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& oM 13-1: Vyyumao = 12 V, Ry = 8.2 kO, R, = 1kQ

R, \, __ 1k
R+R, ° 82k+1k

(15) =1.63V
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¢ S|AH|IZA[A(hysteresis)®l 28t B2 T =°
= B3 %”'%‘:{ (+) > (-)} NZE MY WA
-) > (+)

2> JSAHFAL FHE

ofo

V in O

2. Vout = - Vout(max) N
> V: = V pt SR

_ R,
L VLTP o R1 n R2 [ Vout(max)]
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¢ S|AEIZAIAC 2Bt BE FF EO1
=Case 1) Vi, > Vyrp (B, Vou = + Voutimao ™)
o Vi = Vip = Vyrp = Vj <0
2 Vout =T Vout(max)

! _

=Case 2) Vi, < Vip (B, Vo = - Vout(m:x)olll\‘l)
o Vi = Vi = Vi — Vinl >0
> Vour = + Voutman
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& UM 13-2: Vypmag = 5 V, Ry = 100 kO, R, = 100 kQ >

Vure » Vire?
® ,//_.
T r
R 100k
VUTP — —Zvout(max) — (5) =23V
R+R, 100k+100k
VLTP — i [_Vout(max) ] — 100k ('5) =-2.9V
R+R, 100k+100k
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¢ Z4 KN (bounding)
2 Vour < Voutmao = MECHAA 2 T

_’\k Vmoi/\: —t

M/' +V; .5 .............. |
Y out E

L Vout 0

=V, < 0.7V >V, = - 0.7V (L°|9E T
" 0.7V < Vo < Vz 2 Vo = Voy
" VOUt > VZ - VOUT - VZ (K."ﬂ')
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¢ Z4 KN (bounding)
2 Vour < Voutmao = MECHAA 2 T

0.7

- VOUt < 'VZ 9 VOUT - 'VZ (N"ﬂ')
" -V < Vo < 0.7V 2 Vo = Vo
VOUt > O7V 9 VOUT - 07V (EI'OI-?-E ﬂg{)
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+5V
+2.54Vi- |
Ve 0 : > |
7Ty B R v
5V | |
v I |
A : :
+7.94V
Yo 0 > 1
=794V |-
i

L~1,~0°82 V.= V,, + (47 +07) =V, *+ 5.4

(V, - V)E BAPBIE> V, = V=V, + 54
— — — +

|R2 — R1:VR1 :Vout V+ :Vout V+ :Vout V— =_5.4=i54/JA
R, 100k 100k 100k 100k

V, =Vg, =Rylg, =(47K)(#54u) =+2.54v —— Vyrp = 294V, Vigp = -2.54 V

[lioscism Vo =Ve Ve - +(5.4+2.54) =+7.94V
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¢ g HEZ|2(OQver-Temperature Sensing Circuit)
AE BHA| 32 9§
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Wheatstone bridge

- TTHNMZ (Ry): &2

8 AL
M3 22 dh
R R :
l 3§ Comparator Relay = Y2 (< AHHZE): R1 > R2
Thermistor V, (82) <V, (3H2k)
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¢ Analog-to-Digital (A/D) H&
=) Simultaneous (or flash) A/D H3 (M 2t ¥4
o AT > 2%
= 2" -1 f Bl &2
e MAF 3 AZ > V> V> V> o>V, >V,
- NV, =37V, Ve = 8V
-> V,, > V3, V2, V1
> (1) (2), (3) : “1”, UHA: =0~
. D,D,D, = 011 > 3
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¢ A/D B3

2 %) Simultaneous (or flash) A/D H&t

(Me 2o ga)

Q

p-amp
comparat

Priority

ors
%
—ir encoder
[€)]
(6)
R (5)
u—\ 4
-~ @)
(2)
R h (1)
(0
RLn R
' Enable
_ input
R
L +‘;
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T (Summing Amplifier)

Yun SeopYu
on Y N Lo
L= L=
R, ] V, = V.= 0 V (MEA)
V”‘“C/IM M It =14 + I+ == + |
R
Vorr O MQA ¢ / o Vour = - IRy
IN2 [ 181 — = _(|1 + bt o+ | )Rf
/ Ry _'Vi’éw ~ oV = (Vi /Ry + Vpyo/R)R
\.nlxu ALl Voo if Ry = Ry= " = R= R
: : ﬁ» o > Vous -(Ving Vit -+ Vi)
I
|
| Rn ‘
VINHC/M —

[] SRl ]u Leigmi

HANKYOMNG NATIONAL LN,



T

Yun SeopYu
¢ 1580 2 °[S2 Rz M|
R
- — —-— R R — — f
v R1 - Rz— - Rn_ R Vout o _F (Vinl +Vin2 +... +VinN)
o BF 3E Vo +Vi, +...+V
inl in2 't inN
2RJR = 1/n Vo === g
¢ A G T 4
Vout — _(_Vinl + _Vin2 Tt _VinN)
Rl R2 Rn

= (EMY 19 WSA: R = Ry
= HEMY 29 WSA: R = 2R
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5/200
9/100
5/50k = 0.TmA
5/25k = 0.2mA

> AMYLY AT 88 - AN 139

10 k)

Wy

—

.025mA

k =
k = 0.05mA

oo

VOUT(DO) = 'Rf I0
-(10k)(0.025m) = -0.25V

Voutoo)

= -(10k)(0.05m) = -0.5V

Voutoo)
Voutoo)

R |,

'Rf |2 = '(10k)(01m)
'Rf |3 = '(10k)(02m)

-1V
-2V

o) DyD, DDy = 0001 =1 > -0.25V
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¢ BT (Integrator)

- A{IiAIE] NSt

l +||—
Q - Ict= CVC Vi _/>
Ve = (I/O)t o— WS
Ve s T 1
v,n/ca
17 1,/C

l*\

. ,=1L=20,V, _V—OV(TV‘”‘*KI)
“ |in = ViR = I
= (C/C)t = (Vm/CR|)t - Vout = -VC
> AV, = - AV = (-V, /CR)At
AVout:_Vin -V == 1 th
At CR ' CR
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C
¢ M 13-10 |
|
0.01 uF
+2.5V R;
V. ‘ o—AWN —
25V — 10 k() V..
+
$2.5V f
25V | 200 .HF-—'T'_ZDD Irfs—rlﬂ—"-'[}{} .m—-rl_
0 | | :
5V —mmm ' '
AVou - Vi o 29 _ oopvfs—-25mVis

At CR  (0.01)(10Kk)
= (25mV/us)At = (25mV/s)(200us) =5V
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¢ 0|87 (Differentiator)

,=1=0,V, =V. =0V (TTEN)
Q=1It=CV =0V,

Vin = (Im/C)t

Iln IR > (CVIn/t) = - out/Rf

dVv.

In

dt

V.
ij - Vout:_CRf
t

Vout — _CRf (
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¢ N 13-11

LY g &
V. 0 AL - |
" 5 us : 15 s
_5v/ N RN 0.001 uF v
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| | | | +
I | | |

+4.4V

S Us 10ps |[1Sps |20ps :

Vrm! 0 V

—44V

V. =-CR, (VTj - —(0.001,1)(2.2k){+ 5; (_5)} —_4.4V
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The Practical Integrator The Practical Differentiator
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MWy Ry
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Lo | R J

1 Vin O Wy 1 -
Vo
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Homework
All Examples

Selected Problems(P.711-

717):
2,3,4,8,10,11,14,16,19
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PROBLEMS Answers to all odd-numbered problems are at the end of the book.
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2. Determine the output level (maximum positive or maximum negative) for each comparator in
Figure 13-60.
f +: WV o—
(a) (b)
FIGURE 13-60
FIGURE 13-61
3. Calculate the Viypp and Vipp in Figure 13-61. V0,00 = 10V, . R; Y, wimasy = £10V
4. What is the hysteresis voltage in Figure 13—617 “ Yvy
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PROBLEMS Answers to all odd-numbered problems are at the end of the book.
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8. Determine the output voltage waveform in Figure 13—-64.
FIGURE 13-66

FIGURE 13-64

Rl
1V o—AMAV—
22 k0

2

‘ouT

10. Refer to Figure 13-66. Determine the following:
(a) Vg, and Vg, {(b) Current through Ry (c) Vour

11. Find the value of Ry necessary to produce an output that is five times the sum of the inputs in
Figure 13-066.
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PROBLEMS Answers to all odd-numbered problems are at the end of the book.
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14. Determine the values of the input resistors required in a six-input scaling adder so that the low-
est weighted input is 1 and each successive input has a weight twice the previous one. lTse

R, = 100kQ. FIGURE 13-70
FIGURE 13-67

+3 W

R,
Vi = +2 V o—AW— ) R

10 k(2
Ry I 10 kQ
Vg = +3 V o—A\y—e I
33Kk0
R, J 5V
Vg =43 V ‘ouT —
91 k{2 =
R, (b)
Ving =+6 'V L . - o : .
180 kO = 19. Beginning in position | in Figure 13-70(b), the switch is thrown into position 2 and held there
for 10 ms, then back to position 1 for 10 ms, and so forth. Sketch the resulting output wave-
form if its initial value is O V. The saturated output levels of the op-amp are +12 V.
16. A triangular waveform is applied to the input of the circuit in Figure 1369 as shown. FIGURE 13-69
Determine what the output should be and sketch its waveform in relation to the input. R

Wy

10 k()
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