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CHAPTER 2
POWER SEMICONDUCTOR DIODES AND CIRCUITS

Problem 2-1

t—="5 us and di/dt = 80 A/ps

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

Qre = 0.5 (di/dt ) t* = 0.5 x 80 x 5% x 10 = 1000 pC
(b) From Eq. (2-11),

I = 2QRR— = /2x1000x80 =400 4

Problem 2-2
Vr=25.8mV, Vp; = 1.0VatIp; =50A, and Vp, = 1.5 VatIp, = 600 A
Taking natural (base e) logarithm on both sides of Eq. (2-3),

%

Inl=Inl,+—L2

which, after simplification, gives the diode voltage Vp as

vp =¥y In(%’-j
s

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

Vi =05 ]n[]ﬂJ
I

Similarly, if Vp; is the diode voltage corresponding to the diode current Ipy,

we get

A In(ﬁ—z—]
IS

Therefore, the difference in diode voltages can be expressed by



/ / T
Vo=V =nVr ]n[_]z)_z]_ s In[TDl] =nV; ]n(_]_Dlw
§ S D)

(a) For Vp, = 1.5 V, Vp:1 = 1.0 V, Ip2 = 600 A, and Ip; = 50 A,

l.5—1.0=77x0.0258x1n(%), which give =7.799
(b) For Vp: = 1.0 V, Ip: = 50 A, and n = 7.999

1.0=7.799%0.0258 In[?—OJ, which gives Is = 0.347 A.
S

Problem 2-3

Vor = 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; + Ig; = Iss + Ip>

or17 + 20 = 25 + Igy, orIgx = 12 mA

R2 = 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

Ir=200A,v =25

I =1, I; = Iy/2 = 200/2 = 100 A

For I, = 100 A, Fig. P2-3 yields Vp; = 1.1 Vand Vpz = 1.95V
Vv=Vp1+I; R; 0r2.5=1.1 + 100 R; or R; = 14 mQ
V=Vpp+I2R;0r2.5=1.95+ 100 R 0or R, = 5.5 mQ

Problem 2-6




Ri =Ry =10kQ, Vs = 5KkV, Is; = 25 mA, Is; = 40 mA

From Eq. (2-12), Is; + Ir1 = Is2 + Ir2

or Is; + Vb1 /Ry = Is2 + Vp2 /R2

25 x 107 + Vp1/10000 = 40 x 10 + Vp»/10000

Vp: + Vp2 = Vs = 5000

Solving for Vp; and Vp; gives Vp; = 2575 V and Vp, = 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 Iy = 2Iny fty/n - I (t3 - t2)f = 7.96 - 10 = - 2.04
A.

(b) For sine wave, Ly=E fr/2 = 55.9 A and for a rectangular negative

1

wave,Ir2 = Ia /f(z3 -1,)=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 WS, t, = 200 ps, t3 = 400 ps, t4 = 800 ps, f = 250 Hz, I = 150 A, I
=100 Aand I, = 300 A

(a) The average current is

Tav = Ia ft3 + Ip f(ts - ta) + 2(Ip - Ia) f(t2 - t1)/n = 15+ 5 + 2.387 = 22.387 A.

/
(b) Ir1 =L1p—la) /f(t2 —tl)/2= 16.77 A,
Ir2 =Ia /ft3 = 47.43 A and I,=1 [f (-t} = 22.36 A



