vg (measured) = .672 V
Vo (measured) = 3.81V
Vs (measured) = 2.87 V

Ix =1.02 mA
I, =1.73 mA
I,=144 mA

Part 5: Computer Exercise

PSpice Simulation 24-1

1.

See circuit diagram.

PSpice Simulation 24~1: Current Mirror

N
10V —

==

I(Ry) = 933.6 LA
I(R) =1.020 mA
Yes
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4. See Circuit diagram.

PSpice Simulation 24-1: Current Mirror

5. I(Ry) = 933.6 LA
I(R) =991.3 1A

6. Yes

8. Yes

10. Yes

11. No

12. Yes
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EXPERIMENT 25: FREQUENCY RESPONSE OF COMMON-EMITTER AMPLIFIERS
Résumé

fo=1/(2*3.24 * 1.39 K * 10 uf) = 11.5 Hz
flo=1/(2*3.24*6.1 K * 1 4f) = 26 Hz
fie=1/(2*3.14 * 2.2 K * 20 1£f) = 3.62 Hz

fu; = 1/(2 * 3.14 * 1.68 K * 960 4f) = 98.7 KHz
fuo = 1/(2 * 3.14 * 1.43 K * 45 pf) = 2.43 MHz

Part 1: Low-Frequency Response Calculations

a. Cpe (specified) = 100 pf
Chc (specified) = 10 pf
Cee (specified) = 15 pf
Cw, (approximated) = 20 pf
Cw, (approximated) = 30 pf

b. A(measured) =126

c. Vg (calculated) =4.08 V
Ve (calculated) = 3.38 V
V¢ (calculated) = 14 V
Ie (calculated) = 1.54 mA
re =26 mV/Ig = 26 mV/1.54 mA = 16.9 ohms

d. Ay (mid) =(Rc || R)/re=(3.9K ]| 2.2 K)/16.9 = 83.2
e. f., (calculated) = 11.5 Hz

f_, (calculated) = 26.2 Hz

f_e (calculated) = 3.62 Hz

Part 2: Low Frequency Response Measurements

b. Vg (measured) = 30 mV
Vo (measured) = 2.1V

Ay (mid) =70
Table 25.1
f (Hz) 50 100 200 400 600 800 1K 2K 3K 5K 10K
Vo-p) 4 5 9 1.6 1.8 1.9 2.0 2.1 2.1 2.1 2.2
Table 25.2
f (Hz) 50 100 200 400 600 800 1K 2K 3K 5K 10K
Ay 13.2 16.7 30 533 60 63.3 66.7 70 70 70 73.3

Part 3: High Frequency Response Calculations

a. fu, (calculated) = 98.7 KHz
fuo (calculated) = 2.47 MHz
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b.

f (KHz) 10
Vo) 2.2
f (KHz) 10
Ay 73

50 100
2.2 2.1
50 100
73 70

Table 25.3

300 500
1.9 1.6
Table 25.4
300 500
63 53

Part 4: Plotting Bode Plot and Frequency Response

f]_ =400 Hz
f, =500 Hz

from plot:

I‘Fyx
76

Fig 25.2

600 700
15 14
600 700
20 46

|

-

(/

N

Part 5: Computer Exercise

PSpice Simulation 25-1

1. See circuit diagram.

PSpice Simulation 25-1: Frequency Response of Common Emitter Amplifier

ugHz

1
sec Hz

cc

900
13

900
40

vCcC

'
RC
gﬂ%ﬂ 39 cc o
uT
39k F—'—‘m—
Q1 -~ 1uF
B 20V —
Q2N3904 RL
K 2.2k
4
4
= CcE @@
20uF

Almost identical

ONoRAN

re=17.2 Q; Aymig =81.3
See Probe plot 346.

See Probe plot page 346.
See Probe plot page 347.
20 log(78.028) = 37.84

both gains agree
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EXPERIMENT 26: CLASS A AND CLASS B POWER AMPLIFIERS

Part 1. Class A Amplifier: DC Bias

a.

Vg (calculated) = 1.53 V
Ve (calculated) = .83 V

I (calculated) = Ic = Ve/Re = .83/20 = 41 mA
V¢ (calculated) =5.1V

Vg (measured) = 1.59 V

Ve (measured) = .88 V

V¢ (measured) =5.3 V

Ie (calculated) = Ic = Ve/Re = .88/20 = 44 mA

Part 2: Class-A Amplifier: AC Operation

a.

P; (calculated) = 400 mW

Vo (calculated) = 5.3 Vp—p

Po (calculated) = 29.3 mW

% efficiency (calculated) = 7.3 percent

V; (measured) = 65 mV
V, (measured) =5 Vp—p

P; =400 mW
Po =26 mW
% efficiency (calculated) = 6.5 percent

While the values for the power and the efficiency are fairly consistent between the
theoretical and those calculated from measured values, the low efficiency of the amplifier
is an undesirable feature. In general, Class A amplifiers operate close to a 25 percent
efficiency. This circuit would need to be redesigned to make it a practical circuit.

Vi (measured) = 32.5 mVp-p
Vo (measured) = 3 Vp—p

P; (calculated) = 400 mW
Po (calculated) = 9.38 mW
% efficiency (calculated) = 2.3 percent

Pi = 400 mW
Po =93 mW
% efficiency = 2.3 percent

As stated previously, while the data is consistent, the values of the efficiency makes this
not a practical circuit.
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Part 3: Class-B Amplifier Operation

a. for Vo =1 Vpea
P; (calculated) =1.59 W
Po (calculated) = 50 mW
% efficiency (calculated) = 3.1 percent

for Vo = 2 Vpeax

Pi=159W

Po =200 mW

% efficiency (calculated) = 12.6 percent

b. Vi (measured) =2.9 Vp—p
Vo (measured) = 2.7 Vp—p
Pi =890 mW
Po=91 mW
% efficiency = 10.2%

c. Vj(measured) =5 Vp-—p
Vo (measured) = 4 Vp—p
l¢c (Mmeasured) = 159 mA
Pi =1.27TW
Po =637 mW
% efficiency = 50.2%

Note that the efficiency of the Class B amplifier increases with increasing input signal
and consequent increasing output signal. Also observe that the two stages of the Class B
amplifier shown in Figure 26.2 are in the emitter follower configuration. Thus, the
voltage gain for each stage is near unity. This is what the data of the input and the output
voltages show. Note also, that as the output voltage approaches its maximum value that
the efficiency of the device approaches its theoretical efficiency of about 78 percent.

Part 4: Computer Exercises

PSpice Simulation 26-1

1.

See Circuit diagram.
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VOFF =0V -
VAMPL = 10mV 25.91mW
FREQ = 10kHz

PSpice Simulation 26-1: Class- A Amplifier

R2
180

10.00V]

Yes.

Vee=5.709V -0.719V =498V || %(10 V)

442.7 mW

Qi

See Probe plot page 309.
Yes

No

180°

Po(AC) = 4.59 mW
%n=1.04%

DC values remain the same
Po(AC) = 1.16 mW

%7 = 0.26%

See Probe plot page 310.
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PSpice Simulation 26-2

1.

o ~ b

~No

10.
11.
14.

See circuit diagram.
Pi(DC) = 372.1 mW

Spice Simulation 26-2: Class B Amplifier

1000V

ouT !

. 1

[Ua Vsig 1' OuF 0V ‘

1

ow] .| vee

VOFF =0V 0V =

VAMPL=4V =

FREQ=1kHz 0

Qi and Q;
Yes.

V(E2)=4.947V || %(10 V)

V(BE)q1 = 0.77V

V(BE)q, = -0.81V

Maintain proper bias across Q; and Q..
0.7V

See Probe plot page 312.

V(OUT),, =4.077 V

% =55.8%

V(OUT),p =2.187 V

%n=16.1%
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EXPERIMENT 27: DIFFERENTIAL AMPLIFIER CIRCUITS

Part 1. DC Bias of BJT Differential Amplifier

a. Vg (calculated) = 0V
Ve (calculated) = -7 V
V¢ (calculated) =5.43 V
I (calculated) = 457 uA
re (calculated) = 57 ohms

b. Q1
Vg (measured) -10V
Ve (measured) -65V
V¢ (measured) 510V
I (calculated) 490 uA
re 53 ohms

Part 2: AC Operation of BJT Differential Amplifier

a. Ayg (calculated) = 179
Ay (calculated) =.5

b. Vo (measured) =1.48 V
Vo2 (measured) = 1.43 V

Q2
ov
-65V
49V

510 pA
51 ohms

VO,d = (VO,l + Voyz)/z = (148 + 143)/2 =146V

AV,d = VO,d/Vi =728

c. Vo, (measured) = .55V
AV,C = VO,C/Vi = .55

Part 3: DC Bias of BJT Differential Amplifier with Current Source

a. For either Q1 or Q2:
Vg (calculated) =0 V
Ve (calculated) = -7 V
V¢ (calculated) =9 V
Ie (calculated) = .5 mA
re (calculated) = 52 ohms

For Q3:

Vg (calculated) = -5V
Ve (calculated) = -5.7 V
V¢ (calculated) = -7V
Ie (calculated) =1 mA

re (calculated) = 26 ohms
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b.

For Q1, Q2, and Q3:

Vg (measured)
Ve (measured)
Vc (measured)
Ie (calculated)
re (calculated)

Q:
47 mV

-64V
791V

110 1A

236 ohms

Q2
0mvVv

-64V
297V

612 LA
425 ohms

Qs
-4.69 V

-5.35V
-64V

783 LA
33.2 ohms

Part 4: AC Operation of Differential Amplifier with Transistor Current Source

a.

Ava=Rc/(2* 1) = 10 K/(2 * 57.8) = 173

Part 5: JEFT Differential Amplifier

a.

For Q1: lpss = 7.9 mA
Vp=-31V

For Q2: Ipss = 8.1 mA
Vp=-34V

For Q3: Ipss = 11.2 mA
Vp=-4.2V

Vp, (calculated) = 9.84 V
Vp,2 (calculated) = 9.84 V
Vs, (calculatedO = .845 V

V1 (measured) =0 V
Vp,1 (measured) =9.71 V
Vb2 (measured) =9.72 V
Vp3 (measured) = .84 V

Avg=.184

Vo1 (measured) = 50 mV
Vo, (measured) = 46 mV
Avig=.5

Avg’d =4.6
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Part 6: Computer Exercises
Pspice Simulations 27-1

1. See circuit diagram.
P(DC)vcc = 9.283 mW
P(DC)vee = 9.356 mW

PSpice Simulation 27-1: Differential Amplifier

925 JuA I ‘ :|._
- vee =0

-9.283mVVERd -
10v

_Re2
+0 BRI
VOUT2

IS 358
I 64 2uA
Q2

VOFF =0V
VAMPL = 10mV
FREQ = 10kHz

Practically yes

V(CE)Ql :V(CE)Qz =6V

Yes.

1(Q1) =464.2 A

1(Q,) = 464.2 LA

Yes

9. See Probe plot page 316.

10. (VOUT1),, = (VOUT2),,=3.23V
phase shift = 180°

11. See Probe plot page 317.
Ay =114

14. See Probe plot page 318.

15. (VOUT1),, = (VOUT2),,=0.98 V
phase shift = 0°

16. See Probe plot page 319.

AV =0

ok N

o
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Pspice Simulations 27-2

1. See circuit diagram.
P(DC)VCC =9.853 mW
P(DC)vee = 14.97 mW

PSpice Simulation 27-2: Differential Amplifier with Current Source

0.00
_RCA__ = S_RGC2
o 2.427mW
5.074V B VelUag| 5,074V
a1 Q2 Q2N3904
2 2.820mW\}
VINT - ~ NVIN2
oV
RIN lﬁ .
o/
_______ 5.023mW\| -0
VOFF = 0V
VAMPL = 10mV Q2N3904
FREQ = 10kHz
\
2.536mWil S 1 000mA
"R1 ¥ R2 < _RE ___
10k PR 30 Y
503.6uA
B .497mA
- VEE
10V
=0
2. V(C)q =5.074V
V(C)g, =5.074V
Yes
3. 1(Qu) = 492.6 LA
1(Q,) = 492.6 LA

1(Qs( = 993.0 LA
4. ||(Ch)|:||((22n
||(CE)|::2||(Ch)|=:2||((22)
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12.
13.
14.

See Probe plot page 322.
Both voltages are 1.7602 V,_,
phase shift = 180°

See Probe plot page 323.

Ay =125

See Probe plot page 324.

1.6 mV,_, phase shift =0°
See probe plot page 325.

AV =0

321



6Z:LEIPT *OWTL - 1 obeg o 500z ‘L0 Azenuep :e93eg

(zLooAlA - (TLNOA)A

||||| PR P P Ay A e

—-A0°S

k
I
b
t
I
1

/ h \
S T (S | M [N, M ——
/ A I

i

A J_

!
|
T 1 1 { Y |
|
1
1

||||| B s it SR
1 1 [

ISNSISA TIMOA :Z-[7 LoTiernwrg
1 [ [ ..,"

]
nnnnn LR e it it
/S .-
A S S - S S o
| R N N
| _ N A C P Co oo H----pa-mwuﬂu “
| IR [ — i B . L ] 1 A et — L 1 1 >Oo®
| (2aT30®) Z-TOILYWEHOS-Z-LZ uoTiernurs sotdsd (V)
0°Lz :eanaexaduel N N © G0:TE€:pT S0/L0/T0 :unI BWTL/33eq

** UOTSTA®Y QEI\II UOTSTA3Y 20TdSd\Siusunood AW\®3TTPEOIO\SOTTI weiboad\:Dd ] .Z-TDIIVWIHOS. :9TTIOId xx

322



1 @beg

; :.... ity
snpoe snostT snpot snog

] \.. i

[ R el mmm—d -

P T R T

_(€615°€'M269°06) : (¥)44Id  (68SL°T-'0vZh 72T) 12V

(

6002 ‘L0 Axenuer :33eg

ZINOA)A - (TINOA) A" !
S0
|"I .|.||I“ ———— >D - v|

lllll I
............... ﬂ.v.:._wm...x.mw.:::-:::
" _ | ;
rT== Dl ) ml
- S S S SRS S S Y
] ' ' i 1 ] | 1 1 ] I I
1 _ I I I ’ I 1 1 ] I I
1 I ] I I 1 1 L] I I I
mde_kmﬁ%-mmgﬁ-ﬁ-Eo»-,.m!nm-mmﬁmwmﬁmr%ﬁwm.:_,---L_ ..... Lemend
_ | | i | | " ; ; ; "
1 1 I 1 I I 1 I I I I
||||r4llénlﬂunulnunnnllnnlnq ||||| [ T T TTTTT (I T A rTTTT°
Ll I I 1 I 1 1 ] ] 1 1
1 ) ) I I I 1 1 ) I !
1 1 ] 1 I I 1l I I U I
A A
P - " i R S S S Y

(eaT30®) Z-TOILVWAHOS-Z-(LZ uoTlernuts so1dsd (¥)

0°Lz :eanjeradus]
**"uoTSTA®Y QeI\II UOTsSTA®Y 20Tdsd\siusumndog AR\SITTPEOIO\SSTTI weiboid\:D ]

GO:TE:PT S0/LO/TQ :uni awTL/23eq

wC—TOILYNEHOS, :9TTI0Ad «»

(S09L°T'N9TI"SLT) 11

323



0S:€ZIGT oWTL . 1 ebea _ 500z ‘L0 Axenuer :9jeq

(WPGL9°T/NGTT 9%) : (¥)AAIA  (6ZL0°G’NT99°pZT):2¥ (9FLO0°G'NLLL OLT) T
Wt

(zLooa)A  (TINOA)A! !
snooT snog S0

~AGZLO"S
ADELO"S
"ASELO"S
“AOPLO"S
“AGFLO"S
.| - |_uu —r===- |_ lllllllllllllll
amﬁ.p.ﬁmmﬁ 2poi_ uduniop_ .ﬁ_m _2looa PYe_IINOA_ig-LZ juoTARTnWTS 93%dsd i R
U S S S N I S S S S N N SRR RSN RSP S S
m ' " ' ' | ' ' ' _ " " i
i L L _ 1 [T _ “ 1 .— 1 — ......IH...I S Tt L —_— PD m N.D - m_a
(9AT30®) Z-TOILVWIHOS-Z-LT UoTIRTNUTE muﬁmmm (d) i
0°Lz :®anjeasdusy 9v:6T:GT G0/L0/TO0 :unI awtl/®3ed

*TUUOTSTA®Y RT\II UOTSTA®Y 90Tdsd\siusumood AW\S1TIPedI0\saTTd weaboxd\:d ] ,Z-TDIIVWEHDS. :9TTIOId s«

324



TG:6EGT :8WTL ..mcom ‘Lo meﬁrmh 93eq

(Z21LNOA)A - (TINOA)A

~AN0OZC

FADQOO?

4 ANQ09

(eaT3oe) Z-T1DIIYWHHOS-Z-LZ uoTiernuis aotdsd (y)

PERECTTECICT —TesieT ST T seeey
* uOTSTASY gRT\II UCTSTA®Y 20Tdsd\siuaunoog AW\93ITIPeOIO\SSTTJ weiboxd\:d ] ,Z-TOILVYWIHOS. :9TTF0Id «xx

325



EXPERIMENT 28: OP-AMP CHARACTERISTICS
Part 1: Determining the Slew Rate
f. 5Vpp
g. 12us
h. 0.41Vl/us
Part 2: Determining the Common Mode Rejection Ratio
g. Vout(rms) =0.263 V Vin(rms)= 8.7 V
h. A(cm) = V(out)/V(in) = 0.0302
i. A(dif)=R1/R2=1000
j. CMR(dB)=90.4 dB
k. Published values: 90-95 dB

Part 3: Computer Exercises
PSpice Simulation: Determining the Slew Rate

b. V(Vout) max=5V V(Vout)min=0V
C. Time interval = 12 us
d. SR=0.40us
e. Published values: 0.3-0.7 us
PSpice Simulation: Determining the Common Mode Rejection Ratio
b. A(cm) = V(out)/\V(in) = 0.26 /8.7 VV = 0.03
c. A(dif) = R1/R2 = 1000
d. CMR(dB) = 90.4

e. Published values: 90-95 dB
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EXPERIMENT 29: LINEAR OP-AMP CIRCUITS
Part 1: Inverting Amplifier
a. VolV; (calculated) = —Ro/R; = 100 K/20 K = -5

b. Vo (measured) = —4.87
Ay =—-VolV;=4.87/1 =-4.87

c. VolV;(calculated) = —Ro/R; = 100 K/100 K = -1
Vo (measured) =1V
AV = —Vo/Vi =-1.06/1=-1.06

IO .. § S
R SO .. 3

Part 2: Noninverting Amplifier
a. Ay (calculated) = (1 + Ro/R;)) = (1 + 100 K/20 K) = 6
b. Vo (measured) =5.24V

Ay =Vo/V;=5.25/1=5.25
The two gains are within 12.5 percent of agreement.

c. Ay (calculated) = (1 + 100 K/100 K) =2
Vo (measured) =2.17 V
VolV; =217
The two gains are within 8.5 percent of agreement.

Part 3: Unity-Gain Follower

a. Vi (measured) =2.06 V
Vo (measured) = 2.05 V

The ratio of the computed gain from measured values is equal to .995, which is
practically identical to the theoretical unity gain.
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Part 4: Summing Amplifier

a. Vo (calculated) = —[100 K/100 K* 1+ 100 K/20 K * 1] =-6V
b. Vo (measured) = -5.02 V

The difference between the two values of Vg is equal to 16.3 percent.

c. Vo (calculated) = —[100 K/100 K * 1 + 100 K/100 K*1] =-2 V
Vo (measured) = -2.01 V

The difference between the two values of Vg is equal to .5 percent.
Part 5: Computer Exercises

PSpice Simulation 29-1

1. See Probe plot page 329.
2. (VOUT)peak =5V
(VIN)peak =1V
S A P
Vin Rin
4 VOUT __ SV _ 5
VIN 1V
5. Yes
6. 180°
7. Yes
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PSpice Simulation 29-2

See Probe plot page 331.
(VOUT)Peak =6V
(VIN)peak =1V

VY, (1, Ru =(1+100kQ
R 20 kQ

in

=5
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EXPERIMENT 30: ACTIVE FILTER CIRCUITS

Part 1: Low-Pass Active Filter

a. fi (calculated) = 1/(2*3.14 * 10 K * .001 F) = 15.9 KHz

b.

Table 30.1 Low Pass Filter
f (Hz) 100 500 1K 2K 5K 10 K 15 K 20K
Vo (V) 1.0 1.0 1.0 .99 .95 .85 74 .59

C. Fig 30.4

d. f_ (from graph) = 15 KHz

Part 2: High-Pass Filter

a. fu=1/(2*3.14*R,*Cy) = 1/(2*3.14 * 10 K*.001 xF) = 15.9 KHz

—tT

b. Table 30.2 High-Pass Filter
f (Hz) 1K 2K 5K 10K 20K 30 K 50K 100 K
Vo (V) .06 A3 31 54 18 .94 1.0 1.0
C.
Fig. 30.5
oLl T i T
E}??H’;is:z:;z, g
r‘ | — L et -":"‘"
mergadlseh g ERHitieES
ST T2 NRRNERNI T
et . J I U O (O O O Y BENN j,l_
I
1AL L T
+ - 1 4 s saR

0 a4t
[pic o jpe 00
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d. fy (from graph) =15 KHz

Part 3: Band-Pass Active Filter

C.
f(Hz) 100
Vo(V) .01
f(Hz) 50K
Vo (V) .35
d.

Table 30.3 Band-Pass Filter

500 1K 2K 5K 10K 15K 20 K
.035 .07 15 32 51 57 57

100K 200K 300K

10
Fig 30.6
. l R
’5—7(}/ : | I !
/‘i%!lglih‘mw
AT LN
*’i%hfg N
BN Ni N
I %— B
| I
TR T

Part 4. Computer Exercises

PSpice Simulation 30-1

1-2.  See Probe plot page 334.
3-4.  See Probe plot page 335.
5. Slight variance due to PSpice cursor position.
6. fc (calculated) = 15.923 KHz
fc (numeric gain) = 15.937 KHz
fc (log. gain) = 15.848 KHz
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1-5.
6-8.

10.

PSpice Simulation 30-2

See Probe plot page 337.
See Probe plot page 338.

Numeric Logarithmic
fc (low): 6.5151 KHz 6.6408 KHz
fc (high): 38.826 KHz 38.214 KHz
Bandwidth: 32.311 KHz 31.573 KHz

See tabulation in #9.
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EXPERIMENT 31: COMPARATOR CIRCUITS OPERATION
Part 1. Comparator with 741C Used as a Level Detector

a. R;=10 Kohms, Ve =5V
R; = 20 Kohms, Vies=6.7V

C. Vi (measured) =4.97V

d. V;(measured) (LED goeson)=5.01V
Vi (measured) (LED goes off) = 4.98 V

e. Vi (measured) =6.63 V
Vi (measured) (LED goes on) = 6.65 V
Vi (mesasured) (LED goes off) = 6.61 V

All values of voltages measured and calculated relative to a particular Rz are in very close
agreement.

Part 2: Comparator IC Used as a Level Detector

a. R; =10 Kohms Vet (calculated) = 4.98 V
R; = 20 Kohms Vet (calculated) = 6.63 V

C. Vyr(measured) = 4.97 V (R; = 10 Kohms)

d. V;(measured) (LED goes on)=5.01V
Vi (measured) (LED goes off) = 4.97 V

e. Replace R; with 20 Kohm resistor.
Vier (Measured) = 6.67 (R; = 20 Kohms)
Vi (measured) (LED goes on) = 6.69 V
V; (measured) (LED) goes off) = 6.65 V

f. Vi (measured) (LED goes on) = 6.65 V
Vi (measured) (LED goes off) =6.67 V

The agreement between calculated and measured values in every case was near perfect.
Part 3: Window Comparator

a. V'(pin5, calculated) = 7.5V
V™ (pinG, calculated) = 2.5V

c. Vi(pinl, measured) =7.6 V
V* (pin5, measured) = 7.36 V
V™ (pin6, measured) = 2.3V

d. Vj(measured) (LED goeson)=7.6 V
V; (measured) (LED goes off) =2.6 V
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e. V;j(measured) (LED goeson)=7.46 V
Vi (measured) (LED goes off) =2.2V

f. Vi (measured) (LED goes on) =7.46 V
Vi (measured) (LED goes off) =5.01 V

Again as in the previous case, the agreement between measured and calculated values
was excellent.

Part 4: Computer Exercises

PSpice Simulation 31-1

1. See circuit diagram.
PSpice Simulation 31-1: Comparator Circuit
.
[~
2 o
5 000Vl 50000 /“m
1.000m A R2 . b
BONG 003pA
é R4
Y ek
o W
2. V|n:6v; Vref:5V
3. Yes. 1(D1) = 9.006 mA
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4-6.  See circuit diagram.

PSpice Simulation 31-1: Comparator Circuit

v
1ov-—l—
118.8ul RS ) l
R3 R1
§ 3
6k 10k D D1N914
5000V} VREF 5 \
Y S
4,000\ gi500.0uAJH .
procom Il 2 o ! = -1 116mAl
<
é R4 10k
Y 4
=0 o
8. V|n:4v; Vref:5V
9. No, I(D1) <8 mA; I(D1) =118.8 pA

PSpice Simulation 31-2

1-3.  See Probe plot page 342.

341



EPiEP 1T :outl

aWTL
sup -tz sug T SuQ- T
S E— S S— T o T T B 1
Ll [ 0 v l ' 1 ' [
[ ] ' ' i ' 1 ' '
||||| S A | e
1 ] ' [ | ' [
1 ' ' ] Jud] ' [
[ ] ' ] i ' [
||||| 1||||¢.|ll..dl|||..Illl._"..lhlll||||1||||1|||| ————e—---
i [ ' ' 14 ' [
[ ] ' ' ! ' [
||||| e L e ) A
| [ 1 ' [
I ] 1 ' [
1 ' ' ' [
+ R - ‘e
[ ] 1 T I 1
| ' 1 ' [
1 ] ] ' [ 1
IIIII [ et sttty St B e e et e e
1 ' 1 1
[ ' [ I
||||| [ IR R —— Oy A

0°Lz :eanjersdusj
-+ uOTSTASY geT\II UOoTsTA®Y 90TdSd\sausunoog AW\33TIPEOIO\SOTTI Wexboid\:d ]

e m———

R el Rk

r==---

T
i
i
A g R . S T A
)
)
)

I

U

I
Te====q====—q=-=—=—=o=-===- y———--

1

1

L

Ll
lllll Fe—--
1
1l

- -

t--
I
]
'
F
'
|
]
|
f
1
I
1

I ' i l
1 ' I 1 '
- |- S 1 Ll
1 ] ] ' 1 1
] ] 1 ' I !
| ] 1 ' [l l 1
lllll [ s B B e e
1 ' 1 It 1 1 1 '
i ' ' ' ] ' '
i ' o ' ' o '
i [ e (R T T I
1 ' ] ' ' ' 1
1 ] 1 ' ' 1 1
IIIII ke ccbccccdecccdeacs s e e e e s s c el s sk s ks s s - c o
1 1 1 I I ' '
I ] ] I I ' I
! ] ] ' ' ' ' .
E— —— ' o ]
1 ] 1 i ' ] ' '
' 1 i ' ' ' '
llllll e L e L e T e
1 ] 1 ] ] ] |
' 1 1 ' ] ] '
' 1 1 ' ] ' ' 1
||||| [ ol Sutuiaails Bafbalbaiiaiis Bedbadiadiadis Refieiifiesiie heiiesiiedil aiitbesiiel ol o
1 Ll 1 | 1 ] 1 I -
] I ] ' ' § '
||||| r-uullul||h|4||L||||-||p|L|||hﬁhClﬁ|ﬂEW||wﬁwmm
I Ll 1 ! 1
1 1 1 I 1 ] 1 1
] 1 1 l 1 1 ' '
' + + - — ' - '
] 1 l ' i ' 1 ] '
] i l ' ' 1 ] 1
1 1 ' ] ] l ' v
e netl M e - [ [ [
' ]
1

[
r==---

1
Ll
1

B T -

tmmmmgm——m == === ===~

) 1
ALINIAA iZ20£ U

2 (aman) A
swg o

R bt s

1
1
|||||||||| L

[ i
1 1
1 1

-4 +
[ 1
1 Ll
1 1
r-T-Tr--°=°
1 1
[ 1
|
1 1
1 1
1 1
F----r----
1 1
1 1
1 1
1 1
1 1
i i
Pemm—pm———
1 1
1 1
L 1
1 1
1 1
1 1
L S
1 1
[ i
[ i
1 T
1 1
1 1

(eaT30®) T-TOIIVWHHOS- T-TE uoriernurs adtdsd (¥)

500z ‘10 Axenxgag :e93eq

(NIA)A = 1

AD

~AZ

~ AP

0o

~A9

"
1
SO I RN R SR SR I
. , H H H N 3
SRR IS S S SR 3 3
1 1 ] 1
) | 1 I ” d d
oHum¢uH-HmTmmyuwmm--+----m ..... " R
R 0
AR A DAL
) . P a1 u
|||||||||| | T N i
' ' ' 1 ic! =
.......... S -
' ' : . o N
.......... R I I
] ] “ ] D b

L yug T AOT

LSIEEITT S0/T0/Z0 :uni awtl/93eqd

W T-TOILYWHHOS.

2TTIOId «x+

342



EXPERIMENT 32: OSCILLATOR CIRCUITS 1: THE PHASE-SHIFT OSCILLATOR
Part 1. Determining Vout

d. f(theoretical) = 650 Hz

f. Estimated setting of RPot = 3 kohm

g. Vout (peak-peak) =29V

h. Period = 1.54 ms

i. f(experimental) = 649.4 Hz

j. Calculated % difference = 0.15

k. RPot+ Rf =29.5 kohm

I.  Open-loop gain = 29.5

m. Calculated % difference = 7.8%
Part 2: PSpice Simulation

b. Vout(peak-peak) = 28.8 V

c. Vout(period) = 1.54 ms

d. Vout(frequency) = 649.4 Hz

e. Vout(peak-peak) =19.1V

f. Vout(frequency) = 646.5 Hz

J-  P(V(feedback) = -89.9 degrees

P(V(VOUT) = 89.4 degrees
P(V(VOUT) - P(V(feedback) = 180 degrees
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EXPERIMENT 33: OSCILLATOR CIRCUITS 2
Part 1. Wien Bridge Oscillator

c. T (measured) =305 us

d. f=21/T =1/305 us = 3.28 KHz

e. T (measured, C=0.01 4F) =3 ms
f (calculated, C = 0.01 4F) = 328 Hz

f. f(calculated, C =.001 4F) = 3.12 KHz
f (calculated, C = .01 4F) =312 Hz

Again, the agreement between the two sets of values was well within 10 percent.
Part 2: 555 Timer Oscillator
c. T (measured) =20.1 s
d. f=1/T =49.3 KHz

e. T (measured, C =0.01 uF) =203 us
f=1/T =4.93 KHz

f. k=fRC=.48
f=4.91 KHz

The agreement between the two values differed by only .4 percent.
Part 3: Schmitt-trigger Oscillator
c. T (measured) =21 s
d. f=1/T=46.9 KHz

e. T (measured, C =0.01 u4F) =210 us
f=1/T=4.69 KHz

f. f(calculated, C =0.001 uxF) = 46 KHz
f (calculated, C = 0.01 uF) = 4.6 KHz

The measured and calculated values of the frequency for each capacitor were within 2
percent of each other.

344



1 @beq ~ §00z ‘LT Axenuep :s3ed

(LNOA)A! !
Sup e SuG " g sSwp g SwS T L Swg " L
...... - - — . i —t— e e >D._“|

1
1
I S [
T [ .
] i
L} [
==k ==
| [
i i
] [
e A ——AD
! T [ 1 I | " 1 | W i
' ' ] i ! n i 1 n | ] '
Hem === - - o O il ikl e E L & Sy Sy -
' ' | h i i F [
] -+ @ _. | v
b b | [}

0°Lz :eanjezadual

1
|
1

[
Ll
I

Ry AL T
1
1
[l

1 1 1
1 ipofrsd sfezany i 1 | A
) Lo o1 ||{”|||._|a|r|||"|||.__ ||||||| uuuuh.unnh.nnnunnuu
" ] 1 1 H [ ] 1 1 L) 1 v '
I I A S U AL S
7177 TEI0OA) T TTROIRTTTOSO FFTUST OSPUI T TTE “HOTFRTRMTY ©oTds-
N R R S R O S PR SN N SR G A
I ) I 1 ) ] 1 i ] ] L} L} H 1 1 ) )
1 ) 1 1 ] ] 1] i I I 1 1 1 1 1 )
1 ) I I ] ] 1] i ] I L) 1 1 1 1 )
i By | i e el ol Lt h S i b o e =====Ssr===sF===
1 ) 1 1 ] ) 1 1 " ' ] 1 1 ) 1 ) H
FEEN S-S U S-S SN SO S SO S A SN NN S S S A Vo

(eAT30®) T-TOILYWIHOS-1-T€ T-£@Tnwts 2o1dsd (v)
00:GE:TT PO/T0/LO :UnNI BWTL/33Ed

*rornuTs 90Tdsd\GE-TE UOTSTASY geT\s3iusumoog AW\S3ITIPEOIO\SaTTd wexboid\:D ] ,TI-TOIIYWEHOS. :°9TTIOId «xx

(ST90°7‘M0E0"p8T) : (V) 3AIA  (WpL9 627 WEE08°8) :2W (2160 ¥ ‘WEEE6°8) TI¥

345



PSpice Simulation 33-1

1. See Probe plot page 347.

(VOUT)min=0V
(VOUT)max =10V
2 Yes.

3 15.87 us

4, PW =8.63 15
5. f=63.2 KHz
6

7

8

See Probe plot page 348.

Yes
. No
9. P =31.115 s
10. PW =23.993 us
11. f=41.67 KHz
12. Yes
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EXPERIMENT 34: VOLTAGE REGULATION—POWER SUPPLIES
Note: The data obtained in this experiment was based on the use of a 10 volt Zener diode.
Part 1: Series VVoltage Regulator

a. VL=Vz-Vg=10V-.7V=93V

b. Vo (measured) =9.3V
Table 34.1
Vi(V) 10 11 12 13 14 15 16
Vo (V) 9.25 9.26 9.28 9.30 9.32 9.33 9.35

The voltage regulation of the system was —.54 percent.
Part 2: Improved Series Regulator

a. A=1+RJ/R;=1+1K/R2K=15
VL=Axz
V_ (calculated) = 15 V

Table 34.2
Vi (V) 10 12 13 14 16 18 20 22 24
VL (V) 9.44 9.44 9.60 9.64 14.7 14.8 14.9 14.9 14.9

Upon coming near the nominal voltage level, the regulation of the system was —2 percent.
Part 3: Shunt Voltage Regulator
a. VI=(Ri+R)*Vi/R =3KRK*10V=15V

b. V. (measured) =14.7V

Table 34.3
Vi(V) 24 26 28 30 32 34 36
Vo (V) 14.3 14.4 145 14.7 14.7 14.9 15.1

The regulation of this system was 2.7 percent.

Part 4: Computer Exercises
PSpice Simulation 34-1

1. See Probe plot page 350.

2. Vin is swept linearly from 2 VV to 8 V in 1 V increments.
V(V2) =4.68V

V(OUT)=4V

Approx. at V(VIN)) = 6.5V

0.68V

Yes

V =468V -068V =4V

w

No ok~
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PSpice Simulation 34-2

=

See Probe plot page 352.
2. V(IN) increases linearly from 6 V to 16 V in 0.5 V increments.

3.V =V(OUT)= % (4.68 V) = 9.36

4. V(OUT)|, . =936V
V(OUT)|,,. =89197V

5, V(V2) = 4.68 V
V(VOUT) = 8.9197 V
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EXPERIMENT 35: ANALYSIS OF AND, NAND, AND INVERTER LOGIC GATES

Part 1: The AND Gate: Computer Simulation

a.
Table 35-1
Input terminal 1 Input terminal 2 Output terminal 3
1 1 1
0 1 0
1 0 0
0 0 0
s s s el s s EEEmE = —

uin:zy 1

288ms

Time

3 80ms

Laams

'
5 aams

Traces U1A:A and U1A:B are the inputs to the gate.
Trace ULA:Y is the output of the gate.

b. The output is at a logical HIGH if and only if both inputs are HIGH.

c. Over the period investigated, the Off state is the prevalent one.

d.
Terminal 25 ms 125 ms 375 ms
1 1 1 0
2 1 1 0
3 1 0 0
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Part 2. The AND Gate: Experimental Determination of Logic States
a. ldeally, the same.
b. 10 Hz
c. Should be the same as that for the simulation.

d. The amplitude of the TTL pulses are about 5 volts, that of the Output terminal 3 is
about 3.5 volts.

e. The internal voltage drop of across the gate causes the difference between these voltage
levels.

Part 3: Logic States versus Voltage Levels

b. Example of a calculation: assume: V(V1A:Y) = 3.5 volts, VY = 3.4 volts

%deviation = %*mo = 2.86 percent

c. For this particular example, the calculated percent deviation falls well within the
permissible range.
Part 4: Propagation delay
a. For the current case, the propagation delay at the lagging edge of the applied TTL pulse

should be identical to that at the leading edge of that pulse. Thus, it should measure
about 18 nanoseconds.

b. Ideally, the propagation delays determined by the simulation should be identical to that
determined in the laboratory.

c. From Laboratory data, determine the percent deviation using the same procedure as
before.
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Part 5: NOT-AND Logic

A. Computer Simulation
a.
Table 35-2

Input1(7408) Input 2(7408) Input1(7404) Output(7404)
1 1 1 0

0 1 0 1

1 0 0 1

0 0 0 1

b === ===

Time

Traces U1A: A and U1A:B are the inputs to the 7408 gate, ULA:Y its output trace.
Trace U2A:Y is the output of the 7404 gate.

b. The Output of the 7404 gate will be HIGH if and only if the input to both terminals of
the 7408 gate are HIGH, otherwise, the output of the 7404 gate will be LOW.

c. The most prevalent state of the Output terminal of the 7404 gate is HIGH.
d. The PSpice cursor was used to determine the logic states at the requested times. The logic

states are indicated at the left margin.
At t = 25 milliseconds:

L udaza 1 T e e I e e e T e
Ui1a:ze 1 i v i v
utAa-yY 1 L I e—— T H
uza:zn 1 1 1 1
uz2az-¥Y a I H H
' '
as 188ms 288ms 3 88ms LAAms S a8ms

Time
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At t = 125 milliseconds

U1ACE B 1 \ f ] H H ! :
uUtazy a1t ; 1 H . . H
uzazha 87 1 1L

uzA-v A ! !

dif = 125.397m

125.397m,

A2 0.000,

as 188ms 288ms 3 88ms LZ@ams 5 88ns
Time
At t = 375 milliseconds
a T ' L ' L L
g Il v v Il I
gi———— v v v v i S S
L o
375.397m,
0.000,
dif = 375.397m
as 188ms 200ms . 3 080ms LAAms Saams
Time

B. Experimental Determination of Logic States

a. They should be relatively close to each other.

b. They are identical.

c. The output of the 7404 gate is the negation of the output of the 7408 gate.
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Part 6: The 7400 NAND Gate

A. Computer Simulation

Table 35-3
a.
Input terminal 1 Input terminal 2 Output terminal 3
1 1 0
0 1 1
1 0 1
0 0 1
b.

Utiha:=B

utA:zy I v v v : I

y y
as 2 _ams 4 _ Ams
Time

L L
6 _ Ams 8 _ Ams

B. Experimental Determination of Logic States

Table 35-4
Input terminal 1 Input terminal 2 Output terminal 3
1 1 0
0 1 1
1 0 1
0 0 1
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EXPERIMENT 36: ANALYSIS OF OR, NOR AND XOR LOGIC GATES

Part 1: The OR Gate: Computer Simulation

a.
Table 36-1
Input terminal 1 Input terminal 2 Output terminal 3
1 1 1
0 1 1
1 0 1
0 0 0

viAzA 1. . 1.+ v 1. . 1 1 |
uin:-B 1 | | 1 . H \ . T ) T ) H . . \ ) T T )
LRGBS ] [ [ ] ] [ [ ] ] [ ] [ [ ] ] [
L L L L L L L L L L L L L L L L
as 188ms 288ms 3 88ms LAaams 5 a8ms

Time

Traces U1A:A and U1A:b are the inputs to the gate.
Trace ULA:Y is the output of the gate.

b. The output is a logical LOW if and only if both inputs are LOW, otherwise the output is
HIGH.

c. Over the period investigated, the ON, or HIGH, state is the prevalent one. This differs
from that of the AND gate. Its prevalent state was the OFF or LOW state.
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d. The PSpice cursor was used to determine the logic states at the requested times. The
logic states are indicated at the left margin.
At t = 25 milliseconds:

uinzal 1 e T e e ey I = =
uitAa:-B 1 v T 1 L T v T v 1 L ' 1 0 0 0 0
uthA:zY 1 I S L

as 1008ms Z80ms i I B0ms nBOms S@0ns
At t =125 milliseconds
= I T S B B B R S S
125.397m,
0.000,
dif = 125.397m
as 1008ms I 200ms I SE;Bms
Time

At t = 375 milliseconds

188ms

288ms

. 380ms
Time

'
LZeams

'
5da8ms
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Part 2: The OR Gate: Experimental Determination of Logic States

a. The pulse of 100 milliseconds of the TTL pulse is identical to that of the simulation
pulse.

b. The frequency of 10 Hz of the TTL pulse is identical to that of the simulation pulse.
c. They were determined to be the same at the indicated times.

d. The voltage of the TTL pulse was 5 volts. The voltage at the output terminal was 3.5
volts.

e. The difference in these two voltages is caused by the internal voltage drop across the
7432 gate.

Part 3: Logic States versus Voltage Levels

a. The PSpice simulation produced the identical traces as shown on the PROBE plot for
Figure 36-2.

b. Example of a calculation: assume V(V1A:Y) = 3.6 volts, VY = 3.4 volts

Yedeviation = >0 —34V x100 - 556 percent

3.6V

a. Itislarger by (5.56-2.86) = 2.7 percent.

Part 4: Combining AND with OR Logic

A. Computer Simulation
a.

uiA:
utiA:
uin:
uznA:
uzna:
uznA:
u3nA:
uzn:
uznA:

<EDILPDLED

L h h L L h h L h L L h h L L h h
as 188ms 200ms . 3 080ms LAAms Saams
Time
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Table 36-2

UIAA

UlAB

UlAYY

U2AA

U2A:B

U2AY

U3AA

U3A:B | U3AY

1

O |O

OOo|F

[ellelle]

O |O

1
1
1

O |O

o|Oo|o

O |O
O |O

At t = 25 milliseconds

TR IR
~TWDLED<W

-k oh ok ok ok b o

as

h h
188ms

h h
Z288ms

L L
R 3080ms
Time

L L h h L
hBAms Saans

At t =125 milliseconds

TR
<EILEDLE

- EE L1

Al dif = 125

L L
188ms

L L
288ms

' '
3 80ms

Time

' ' L L '
Laams 5 aams
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At t = 375 milliseconds

zhAi @ S W S TN e s W I S pe s s NI S e S Iy T

B 8 1 . " . \ T T f

LN T 1 H .

A @ L. . I L. . L. | I

=B 1 j i 1 v i j 1 v
uzazy ;- ;. 7 4 T 3 a0 I 7 v a0+ I 1 1 - N R —
uszaAz-A 87 T 1 L U . S WO S N—
usa-:e @71 . . 1 . 1 I 1 I S
U3a:-yY B8 0 i L :

l A1 = 375.397m,
i A2 = 0.000,
@l dif = 375.397m

as 188ms 2808ms . 2 809ms LB0ms S88nms
Time

b. The output of the 7432 gate, U3A:Y, is evenly divided between the ON state and the OFF
state during the simulation.

B. Experimental Determination of Logic States
a. The logic states of the simulation and those experimentally determined are identical.
b. The logic state of the output terminal U3A:Y is identical to that of the TTL clock.

c. The logic state of the output terminal U3A:Y is identical to that of the output terminal
U2A:Y of the U2A gate.

Part 5: NOR and XOR Logic combined

A. Computer Simulation
a.

U1A:
U1A:
U1A:
uz2na:
uza:
uza:

ﬁ
|
H

|

ﬁ

s 100ns Z200ms Z00ms LOAms S 00ns
Time

The output trace of the 7402 NOR gate, ULA:Y and the output trace of the XOR gate,
U2A:Y are both shown in the above plot.
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Table 36-3
UlAA U1lA:B UlAY U2A:A U2A:B U2AY
1 1 0 1 1 0
0 1 0 0 1 1
1 0 0 1 0 1
0 0 1 0 0 0

c. The output of the 7402 gate, ULA:Y is HIGH if and only if both inputs are LOW,
otherwise the output is LOW.

d. This s a logical inversion of the OR gate.

c. The output of the 7486 gate is HIGH if and only if the two inputs U2A:A and U2A:B
are at opposite logic levels.

f. The logic state of the OR gate is HIGH if both inputs are at opposite logic levels and if
both inputs are HIGH.

B. Experimental Determination of Logic States
a. The experimental data is identical to that obtained from the simulation.
b. Refer to the data in Table 36-3.
c. Refer to the data in Table 36-3.
d. Refer to the data in Table 36-3.

e. The output of the 7486 XOR gate is HIGH if and only if its input terminals have
opposite logic levels, otherwise, its output is at a LOW.

f. For an OR gate, its output is HIGH if both, or at least one input terminal, is HIGH.
Its output will be LOW if both inputs are LOW. For an XOR gate, its output is HIGH if
and only if both input terminals are at opposite logic levels, otherwise, the output will be
LOW.

g. The output of an XOR gate will be HIGH when both input terminals are at opposite
logic levels. Otherwise, its output is at a logical LOW.
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EXPERIMENT 37: ANALYSIS OF INTEGRATED CIRCUITS

Part 1: Positive Edge-Triggered D Flip-Flop

A. Computer Simulation

a.

b.

The PROBE data shows the flip flop to be in the SET condition.

The flip flop goes to RESET at 200 milliseconds because the D input terminal goes
negative. The flip flop goes to SET at 400 milliseconds because both the CLOCK input
and the D input are positive.

The importance to note is that the D input can be negative and positive during the time
that the Q output is low.

After the initial SET condition of the flip flop, and after a RESET state of 200
milliseconds, the flip flop returns to its SET condition because at 400 milliseconds, both
the CLOCK and the D inputs are positive.

Starting from a SET condition, a transition to RESET will occur when the D input is
negative and the CLOCK pulse goes positive. The flip flop will SET again when the D
input is positive and the CLOCK goes positive.

The conditions stated in previous answer define a positive edge triggered flip flop as
defined in the first paragraph of Part 1.

See above answers.

o U(DSTH1:1)

Time
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18U

SU

SEL>>

auy

auy

T ULU1A:=Q)
Time

Let us assume that D is high when a positive CLOCK pulse goes high. This will SET the
flip flop. This SET will be stored, or remembered, until D is negative and the CLOCK
triggers positive again. At that time, the flip flop will RESET. This RESET will be
stored, or remembered, until D is positive and the CLOCK triggers positive again. At
that time the flip flop will SET. Events repeat themselves after this.

B. Experimental Determination of Logic States

Both input terminals are held at 5 volts during the experiment.
The amplitude of the voltage of the TTL pulse is 5 volts.
The amplitude of the output voltage at the Q terminal is 3.5 volts.

The difference between the input voltages and the output voltage is caused by the voltage
drop through the flip flop.

The experimental and the simulation transition states occur at the same times.
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Part 2: Frequency Division

A. Computer Simulation

Answer all questions below with reference to the following PROBE plot.

(L LT ] N O e o e e S T T T o e N e
IR i : T \
U2Aa:CLK
uza:zn
as 188ms 288ms i 3 88ms LAAms S588ms
a. The frequency at the ULA:Q terminal is 5 Hz.
b. The frequency at the ULA:Q terminal is one-half that of the ULA:CLK terminal.
c. The frequency at the U2A:Q terminal is 2.5 Hz.
d. The frequency of the U2A:Q terminal is one-half that of the U2A:CLK terminal.
e. The overall frequency reduction of the output pulse U2A:Q relative to the input pulse
U1A:CLK is one-fourth.
f. Each flip flop reduced its input frequency by a factor of two.
g. It would take four 74107 flip-flops.

B. Experimental Determination of Logic States.

a.

b. The voltage level of the ULA:CLK terminal is 5 volts. The voltage level of the U2A:CLK

The J and CLR terminals of both flip flops are kept at 5 volts during the experiment.

terminal is 3.5 volts. The voltage level of the U2A:Q terminal is 3 volts.
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c. Refer to the above PROBE plot.

d.
Pulse Frequency
UlA:CLK 10.0 Hz
UlA:Q 5.0 Hz
U2A:CLK 5.0 Hz
U2A:Q 2.5 Hz

e. They are identical.
Part 3: An Asynchronous Counter: the 7493A Integrated Circuit

A. Computer Simulation

a.

TR I oY N T Ty T ey Y oy Y ey Y Y e, Y e T e, Y e O e, T T s T Y Ty Y Y B

T uitqa e —L L ¥ L N [
U1:QB @ 1 @ R 1 1 . |
u1:qQCc a f | f h f -
u1:0p @ ] ] ] ! ]

22.152m,
0.000,
dif = 22.152m
as a8.5s 1 .IBS I 1 -I55 2._.8s
Time
b. See PROBE plot above.
d. t=175 milliseconds. There is one clock pulse to the left of the cursor.

BRI T Ty N o N oy Yy I oy Y ey, Ty Y oy Yy Y ey Y oy Y ey IO ey Y ey Y ey I s Y e S s N e O o
ut1:0na 1 I 1 I 1 1 I 1 I I 1 I 1 1 I 1 I
uU1:QB 8 e I I e | : ! |
ui1:=Qc a I 1 H H [} I
u1:-Qp a8 ! ! | . — ] ] ] 1

A1 = 174.051Tm,
A2 = 0.000,
dif = 174.051m
s 8.5s I 1.0s I 1.55 I I Iz.us

T ime
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e. t =375 milliseconds. There are three clock pulses to the left of the cursor.

as a.5s 1.85 1.5s5 2.8s
Time

f. t=575 milliseconds. There are five clock pulses to the left of the cursor.

e R e - =E =

R R 575.949m, o
1 1 1 1 i i i i 0.000, i i i
575.949m .
as a._5s 1:35 1:55 2_8s

Time

g. t=1.075 seconds. There are ten clock pulses to the left of the cursor.
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vifcEp 1L — r— — 4 —/ — 1 1 >t~ 4~ 1ot
BERTE T T3 ] — — | I 1 I | | 1 I 1 I
vige o | o N N T S—
ui:qQCc @ 5 5 H I | H I + + !
U1 :QD B 1 ' ] ] r H ! H 1
s 8.5s 1.8s 1.5s 2.8s
Time

h. Att=1.075 milliseconds, the output terminals, QA, QB, QC and QD have resumed their
initial states.

i. The MOD 10 counts to ten in binary code after which it recycles to its original condition.
j-  The output terminal QA represents the most significant digit.

k. The indicated propagation delay is about 12.2 nanoseconds.

1.0000,
1.0000,
12.200n,

! ! ! ! [
au M M M M L r N r N i r r r r N N N N
1.08080000808s 1.088008081s 1.88680008025 1.000860008083 1.08080008084s

Time

B. Experimental Determination of Logic States

a. The logic states of the output terminals were equal to the number of the TTL pulses.
b. The experimental data is equal to that obtained from the simulation.

c. The propagation delay measured was about 13 nanoseconds.

d. The difference in the experimentally determined propagation delay was 13 nanoseconds
compared to a propagation delay of 12 nanoseconds as obtained from the simulation data.
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