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Questionl: For a power diode, the reverse recovery time is 3.9 us and the rate of
diode-current decay is 50 %. For a softness factor of 0.3, calculate the peak inverse
current and the storage charge.

trr — ta + tb - 39:“*9
=ty = 3us

IS

di
IRR:tG£:3X50:150A

1 1
Qrr = §IRRtRR =5 X 150 x 3.9 = 292.5

Question2: The waveforms of the transistor switch are shown in the figure 1. The
parameteres are Voo = 250V, Vipuay = 3V, Ip = 8A, Vopuay = 2V, Ics =
100A,t; = 0.5us,t, = 1ps,ts = dpus,ty = 3pus and fg = 10kHz. The duty
cycle is k = 50%. The collector to emitter leakage current is Icpo = 3mA. Deter-
mine the power loss due to collector current (a) during turn-on t,, = t; + t,, (b)
during conduction period ¢, (c¢) during turn off ¢,;f = ts+t¢, (d) during off time ¢,,
(e) total average power losses Pr.
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Figure 1: Question 2
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T = f =100 us.k =0.5,kT =tq+t.+t, =50us =1, =50—0.5—1=48.5us.

(1= k)T =t,+ty+t,=50us = t,=50—5—3 = 42us.
(a) During delay time, 0 <t < tg:
) ( = ]CEO;UOE = VCC, (t) = icUCE = ]CEOVCC =3 X 10_3 x 250 =0.75W

= —/ = IcpoVectafs = 3x1073%x250x0.5x 10 9x10x 10% = 3.75 mW

1
During rise time, 0 <t < t,: i.(t) = ¢s

r

t
t, ver = Voo + (Vessa) — Vcc)t—

r

t
P.(t) = icvcEp = Ics n (Voo + (Vepsa — Vcc)t—}
Ve Venisar
_ _/ tdt = t.Ios| g% OE( 3’” Yee £, = 1x107° x 100 42.33 x 10x 10°
— 42.33W

P, =P;+ P =4233+3.75 x 1073 = 42.33W
(b) The conduction period, 0 <t < t,: i.(t) = log, vep(t) =

= VoE(sat)
P.(t) =i.vep = ICSVCE(sat) =2 x 100 =200 W
P, ——/ (t)dt = IosVepsatnfs = 2 x 100 x 48.5 x 10~ 0% 10x10° =97TW
(c) The storage period, 0 <t < t,: i.(t) = Ics, vor(t) = Vepsa
Pc(t) = icUC’E = IOSVCE(sat) =2 x 100 =200 W
=—/ 1)t = TosVepgsantsfs = 2 x 100 x 5 x 1070 x 10 x 10° = 10 W
. . t Veo
The fall times, 0 < ¢ < ¢y i.(t) = Ios(1 — t—),v(;E(t) t—t
f
P.(t) = icvo = Veelos[(1 — —)—]
bty
1 [ Veolostrfs 250 x 100 x 3 x 1079 x 10 x 10°
szf/ P(t)dt = -5 rfs _ 250 % 100 X X6 R 195w
0
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Pyp=P,+ P =10+ 125 = 135 W
(d) Oﬁ—period 0 < t < toi ic(t) = IC’EO; fUCE(t) = VCC’
P = 1 V0E = IOEOVOC =3 X 10 x 250 =0.7"5W

:—/ dt—[CE0VCct0fs—3X10 ><250><42><10 ><10><103_0315W

(e) The total power loss in th transistor due to collector current is:
Pr =Py, + Poyy + P, = 42.33 + 97 + 135 4+ 0.315 == 274.65 W

Question 3: The maximum junction tempreture of a transistor is 7; = 125°C
and the ambient temperature is Ty = 25° C. If the thermal impedances are R ;o =
C

0'40W’ Reos = 0.10W, Ry = O.SOW. Calculate (a) the maximum power dissipation
and (b) the case temperature.
()

Ty —Ta= Pr(Rjc+ Res + Rsa) = PrRja, Rja=04+0.1405=1.

125 =25 =1Pr = Pp=100W
(b)

Te =T; — PrRjc = 125 — 100 x 0.4 = 85°C
Questiond: The beta () of the transistor in Figure 2 varies from 10 to 60. The load
resistance is Rc = 5{). The dc supply voltage is Voo = 100V and the input voltage
to the base circuit is Vp = 8 V. If Vop(sa) = 2.5V and Vpgse) = 1.75V. Find (a)

the value of Rp that will result in saturation with an overdrive factor of 20, (b) the
forced /3, and (c) the power loss in the transistor Pr.
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Figure 2: Question 4
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Iog = e — 1954
1 19.5
Ipg = 5@ =10 = 1.95 A, = Ip = Igg % (overdrivefactor) = 20x 1.95 = 39 A
(a)
Ve — VBea) 8—1.75
R — _ — 0.1602
b Iy 39
(b)
Icg 19.5
— 205 _ 270 59
& Iz 33
(c)

Pr = VBE(sat) X Ip + VCE(sat) X Iog =17 x394+25x195=117TW

Quesiond: A power transistor has its switching waveforms as shown in Figure 3.
If the average power loss in the transistor is limited to 300 W. Find the switching
frequency at which this transistor can be operated.
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Figure 3: Question 5

Energy loss during turn on

ton ton ] v ton
= / icvopdt = / (%xm%) (VCC—%moﬁt)dt: / (2x10%)(200—5x 10°t)dt
0 0 0
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= 0.1067W — sec

Energy loss during turn off

tor s 100 200
— / 100 — — x 109 | [ == x 10% )dt = 0.1603 W — sec
0 60 75

Total energy loss in one cycle
0.1067 + 0.1603 = 0.267 W — sec

Average power loss in transistor=switching frequency x energy loss in one cycle
Allowable switching frequency :
300

2 11236H
f =267 3.6z



