ECE 255 ELECTRONIC ANALYSISAND DESIGN Fall 2009

Problem 1 (Text 3.71)
Find theQ-points for the diodes in the four circuits shovaing:

(@)

(b)

Homework 2 Solutions

The ideal diode model

(@) Both diodes are forward biased
| :M = 409“A

2 22KQ

(6-0)V
|, =409pA-
D1 H 13K0

= 2701 A
= Qo1 {Vp1=0, b1 =270uA} and Qpz: {Vp2=0, b2 =409uA}

(b) Diode O is forward biased and diode 3 reverse biased
(6-0)V
= ———=140uA and =9V
P17 T 43kQ H ¥

= QDl: {V D1 = 0, bl = 140},LA} and QDZ: {V D2 = -9 V, bz = 0}

(c) Diode DO is reverse biased and diode iB forward biased
_[6-¢-9]v

P27 65KQ
= QDl: {V p1=-3.92V, b1 = 0} and QDZ: {V p2=0, by = 231HA}

=231pA and Vp, =6V-43kQxI,, =-3.92V

(d) Both diodes are forward biased
_[o-(-6)] Vv
P27 43KkQ
_ (9-0)V
P17 22KkQ
= QDl: {V D1 = 0, bl = 270},LA} and QDZ: {V D2 = 0, bz = 140},LA}

= 1400 A

~140pA = 2700 A

The constant voltage drop model with, ¥ .75 V
(@) Both diodes are forward biased

| _[-75-.75-¢9) v
o 22kQ
6-(-.75)V
43kQ
= QDl: {V p1=.75V, b1 = 184},lA} and QDZ: {V p2=.75V, bo= 341MA}

= 341uA

o, = 341UA- = 184u A

(b) Diode O is forward biased and diode 3 reverse biased

(6-.75)V
| o= OV _9950A  and =_9-75=-9.75V
D17 43K H ¥

= QDl: {V p1=.75V, b= 122},LA} and QDZ: {V D2 = -9.75V, bo = 0}



(c) Diode D is reverse biased and diode iB forward biased
_[6-75-¢9) Vv

bz 65kQ
= QD]_: {V p1=-3.43V, b1 = 0} and QDZ: {V p2=.75V, bo= 219},LA}

=219uA and V,, = 6V-43kQx |y, = —3.43V

(d) Both diodes are forward biased
| _[75-.75- €6) v
,=

=140u A
b 43kQ H
(9-.75)V
= -140uA = 2351 A
D1 2210 H 3

= QDl: {V p1=.75V, b= 235},LA} and QDZ: {V p2=.75V, by = 140},LA}

Problem 2 (Text 3.71 cont.)
(c) A diode model containing an ideal diode, a voltagerce, \§ = .65 V, and resistor,

Ro = 200Q. o
(@) Assume both diodes are forward biased ;mn
Define the voltage at the junction of the twodi#e as ¥ | D
6V -Vy _ Vx+65V  Vy =65V -(-9V) vy =-6sgmy
43kQ 200Q 22kQ +200Q n,% 22k
L= 0- 65V -V —1904A L ‘
200Q {2 k)

_ Vy — 65V —(-9V) _ 7.662V

D2 = 345uA 9
22kQ +200Q 22.2kQ .
2 E
VD2 = 65V +ZOOQX| D2 = 719mV oy
The results of the calculations are consistetit wir initial Vx
assumptions regarding the regions of operatloarefore, 5 . -
= QDl: {V p1=.688V, b1 = 190MA} and QDZ: {V p2=.719V, by = 345MA} _ ¥ _,_i_ Y <

(b) Assume diode Dis forward biased and diode 3 reverse biased *

6 - 65V
|, =—C7OIV  _ 150 A and V., = 65V +200Qx1 4, =675 mV
D1 = 43k0 +2000 H D1 D1

= QDl: {V D1 = 675V, b1 = 124},LA} and QDZ: {V D2 = -9.68 V, bo = 0}

(c) Assume diode Dis reverse biased and diode B forward biased
. [6-65-(-9)]V _ 1435V _ 2201A
[43k+200+22k|Q  65.2kQ
VD2 = 65V +200Q x| D2 — 694mV
VDl =6V —-43kQ XIDZ = - 346V

= QDl: {V p1=-3.46V, b1 = O} and QDZ: {V D2 =.694V, by = ZZOMA}

(d) Assume both diodes are forward biased
Define the voltage at the junction of the twodi#e as ¥



OV -Vx _Vx =85V Vx=BSV-(6V) _\, _g975mv
22kQ 200Q 43KkQ +2000
V- 65V
~200Q
Vy — 65V —(-6V) _ 6.0475V
43kQ+200Q  432kQ

Vpy = 65V +200QxI 5, = 678mV

D1 = 237MA

| D2 — = 14OHA

The results of the calculations are consistettt wir initial
assumptions regarding the regions of operatloerefore,

= QD]_: {V D1 = .698 V, b1 = 237},LA} and QDZ: {V D2 = 678V, bo = 140LLA}

Problem 3
Using a Zener diode with p¥4| = V2 =15V and R = 25Q in the simple voltage regulator shown
below, having ¥c = 30 V, calculate the load voltage,o\, when VCC = 30 Volts
R
Vz Ry 200 ohm .
_*|| —AW— 2 V Load
15Vdc 25 ohm Zener R Load
Zener Diode Model - _
" Rh
AW '
Construct the Thévenin equivalent circuit 22 22 ohm
Vth  * ' V Load
I R Load
(a) lLoad=0 Vioad= Voc = V14 = 16.67 V 16.67 Vdc-T
(b) load=1mMA Vioad = 16.67 — 22.22(0.001) = 16.65 V -

(©) load= 10 MA Moad = 16.67 — 22.22(0.010) = 16.45 V
(d) loas= 70 MA Moad = 16.67 — 22.22(0.070) = 15.11 V

(e) What is the maximum possible current thatlmarawn by the load before the Zener diode
stops providing any regulation?

When the output voltage drops to 15 Volts, noentrwill be flowing through the Zener diode.
If more current is drawn the Zener diode will app@abe an open circuit.

(f) If the 30 V supply, ¥, has a rippleAv. = 0.1V, what is the ripple seen at the load when
50 mA is being drawn?



When |oag = 50 MA, Moag = 16.67 — 22.22(0.050) = 15.56 V
Therefore Ryag= 15.56/0.05 = 310

R,|IR 24 311
AvLoad=—Z” road_ x vcc=—‘dr| x0.1= 2214, 01= 0104 0. 001
R |Rioaat R 24 31% 200 223.14

Problem 4 (Text 3.91)
The half-wave rectifier shown below is operatin@dtequency of 60 Hz, and the rms value of the

transformer voltage is 6.3 V.
| .
Rl
DI
+
c

U

R
(b) What is the minimum value of C required to eedinat T
the ripple voltage is less than 0.25 V if R =39 —

r :M: C:i:lOSmF
RxC 25x50x60

(&) What is the value of the dc output voltage, V
if the diode voltage drop is 1 V and assuming Batoo?

Vge = - (Vp-Vo) = -(63v2-10)V = - 791V

Ay

(c) What is theninimum P1V rating of the diode in this circuit?
PIV 2 2xVp -V = 2% 6.3v/2-1=1682V

(d) What is the surge current when the power & &pplied?
| qrge = ©XCxVp = 27x.0105¢63v2 = 35.3A

(e) What is thepeak amplitude of the repetitive current in the diode?
During the time intervaAT the output voltage rises from {4— Vi) t0 (Vmax)

2 2
Vp cos(—wAT -V, expandingcosik) =1- X? + --- vyields M = %
P
aT=1 |2V 2x025 _ o628ms
Vp 211;60 63\/_
Ip |dc— wherel 4, = Vi o 791125 5gma
AT R 50

Thereforel p =.158x% 2k
60x.62

= 828A
8

Problem 5 (Text 3.95)
For the Zener regulated power supply shown bel@aritins value ofs is 15 V, the operating

frequency is 60 Hz, R = 100, C = 100QuF, the on-voltage of diodes;@and 3 is .75 V, and the
Zener voltage of diode{)s 15 V.




(&) What is the type of rectifier used in this powepply circuit?
Full-wave rectifier.

(b) What is the dc voltage,¥
Vimax) =152 = 75= 20463V

-T
RC T
Vagring = (Vamasy ~15) €7€ +15 = (Vyppag - 15V)(1‘ R_Cj i

1
Vimim = 9.463| 1 - ———— | +15=5.4631-.0833+15 = 20.008V
Hmm ( 120x100x.001] 31-0833
V + Vimi
Vdc — 1(max) > 1(min) = 2024V
(c) What is the dc output voltagey¥ 15V

(d) What is the magnitude of the ripple voltag®/ &
Vi = Vl(max)_ Vl(min) = 0455V

(e) What is the minimum PIV rating for the rectifdiodes?
PIV 2 2xVp -V = 2x15/2- 75= 417V

() Draw a new version of the circuit that will ghace an output voltage of =15 V.

Problem 6

A diode is represented by a dc model wih= 0.60Vand R, =10Q, and an ac model having
r = 2Q. If the diode is in parallel with a 30 resistor and this combination is in series with@

resistor and a voltage sourag,= 8+ 0.1cos (1000 ) voli, find the total voltage across the diode
as a function of time. Assume that the sourc@isected such that it provides forward bias to the

diode. R1

'A%

Consider the D.C. bias first 1 ohm

+
8.0 Vdc —

R2
50 ohm

7 Real




50 _ _50,., _ 400 _

Thévenin equivalentR,, = 50[|1= — = .98 and V,, =—(8) = — = 7.843V
51 51 51
Rth
MV
0.98 ohm
Vth =L YV Real
7.843 Vdc-T

D.C. Analysis of the operating point using the giveodel

_ V06V _7.843- 0.6_ 7243 .

" R,+10Q 098+ 10 10.98

V, = (10Q)1, +0.6V = 10x 1.21% 0.6 7.20"

R1
MWV ¢
Next consider the A.C. Analysis 1 ohm
_ 0.1 cos(1000 t)@ R2 § AC Model
A.C. Equivalent circuit 50 ohm 2 ohm

500 || 20 = 220 - 1,928
52

1.923

Therefore,v, =
1+1.92

3[o.1cos (1000 )= 0.0658cfs 100

Combining the D.C. solution (Operating Point, Ql @ine A.C. solution yields the total solution

Vp = Vp +Vy =7.20+ 0.0658cof 10a(

Problem 7
For each of the following statements, determinetivreit applies to (normal) active-region operation
of annpn transistor, gnp transistor, both, or neither.

(8) Veg =0.6V  PNP

(b) Ic>1g NPN (Sincel; <0 for PNP)
©) |Ic]| >l Neither (Sincelg| =l c|+|l g|)
d) Ig >4 PNP (Sincelg <0 for NPN)

(€) Vee >V NPN
(f) |Vee| >V  Both



Problem 8
The active region model for anpn transistor containg, = 0.55V,,. =125, and |, = 2pA.

Find | when C|
(@) g =200n A Tego | Blg
)<
lc =Blg+l cgo =125(0.2)+ 0.002mA= 25.002m; C
(b) [Ilg| =3mA
lg+lc ==lg = ¢ =3mA
lc = Blg+l g =125(3-1)+0.002 = lc =2.976mA

(c) Find Vge whenl, =2mA

Vge =V, =0.55V (given)

Problem 9 (Text 5.82)
(&) Find theQ-point for the circuit shown below. Assume tRat= 50 and g = 0.7 V.

36kQ

Tt x10V = 3.462V and Ry, = 36k| 68kQ = 23.54R -
(68k+ 36k)Q 65 k2

%33]&9

(b) Repeat the calculation if all of the resistalues are decreased by a factor of 5.

V4 is unchanged andR(new) = 0.2x Rry(old) = 4.708 K = Ig(new) = 5x Ig(old) = 8.09uA
lc(new) = 5x I¢(old) = 405uA and e is unchanged, & = 3.80 V

Viu ~Vee

Vig =Ry xlg + Ve +Rex(Ictlg = IB:RTH+(B+1)RE

2,762
I, = ~1.6180A L Ic=pr Is = 80.9uA
5 = 2354k 5133k L OLH c =Pele : 3610

and Ve = V=l R |l R =380V

Problem 10 (Text 5.82)
(c) Repeat (a) of text problem 5.82 for the sectnclit shown.

+10V
_ 68ka _ _ _
= ———————x10V = 6.538V and Ry, = 36k|68kQ = 23.54R  36kn 3340
(68k+36K)Q
Viy =Ry Xlg —0.7V+ Rox (Io+15) +10V = -l = 10V V0.7V
Ry +B+DRe
2702 _ 1 6181A 1 Ic=-80.90A and \be=-3.80V 65k g 50

. = =
®  23.54k+ (51)33K

(d) Repeat (b) of text problem 5.83 for the secainclit shown.

V14 is unchanged andR(new) = 0.2x Ryy(old) = 4.708 K = Ig(new) = 5x Ig(old) = — 8.0uA
lc(new) = 5x I¢(old) = — 405uA and e is unchanged, ¥ =-3.80 V



