242 Chapter4 Diodes

D ¥4, 84 Consider’ the circuit in Fig. P4:76 with two equal
filter capacitors placed actoss the load resistors, R Assume that

 the. diodes’ avallable exhibit a 0.7-V drop when conductmg _
_Dcmgn the circuit to prov1dc £12-V dc output voltagas"

with a peak to~p_eak ripple no greater than 1 V. Bach supply
should be capable of providing 100-mA de current to its load
resistor R, Complctely spec:lfy the capamtors diodes, and ﬂle
transformer. '

"485 The op amp in the precision rectifier circuit of
Fig. P4, 85 is ideal with output saturation_levels of +13 V.

- Assume that when conductmg the diode exhibits a constant
voltage drop of 0 7 V. Fmd v vo, and 7, for'

(@) yy = +1V7 .
(b} -u,__w 3V
© vy=~1V
(d) U,MMBVf

Also, find the average output voltage obtamcd when v, is a.
symmetrical square wave of 1~kHz frequency, 5-v amp]:tude,
and zero average.

Figure P4.85

4,86 The op amp in the circuit of Fig. P4.86 is ideal with
output saturation levels of £12 V. The diodes exhibit a
constant §.7- \"2 drop when conductmg Find v _, vd, and v,
for: - '

=7|—_1V
+3V

(® v
(b) U=

(c) w, c 1V
(@) Uy = ""_3 v

Figure P4.86

Sé.cti'on 4.6: Limiting and Clamping Circuiis"

4,87 Sketch the transfer characteristic v, versus v, for
the limiter circuits shownin Fig. P4.87. All diodes begin~

“conducting at a forward voltage drop of 0.5V and- have

voltage drops of 0.7 V when conducting 2 current r,, = 1 mA.

kO
(b)

Figure P4.87

I = Multisim/PSpice; * = difficult problem; ** = mare difficult; *** = very challenging; D = design problem




1434 Chapter18. Signal Generators and Waveform-ShaPI'ng Circuits -

Figure P18.41 .

Se;:tten 18 5 Generation of Square and_
THangular Wavefotms Usmg Astable
Mu]tw]bratgrs

18.38 F ind the f;equency of osczllatmn of thc citcuit in-

Fig. 18 26(b) for the case R, =10kg, R2 =16k§, C=35 F,
and R=62 k.

D 1832 Augmem; the 'ast’able multivibiator circuit “of

Fig. 18.26(b) with an Qutput limitex of the’ type shown in

Pig: 18.25(h), Demgn the circuit to obtain an output square -
wave with 5-V dmphtude and 1- kHz quuency using a 10- af -

capacitor C. Use 8 = 0,462, and dekign for'a currént m the
resistive divider dppmmmately equal to the average cuuent in

the RC network over a half-cycle. Assuming. +13-V op- amp'

- saturation voltages, arrange for the zener to 'opei‘atc at a
minimum curtent of § mA. Specify Lhe values of all resistors
and the zenor voltage, '

D 18.40 Usingthe scheme of Fig, 18.27, désign acirenit that

provides square waves of 10 V peal to peak and. tri'mgi.llcn '

waves of 10 V peak to pmk The 1requency s to be 1 kHz.

Tinplement the bistable cir LultWIth the circuit of Fig. 18. 25(b) :

Use a 0.01-F capaci tor and specﬂy the values of all resistors
and the required zener voltage, Design for a minimam zener
current of 1 mA and for a maximom current in the resistive
divider of 0.2mA. Assume that the output saturation levels of
the op amps are £12 V, '

D *18.41 The circuit of Fig. P18.41 consits of ari invert-
ing bistable multivibrator with an output limiter and a

noninverting intégrator. Using ‘EQua] values for all resistors
' cxcept R, and a 0.5-nF capacnm design the cucu;t 03] obtam

a 'square wave al the output of the b;st'lble nmlnwb;atoi of

15-v peak-to pcak amplitude and 10-kHz frequency. Sketch

and:label the waveform at the integratof output, Assummg

13-V op-amp saturation levels; design for a minimum zener -

current of 1 mA: Specify the zener voltage required, and give
the vaiucs of all resxstms.

Section 18.6: Generation of a"'Stan'dardizéd

.PulsemThe Monostable Mulhwbrator

D 13,42 I’m lhe monostable c11cu1t c0n31dewd m ]."xer- v -
. <ise 18.22, caleulate the Tecovery nma. !

*18 43 F]gure PlR.43 shows a monostable nmluwbmtm
circuit, In the stable state, ¥, = L, v, =0, and v, = Vw, o
The circuit can be triggered by applymg a positive input pulse
of height gleatei ‘than Var: For normal ~operation, CyR, < '

CR. Show the resulting waveforms of uyand v,. Also, show

that the pulse generated at the output W!ll have & width T

gwen by
L L. )
Vlf-f

Note that this circuit has the mtﬂlestmg property that Lhe pu]qe
w1dth can be contm]lcd by ch’mgl ng

T C_'Rl;l(

EAlH = Multisim/PSpice; * = difficult problem; ** = more difficult; *** = very chalienging; I} = design problem

>




?C

)

185 Generation of _S_i:;qafe a_ntji'r-fl_‘riar'm.gu!_é"r _Wavefd'rfhs U___siﬁg Astable Multivibrators

- .'.U_oj

.VTH‘_‘ﬁL:Jr'.'

= CR

- “es

Vo= Bty

V= BL- [~ =

@

Figure 18.26 continued (b} The circuit obtained whén't'ﬁ'é bisiable miilﬁikiifi;at_of;'i"s_ implemented with the

circuit-of Fig. 18.214a). (c) Waveforms at various nodes of Ihe cnfcmt i

multivibrator.

- discharging through a resistance R Loward a ﬁnal Voltage ,V hz

where V,,, 1s the voltage at’ r = O+ and 7 = CR is. the t}me constant '

18.5.1 Operation of the Astable Mult"' '.brator: -

{b). This eircnt is called an astable

et <

To see how the astable multivibrator operates; refer o .Flg 18: 26(b) and let the output of
_ the bistable multivibrator be at one of its two posmble levels say 'L, Capacitor C will
~ charge toward this level through resistor R. Thus the voltage acfoss C which is applied
to the negative input terminal of the op amp and thus is denoted v -, will tise: exponentially
toward £, with a time constant T = CR, Meanwhile, the v_*o_ltagc_; at- the positive inpuf terminal
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44 Operation in the Reverse Breakdown Region—Zener Diodes 203

4.4.1 Specifying and Modeling the Zener Diode

Figure 4.19 shows details of the diode {-v characteristic in the breakdown region. We observe
that for currents greater than the knee current I, (specified on the data shest of the zener
diode), the i-w characteristic 1s ahmost a straight line, The manufacturer usually specifies
the voltage across the zener diode V; at a specified test cuirent, /.. We have indicated these
parameters in Fig. 4,19 as the coordinates of the point labeled Q. Thus a 6.8-V zener diode
will exhibit a 6.8-V drop at a specified test current of, say, L0 mA. As the current through the
zener deviates from J;, the voltage across it will change, though only slightly. Figure 4.19.
shows that corresponding to current change Al the zener voltage changes by AV, which is
related to AZ by

AV =r,Al

where r, is the inverse of the slope of the almost-linear i~v curve at point (). Resistance r, is
the incremental resistance of the zener diode at operating point @. It is also known as the
dynamic resistance of the zener, and its value is specified on the device data sheet. Typically,
r, is in the range of a few ohms o a few tens of ohms. Obviously, the lower the value of r,
is, the more constant the zener voltage remains as its current varies, and thus the more ideal
its performance becomes in the design of voltage regulators. In this regard, we observe from
Fig. 4.19 that while r, remains low and almost constant over a wide range of current, its value
increases considerably in the vicinity of the knee. Therefore, as a general design guideline,
one should avoid operating the zener in this low-current region.

Zener diodes are fabricated with voltages V; in the range of a few volts to a few hundred
volts. In addition to specifying V;, (at a particular current 1), 7,, and I, the manufacturer

A
__VZ _VZO ___VZK
N W AN
[ ] 0 Y
} - —IZK
|
|
I
Slope = L
ry
z ‘ Q
____________ —Izp (test current)
|
AV il al
AV =Alr,

Figure 4.19 The diode i—» characteristic with the breakdown region shown in some detail.
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o=ty v

R="05kn

6.8-V

zener

: model

- Solutwn _ o _ _
_"Fn'sl we muost deternnne the value of the parameter VZO of the zerier dlode model Subsututmg wTJ : 6, 8 V
I, =5 mA, and r, = 20 Q in Eq. (4.20) yields V,, = 6 7 V Flgure 4.21(b) shows the circuit W1th the zener

- diode replaced w1th its miodel.
e (a) With no load connected, the (,urrent thrﬁugh the zener is glven by

%—%+&
-6'?»+«63‘3x002 683V

: .(.b) For a _:ELV change in VY, the chdnge in output voltztge can bc found from

it
N

AVO__AV*R_ﬁr
- 20 -
_....:‘: e
500 pzo =385 mV

- Line regulation & 38.5 mV/V




