EE2301 Basic Electronic Circuit Problem Set 1

Block C: Diode

Q1. Problem P9.7 (modified)

Consider the circuit of Figure P9.7. Determine ket ) | o ¢ Sl (e

the diode is conducting or not. Assume that theelis v -..v = = V=10V
an ideal diode. +—|_ T
- !
Figure P9.7
Answer: it isconducting
. Va Vb
Solution:
Known guantities: - A
The circuit of Figure P9.7. < -
Find: Vi=i2v= | =77, 0N
Determine the diode is conducting or not. . = T
Analysis: =

Assuming the diode is conducting, the current istbto be
_Vb-va (-10)-(-12) 2 _
=710+5 © 1045 15 ~013A
Since the current | is positive to the diode tunndarection, the result is agreed with the assuompti
Thus the diode must be conducting.
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Q2. Problem P9.14

For the circuit of Figure P9.14, find the range/of for whichD1 is f W °
forward-biased. Assume an ideal diode. D w
|
Answer: the range o¥, is: V,, =2 -2V . L
Vi weE
—— _2 v
+
o o
Figure P9.14

Solution:

Known quantities:
The circuit of figure of P9.14.

Find:
The range of/,, for a forward-biased; .
Analysis:
Assume diodeDd; is conducting; the diode current is
= V'n—+2 >0
150(

Since the current is positive, the initial assumptivas correct. Therefore, the range/gfis:
vV, 2-2V.
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Q3. Problem P9.16

Find voltagev, in the circuit of Figure P9.16 whekis an Ry D
ideal diode, for positive and negative valueyf Sketch a MW |
plot of v versusvs.

Answer:

For v, <0, v =0. Figure P9.16

For Vg >0, VL :VS{%J .

Solution:

Known quantities:
The circuit of Figure P9.16.

Find: Vi A
A plot of v versusvs.

Analysis:
For v < 0O, the diode is reverse biased, and=0.

v

o . R R 0 Vs
For vg >0, the diode is forward biased, ade:vs[Wj .(slope)
S

where a = tan‘l[mj
Rs+R_ IR

* degree = arctan(dope)
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Q4. Problem P9.19 (modified)

Assume that the diode in Figure P9.19 requiresramoim R
current of 1 mA to be above the knee ofiitscharacteristic. AMA
UseVy = 0.7 V. T
L
a. What should be the value Bfto establish 10 mA inthe £ =5V — I 1N/
circuit? » /f
b. With the value oR determined in part a, what is the —
minimum value to which the voltagecould be reduced
and still maintain diode current above the knee? Figure P9.19
Answer:
a) 4300
b) b) 1.13V
Solution:

Known quantities:

The currentl =1 mA, that make the diode to be above the knee of-tg characteristic.

Find:

a) The value oRto establish a 10 mA current in the circuit.

b) With the value oR established in the preceding part, what is themum value to which the
voltageE could be reduced and still maintain diode curedtve the knee.

Assumptions:

Vy:0.7V.
Analysis:
g R=—2 _43m
S 10x10°
E_-07
| - min =10—3
b) 430

= E,, = 043+07=113V
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Q5. Problem P9.20

In Figure P9.20, a sinusoidal source of 50 V rnigedrthe =07V
circuit. Use the offset diode model for a silicande. 1
a) What is the maximum forward current? 50 V”“-“G—D "g:zzn Q
b) What is the peak inverse voltage across théefio
Figure P9.20
Answer:
a) 318mA
b) 70.7V
Solution:

Known quantities:

The circuit of Figure P9.20 driven by a sinusostalirce ofso v rms, v, =0.7V, R=22( Q.

Find:

a) The maximum forward curren® peak current

b) The peak inverse voltage across the diode.

Analysis:

a) I = 5072 - 0.7
max 220

b) Vie, =50/2=707V

=318mA

A

70V_d

-70.7NV—1— U OFF

ON

»
»
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Q6. Problem P9.22

In the circuit of Figure P9.22, find the rangeMixi for

which D1 is forward-biased. Assume ideal diodes.

Answer: Vi,>0

Solution:

Known quantities:
The configuration shown in Figure P9.22.

Find:
The range oW, for whichD; is forward-biased.

Analysis:

The diodeD; is clearly forward-biased for anx, > O.

Problem Set 1

MW

-

500 €

1 kQ
o—\WW—e I
Dy
D-
+
_l__ 1.5V
Figure P9.22

For better analysis,
Can separatein 3 case,
a)Vin<0
b)0<=Vin<1.5V
c)Vin>1.5V

It iseasy to observe that D1 should be OFF in case a) and ON in casec)
For case b, we can provethecorrect situation by assuming the diodeison or off.

D1 D2 Ture/False
ON ON False
OFF OFF False
OFF ON False
ON OFF True

So, D1 must be ON.

Asaresult, D1isON for both caseb) and c), that impliesD1 is ON when Vin>=0

________________________________________________________________________________________
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Q7. Problem P9.25

Sketch the output waveform and the voltage transfer 10 &
characteristic for the circuit of Figure P9.25. Ase —W—t 0 +
offset diode model witV y = 0.6 V, vs(t) =10 sin
(2,000 t).
G) vy(r) 10 L'.lé Voll)
— 4V
Figure P9.25

Solution:
Known quantities:
The circuit of Figure P9.25ig(t) =10sin( 20007).
Find:
The output waveform and the voltage transfer charstic.
Assumptions:
Vy=06V.
Analysis:
Forvs<6.8 V,v,=3.4 V. Forvs= 6.8 V,v,=0.5vs/2.
The voltage transfer characteristic is

Vo A

5 Vo |

\Y
3.4 (
0 6.8 10 vs AT YT T
34
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Q8. Problem P9.33

Find the average value of the output voltage far th IG:JIIIF
circuit of Figure P9.33 if the input voltage is ssoidal G Ay T O
with an amplitude of 5 V. Le¥y = 0.7 V. & &
Vin zi Vot
Answer: 4.3V © 0
Figure P9.33
Solution:

Known quantities:
The circuit of Figure P9.33. The input voltageirsusoidal with an amplitude of 5 V.

Find:
The average value of the output voltage.

Assumptions:
V,=07V.

Analysis:
The capacitor will charge tev -07V = 43V and, therefore, the input sine wave will be shiftg 4.3

V to produce the output. As a result, after theleythe capacitor builds up its stored chargerduri
the third quarter cycle), the average value ofaimgput will be 4.3 V.
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Q9. Problem P9.34

In the rectifier circuit shown in Figure P9.34t) = A sin(2z 100t >t
V. Assume a forward voltage drop of 0.7 V acrogsdlode when
it is conducting. If conduction must begin duringck positive
half-cycle at an angle no greater than What is the minimum
peak valueA that the AC source must produce? W}GD %H
Answer: 8.03V
Figure P9.34
Solution:

Known quantities:
The rectifier circuit of Figure P9.344t)= Asin(2710at) V. The conduction must begin during each

positive half-cycle at an angle no greater t/an

Find:
The minimum peak valua that the AC source must produce.

Assumptions:
V,=07V.

Analysis:

Diode on, V(t) >0.7

Therefore, minimum peak voltage for the circuib&ng conducted:
07 07

i sin(5°):0.7: n=—f=\= = 803/
Fivin Finin sinfs’)~ 00872
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Q10. Problem P9.35

A half-wave rectifier is to provide an average agk of 50 V at its output.

a) Draw a schematic diagram of the circuit.

b) Sketch the output voltage waveshape.

c) Determine the peak value of the output voltage.
d) Sketch the input voltage waveshape.

e) What is the rms voltage at the input?

Answer:
c) 157.2V
e) 111.2V

Solution:

Known quantities:

A half-wave rectifier is to provide an average agk of 50 V at its output.

Find:

a) Draw a schematic diagram of the circuit.

b) Sketch the output voltage waveshape.

c) Determine the peak value of the input voltage.
d) Sketch the input voltage waveshape.

e) The rms voltage at the input.

Analysis:

N/

AN
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C)
1
Vave :;Vpeak = 0318vpeak :50:>Vpeak =1572V
d)
v v \/ |
e)
Vih, = ﬂ =1112V

rms \/E

Problem Set 1
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Q12. Problem P9.42

The diodes in the full-wave DC power supply shown i
Figure P9.42 are silicon. Ifii =5mA , Vv, =10V ,

V, =20% , Vjipe =170codat) V , w= 377@

Determine the

a) Turns ration = Vind/ Vg
b) The values of the capacitor C.

Answer:

a) 14.53
b) 16.84pF

Solution:
Known quantities:

Problem Set 1

Figure P9.42

The full-wave DC power supply of Figure P9.38;=5mA, V| =10V, V; =20% , Vjipe =170codat) V

w=377"34
S

Find:
a) The turns ration = Vind/ V.
b) The capacitoC.

Analysis:

a) Vi =V, +%vr =10+1=11V, V| _min =Vi —%vr =10-1=9V,

Vg = Ve =Vggcodat).
KVL: _Vsl(t)+VDl +Vi (t) =0

At at =0,

Vg +Vp—on +V =0= Ve =Vp_on +Viy = 07+11= 117 V
V.

n=_° = 1453
V.
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a) KVL: -Vs,(t)+Vp+V (1)=0

Becasue Vgt)= - V coioatz)

So, att =t,, Vg, codaty) = ~Vpo-on ~Vi-min- t2 = icos_l[—w] = 676 ms.

w Vs
The exponential discharge of the capacitor carxpeessed:
t _L _ It
vi (t)=vi () + (v (0)- v ())e T =0+ (v —0)e RE =vipe V€
ILtZ

VL(tZ):VL—min =Vne e c=- Lt . =16.84 i

m
Note: An approximate but conservative value of & loa obtained by using the approximation:

at, = . ThenC =~ L(ate)  _ 20.76 1F .

a}‘/L In VL—min
Vm

This value is conservative because it gives a &mafiple voltage than that specified.



