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ENEE236 — Analog Electronics

Zener Diode
Simple Voltage Regulator

» The Zener is used as a voltage regulator to maintain a
constant dc output under variations in load current and ac
line voltage

» It can also be used as protection device against
overvoltage

» Analysis starts by defining state of diode followed by
using appropriate model, then find unknown quantities
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Reverse bias of a pn junction Breakdown Voltage

~¢——— [, Minority-carrier flow
I =0

majonty

The electric field may become large enough for the covalent bond to break, causing
electron-hole pairs to be created.

IIIIII %WMF

RO

Used to maintain a constant dc output voltage
under variation in the load current from the dc
power supply and under variation in the ac line
voltage I
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Voltage Regulator

l load

+ol

— Voltage
-[ regulator Vioad

Variable source

Load

ol

A voltage regulator supplies constant voltage to a load.

Simple voltage regulator

_ s % RLg/ V()

\

m Uploaded By: anonymous

-HUB.co
Instructor: Nasser %mall 3



ENEE2360
BZU - ECE

-HUB.co
Instructor: Nasser %mall

10/30/2022
ENEE236 — Analog Electronics
Ia
¢ |n data sheet,
« + we have lzr, Vzr
Iz=lka=-lak Vz=Vka @) @) (1)
Zener R;:ge.:ff F;;Wg;r: * Zener currents
. i eRegong, g % will be assumed
positive if
VAK passing from
12k =l2(min) cathode to
Anode
Izt e Iflz<1zk zener will
act as an open
circuit
lzm= |z(max) . Iflz> |Zn:1ax
zener will
damaged
* Iflzk <lz< Izmax zener will be in voltage regulation (zener) region
A
@) Reverse o
, Zen.er | Region Region
‘(_Reglon‘ —_—— 3 — -5
Vam i Vo iVZK =Ve(min) VAK
o 12k =l 2(min)
Also we must make sure ‘ | |
that a
I;(max) = Iy = I;(min)
For the Zener diode to M= lz(max)
operate safely in the
breakdown region .
in()
Iy = I, (min) Yo (©)
Izr
I; (max)
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Zener Diode Operation Regions

K +

Region (1)

» When VAK>0 , zener
la acts as regular diode
ON

Iz=lka=-lak Vz=Vka

2)
3) Reverse
Zener Region

o > Region (2)

|, Regiony Region When 0 <VKA<Vz« , zener

e = — acts as regular diode
OFF

Vzm

|ZK=|z(min)

» Region (3)

When VKA>VZK ,

This is the intended

| operating region ,and the
| zener acts as a voltage

! regulator

|
|
|
|
T
|
|
|
|
|
|
|
|

I
I
Vzr } Vzx =Vz(min) VAK

T

I

I

I

I

I

I

I

[ S Izt

,,,,,,,,,,,,,,, lzm= |z(max)

ENEE236 — Analog Electronics

Zener Diode
Operation & Models

The Zener is a diode that /s p .
operated in reverse bias at

Iz=Ika=-lak Vz=Vka
the Zener Voltage (V).
Conditions for zener diode to operate in N
the breakdown (Zener/ON) region When Rs
1. Cathode is more positive than anode M», +
Is
2. Vth 2 VZ Vin Vz l j/ Vi
3.1z > Iz(min) N
4. 1z< 1z(max) Rs
- . AN
==> Voltage across the Zeneris V, —~

» Zener current: /= /s—/, vin ¢ Vrn l
* The Zener Power: P,= V,/,

m Uploaded By
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Zener Diode

Models
ﬁl %Z:j

(W, >V>0V)

1. Ideal Model

2. Simplified Model (will not
be used in this course)

"oft"
K
+
K
Vz
lz=lka=-lak Vz=Vka
Iz
A - -
A

Zener Diode

o V-l Characteristic curve
Ip

A D | k ip(t)
+ -

Vp ()
Vyr =X @ Lyp =Y Vzr V2o

AV, |
rz = FZZ Breakdi ””””””””””””” Iy = 1, (min) dlavit
1 I

Also we must make sure OV A o

that regio

I;(max) = Iy > I;(min)

For the Zener diodeto  |------roomoe Iz (max)

operate safely in the

breakdown region .
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Ideal model of Zener in the breakdown region .
ip(t)

Vzr Vzo j

Iy = I, (min) Yol

| lzr
* If V¢>Vz,the Zener diodeis in the
breakdown region .

I; (max)

Zener Diode IV Characteristics

If Vg <Vgz,the Zener diode is open
circuit.

Also we must make sure that

w 5—
Iz(max) = Iz = Iz(min) f

ENEE236 — Analog Electronics

Fixed Vin, Variable RL

» Due to the value of Vz, there is specific values of RL (IL)
that ensure the zener is in the ON (regulation) state
» Too small values of RL can result in zener being OFF

R
— _ L
VL_VZ_R+R in Rs
R —
_ s*Vz Is
RL(min) -
Vin _VZ Vin vz
A A . iz R
R = RL(min) = IL(max) = R_ = R |
L L(min)
Also, valuesof R =R, ,canresultin=1, > 1,
IL(min) = Is - IZ(max)
U
\
RL(max) = I
L(min)
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Example
Given the following valuesof R,
find the mode of operation of the

a)R, =0.1kQ

Is 'Ll
35V VZ=10V2 S
zener and the voltage V,

b)R, =0.5kQ

CR, =5kQ

dR, =

SOLUTION

a)R, =0.1kQ

using ideal model

v, - R, . 0.1
R, +Rg 0.1+1

Zener works in region 2, it acts

as open circuit

V, =3.18V (itisnot regulated)

35V =318V

ENEE236 — Analog Electronics

Example

35V

Vz=10V,

1z RU

b) R, =0.5kQ
using ideal model
V,, = R, V,, = 0.5 35V =11.67V
R, +Rg 0.5+1
Vin >V,
Zener works in region 3, it works as voltage regulator
V, =V,=10V
_35V-10V
S 1kQ

M1 ooma
RL

=25mA

I

0.5kQ
I,=1g-1, =5mA

-HUB.com
Instructor: Nasser %mall

Uploaded By: anonymou

S
8



ENEE2360 10/30/2022
BZU - ECE

ENEE236 — Analog Electronics
Example

Is 'Ll
35V Vz=10V,

)R, =5kQ

using ideal model

Vi = R Vi, = >
R, +Rg 5+1

Vin >V,

Zener works in region 3, it works as voltage regulator

VvV, =V, =10V

_35Vv-10V

- 1kQ

V. 10

R,

3’5V =29.17V

Is —25mA

I, ==t =——=2mA
5kQ

I,=1,-1, =23mA

ENEE236 — Analog Electronics

Example

Is 'Ll
35V Vz=10V,

d) R, =5kQ
using ideal model
0
V, = V. =35V
th OO+R in

S

Vi >V,
Zener works in region 3, it works as voltage regulator
V, =V, =10V
35V -10V
T 1kO
V10,
R,

I, =lg-1_=25mA

=25mA

Is
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Example

1) Determine Range of R, & I, that

will resultin V, being maintained at 10V
2) Determine the power rating of

the zener diode

L mmo = 32 MA

SOLUTION 2) Tofind R ) = weneed I ;.
D) Tofind Ry, that will turn the I 1]
d' de ON L(min) — °S Z(max)
zener dio :
. MisVe 50105,
VL:VZ:R LR \/I: RS 1kQ
. L+ s I iy =40-32=8mA
=S Vv
S MV ' V., 10V
1kQ R =—L =" =1.25kQ
L = 551910 = 2502 KO0 iy 8MA

3) Pynsg = V-l ymeg =10V . 32 MA =320mW

250Q <R, <1.25kQ o . .
The zener diode is chosen with power rating > P,,

IL
50V Vz=10vV \

(max)

10/30/2022
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Fixed RL, Variable Vin
For Fixed RL, the voltage Vin must be large enough to turn
the zener diode on ( regulation region (3))
Vin :Vin(min) = RL - RS Vz Rs
RL
Vinmax 1S limited by maximum TP I
zener current 1, .. Vin Vz J{ l
ls=1,+1, ) 1z RL
IS(max) = Iz(max) + IL
\/i(max) = IS(max)'RS + VZ
U
Vin(min) SVin SVin(max)
m Uploaded By: anonymous,
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Example
Find the range of values of Vi that will maintain the zener in
the ON (regulation ) State Rs 220Q
Vi = mv
1200 220 "Z'zov
S 20 =23.07V
1200 RL=1.2k0)

lg=1,+1, o
IS(max) = Iz(max) + IL Z(max) B m
=Y OV is67mA

R, 1200Q
lsinwg = 60 MA +16.67 MA = 76.67 mA S BT Sy SRR

Ve = (76.67 MA).(22002) + 20 V = 36.87 V

ENEE236 — Analog Electronics

Design of Rs (Current limiting Resistor)

G/V&/’] S VZ’ IZ(min)' IZ(max) ' Vin(min) ' Vin(max) ' RL(min)’ R

L(max)

Find range of acceptable Rs in the voltage regulator

) L= =1, Rs=2200)
Worst Case : the smallest value of
(Is=1.)
must be always higher than > I, .-
IS(min) - IL(max) Z IZ(min>
VS(min) _Vz
TR, I may = Vo miny
Lniny + e nmey < VS(%S_VZ
\Y V,

R. < S(min)
JS— =
U pminy 1 Lgmang

com
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Design of Rs (Current limiting Resistor)

leen N VZ’ IZ(min)’ IZ(max) ’ Vin(min) ’ \/in(max) ’ R L(min)? R L(max)
Find range of acceptable Rs in the voltage regulator

2) Iz < IZ(max) VS(max) - Vz -1 <1
— 5 limin Sz
Worst Case : the largest value of (I —1,) Rs (min) = S 2(ma)
must be alwayssmaller than I, | | - Vsmaxy — Vz
Z(max) + L(min) = R
IS(max) - IL(min) < IZ(max) S
V. -V
Rs > S(max) z
| 2maxy + 1 Lming
Note That
V,
IL(min) = R
L(max) _ —
V VS(min) VZ > R > Vs(max) VZ
_ z = Ing =
I'-(max) "R IZ(min) + IL(max) IZ(max) + IL(min)
L(min)

ENEE236 — Analog Electronics

Design of Rs (Current limiting Resistor)

Given:

V, =10 V,

IZ(min) =5mA, IZ(max) =200 mA, VS(min) -V, SR s VS(max) -V,
Vinminy =15V, Visimay =20V, U pminy + 1may I | zmaxy + 1L (miny

R L(min) = 500,R L(max) — P

Find R.?
” 200Q >R, >50Q
I, (max) = Wzin)=10/500:20mA let R =100 Q
and

I,(min) = ﬁzlolinfinityzo

%ﬁ%ﬁ:ﬁﬂ %%.aﬁlom Uploaded By: anonymous,
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a) When Vi(t) <-0.7 V, Zener
works in region (1) as regular
diode ON

iD(t):-Vi(t;—O.7>

V,(t) <-0.7
V() =-0.7
b) When Vz > Vi(t) > -0.7 V,
Zener works in region (2) as
regular diode OFF v @) =V.(t)

c) When Vi(t)> Vz, Zener works
in region (3) as voltage regulator

V() =V,

Clipper circuits using Zeners

0.7+i,().R+V;()=0

0

Vm@ Vz Vo
Rs

AA'AY, ;

Vin@ i) | o5, Ve
Rs

vin®)

ENEE236 — Analog Electronics

c) When Vi(t)> Vz, Zener works
in region (3) as voltage regulator

Clipper circuits using Zeners

Rs

_,\/\/\/__

-HUB.co
Instructor: Nasser %mall

Vo) =V,
Vin@ V2 == Vo
Uy A
Ve a
vz

P

O'7’-o.7v v’ ‘C t
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Clipper circuits using Zeners

Find and sketch Vo(t)

a) When 0.7V <Vi(t) < Vzz,
D1- regular diode ON
D2- regular diode OFF

A Vo® = V(1)

R

MW\

R

Vi(t) fg

Vi(t) fg

A

Vz1 b1
+

+
Vz2 D2

+
07 v:E

b) When Vi(t) > Vz2
D1 — ON (region 1)

D2- Zener ON (region 3)

Vo) =V,,+0.7

Vi(t) f\)

0.7V——

+

Vz2 __|_

ENEE236 — Analog Electronics

Clipper circuits using Zeners
c) When -0.7V >Vi(t) > -Vza,

D1- regular diode OFF

D2- regular diode ON

A Vo® =V, ()

Vi(t) fg

0.7 V.

+

-I_v.,
+T_

d) When Vi(t) < -Vz1
D2 — ON (region 1)

D1- Zener ON (reaion 3)

V() =-V,,—0.7

R

M\

Vi(t) fg

Vz1 D1
+

Vi(t) fg

V-ZZ :L_

0.7V—=

m
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