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CHAPTER 2
POWER SEMICONDUCTOR DIODES AND CIRCUITS

Problem 2-1

““t—="5 ps and di/dt = 80 A/us

(a) From Eq. (2-10),

Qrr = 0.5 (di/dt ) t+?> = 0.5 x 80 x 52 x 10® = 1000 pC
(b) From Eq. (2-11),

I = ZQRR% =/2x1000x80 = 400 A

Problem 2-2
Vi = 25.8 mV, Vpr =1.0Vatlp;: = 50 A, and Vpp =1.5Vatlp = 600 A
Taking natural (base e) logarithm on both sides of Eq. (2-3),

%
Inl=Inl +—A

which, after simplification, gives the diode voltage Vp as

vp =nVr In(%-j

N

If Ip; is the diode current corresponding to diode voltage Vp;, we get

Vo =nVy In[sz—‘j

N
Similarly, if Vpz is the diode voltage corresponding to the diode current Ipy,

we get

] A\
Vg =3Wer ln(—ID—ZJ

S

Therefore, the difference in diode voltages can be expressed by



1 i I
Voo =V =nVr In[%j— nv; In[—IQLJ =nV; ]n(%w
§ S Dl )

(a) For Vpa = 1.5V, Vp; = 1.0V, Ip, = 600 A, and Ip; = 50 A,
600 g ;

1.5—1.0:77x0.0258x1n(?0—), which give n=7.799

(b) ForVp; = 1.0V, Ip; =50 A, andn = 7.999

1.0=7.799x0.0258 Ir{;—OJ, which gives Is = 0.347 A.
S

Problem 2-3
Vb1 = Vp2 = 2000 V, R; = 100 kQ

(a) From Fig. P2-3, the leakage current are: Is; = 17 mA and Is, = 25 mA
Ir1 = Vpi/R: = 2000/100000 = 20 mA

(b) From Eq. (2-12), Is; + Iz; = Iss + Iro

or17 + 20 = 25 + Iy, orIgpp = 12 mA

R> = 2000/12 mA = 166.67 kQ

Problem 2-4
For Vp = 1.5V, Fig. P2-3 gives Ip; = 140 A and Ip, = 50 A

Problem 2-5

Iy =200A,v=25

I =1, I =1y/2 = 200/2 = 100 A

For I; = 100 A, Fig. P2-3 yields Vp; = 1.1 Vand Vp> = 1.95 V
V=Vp+I;R; 0r2.5=1.1 + 100 R; or R; = 14 mQ
V=Vp+I2R0r2.5=1.95+ 100 R or R, = 5.5 mQ

Problem 2-6




Ri =Ry =10k, Vs = 5kV, I;; = 25 mA, Is; = 40 mA

From Eq. (2-12), Is1 + Ir1 = Iso + Ir2

or Is; + Vp1 /Ry = Is2 + Vb2 /R2

25 x 107 + Vp;/10000 = 40 x 10 + Vp»/10000

Vp: + Vb2 = Vs = 5000

Solving for Vp; and Vp2 gives Vp; = 2575V and Vp2 = 2425V

Problem 2-7

t;= 100 ps, t, = 300 ps, t3 = 500 ps, f = 250 Hz, fs = 250 Hz, I, = 500 A
and I, = 200 A

(a) The average current is Iny = 2Iny, fta/n - Ia (t3 - t2)f = 7.96 - 10 = - 2.04
A.

(b) For sine wave, I,=I |f/2= 55.9 A and for a rectangular negative

wave,1r2 :Ia /f(t3 -t,)=44.72 A

The rms current is I, =+/55.92> +44.722* = 71.59 A

(c) The peak current varies from 500 A to -200 A.

Problem 2-8

t; = 100 ps, to = 200 s, t3 = 400 ps, t4 = 800 ps, f = 250 Hz, I, = 150 A, Ip
= 100 Aand I, = 300 A
(a) The average current is

Tav = Ia ft3 + Ip f(ts - tg) + 2(Ip - Ia) f(to - t1)/n = 15+ 5 + 2.387 = 22.387 A.

4

(b) Irlzklp—laj [Fiy-1)/2 = 16.77 A,
1,=1 [f1; =47.43Aand I, =1, [751,) = 22.36 A



The rms current is I, =+/(16.772% + 47.432> +22.362*) = 55.05 A

Problem 2-9
R=22Q,C=10puF, Vo =220V

1 ..
O=vR+vC=vR+Ejzdt+vC(t=O)

With initial condition: vc(t=0) = -V,, the current is
V. —t/RC
it —-_0
i(t) z e
The capacitor voltage is

-t/ RC —tx10°/220
ve(®)=—Ri=-V,e =-220e

(b) The energy dissipated is
W =0.5C V.2 =0.5x 10 x 10-6 x 220 x 220 = 0.242 J.

Problem 2-10
R=10Q,L=5mH,Vs=220V,I; =10A
The switch current is described by

di i
VS _LE+R1
With initial condition: i(t=0) = I,
% —tR/L —tR/L -2000¢
i(t)=?5(1—e Y+1e =22-12e¢ A
Problem 2-11
di 1.
Ve :L217+—C‘—Ildt+vc(t—0)

With initial condition: i(t=0) = I, and v(t=0) = 0, we get




: C .
i(t)= Io cos(a)ot) + VS \E sm(a)ot)
The capacitor voltage is
(t)—1 dt =1 L g n-v n+v
Ve = [idt= o\c sm(a)o S cos(a)o )+ s

where o = JCE

Problem 2-12

Fig. p2-12a:

(a) Ldi/dt ori(t) = Vs t/L
(b) di/dt = V4/L;

(d) di/dt (at t= 0) = V/L.

Fig. p2-12b:
(@) = fidt+Ri=V -7, Vol HIRE
a) —[idt+Ri=V - i(f) =

) Cjz i=Vg-V,or i(t) = e

d,-_VS—VO —t/RC
®) Z=RC ¢
(d) Att= 0, di/dt = (Vs - Vo)/(R? C)

Fig. p2-12c:
; —tR/L
(a) L%;—+Ri=VSor i(t)=—%e
; —tR/L
(b) a__Vs
dt L

(d) Att=0,di/dt=Vs/L



Fig. p2-12d:

(@) V= L§Z+Cjzdt+vc(t—0)

With initial condition: i(t=0) = 0 and v(t=0) = V,,

. C . .
I(t)= (VS - Vo ) \/% sm(a)ot) = Ip sm(a)ot)
where o =1 /NLC

d Vs V
(b) I
(d) Att=0,di/dt=(Vs-V,)/L

cos(a) 1)

Fig. p2-12e:

At t=0, the inductor behaves as an open circuit and a capacitor behaves as a
short circuit. Inductor L; limits the initial di/dt only. Thus, the initial di/dt is
di/dt = Vs/L1 = Vs/20uH = V/20 A/pus

Problem 2-13
Vs =220V,L=5mH,C=10pF,R=22Q and V, = 50 V
(a) From Eq. (2-40), a = 22 x 10%/(2 x 5) = 2200

From Eq. (2-41), 0o = 1/V(LC) = 4472 rad/s

o —\447222200% = 3893 rad/s
Since a < w,, it is an under-damped case and the solution is of the for
N —at .
i(t)=e [A1 cos(a)rt) + A2 sm(a)rt)]
At t= 0, i(t=0) = 0 and this gives A; = 0.

N
i(t)y=e A2 sm(a)rt)




R

di -at . —at
i @, cos(a)rt)Aze -a sm(a)rt)Aze

di| Vs
dt|_, =0, 4H=T
or Ay =Vs/(orL) =220 x 1000/(3893 x5) = 11.3

The final expression for current i(t) is

(D
i) =11.3xsin(38931) ¢ 2200 A w3 4 e :100%
(b) The conduction time is
ot; =7 ort; =n/3893 = 807 pus
(c) The sketch for i(t) is shown. o , 04
g
Problem 2-14

Vs =200V, L = 150 pH, Ny = 10, N2 = 200 and t; = 100 ps
The turns ratio is a = N2/N; = 200/10 = 20
(a) From Eq. (2-52) the reverse voltage of diode,
vp = 200 x (1 + 20) = 4620 V
(b) From Eq. (2-55) the peak value of primary current,
I, = 220 x 100/150 = 146.7 A
(c) The peak value of secondary current Io' = Io/a = 146.7/20 = 7.3 A
(d) From Eq. (2-58) the conduction time of diode, '
t2 = 20 x 100 = 2000 ps.
(e) The energy supplied by the source



1V2
21,

From Eq. (2-55), W = 0.5 L I,> = 0.5 x 150 x 10-6 x 146.72 = 1.614 ]

W= ['vide= LVSLStdt

Problem 2-15
diy __;dic
dt dt

With initial condition: it=0) = I, and v(t=0) = - Vq,

Vo =éj’i€ dt+v.(t=0)=-L

o C .
if) = VS \/; sm(coot) + Im cos(a)ot)

where ® =1/JLC
1 ¢, L .
Vo(t)= ol i (t)dt =Im \/g sm(a)ot) - VS cos(a)ot)

iL,(t)= VSE sin(coot) +1, cos(a)ot)— I,

(b) Forig(t=t;) =0

; C .

i(r=t)= VS\/; sm(a)ot,)+1m cos(a)ot,)—lm =0

1

1+x

or cos() sin(a)ot, )+sin() cos(a)ot,) = -

; 1
or sin(w t,+a)=
o' V1+x*

which gives the time t;

. 1 1 1
@ t =sin™ —a =sin" }—tan" (—)
0" [\/1+x2} [\/1+x2 X

where x=ﬁ §_
I L

(c) For ve(t=tg) = 0




v.(t)= Im \/g sin(a)ot) -V cos(a)ot) =0

or 1,=vLCtan™'(x)
(d) The time for the capacitor to recharge to the supply voltage at a

constant current of I, is
1
vC(t=t,)=VS =E£‘det

tl - VsC/Im
The total time for discharge and recharge is t; = t; + tq



CHAPTER 3
DIODE RECTIFIERS

Problem 3-1
Vn=170V,R=10Q, f = 60 Hz
From Eqg. (3-21), V4 = 0.6366 Vy, = 0.6366 x 170 = 113.32 V

Problem 3-2

Vm=170V,R=10Q, f = 60 Hz and L = 0.5 mH

From Eqg. (3-21), V4c = 0.6366 Vi, = 0.6366 x 170 = 113.32 V

Isc = Vao/R = 113.32/10 = 11.332 A

Since there are two commutations per cycle, Eq. (3-79) gives the output
voltage reduction, Vx = 2 x 60 x 0.5 x 10> x 11.332 = 0.679 V and the
effe/c,:tiy\e output voltage is (113.32 - 0.679) = 112.64 V

‘Problem 3-3

R =100, Vm = 170 V, f = 60 Hz

For a si;bhase star rectifier g = 6 in Egs. (3-32) and from Eq. (3-32), Vac =
170 (6/x) sin (n/6) = 162.34 V

Problem 3-4

R=10Q,Vn=170V, f = 60 Hz, L. = 0.5 mH

For a six-phase star-rectifier, @ = 6 in Eq. (3-69). From Eq. (3-32), Vac =
170 (6/n) sin (n/6) = 162.34, I4c = 162.34/10 = 16.234 A.

Since there are six commutations per cycle, Eq. (3-79) gives the output
voltage reduction, Vx = 6 x 60 x 0.5 x 10> x 16.234 = 2.92 V and the
effective output voltage is (162.34 - 2.92) = 159.42 V

Problem 3-5

10




R=100Q, Vs =280V, f=60Hz
Vm = 280 x V2/¥3 = 228.6 V
From Eq. (3-40), V4c = 1.6542 x 228.6 = 378.15V

Problem 3-6

R=100Q,Vs=280V,f=60Hzand L. = 0.5 mH

Vm = 280 x V2/¥3 = 228.6 V

From Eq. (3-40), V4c = 1.6542 x 228.6 = 378.15 V

Isc = Vao/R = 378.15/100 = 37.815 A

Since there are six commutations per cycle, Eq. (3-79) gives the output
voltage reduction, Vx = 6 x 60 x 0.5 x 10 x 37.815 = 6.81 V and the
effective output voltage is (378.15 - 6.81) = 371.34 V

Problem 3-7

Vge = 400V, R = 10 @

From Eq. (3-21), V4c = 400 = 0.6366 V,y Or Vm = 628.34 V
The rms phase voltage is Vs = Vm/V2 = 628.34/V2 = 444.3 V
Isc = Vao/R = 400/10 = 40 A

Diodes:

Peak current, I, = 628.34/10 = 62.834 A

Average current, Iy = Is/2 = 40/2 = 20 A

RMS current, I = 62.834/2 = 31.417 A

Transformer:

RMS voltage, Vs = Vm/V2 = 444.3 V

RMS current, Is = In/V2 = 44.43 A

Volt-amp, VI = 444.3 x 44.43 = 19.74 kVA

11



Pac = (0.6366 V)?/R and Pac = Vels = Vin? /2R
TUF = Pyc/Pac = 0.63662 x 2 = 0.8105 and the de-rating factor of the
transformer is 1/TUF = 1.2338.

Problem 3-8

Vagc = 750 V, Igc = 9000 A

From Eq. (3-40), V4c = 750 = 1.6542 V, or V,, = 453.39 V
The phase voltage is Vs = Vin/V2 = 453.39/V2 = 320.59 V
Diodes:

Peak current, I, = 9000 A

Average current, Iy = I43/2 = 9000/2 = 4500 A

RMS current, I = 9000/V2 = 6363.96 A

Transformer:

RMS voltage, Vs = 320.59 V

RMS current, Is = I, = 9000 A

Volt-amp per phase, VI = 320.59 x 9000 = 2885.31 kVA
TUF = Pgc/Pac = 750 x 9000/(3 x2885.31) = 0.7798 and the de-rating factor
of the transformer is 1/TUF = 1.2824

Problem 3-9

Vm =170V, f=60Hz, R = 15 Q and o = 2=f = 377 rad/s
From Eq. (3-22), the output voltage is

2V 4V 4V
v ()= —”ﬂ——3—mcos(2a)t) —ﬁcos(%ﬁ) —ﬁcos(@ﬁ) —..0

The load impedance, Z =R+ j(nwl)= \/Rz +(na;L)240n

and ¢9n =tan—1(na)L/R)




and the load current is given by

iL(t)zldc - 24Vm > [%cos(%ot—ﬁz)—%cos(4wt—6’4)—%cos(6a)t—6’6)—..oo}
7[\/R +(nwl)
where I, Va2
R 7nR

The rms value of the ripple current is

@ ) (1)2 . @ ) [ , )2 : @ ) ( ' jz .
— — _— ..00
3)  222(R? + (40D)PI\15)  222[R? + (6wl)?]

? =

ac 22?2 + QL) 35

Considering only the lowest order harmonic (n = 2) and neglecting others,

gl
“ 2z R+ oLy \3
Using the value of I4. and after simplification, the ripple factor is
RE = I, _ 0.481 = 0.04
Lie  J1+QwL/R)’

0.481% = 0.04% [1 + (2 x 377 L/15)*] or L = 238.4 mH

Problem 3-10

Vm=170V, f=60Hz, R=15Q and o = 2af = 377 rad/s
For g = 6, Eq. (3-,39) gives the output voltage as

2 2
v, (1)=0.9549V [1 +3—5cos(6a)t) - Ecos(12w1)+ ..oo}

The load impedance, Z=R+ j(nwl)= R? +(ncoL)240n

and 0, = tan" }(nwL/R)

and the load current is

0.95497,, {_2_005(60)[_96)_1%3005(12wt—912)+.mj|

i(t)=1, ——m2
L R+ (nwL)? L35

13



whara , < Ve 0954,
R R

The rms value of the ripple current is

12 = (0-9549Vm)2 (_2_]2 . (0_9549Vm)2 ( 2 j2 N
“ " 2[R*+(6wL)*] \35) 2[R*+(12wL)*]1\143

Considering only the lowest order harmonic (n = 6) and neglecting others,

| = 0.95497, (_2_]
“ 2R +(60L)* \35
Using the value of 14 and after simplification, the ripple factor is
1 1 2

) . (-—)=o.02
Lo \2x\1+(6wL/R)* \35

~ 0.0404%= 0.02% [1 + (6 x 377 L/15)?] or L = 11.64 mH

/

Prol_al\em 3-11

E=20V, Isg =10A,Vp, =120V, Vs = Vp/n = 120/2 = 60 V
Vi = V2 Vs = V2 x 60 = 84.85 V

(i) From Eq. (3-17), o = sin™ (20/84.85) = 15.15° or 0.264 rad
B = 180 - 15.15 = 164.85°

The conduction angle is 8 = B - a = 164.85 - 15.15 = 149.7°
(ii) Equation (3-18) gives the resistance R as

R=211
”dc

[2Vm cosa+2aE—ﬂE]

1
27z x10

R |:2 x 84.85 x cos 15.15° +2 x 20 x 0.264-7 x 20] = 1.793 Q

(iii) Equation (3-19) gives the rms battery current Irms as

2 2

2 1 ||V, 2 g

I5 =—— || 2+ E° |x(7-2a)+sin2a -4V Ecosa | = 272.6
rms 27rR2 2 2 m

or I =2726 =16.51A

14




The power rating of R is Pr = 16.51% x 1.793 = 488.8 W
(iv) The power delivered Pqc to the battery is

Pac = E Igc = 20 x 10 = 200 W

h Pgc = 100 or h = 200/P4c = 200/200 =1 hr

(v) The rectifier efficiency n is

Pp __ 200 500
+P, 200 +488.8

=P,

(vi) The peak inverse voltage PIV of the diode is
PIV=Vnh + E=84.85+ 20 = 104.85V

Problem 3-12

It is not known whether the load current is continuous or discontinuous. Let
us assume that the load current is continuous and proceed with the solution.
If the assumption is not correct, the load current will be zero current and
then move to the case for a discontinuous current.

(a) R=5Q,L=4.5mH, f=60Hz, o =27nx60=377rad/s, Vs = 120V,
Z = [R? + (0 L)?]¥? = 5.28 Q, and 6 = tan!(o L/R) = 18.74°

(i) The steady-state load current at ot = 0, I; = 6.33 A. Since I; > 0, the
load current is continuous and the assumption is correct.

(ii) The numerical integration of i, in Eq. (3-27) yields the average diode
currentas Iy = 8.8 A

(iii) By numerical integration of i between the limits ot = 0 to n, we get the
rms diode current as I, = 13.83 A.

(iv) The rms output current Ims = V2 I, = V2 x 13.83 = 19.56 A

Problem 3-13

15



(A)R=5Q,L=25mH, f=60Hz, o =2 nx 60 =377 rad/s, Vap = 208 V,
Z=[R*+ (0 L)*17?=5.09Q,and 6 = tan™* (o L/R) = 10.67°

(i) The steady-state load current at ot = n/3, I; = 50.6 A.

(ii) The numerical integration of i, in Eq. (3-47) yields the average diode
current as Iy = 17.46 A. Since I; > 0, the load current is continuous.

(iii) By numerical integration of i.2 between the limits ot = n/3 to 2n/3, we
get the rms diode current as I, = 30.2 A.

(iv) The rms output current I;ms = V3 I, = V3 x 30.2 = 52.31 A

Problem 3-14

RF =5%, R=200Qandf =60 Hz
(a) Solving for Ce in Eq. (3-62),

C = 1 1+ 1
© 4x60%x200] /2x0.05

(b) From Eq. (3-61), the average load voltage Vg is

Ve =169.7 - Ll =169.7 - 11.21 = 158.49V

g 4x60x200x415.46x10°

} = 315.46 uF

Problem 3-15

RF = 5%, R =200 Q, and f = 60 Hz

(a) For a half-wave rectifier, the frequency of output ripple voltage is the
same as the supply frequency. Thus, the constant 4 in Eq. (3-62) should be
changed to 2.

Solving for Ce in Eq. (3-62),

C = . 1+ i
¢ 2x60x200|  2x0.05

(b) From Eq. (3-61), the average load voltage V. is

] = 630.92 pF
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V,=169.7 - ) = 169.7 - 22.42 = 147.28 V

‘ 2x60x200%x415.46x10°

Problem 3-16

©=2nx60=377rad/s, Vac = 48V, Vs = 120 V, Vyy, = V2 x 120 = 169.7 V
(a) Voltage ratio X = V4c/Vm = 48/169.7 = 28.28 %
a = sin? (x) = 16.43°
Solving Eq. (3-70) for B gives: B = 117.43°
Equation (3-105) gives the current ratio Ia/Ipk = 13.425 %
Thus, Ik = 14/0.13425 = 186.22 A
The required value of inductance is
Le = Vi/(o Ipk) = 169.7/(377 x 186.22) = 2.42 mH.
Equation (3-106) gives the current ratio Irms/Ipk = 22.59 %
Thus Irms = 0.2259 x Ipk = 0.2259 x 186.22 = 42.07 A
(b) Igc = 15 A, Le = 6.5 mH, Ik = Vi/(o Le) = 169.7/(377 x 6.5 mH) =
69.25 A
y = Ig/Ipk = 15/69.25 = 21.66%
Using linear interpolation, we get
X = Xn = (Xn+1 = Xn) (Yn = ¥)/(Yn+1 - ¥n)
=10 - (15 - 10) (25.5 - 21.66)/(21.5 - 25.5) = 14.8%
Vic = X Vin = 0.148 X 169.7 = 25.12 V
o = on - (an+1 = on) (Yn = ¥)/(Yne1 = Yn)
= 5.74 - (8.63 - 5.74) (25.5 - 21.66)/(21.5 - 25.5) = 8.51°.
B = Bn - (Bn+1 - Bn) (Yn = ¥)/(Yn+1 = Yn)
= 139.74 - (131.88 - 139.74) (25.5 - 21.66)/(21.5 - 25.5) = 132.19°.
Z = Irms/Ipk = Zn = (Zn+1 = Xn) (Yn = Y)/(Yn+1 - ¥n)
= 37.06 - (32.58 - 37.06) (25.5 - 21.66)/(21.5 - 25.5) = 32.76%
Thus Ims = 0.3276 X I« = 0.3276 x 69.25 = 22.69 A

17



(a)

f: =60 Vdc:=48 Idc:=25 ®:=2nf © = 37699

Vs := 120 Vm:=1/2-Vs

Vd
X:= = o := asin(x) 180-g = 16.43
Vm T
ki=y1- )+ (3 - —Z—)x 100-k = 69.49
T
Id
Ipk := =2 Ipk = 35.97
k
Peres 1000-Ler = 1251 mH
o -Ipk

o= |2 [ Losta) - cone) -6 - o) P

o
100k, = 8191
I = eelple Irms = 29.47
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(b)
Iqc = 15 Ipk := 69.25

100-1
k= 2 k = 21.66
Ipk
X, = 60 Hpj =65
o = 3687 By 4

k, = 23.95 kpp = 1527

kr_ = 3105 kr, | = 26.58
- (anxn)'(k-kn)}
k- kn X = 61.32
Vdc = x-El Vdc = 104.06
100
s <“n1-%>'<k-kn>}
Dl n - e,
ko1 -k
kr 1 —kry) (k- k,
1
kri= krn+ ( n n) ( ) kr = 29.87
kn1—ky
Irms = krIpk Irms = 20.69
100
Problem 3-17

Let t; and t; be the charging and discharging time of capacitor. For a single-
phase full-wave rectifier, the period of output voltage is T/2, where T is the
period of the input voltage and the supply frequency is f = 1/T.

ty + to = T/2. If t;>>t; which is normally the case, t; =T/2
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During discharging of the capacitor, the capacitor discharges exponentially
and the output (or capacitor) voltage is

o m

where Vp, is the peak value of supply voltage.

The peak-to-peak ripple voltage is

—tz/RC —t2/RC
vr=v0(t=t1)—v0(t=t2)=Vm—Vme =Vm[l—e ]

Since, e*~ 1-X, Vr = Vn (1 - 1 + t3/RC) = Vp, t2/RC = V/(2fRC)
Thus, the rms value of the output voltage harmonics is

v

14 = r = m
ac 22 a2fRC

Problem 3-18

R=20Q,L=5mH, f=60Hz o = 2af = 377 rad/s
Taking a ratio of 10:1, the value of the capacitor is given by

[52 2 10
R 6wl)” =——
+(6al) 6a)Ce

or C. = L

o =192.4 uF
6x377yR2 +(6x377L)>

From Eq. (3-39), the rms value of the 6th harmonic is

V,= ——2—x0.9549V
m

6 35,2

From Eq. (3-64), the rms vale of the ripple voltage is
. Ve 2 0.95497

“ ()’ LC-1 35J2 (6w)’LC-1
Vgc = 0.9549 Vp,,

The ripple factor is

20




Vv
RE=-ac N2, L 405

3
Vie 3% (6w)*LC-1

or (6w)*> L;C-1=0.808 and L; = 1.837 mH

Problem 3-19

(a) With g = 6, Eq. (3-39) gives the output voltage as

vy ()= 0.95491 [1 + %cos(&ot) - l—igcos(l2a)t) + ..oo}

The load impedance, Z =R+ j(nwL)=\R? +(noL)* 20,

and 0 =tan™!(noL/R)

and the load current is

0.9549V "
it [—"— cos (

i ()=, ————m
[W=1
¢ JR2+(or)? P

where ]d = Vdc :%

"R R
(b)) Vm=170V,f=60Hz, R=200Q, 0o = 2n f = 377 rad/s
The rms value of the ripple current is

. (0.95497, ) ( 2 )2+ (0.9549V ) ( 2 j2+
“R*+(6wL)*1\35) 2[R*+(12wL)*1\143

6wt—496)—1—23—005(12a)t—l912)+..oo]

Considering only the lowest order harmonic (n = 6) and neglecting others,
_ 095497, ( 2 j
V2R +(6wL)* \35

Using the value of I4 and after simplification, the ripple factor is

RF = dee - : (_2_) =0.02
I 2x\1+(6wL/R)*\35

ac

0.0404% = 0.02%[1 + (6 x 377 L/200)*] or L = 11.64 mH
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Problem 3-20

(a)
O To o
(a) O . }
@ e, o = <
ST oy T —n
PA% o
D & o g
L _l__—“ R o _L\Q
O =k
(@) A P - et
) /"’
Cunéo.m%n*“l

&)
(b) For the primary (or supply) current,
do = 0

a =ljz”1—ac0s(n9)d0=o
n 7r0 2

b —lJZ”I—asin(na)de—E{Q
n 7r0 2 nrw

Pn = tan-l (an/bn) = 0

. 21 q|sinet sin3wt sinSwt
i (= + + +..0
S /1 1 3 5

The rms value of the fundamental current is
I, = 21./(mV2)
The rms current is Is = I,/2. At the primary (or supply) side, PF = I,/Is =

2V2/% = 0.9 and HF:,/(IS/Il)z -1 = 0.4834.
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(c) For the rectifier input (or secondary) side,

80/2 = Ia/z

1
a, ~ ff]a cos(nd)dd =0

I
b, = 1, sin(16)d6 =—2(1-cos n)

on = tan™ (an/bn) = 0

Cn = V(an® + bn?) and I; = Ci/N2 = V2L/n

and L = I,/V2

PF = I/I = 2/ = 0.6366 and HF=,/(IS/II)2 -1 =1.211

Problem 3-21
(a)
© O= T
— Db —a
EB* - s 2Tv
' @4 Lo
= -0k
- @t T o
— ~— IQ ——
b2 > W
® ° ™ 2T
-E

(b) For the primary (or supply) current:

current is
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From Eq. (3-23), the primary



. 41 q | sinwt sin3wt sinSot
i ()= + + +..0
§ 1 3 5

I; = 41/(nV2)
The rms current is Is = I,. PF = I;/Is = 2¥2/x = 0.9 and HF:,/(IS/II)2 -1=

0.4834.
(c) For the rectifier input (or secondary) current:

80/2 = 13/2

a =Lp I_cos(n)d6 =0

n" 1
b=l sin(nﬁ)d(9=1—a(1—cos n6)

n T a nmw
on = tan™ (an/by) = 0

Cn = V(an? + by2) and Iy = Cy/N2 = \2I./n
and Is = I/\2

PF = I,/Is = 2/n = 0.6366 and HF=‘/(IS/II)2 21 =1.211

Problem 3-22 (a)

O] T _
i
N i ! 20 '-‘ﬂT" .2‘17‘— CQ'L
(a) ) 2‘)3 Is ‘-3
. 1
e —h— -
—® D, & ) = > Wi
=W .
32 a 3 o
~o | ©
l‘ | o Wt
ay oy 1
0 bz 'IQ. 15@ ~3‘ ‘
P —0, | az
a5 sends N LA =
I ll o] }-'/'TY‘ T Q{‘
. S ol




(b) For the primary (or secondary) phase (or line) current:

ao/2 =0
. le L oL cos(ng) do
V4 3
21 nw . nmw
—“cos—sin—
nrw 3
T " o '“Lsm(nH)dB
nor
21, . nm . nxw
, nm 3
’ C =\a+b} = Ry i BT
: n nm 3

f on = tan™ (an/bn) = tan(cot nn/2)
(c)I; = C1/¥V2 = V3L/(nV2), o1 = 0 and Is = V2 I./3

PF = I,/Is = 3vV3/2n = 0.827 and HF=*/(IS/II)2 -1 =0.68

Problem 3-23 (a)
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(b) For the primary line current:

80/2 =0
2x+n/6 I
cos né d@—— a cos(n@)do
2] 2nrm
= a 22 (0 —c05 ==
\/gn”sn ( cos 3 )

16 ] 2x+x/6
y s1n n@)deo -
J: ( ) .[3 12 \/—
2nrw

\/—n” S—(l Cco ——3—)
3 21, 2nrw
Cn a+b; \/_nfr(l cos— )

on = tan’ (an/bn) = tan™(-tan nn/6) = -nn/6

I, = Ci/N2 = V31./(nvV2), 1 = -n/6 and Is = V2 I./3
(c) For the secondary (or primary) phase current,
a,/2=0

xl6 2 2x+7 16 ]
—= cos(nd d@— 4
-E/(: \/— ( ) L)rle 3\/5
2la nw . A%
= COS— SIn——

x/gnzr 2 3

l En/é 21{1 . —1_ flfﬂ/ﬁ a .
n_ /6 3\/5 T 716 3\/5
21, nr nr
z\/gn”SII’l—z—Sﬂ—?,—
C =a>+b? = 2y in 2%
Inm 3

on = tan™ (an/bn) = tan™(cot nn/2) = nn/2
I, = Ci/N2 = L/(7V2), 91 = 0 and Is = V2 L/(3V3)

PF = I,/Is = 3v3/2n = 0.827 and HF:,/(IS/Il)Z -1 =0.68
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Problem 3-24

(a)
O
I
P oo, |
— ]
(a) é i . | 3> 2y 3;@ _7
'y LJa° @b" >0
- 4 @ 4 -~ ,IQ
\(@ T
; n 0 = "
/ @ 4 12° 1gP 60" L4e® 6
. Iu v -
- 5 380 o
1290 ! 36 ] ¥ (J
! ) %O

__:>.§-——-—‘% Iq @

S ]

(b) For the primary line current:
/2 =0

a, = Z“—[ [ cos(nf)d6 - [ cos(nd)dO + [ cos(nb) dﬁ:‘
n

2, . naxz Tnm
&= sin— cos
nw 2 6

Ia 273 . x/3 . 2r+x/3 .
bnz?[ [ sin(n@)d@ — [*"sin(nf)dO + ["sin(n) d6 |

1 . nw nrn
4 1——cosn7z—2sm7 cos——

7¥/4 6

Forn =1, C; = V(a:? + by?) = 2V3I/xn
o1 = tan! (a/by) = tan*(1/43) = n/6
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W

s

I; = C1/2 = V2 V3L/x, and Is = I, V(2/3)
(c) For the secondary or primary phase current,
a/2 =0

1
02 27 ooy 0 3 Jenstosr ] <0
T

I
b = ?a[ 127 {3sin(n6) d6 - [} 3sin(nd) da]
41, . nr . nrxm
= Sin— SIn——
nr 2 6

Cn=bnand([)n=0
Ci=21L/n, 1 = C/N2 = 2I./(N2 =), 91 = 0 and Is = I./V3

PF = I,/I. = V2 ¥3/x = 0.78 and HF=1/(IS/11)2 -1 = 0.803

Problem 3-25

(a)

]

(b) For the primary (or secondary) phase (or line) current:
60/2 = 0
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24, [ cos(nd)d6 =
T

4], . nm __nrxw
a_ = sin —cos—
n n 3

b = 2L, ["*sin(nf)dO = Ao T 5 BT
n nrw 3 2

41

c =——asin% and gn = tan-! (an/bn) = tan-(cot nn/2)

niw
(c) C; = 2V3I./nand 91 = 0

I; = C/N2 = V2 V3La/x, and Is = I, \(2/3)

PF = I,/Is = 3/n = 0.9549 and HF=1/(IS/11)2 -1 = 0.3108

e —

Problem 3-26
(a)
(a) —_—
—_ @ —_

g

T
3

®

(b) For the primary line current,
ao/z = 0
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. }31‘; [[:cos(n8)d6 + [ 2cos(nd) d6+ [ cos(n6) d6 ]

81, 2nx . nrw nr
=- cos sin— cos—
3 6

\/gnﬂ' 3

= %{;[ [sin(n8)d6 + ["*2sin(n6) d6+ [ sin(nf) d6 ]
81, . 2nm . nr& nw

= sin sin— cos—
\/?_amr 3 3 6

C 8/, sm-’g—[- s%

n 3nz

on = tan™! (an/bn) = tan *(cot(2nn/3))

Cy = 2V3Iy/mand Iy = Cy/\2 = V2 V3Is/n, @1 = tan™ (-1/43) = -n/6
(c) For the primary (or secondary) phase current,

ao/2 =0

/6 nrw
bn=21 x/é . ( H)dH— nrw nr
4]
C =——smT and ¢, = tan-! (a,/b,) = tan-!(cot nn/2)
nw

I; = Ci/N2 =2 V31./%, and Is = 1, V(2/3)

PF = I,/Is = 3/n = 0.9549 and HF:,/(IS/II)2 -1 = 0.3108
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Problem 3-27

(a)

(b) For the primary (or secondary) line current,

30/2 =0
.-t ["*cos(nfd)dO = Mo Gin "7 cos 7
n nrx 3 2
b =He fosin(n0)dg = e sin " sin "7
nog nmw 3 2

4] —
C =—Z2sin— and ¢, = tan-! (a,/bn) = tan-!(cot nxn/2)
n. ar 3

I; = Ci/N2 = N2 V3Ia/n, and Is = 1, V(2/3)
(c) For the primary (or secondary) phase current,

as/2 =0
@, = 2o [ cos(n)d0-+ [ 2cos(n6)d0 + [ cos(n6) d6
T

87 2nrw nrw nr

a

= COS ——Ssin — COS——
3nrx 3 3 6
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b = 21 <[ ["sin(n)d + [ 2sin(n) dO+ ["'sin(nd) d6 |
w

81, . 2nm . nrx nr
sin——sin— cos—
3 6

3nx

on = tan™! (ay/by) = tan™(cot(2nn/3))

Ci = 2V3L/mnand I; = Cy/N2 = V2 V3L./x, 91 = tan™® (-1/¥3) = -n/6
I = V21./3, PF = I,/I = 3/n = 0.9549 |

HF = [(Is/11)? - 1]%* = 0.3108

32




CHAPTER 4
POWER TRANSISTORS

Problem 4-1

Vee = 100V, Bmin = 10, Bmax = 60, Re =5 Q, ODF = 20, Vg = 8V,

Vcesaty = 2.5 V and Vegar) = 1.75 V.

From Eq. (4-14), Ics = (100 - 2.5)/5=19.5A

From Eq. (4-15), Igs = 19.5/Bmin = 19.5/10 = 1.95 A

Eq. (4-16) gives the base current for a overdrive factor of 20,
Ig=20x1.95=33A

(a) Eq. (4-9) gives the required value of Rg,

Re = (VB - Vee@an)/Is = (8 - 1.75)/33 = 0.1894 Q

(b) From Eq. (4-17), Bf = 19.5/33 = 0.59

(c) Eq. (4-18) yields the total power loss as
Pr=1.75x33 +2.5x19.5=106.5W

Problem 4-2

Vee = 40V, Bmin = 12, Bmax = 75, Rc = 1.5Q, Vg = 6 V,
Vceay) = 1.2 V and Vegsay) = 1.6 V.

From Eq. (4-14), Ics = (40 - 1.2)/1.5 = 25.87 A

From Eq. (4-15), Igs = 25.87/Bmin = 25.87/12 = 2.156 A
Ig = (6-1.6)/0.7 = 4.4/0.7 = 6.286 A

(a) ODF = Ig/Igs = 6.286/2.156 = 2.916

(b) From Eq. (4-17), Bf = 25.8/6.286 = 4.104

(c) Eq. (4-18) yields the total power loss as

Pr = 1.2 x25.87 + 1.6 x 6.286 = 41.104 W
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Problem 4-3

Vee = 200V, Beggsayy = 3V, Is = 8 A, Vegay = 2V, Ics = 100 A, tg = 0.5 ps, t;
= 1ps, ts=5ups, tr =3 ps, fs = 10 kHz, k = 0.5, T = 1/f; = 100 ps. kT = tq +
tr+th=50pusandt, =50-0.5-1=485nus, (1-k)T=ts + tr + t, = 50 ps
andto, =50-5-3 =42 ps.

(a) From Eq. (4-21),

Po(t) =3x103x200=0.6W

Pa =3x103x200x0.5x 10-°x 10 x 103 = 3 mW

During rise time, O< t < t;:

From Eq. (4-23), tm = 1 x 200/[2(200 - 2)] = 0.505 ps

From Eq. (4-24), P, = 200% x 100/[4(200 - 2)] = 5050.5 W

From Eq. (4-25),

P-=10x10°x 100 x 1 x 10 [220/2 + (2 - 200)/3] = 34 W

Pon = Pg + Pr = 0.003 + 34 = 34.003 W

(b) Conduction Period, 0 <t < tg:

Pe(t) = 2 x 100 = 200 W

From Eq. (4-27), P, =2 x 100 x 48.5 x 10-° x 10 x 10° = 97 W

(c) Storage Period, 0 <t < ts:

Pc(t) = 2x 100 = 200 W

From Eq. (4-28), Ps =2 x100x5x 10-°x 10 x 103 =10 W

Fall time, 0 <t < t;:

From Eq. (4-30), P, = 200 x 100/4 = 5000 W

From Eq. (4-31), Pr = 200 x 100 x 3 x 10-® x 10 x 10%/6 = 100 W

Pott = Ps + Pr = 10 + 100 = 110 W

(d) Off-period, 0 <t < to:

P(t) =3 x 1073 x 200 = 0.6 W
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From Eq. (4-33),

P, = 3 x 10-3 x 200 x 42 x 10® x 10 x 10° = 0.252 W

(e) The total power loss in the transistor due to collector current is
Pr = Pon + Pn + Pot + Po = 34.003 + 97 + 110 + 241.255 W

()
A P U\)
50505 l— 50006 W
O\ [0
T »1 ] i ’I,
. A~ -~ 2 60 ¢ I o C
056 .—L_.j‘v ‘ : { )
o f . - ‘ L
et
¥ kg
=
Problem 4-4

T, = 150 °C, Ta = 25 °C, Ryc = 0.04 °/W, Rcs = 0.05 °C/W
From Problem 4-3, Pr = 241.25 W

Pr(Ric + Res + Rsa) =Ty - Ta = 150 - 25 = 125

Rsa = 125/241.25 - 0.04 - 0.05 = 0.0681 °C/W

Problem 4-5

Beeay = 3V, Is = 8 A, T = 1/fs = 100 ps, k = 0.5, kT = 50 ps, ta = 0.5 ps, tr
=1ps, th=50-1.5=48.5yps, t: = 5us, tr = 3 ps, ton = tg + tr = 1.5 ps, Torr
=ts+tr=5+3=8ps

(a) During the period, 0 <t < (ton + th):

ib(t) = Igs
35



VBe(t) = Vae(sat)

The instantaneous power due to the base current is

Po(t) = ib Ve = Iss Veesat) = 8 X 3 = 24 W

During the period, 0 <t <to = (T -ton - tn): Pp(t) =0

From Eq. (4-35), the average power loss is

Pg = Igs Veegsat) (ton + tn + ts)fs
=8x3x(1.5+48.5+5)x10°x10x 10 =13.2W

Problem 4-6

Vee = 200 V, Bgggsaty = 2.3V, Is = 8 A, Vegary = 1.4V, Ics = 100 A, tg = 0.1
us, tr = 0.45pus, ts = 3.2 s, tr = 1.1 ps, fs = 10 kHz, k = 0.5, T = 1/fs = 100
ps. kKT =ty + t- + t, =50 psand t, = 50 - 0.45 - 0.1 = 49.45 ps, (1-k)T = t;
+tt+to=50pusandt, =50 -3.2-1.1 =45.7 ps.

(a) From Eq. (4-21),

Po(t) =3 x 103 x 200 =0.6 W

Ps =3x10°x200x 0.1 x10°x 10 x 10°> = 0.6 mW

During rise time, 0 <t < t;:

From Eq. (4-23), tm = 0.45 x 200/[2(200 - 1.4)] = 0.2266 Os

From Eq. (4-24), P, = 200 x 100/[4(200 - 1.4)] = 5035.25 W

From Eq. (4-25),

P- =10 x 103 x 100 x 0.45 x 10® [220/2 + (1.4 - 200)/3] = 15.21 W

Pon = P4 + P, = 0.0006 + 15.21 W = 15.21 W

(b) Conduction Period, 0 <t < t,:

P(t) = 1.4 x 100 = 280 W

From Eq. (4-27), P, = 1.4 x 100 x 49.45 x 10°® x 10 x 10 = 69.23 W

(c) Storage Period, 0 <t <ts:

Po(t) = 1.4 x 100 = 140 W
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From Eq. (4-28), Ps =1.4 x 100 x 3.2 x 10°x 10 x 10> = 4.48 W

Fall time, 0 <t < tf:

From Eq. (4-30), P, = 200 x 100/4 = 5000 W

From Eq. (4-31), P; = 200 x 100 x 1.1 x 10 x 10 x 10%/6 = 36.67 W
Poit = Ps + Pr = 4.48 + 36.67 = 41.15 W

(d) Off-period, 0 <t < to:

P(t) = 3x 1073 x 200 = 0.6 W

From Eqg. (4-33),

Po=3x103x200x45.7x10%x10x 10°=0.274 W

(e) The total power loss in the transistor due to collector current is
Pr = Pon + Pn + Poft + Po = 15.21 + 69.23 + 41.15 + 0.274 = 125.87 W

(f)

r, () 5035.23‘w 5'600 LJ
y
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Problem 4-7

Vop = 40V, Ip = 35 A, Ipss = 250 pA, Rps = 28 mQ, Vgs = 10V, tgeon) = 25
ns, tr = 60 ns, t4o = 70 ns, tr = 25 ns, fs = 20 kHz, k = 0.6, T = 1/fs = 50
us. KT = t4on) + tr + tn = 50000 ns and t, = 50000 - 25 - 60 = 29915 ns, (1-
K)T = tf + tqorn + to = 20000 ns and t, = 20000 - 70 - 25 = 19905 ns.

(a) During delay time, 0 <t < tq(on):
37



ip(t) = Ipss
vps(t) = Vop
The instantaneous power due to the collector current is
Po(t) = ip Vbs = Ipss Vop = 250 x 107 x 40 = 0.01 W
The average power loss during the delay time is
From Eq. (4-21), P4 = Ipss Vob td(on) fs

=250x 103 x40 x25x 10°x 20 x 10° = 5 mW
During rise time, 0 <t < t;:

I
DS,

t
r

i (t)=

t
Rpsips ~Vpp) T
.

"psW=Vpp
From Eq. (4-22)

PD(t)=leDS =t—t VDD+(RDS1DS—VDD) [—
r r

From Eq. (4-23) the power Pp(t) will be maximum when t = t,,, where

-9
.o tV,, __ 60x107x40  _ 55 o0 o
2(Vop —Rpslns)  2x(40-25%107x35)
and Eq. (4-24) yields the peak power
2 2
P =— Yoo Ins Ak = 357.83 W

* " 4(Vee ~Vesy)  440-25x 10°x 35)

From Eq. (4-25).

p=pii|Yeo, ps'Ds"cc

2 3

=20x10%x 35 x 60 x 10° [40/2 + (25 x 103 x 35 - 40)/3] = 1.3877 W
The total power loss during the turn-on is
Pon = Pg + P, = 0.005 + 1.3877 = 1.39275 W
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(b) Conduction Period, 0 <t < t,:
in(t) = Ips
vps(t) = Rps Ips
Ppo(t) = ip Vos = Rops Ips Ips = 25 x 107 x 35% = 30.625 W
From Eq. (4-27), Pn = Rps Ips Ips th fs

= 25x 1073 x35%2 x 29915 x 10° x 20 x 10° = 18.32 W
(c) Storage Period, 0 <t < tg(off:
in(t) = Ips
vps(t) = Rps Ips
P(t) = ip Vbs = Rps Ips Ips = 25 x 1072 x 352 = 30.625 W
Pooff) = Ros Ips Ips taorr) fs

=25x 107 x35%2x 70 x 10° x 20 x 10° = 42.87 mW
Fall time, 0 <t < t;:

. t
zD(t)=IDS[1—t——J
f

v,
Vps(t) = tDD
/

Pr®=Vpplps [l II“Jt_t‘
f)r
This power loss during fall time will be maximum when t = t/2 = 12.5 ns.
From Eq. (4-30), the peak power,
Po = Vop Ips /4 = 40 x 35/4 = 350 W
From Eq. (4-31), Ps = Vpp Ips tr fs/6
=40 x 35x25x10°x20x 10°/6 = 0.117 W
The power loss during turn-off is
Pott = Pp(orry + Pr = 0.04287 + 0.117 = 0.15987 W
(d) Off-period, 0 <t <to:
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io(t) = Ipss
vps(t) = Vop
Pp(t) = ip Vos = Ipss Vop = 250 x 10° x 40 = 10 mW
Po = Ipss Vop to fs
= 250 x 107® x 40 x 19905 x 107 x 20 x 10° = 3.981 mW
(e) The total power loss in the transistor due to collector current is
Pr = Pon + Py + Post + Po
= 1.3927 + 18.32 + 0.04287 + 0.01 = 20.466 W

Problem 4-8

From Problem 4-7, Pt = 20.466 W

Ric = 1 °K/W, Rcs = 1 °K/W, Ty = 150 °C, Ta = 30 °C
T; =150°C + 273 = 423 °K

Ta=30°C + 273 =303 °K

Pr(Ryc + Rcs + Rsp) = Ty - Ta = 423 - 303 = 120

Rsa = 120/20.466 - 1 -1 = 3.863 °K/W

Problem 4-9

I+ =200A, Vg1 =15V, Ve = 1.1V
(@) Re1 = 10 mQ, Re2 = 20 mQ
Ien +le = It
Vcer + Ie1 Rer = Veez + Ie2 Re2
or Iey = (Vce2 - Veer + It Re2)/(Re1 + Re2)
=(1.1-1.5 + 200 x 20 x 1073)/(0.01 + 0.02) = 120 A or 60 %
Iep =200-120=80A0r40 %. AI=60-40=20%
(b) Ret = Rey = 20 MQ




Ig; = (1.1 - 1.5 + 200 x 20 x 107%)/(0.01 + 0.02) = 90 A or 45 %
Ieo = 200 - 90.= 110 Aor 55 %. AI = 55-45 =10 %

Problem 4-10
- \—_//’//

I.=100A, Vs =400V, fs = 20 kHz, tr = 1 ps, and ts = 3 ps.

(a) From Eq. (4-44), Ls = 440 x 1/100 = 4 pH

(b) From Eq. (4-46), Cs = 100 x 3/400 = 0.75 uF

(c) From Eq. (4-47), Rs = 2 V(4/0.75) = 4.62 Q

(d) From Eq. (4-48), Rs = 10%/(3 x 20 x 0.75) = 22.22 Q

(e) Vs/Rs = 0.05 x I, or 400/Rs = 0.05 x 100 or Rs = 80 Q

(f) From Eq. (4-49), the snubber loss is

P =0.5Cs Vs fs = 0.5 x 0.75 x 10©*400% x 20 x 10°> = 1200 W

Problem 4-11

I, = 40 A, Vs = 30 V, fs = 50 kHz, t, = 60 ns, and t; = 25 ns
(a) From Eq. (4-44), Ls = 30 x 60 x 10°/40 = 0.045 pH
(b) From Eq. (4-46), Cs = 40 x 25 x 10°/30 = 0.0333 pF
(c) From Eq. (4-47), Rs = 2 V(45/33.33) = 2.324 Q
(d) From Eq. (4-48), Rs = 10%/(3 x 50 x 33.33 = 200 Q
(e) Vs/Rs = 0.05 x I or 30/Rs = 0.05 x40 or Rs = 15 Q
(f) From Eqg. (4-49), the snubber loss is
Ps = 0.5 Cs V2 fs
= 0.5x 33.33x 10°x 30 x 50 x 10°= 0.75 W
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CHAPTER 5
DC-DC CONVERTERS

Problem 5-1

Vs =220V, k=08, R=20Qand vep = 1.5 V.

(a) From Eqg. (5-1), Va = 0.8 x (220 - 1.5) = 174.8V

(b) From Eq. (5-2), Vo = V0.8 x 220 = V

(c) From Eq. (5-5), P, = 0.8 x (220 - 1.5)?/20 = 3819.4 W
From Eqg. (5-6), P = 0.8 x 220 x (220 -1.5)/20 = 3845.6 W
The chopper efficiency is Po/P; = 3819.4/3845.6 = 99.32 %
(d) From Eq. (5-4), Ri = 20/0.8 = 12.5 Q

(e) From Eq. (5-8), the output voltage is

v (0= %[sin (27 x0.8) cos (27 x10000¢) +0.691xsin (27 x1 OOOOt):l
=82.32xsin (628327 + ¢)

where ¢ = tan™ [sin(0.8x27)/0.691] = 54°.

The rms value is V; = 82.32/N2 = 58.2 V

Note: The efficiency calculation, which includes the conduction loss of the
chopper, does not take into account the switching loss due to turn-on and

turn-off of the converter.

Problem 5-2

Vs =220V, R=10Q,L=15.5mH, E=20V, k = 0.5 and f = 5000 Hz
From Eq. (5-15), I, = 0.9375 1I; + 1.2496

From Eq. (5-16), I; = 0.9375 I, - 1.2496

(a) Solving these two equations, I; = 8.6453 A
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(b) I, = 9.3547 A
(c) Al =1, -I; = 9.35475 - 8.6453 = 0.7094 A
From Eq. (5-21), Almax = 0.7094 A
and Eq. (5-22) gives the approximately value, Almax = 0.7097 A
(d) The average load current is approximately,
I. = (I, + 1,)/2 = (9.35475 + 8.6453)/2 =9 A
(e) From Eqg. (5-24),
2 172

L= 112+(_1-2_3i)+1,(12—11) = 9.002 A
Is=kl;=08x9=7.2A
and the input resistance is Rj = Vs/Is = 220/7.2 = 30.56 Q
(g) From Eg. (5-25), I = vk I, = ¥0.8 x 22.1 = 15.63 A

Problem 5-3

Vs =220V,R=0.2Q,E=10V,f=200Hz, T=1/f = 0.005s
Ai = 200 x 0.5 = 10 A.

Va=kVs=R1I;

The voltage across the inductor is given by

ai_
dt
For a linear rise of current, dt = t; = kT and di = Ai
1=KV

LE =V —RI, =V, —kVy=(1-k)V

kT

Ai=

d(Ai) _

For worst case ripple condition: 0

and this gives, k = 0.5
AiL=10xL=220(1-0.5)0.5x0.005 orL=27.5mH
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Problem 5-4

Ve =110V, E =220V, P, = 30 kW = 30000 W

(c) Since the input power must be the same as the output power,
VsIs =P,or110 xIs = 30000 orIs = A

(a) The battery current, Iy = Po/E = 30000/220 = 136.36 A
Ib=(1-k)Isork = 136.36/272.73-1 = 0.5

(b) Ren = (1 - k) E/Is =(1 - 0.5) x 220/272.73 = 0.4033 Q

Problem 5-5

Ve=110V,L=7.5mH, E=220V
From Eq. (5-28), i1(t) = (110 x 10%/7.5) t + I;
From Eq. (5-29),
io(t) = [(110 - 220) x 103/7.5) t + I, = (110 x 10%/7.5) t + I,
where I, = iy (t=kT) = (110 x 10%/7.5) kT + I;
I; = i[t=(1-k) kT] = -110 x 10%/7.5) (1-k)kT + I,
Solving for I; and I, yields I; = 0, I, = (110 x 10%/7.5) kT
i1(t) = (110 x 103/7.5) t, for 0 <t <kT
i2(t) = -(110 x 103/7.5)t + (110 x 10%/7.5)(1-k)T, forO <t < (1 - k) T.

L o

Zeo :
= KT —=jer{1-K)T =]




Problem 5-6

Vs =600V,R=0.25Q,L=20mH, E= 150V, k = 0.1to 0.9 and f = 250
Hz

For k=0.1, the load current is discontinuous

From Eq. (5-15), I, = 8.977

From Eqg. (5-16), I; = 0, AI = 8.977 Aand I, = 4.4885 A
For k=0.2, the load current is discontinuous

I, =17.9103A,1; =0A, Al =17.9103 Aand I, = 8.955 A
For k = 0.3

I, = 0.9851 I, + 26.7985, I; = 0.9656 I, - 20.6367

I, =132.64 A, I; = 107.44 A, Al = 25.2 Aand I, = 120.04 A
Fork = 0.4

I, = 0.9802 I, + 35.64,1, = 0.97044 I, - 17.733

I, =374.42 A, I; = 345.62 A, Al = 28.8 A and I = 360.02 A
For k = 0.5

I, = 0.97531; + 44.44,1, = 0.97045 1, - 14.814
Ib=615A,1; =585A,Al =30Aand I, = 600 A

For k = 0.6

I, =0.97044 1, + 53.2,I; = 0.9802 I, - 11.881

I, = 854.38 A, I; = 825.58 A, Al = 28.8 Aand I, = 840 A
Fork = 0.7

I, =0.96561; + 61.91,I; = 0.9851 I, - 8.933

I, = 1092.6 A, I, = 1067.4 A, Al = 25.2 Aand I, = 1080 A
For k = 0.8

I, =0.9608 1, + 70.58,1; = 0.991, - 5.97

I, =1329.6 A, I; = 13104 A, Al = 19.2 Aand I, = 1320 A
For k = 0.9
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I, =0.9561; + 79.2, I; = 0.995 I, - 2.99
I, = 1565.4 A, I; = 1554.6 A, Al = 10.8 Aand I, = 1560 A

Problem 5-7

Ve =600V,R=0.25Q,L=20mH, E=150V, k =0.1to 0.9 and f = 250
Hz

The maximum ripple occurs at k = 0.5.

From Eq. (5-21), Almax = (600/0.25) tanh [0.25/(4 x 250 x 0.02)] =

29.9985 A.
From Eq. (5-22), Almax = [600/(4 x 250 x 0.02)] = 30 A

Problem 5-8

V=10V, f=1kHz,R=10Q,L=6.5mH, E=5Vand k = 0.5.
-3

Vg =10 R:=10 L:=6.5-10 f := 1000
1
E=5 ki=05 T:=- _ TR
f z= = 1.54
L Z .

From Eq. (5-35), we get

Vgkz e—(l—k)'z V;-E

I = +
R 1_6—(1—1()'2 R =116 A

From Eq. (5-36), we get

Vgkz 1 V,-E
I = . +
2 R | _ (K2 R LH=193 A
Al:=1h -1 A

Al = 0.77
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Problem 5-9

Ve =15V, AVc.=10mV, Al = 0.5A, f =20 kHz, Va=5Vand I, = 0.5A
(a) From Eq. (5-48), Va = k Vs and k = Va/Vs = 5/15 = 0.3333

(b) From Eq. (5-52), L = 5 (15 - 5)/(0.5 x 20000 x 15) = 333.3 pH

(c) From Eq. (5-53), C = 0.5/(8 x 10 x 1073 x 20000) = 312.5 pF

v
Ia
_ _(1-®R
From Eq. (5-56)  Lo(k) = —— 1,(0333)-10° = 166.75 uH
1-k

From Eq. (5-89) C.(k) =

2
16L,(0.333)f7 ¢ _(0333)10° = 0.63 MF

Problem 5-10

Ve=6V,Va=15V, I, =0.5A, f =20 kHz, L = 250 pH, and C = 440 puF.
(a) From Eq. (5-62) 15 =6/(1 - k) ork = 3/5=0.6 = 60 %

(b) From Eq. (5-67), AI = 6 x (15 - 6)/(20000 x 250 x 107 x 15)

=0.72 A

(c) From Eq. (5-65), Is = 0.5/(1 - 0.6) = 1.25 A

Peak inductor current, I = Is + AI/2 = 1.25 + 0.72/2 = 1.61 A

(d) From Eq. (5-71), AVc = 0.5 x 0.6/(20000 x 440 x 10°%) = 34.1 mV
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Y
() p.-_2 R = 30
Ia

! _k(d-kR
From Eq (5 72) Lc(k) = 2f Lc(0.6)'106 =180 uH

k

From Eq (5-73) Cc(k) = IR CC(O.6)'106 =0.5 uF

Problem 5-11

Ve =12V, k=0.6,1I =1.5A, f = 25 kHz, L = 250 uH, and C = 220 pF
(a) From Eq. (5-78), Va=-12x0.6/(1-0.6) =-18V
(b) From Eq. (5-87), the peak-to-peak output ripple voltage is
AVc = 1.5 x 0.6/(25000 x 220 x 10°) = 163.64 mV
(c) From Eq. (5-84), the peak-to-peak inductor ripple voltage is
Al = 12 x 0.6/(25000 x 250 x 10®) = 1.152 A
(d) From Eq. (5-81), Is = 1.5 x 0.6/(1 - 0.6) = 2.25 A
Since I is the average of duration kT, the peak to peak current of transistor,
Ip = I/k + AI/2 = 2.25/0.6 + 1.152/2 = 4.326 A

(e) R := __a R =1
Ia
) _(-KR
From Eq. (5-88) Lc(k) = £ LC(O.6)'106 = puH
k
From Eq (5-89) Cc(k) = Z—fTR— Cc(06)106 =3 uF

Problem 5-12

Ve=15V,k=0.4,1,=125A, f = 25 kHz, L; = 250 pH, C; = 400 pF, L, =

350 pH and C; = 220 pF
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(a) From Eq. (5-100), Vo = - 0.4 X 15/(1 - 0.4) = - 10V

(b) From Eq. (5-103), Is = 1.25 x 0.4/(1 - 0.4) = 0.83 A

(c) From Eq. (5-106), Al; =15 x 0.4/(25000 x 250 x 10®) = 0.96 A

(d) From Eq. (5-112), AVe = 0.83 (1 - 0.4)/(25000 x 400 x 10°°) = 50 mV
(e) From Eq. (5-109), Al, = 0.4 X 15/(25000 x 350 x 10®) = 0.69 A

(f) From Eqg. (5-113), AV = 0.69/(8 x 25000 x 220 x 10°) = 15.58 mV
(g) From Eq. (5-120), Ali; = 1.25/(1.0- 2 X 0.4) = 6.25 A

I, = I + /2 + Lo + AI/2 = 0.83 + 0.96/2 + 6.25 + 0.69/2 = 7.91 A

Problem 5-13

V=15V, k = 0.4, I, = 1.25 A, f = 25 kHz, Ly = 250 pH, Cy = 400 yF, L, =
350 uH and C, = 220 pF

Vei=15 k=04 I:=125  f£:=2510°

a

’ LU=BR

FromEq. (5-115)  Lej(k) ="—""— [ (04)1000 = 4.32 mH

FromEq. (5-116) L y(k) = S0 x
2f L.,(0.4)-1000 = 0.14 mH

FromEq. (5-117)  C..;(k) = —— 6

: a1 =2 C.1(0.5)10° = 083 4F

1

FromEq. (5-118)  Cp(®) =2 Cop(0.5)10° = 042 pF

Problem 5-14

V=110V, V=80V, I =20A
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AVc = 0.05xV,=0.05x80=4V
R = Vy/l, = 80/20 =4 Q
From Eq. (5-48), k = V,/Vs = 80/110 = 0.7273
From Eq. (5-49) Is = k I = 0.7273 x 20 = 14.55 A
Al = 0.025 x I = 0.025x 20 = 0.5 A
Al =0.1xI,=0.1x20=2A
(a) From Eq. (5-51), we get the value of Le

; Va(Vs=V.) _ 80x(110-80)

- = 1.091 mH
¢ Al fVy  2x10kHz x110

From Eqg. (5-128), we get the value of Ce

oo A 2
© V.8f 4x8x10kHz

= 6.25 puF

Assuming a linear rise of load current i, during the time fromt=0tot; = k
T, Eq. (5-129) gives the approximate value of L as

kTAV. kAV. 0.7273x4

L = = =
“"TAI, Al f 0.5x10kHz

= 0.582 mH

Problem 5-15
PSpice simulation

Problem 5-16

k=04R=150Q, nn=1Qandr.=0.2 Q.
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k:=0.5 R :=150 = 1 r.:=02

(a) Buck
k-R
Gl =7 . G(0.5) = 0.5
(b)Boost
2
a (1-’*R
G =17 r,R G(0.5) = 1.95
(1 -k R+ 1 +k(1-k)-
T+ R
(c)Buck — Boost
2
G0 = % (1-k)~R
1-k ) IR
(1-K)"R+1 +k(1-k)- G(0.5) = —0.97

rc+R

A



