Chapter 11-5

11.12

Vee =5V

For maximum v,

Vo=Vee =5V

The output voltage that results in maximum
device dissipation is given by Eq. (12.20),
Ve = 2Vcc
m

= 2x5=318V
T
If operation is always at full output voltage,
m = 78.5% and thus
Pdissipation = (1~ n)Ps

Pr_ 1-0785

- - P, = 0274P
=7 0785 L L

1
Pdissipation/device = EX 0'274PL = 0.137PL

For a rated device dissipation of 1 W, and using a
factor of 2 safety margin,

Pdissipalion/device =05W
= 0.137P,
=P, = 365W
1,25
365 = 2 X =
2R,

=R; = 3425Q (ie. R, =3425 Q)

The corresponding output power (i.e., greatest
possible output power) is 3.65W.

If operation is allowed at V, = %VCC =25V,

v,

(Eq. 12.15)
= 0393

1=np, — o772p,
n

BN

Pdissipalion/device =

05 = 0.772P,
=P, = 0.647 W

)

125
2 R,
SR, =480 (e,

=4.83 Q)

A2
1V
2 16
V, = 566V

Viee = 566+ 4 = 60661V

Peak current from each supply

=35

= 1x3saxel
T

2

Thus, P, = = X 3.54 X 61
™

= 1374 W

Using Eq. (12.22),

PDNmax:PDPmax= 2
= 23.6W

11.14

v,
R,
4 A

_ 566

16

Py VOVSSRL Vs
Mmax = 1(100%), obtained for V, = Vg
V2
PLmax = _RS—S
L
Pdissipa[ion =P~ P
Yoy Ve
R, *° R,
anissiEau’on — b 2Vo
oV, Ry R,
=0for V, = Y_;_s
. /
Correspondingly,n = Vss/2 1 or 50%
Vs 2
11.15
R
R, + Ry, 2 21,
Now A, = 0.98 for R, = 100 Q
098 = 100
. 100 + Ry,
= Ruu( ~ 20
Vi

Ry, =
out 2IQ

[}




(table is for 11.16)

v.(V) i iv(mA) g Vi
(mA) (mA) V)
+10.0 100 100.04 0.04  0.691
+5.0 50  50.08 0.08 0.673
+1.0 10 1039 039 0.634
+0.5 5 570070 0.619
+0.2 2 324124  0.605
+0.1 I 256 1.56  0.599
0 0 2 2 0.593
-0.1 -1 1.56 2.56  0.587
-0.2 -2 124324 0581
-0.5 -5 070570 0.567
-1.0 -10 039 1039 0.552
-5.0 -50  0.08 50.08 0.513
-10.0  —100  0.04 100.04 0.495
I, = K4I - 25X 107 X410_3 = 625 mA

Vs = 2Vpp = 2[0.7 +Vyn
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A\

5
0.495
0.513
0.552
0.567
0.581
0.587
0.593
0.599
0.605
0.619
0.634
0.673
0.691

=126V
11.16
The current i; can be obtained as
i = iN _ ip — iL
T By tl Bptl B+
By = Bp =B =49
Using values of u from the table one can evaluate
R,
R, =4

Using resistance reflection rule
R,=BR, = 49 X100

= 4900 Q)
For large input signal the two values of R,, are
somewhat same. For the small values of v, the
calculated value in the table is larger.

11.17

R
Y — L and
Ui R, + Ry,

1% |4

Ry = —1— = ' aty,=0

Ip T iy lo+ 1,
pe=1-2

V.(V) VVORL(Q) VAV i R
101 099 025 100 2 5050
508 098 050 100 1 5080
1041 096 232 098 02 5205
0526 095 403 096 0.1 5260
0212 094 558 095 004 5300
0.106 094 607 094 002 5300
0 - 625 094
—0.106 094 6.07 094 —0.02 5300
-0212 094 558 095 —0.04 5300
-0.526 095 403 096 —0.1 5260
-1.041 096 232 098 —02 5205
-508 098 050 1.00 -1 5080
-10.1 099 025 100 -2 5050
R R Vir20
R, + Roy, R, + Ev}1 R, + (V7/21y)
0
Vp/21, vV,

TRt (Vp/20y) 2R,V
If 2I4R; >>V;
— VT
21,R,

b. Quiescent Power Dissipation = 2V I,

c. € X Quiescent Power Dissipation =
Vr
214R,

1%
X2Veely = VpX (—C—C)

RL
V( [)
R

= 25X 1073 X%

- €l

15

100

CcC
d. eP, = VTR_L
= 3.75 mW

_ 3.75%1073
€

Pp

€ P,in mW
0.05
0.02

- 0.01

75
187.5
375

:PD
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For outputof =1V, i, = —-1—- = —10 mA

Using Eq. (11.27)

2 ..
lN—leN—I’é =0

ip = 10.1mA

Thus Ugp, increases by VTlnl—%-]- = 0.06V
and the input step must be —1.06 V

Largest possible positive output from 6 to 10,
ie,4V )
Largest negative output from 6 to 0, i.e., 6 V

11.19
Ry, = r,/2=100Q
=r, = 20Q
v 25
I, = 1 = 22 = 125mA
e I, 20 m
Thus, m = 135 _ 12.5
0.1
11.20

I~ I, = 0.5 mA, neglecting the base cur-
rent of Oy. More precisely,

1
]Q = Tyias — E%l

=1, - _’_bl_ ~0.98X0.5=0.49 mA

1+ —
B+1

The largest positive output is obtained when all of
Iiis flows into the base of Qy, resulting in

v, = (By + DlyRy
= 51 X05%X100Q0 = 255V

The largest possible negative output voltage is
limited by the saturation of

Opto—10+ Vg, = —10V
To achieve a maximum positive output of 10 V
without changing Iy, B, must be
10 = (By +1) X 0.5x 1000
=By = 199
Altemnatively, if B is held at 50, /;, must be
increased so that
10 = 51X I,,,, X 1009
= 1, = 1.96mA
for which,

Ly,
Iy = —28— = 192 mA
¢ 1

1+
B+l

11.21
At 20°C, I, = ImA = I L (0:670.025)

= I (at 20°C) = 3.78 X 10" mA
At 70°C, Iy = 3.78 x 10" (1.14)

= 2.64 X 10 ¥ mA
273 + 70
t70°C, V,p = 252250 _ 993
At 70 r= 25 s = ©3mY
Thus, I, (at 70°C) = 2.64 X 10 % %6700
= 20.7 mA

Additional current =20.7—1=19.7 mA
Additional power = 2X20X19.7=788mW

Additional temperature rise=10X%0.788 = 7.9°C,
At 77.9°C:

25
Vo = Z=(273+77.9) = 29.9 mV
77 3 PR T m
I, = 378 X 1079 % (1.14)779 ((06700299)
= 37.6 mA
eic., etc.
11.22

Since the peak positive output current is 200 mA,
the base current of Qy can be as high as

200 _ 200 ~4 mA. We select
By +1 51

Iy;.s = 5 mA, thus providing the multiplier

with a minimum current of 1 mA.

Under quiescent conditions (v, = 0 and i; = 0)
the base current of Q) can be neglected.
Seleéting Iy = 0.5 mA leaves /-, = 4.5 mA. To

obtain a quiescent current of 2 mA in the output
transistors, Vgp should be

-3
Vip = 2V, 2218 — gy
10
Thus
v
Ro+R, = 228 = L19 _ 53540
I, 05

At a collector current of 4.5 mA, Q, has

-3
nd2X10 69y

Vpe, = Vol

The value of R; can now be determined as

R, = %071 _ 134k and
05

R, = 2.58— 134 = 1.04 kQ

11.23

(a) Vg =07V at 1 mA

At 0.5 mA,

Ve = 0.7+ 0025 1n%§ = 0683V
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Thus R, = 2083 _ 1365 k0

0.5
and R, = 1.365 k()
(b) For I;,, = 2 mA, I.increases to nearly 1.5
mA for which
1.3

Vge = 0.7 +0.025 lnT = 0710 V
Notethat [, = (1);65 0.52 mA is very nearly

equal to the assumed value of 0.50 mA, Thus no
further iterations are required.

Vg = 2V, = 1420V

(¢) For I;,, = 10 mA, assume that I remains
constant at 0.5 mA, thus /) = 9.5 mA
9.5

and Vg = 0.7 +0.025 InZ= ] = 0.756 V
at which
Ig = 373 _ §554a ma
1.365
Thus

9.45 mA

and Vyp = 0.7 + 0.025 mgg = 0756 V

Ie; = 10— 0554 =

Thus Vg = 2X 0.756 = 1512V
(d) Now for =100,

L = 2730 — 0554 ma
: 1.365
Iy = 0554 + 2% = 0648 mA
101
Io = 10— 0.648 = 9.352 mA
Thus, Vgp = 0.7 + 0.025 ln9'3152 = 0756 V
Vs = 0.756 + I, R,
= 0.756 + 0.648 X 1.365
C= 1641V
11.24
a. From Figure 11.17
Row = ROQN ” ROQP
1 1
R = — || rpy ~ —
oQu = - I ron = —
1 1
R = — |l r ~—_—
oqQr &mp ” opP = gmp
d b
R — 1 _L_ _ 8mn Emp — 1
out —_ ” -
8mn 8mp __l___ + _1_ EmN + 8mp
8mN  8mp

=1 for matched devices g, = g = &

Em

1
b Ry, = 10 = E:gm =20

= 22 L (WY,
Bm Vu\v, V 2 k (L)Vov =k
w
= - = 200 X -3
(L) 1073 x YVOV
=V, =025V
ButV,, = V(s v,
0.25 = —-0.7
SoV, = 0.93 v
Ve = Vos + Vi = 2V
=19
11.25
+Vpp
A
LS
—I—ov‘,
0, l————lré’ R,
. 'U[ : -
Y -

Vss
a. under quiescent condition
v, R
Voltage gain = -2 = — L
’ e Y R+ Ry,
As shown in problem 11.24, for matched transistors
1
Roy = 2,
. Vo
Substitute for R, above for —=
Yi
v _ R
YR L
. L 28m
. R,
b. Voltage gain = 0.98 = — T
R, +
28
098 = 1000
1000 +
28

=g, = 245 mA/V
For Oy, Injas = Ip

1 2
- 01 = iklvov



01 = %xzoxvzov

=Vo =01V
For QN
8m = anOV
245 = k, X 0.1
k, = 245 mA/V’

_ky _ 245

k, 20
12.25
and I, =

I

nlbias
12.25 X 0.1
1.225 mA

Il

11.26

* I, Bias

o [-—[ 2

o |1

vy

a. Equation 11.43

I = (W/L),
[0} Bias (W/L)l
(W/L),
W7D,

(W/L), _
(W/L),

1 =01

1, (W
Ql: Ime = El‘n (z)l vg\

X 0.250 x (‘;—/) X (0.2)?
I

:;(W) - 20
l‘ 1

0,01 = %x 0.100 x (%) x (0.2)?

0.1 =

M| —

Ry
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W
Y = 50

:>(L)2 5

0:1 = Lx0250x (V_V) X (0.2)2
2 L),

W
WY = 200

:"(L)N

1 w
1 = =2X0100 X [—=] X (0.2)?
0:1=1 (L)P 02)

(E) = 500
L P

b. From the circuit we get —v, + Vg + 1, = 0

Since v, = 0

Uy = Viese

Vsor = Vol + V||
=02+ 045
=—-0.65V

wy = Vggp = —0.65V

c. Using equation 11.4

Vomax = Vpp ~ VDVIBiaS = Vosn

To find Vg,

1 7
= ck, VI(VGSN -V)?

IDNmax 2

10 = % X 0.250 X 200 (Vg — V)’
= VGSN - Vt = 0.63V

Vosn =V, +063=045+063~11V

pmax = 25— 0211 = 12V

U,

11.27
Refer to Figure 11.19

I,=3mA,|V,| = 015V

=40 mA/V -
Using equation 11.57
_ 1 _ 1

R == =
M (8wt &) 5(0.04 +0.04)
=250

11.28
a. From equation 11.68

1
2pg.R;
From equation 11.57
N S
W(8mp T &mp)

|Gain Error| =

R~

out ==

1
= when g,, = g.. = &.
2p8,,

. |Gain Error] = = I 1
Ie(’U‘
Rl
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b. Again equation 11.68

1
2pgaR,
S S
2X 10X g, X100

g, = 0.01 A/V =10 mA/V
Equation 11.67

{Gain Error] =

0.0

i

21
= [
glll Vav
v o= 2y _2x1
Y m 10
V, =02V
11.29
al, =i Yy
2L

15%10-3 = L x 100 x 10-6 (W) (0.15)?
2 L),

ﬁ(%’) ~ 13333
P
(V!) _ (W/L)p 13333
L), (k,,'/ka’) (250 /100)

=5333
bgm_z_[Q_g_X._.l_s_2OmA/V

v,, 0.15
=0.02A/V R

1 - _

out 2“48 By =8 = Eu
25 = — L
2 X 0.02
_ 1
b s x2x002
p=10
¢. Gain Error = —A—
4pl,R,
_ 0.15
4 X 10X 15X 1073 x50
= —0.05

Gain Error = 5%

d. In the quiescant state y, = 0

The voltage at the output of each amplifier will be
=p(y,—uw=—py

e. Q turn off when the voltage at its gate drops
from quiescent value of —1.85V to —2V, at
which point V,,, = V,,, and an equal change of
—0.15 V appear at the output of the top amplifier.

. W
i = %k,, (Z) (0.3)2
P

Il

DN =

X 0.100 X 1333.3 X 0.32

= 6mA
7, =6X102X50Q =03V

So for v,> 0.3V, @, conducts all the current." :
f. the situation at v, = v, will occur when O, wills
go from saturation to triode region and it will be
approximatly 2 V.

Linear range of v, from 2to —2V

11.30

Power rating = =2 _°Y = 50 W

ey, = g% - 25A

1131
0, = g%%_zg = 625°C/W = 0.625°C/mW
At 70°C, Power rating
= 10-70 _ o8 mw
0.625

T, = 50+ 0.625 X 100 = 112.5°C

11.32

T,=50+3X30 = 140°C

Ve = 800 — 2 X (140 — 25) = 570 mV
=057V

It will reduce thermal résistance and maximum
power dissipation.

11.33
T -T
(a) 9 — ~ Jmax AO
JA PDO
= 1022 _ 59500/w
2
()AL T, = 50°C
PD = T.Ima.x — TA
. 04
= 10050 _ y33w
375

© T, =25°+375X1 = 62.5°C

11.34
Te—T4 = 0c4 Pp
= (B¢s + 054) Pp

= Te=Ta o 90230 _ ooy
Bes + 054 0.5 101

T,—T¢ = 0,cPp
130 - 90 = 0, X 100
=0, = 04°C/W

=P,




