Homework 3, solution

4.60 (a) Three 6.8-V zeners provide 3 x 6.8 =
20.4 V with 3 x 10 = 30-£2 resistance. Neglecting
R, we have

Load regulation = —30 mV/mA.

(b) For 5.1-V zeners we use 4 diodes to provide
20.4 V with 4 x 25 =100QQ resistance.

Load regulation = - 100 mV/mA

4.62 V; =Vzo+ Izrz

9.1 =Vzo+0.02 x 10

= V=89V

Atl; = 10 mA,
V;=89400l x10=90V
Atlz; =350 mA,
V;=894005%x10=94V
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GIVEN PARAMETERS

V;=068V,r,=5Q
Iz =20 mA
At knee,

I7xk = 0.25 mA
r, =750 Q

FIRST DESIGN: 9-V supply can easily supply

current
Let Iz = 20 mA. well above knee.
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R=——=60Q
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. . AVO rz
Line regulation = =
AVS rz + R
_ O _769MV
5+60 \

Used lowest possible voltage 8V here
because source voltage is 9+1V

SECOND DESIGN: limited current from 9-V
supply

I = 0.25 mA

Vz = Vzx == Vz5 — calculate Vo from
Vz = Vzo+rzlzr

6.8 =Vz +5x0.02

VZO = 67 V
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SR =352kQ

AV, 750

LINE REGULATION = =
AVy 750 4+ 5200




Handout problems:

1, For the following circuit, the diode has Is = 10™2A, nV+ = 25mV. The DC current
source has 1mA constant current, and v(t) is a small AC voltage signal. All capacitors are
very big which pass AC and block DC signals. Use small signal analysis, please find the
ratio between the output AC voltage vo(t) and the input AC voltage vi(t).
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Solution:
For DC analysis, both capacitors are open circuits, so that the DC current flowing through

the diode is Ip = ImA. Then, the small-signal equivalent resistance of the diode is

r, =nV; /1, =25mV /1ImA=25Q 1000

vV,
vi(t) Vo(t)
The small-signal equivalent circuit shown on
25Q

the right is a simple voltage divider, so that
250

— S _02v.(t)
100Q + 250

Vo ()= Vi (1)



2, For the following circuit, the two diode are identical with Is = 10™2A, nV = 25mV. All
capacitors are very big which pass AC and block DC signals. vs(t) is a small AC voltage
signal. Please find the DC current I at which vo(t)/vi(t) = 0.5.
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Solution:
Both DC and AC equivalent circuits are shown below.
For DC circuit analysis: Ips = I3, and Ip, =5mA - 1.
The small-signal equivalent resistances of the two diodes are
nv; 25mV nv; 25mV
d1 = = and lio = =
I, I, I, 5mA-1,
The small-signal circuit analysis indicates that
Vo) = v, () —2
a1 1 T2
For Yo (V) ~0.5 , we must have — 92 =05 That s, r, =ry, and 25mV. __25my

v, (t) My + Ty I,  5mA-I,
The solution is: I, =2.5mA

5mA

P

DC circuit

Vo(t)

AC circuit



