(2) Zener Regulation with a VVariable Load

e Zener diode maintains a nearly constant voltage across R, as long as the zener current is
greater than Izk and less than Izy.
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From No Load to Full Load:

(a) No-load condition: 1.=0, all current is through zener.
(b) When Load is connected:

- I remains constant as long as Zener is regulating
- As R: decrease, I.: increase, Iz: decrease.

- Zener continues to regulate until zener current = Iz« and thus I is max (full load condition).

EXAMPLE 3-6

Determine the minimum and the maximum load currents for which the zener diode in
Figure 3—14 will maintain regulation. What is the minimum value of R; that can be
used? Vz = 12V, Izx = 1 mA, and Iy = 50 mA. Assume an ideal zener diode

where Z; = 0 () and V;; remains a constant 12 V over the range of current values, for
simplicity.
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Solution

When I} = 0A (R, = 20), I7 is maximum and equal to the total circuit current /.

Vin—Vz 24V — 12V
fzma = 0 == = 7550

= 25.5mA

If R; is removed from the circuit, the load current is 0 A. Since I,y is less than

Iz, 0 A is an acceptable minimum value for /1, because the zener can handle all of the
25.5 mA.

Timin) = 0A
The maximum value of ;. occurs when /7 is minimum (Iz7 = Izg), so
Limay = It — Izxg = 25.5mA — 1 mA = 24.5mA
The minimum value of R; is

Vz 12V

B = 490 O
Imay  245mA

Ri(min) =

Therefore, if R; is less than 490 (), R; will draw more of the total current away from
the zener and /7 will be reduced below /7. This will cause the zener to lose regula-
tion. Regulation is maintained for any value of R; between 490 () and infinity.

FIGURE 3-15

R Vour
EXAMPLE 3-7  For the circuit in Figure 3-15: l Wy o
(a) Determine Voyur at Izx and at Izpy. +
Vin
{b) Calculate the value of R that should be used. Jﬂ-' IN4T24A Ry

(¢) Determine the minimum value of R that can be used.

Solution

The 1N4744A zener used in the regulator circuit of Figure 3—15is a 15 V diode. The
datasheet in Figure 3—7 gives the following information:
Vz =15V @Il; = 1TmA, I;x = 0.25mA, and Z; = 14 ().
(a) For Iz
VDUT - VZ _ ﬂszZ =15V — afzzz =15V — (‘{Z i IZK)ZZ
=15V — (16.75mA)(14()) = 15V — 0235V = 1476 V
Calculate the zener maximum current. The maximum power dissipation is 1 W.

I :PDIM} _ 1'W
— Vs 15V

= 66.7mA

For I7y:
VDUT = VZ + &IZZZ =15V + .ﬂszZ
=15V + (g — 1)Z; = 15V + (497 mA)(14 Q) = 157V
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{(b) Calculate the value of R for the maximum zener current that occurs when there is
no load as shown in Figure 3—16(a).

Vin — Vour _ 24V — 157V

R = =12410
IZK 66.7 mA
R = 130 (1 (nearest larger standard value).
R R 1476 V
1Vo—AN—e 0157V 21 Vo—AW—s >

B

130 &2 710 mA

I =667 mA Ik =025 mA R; \ T0.75 mA

(a) (b

(c) For the minimum load resistance (maximum load current), the zener current is
minimum (fzx = 0.25 mA) as shown in Figure 3-16(b).

Vin — Vour 24V — 1476V

I = = = 71.0mA
g R 130

I = It — Lx = 71.0mA — 025mA = 70.75 mA
Vour _ 1476V

R =
Hmin) = p 70.75 mA

= 20910}
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