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ENEE236 — Analog Electronics

Zener Diode
Simple Voltage Regulator

¢

. \ceef

» The Zener Is used as a voltage requlator to maintain a
constant dc output under variations //7//Qé2_CLC_U££em‘ and ac _
linevoltage

> It can also be used as protection device against
overvoltage

> Analysis starts by defining{state of diodelfollowed by
using appropriate model, then find unknown quantities

f ) :
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Voltage Regulator

A QWX/ Z&V‘H '\ 0 w’\—VAA

X v‘/ I load
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/’ Vss — regulator Yjoad Ll /
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Variable source tonst

il \Vss g E——l

A voltage regulator §upplles constajt voltage to a load.
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ENEE236 — Analog Electronics

|

=

+

(2)

lz=lkA=-1Ak Vz=Vka

— @ Reverse
Zener Region

|, Region,!
. e
Vzm
/
N

Zener Diode V-I Curve

L )

Forward
Region

VAK

|z

|ZM= |z(max)

Ix

* Ifjlzk < Iz< Izmax Jzener will be in voltage regulation (zener) region
L

In data sheet ,
we have lzr, Vzr
1z
* Zener currents

will be assumed
passing from
cathode to
Anode

If Iz< Iz zener will
act as an open
circuit
——

If 12> lzmax
zener will
damaged
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ENEE236 — Analog Electronics
Zener Diode Operation Regions
- K
' Region (1) _
lz=Ika=-lak Vz-Vka » When VAK>0, zener
|a acts as regular diode
@ i ON _>» ¢had
-+ T U
@) @ P
(3) Reve.rse o > Reglon (2) 0-2
! mesony, eEen Region When 0 <VKa<Vzk , zener
==X — — X - acts as regular diode
' ' OFF —_
Vzm i Vzr | Vzk =Vz(min) VAK > /e_/_
| |ZK=|z(min)
i > Region (3)
! When VKA>VzK ,
! |zr This is the intended
| operating region ,and the
i zener acts as a voltage
I lzm= |z(max) regulator
? M bJ ee_
ER4S-HUB.com loaded By: anonym
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Zener Diode &

. )
Operation & Models - 1

The Zener is a diode that Is- < @ o e
operated in reverse bias at

the Zener Voltage (V).

Conditions for zener diode to operate in
the breakdown (Zener/ON) region When

lz=lka=-lak Vz=Vka 3 ? ?

1. Cathodeis more positive than anode
e e ~— < - ~ ~

2V 2V S b ol
3. 1z > 1z(min)

4. Iz< Iz(max) Ls=13130 Rs

==> Voltage across the Zeneris V, — 5+

L
E/-Zener current: /;= /s—/, - Vo
» The Zener Power: 'Df,: V1, X vV R

f ) :
Instructo%ﬁli?sel_rl sanacl;Iom Uploaded By: anonymotis,
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Zener Diode

Models
1. Ideal Model ¥ ’ﬁ/
laeal Moader
V3 @ +
l( . vz_

lz=lka=-lak

DNy vy
/ﬂ\/ﬂa >

(Vz>V2>0V)
Zewew 9N
K
2. Simplified Model 4. ) . i +
+
V—y_:. Vz

Q

E94s-HUB.com
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ENEE236 — Analog Electronics
Fixed Vin ,[Variable RD Ru.m;%-zb S YR
4—\,\»‘#) \_\}
> Due to the value of Vz, there is specific values of RL (IL) )
that ensure the zener Is in the ON (regulation) state Ty L "
> Too sma// va/ues of RL can result in zen\e; being OFF (— _y_
L il —"
|) V V |n L \’ b P V% Q -
\ \)'W— LL RV +
Reun =
V V V
™ RL —
R, 2R iy = | VY il R
J -L—(ﬂm Sl RL L (min) ’r
2] Also, valuesof R, >R, .ncanresultin=1, > 1, &
- Ingax)
.I;S = VZ =VvL
— IL = IL(m|n) >
tmiv) = Tmia) = L(n<y)
SIB WY
I B .
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Example AM -
Given the following valuesof R,

find the mode of operation of the :’g

'&
<
o«
Ny
|}
(=Y
o
{<>1
?
=

zenerand the voltageV, , T, 7, T

—_———— —— rs

AR, =0.1kQ «~ e =
\_’

b)R, =0.5kQ ¢~

R, =5kQ ¢

dR, = e

SOLUTION

a)R, =0.1kQ

using ideal model

th — Ry Vin = 01

R, +Rq 0.1+1

Zener works in region 2, it acts

as open circuit IJ{;L

V, =3.18V (itisnot regulated)

35V =318V

= 0-1 35 = 3,)% LV;;

2)ex)F
yasuo'n 2 gofeh v

- < 3¢ 7
H:b,_]—l_" ""’“’“"-LK

o-
Z) U’U\. = IZ_IEE-—-—- .gs—
oI+t e N
)
= .63 >Vgsio —> Y51>7 3
[}
.‘d
’_\l,__.-:V:L
2035 HUB "Uptoaded By:
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Example

b) R, =0.5kQ
using ideal model
V,, = L\/in __05 35V =11.67V
R, +Rg 05+1
Vin > V;
Zener works in region 3, it works as voltage regulator
V, =V, =10V

_BY-OV_ oA ./

rEZIQQFJS—H B.com
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Example

Is 'Ll
35V Vz=1OV2 ;

Iz RL

)R, =5kQ
using ideal model
Vo = oV =
R, +Rg 5+1
Vi > Ve
Zener works in region 3, it works as voltage requlator
V, =V,=10V
- 35V-10V
> 1kQ

vV, 10 2 MA

i o L

1, =1g-1, =23mA _

25mA

—_—

3BV=2.17V > Vy .o o

| -

S W=m

HSMMSENES-HUB.com
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Example

) Iz RL

dR, =" o>
using ideal model
V, =—= V, =35V

o+ Rg _
V,, >V,
Zener works in region 3, it works as voltage regulator
Vi=V, =10V
- 35V -10V _

S

25mA
1kQ —

=10,
L RL . ~——

l,=Is-1, =25mA_—

r - .
|nStI’UCtOI%Z%9\ﬁ6-IJ§SG|_I‘I s%'e&lom Uploaded By: anonymous,
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Example

1) Determine Range of R, & I, that
LT L

2) Determine the power rating of

the zener diode ?

willresultin V, being maintained at10\.

==V .2

5

\ IL 1
OV\ Vz=10V2 S & \
| 2 maxy = 32 .mA z 4@

{ )

A SOLUTION 2) TofindR ., = wWe need!l L(min) )
1) To f:jr.]dd RE;T\ilnl that will turn the L =1 — Logman
Zener aioae : T
) y IS=V‘_VZ=5O_1O=4OmA
VL:.__;:—LVi: Rg 1kQ
L Ry oy = 40—32 =8 MA
R —_—
R, = SV
NV VA v
1kO Ry = 2 = 0V g 550
Rumn =5g_1070 282 2 iy BMA T
3)P =V,.1 =10V . 32mA=320m

250 <R, <1.25kQ ) Patmay = Vz:lzoay =10Y - 32MA =320 MW

[ ~— The zener diode is chosen with power ra%

\{‘O"‘AB I»\_ >/ c&’ w A

| o V" M g l 7 L? /

h
25> -2Se =
33%¢
TR
f .
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Fixed RL, Variable Vin
/Fom the voltage Vin must be large enough 1‘01‘%
the zener djode on ( regulation region (3)) ¢ 2y £ Z-

V. =V = =——
in in(min) RL

V. is limited by maximum
in(max) Y

zener current I, .

Ig=1,+1_ —
\ IS(max) Iz(max) + I
Vi = lia":saR V2, \ .V = Vy
) (0 | ﬂs
. +
V|n(m|n) SV Vm(ma\x) \)lv‘ >/ \[i ('RL‘ K >
L.
I .
-HUB.com 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

‘) V . :RL+RSV
in(min) RL z

1200+ 220
1200

Ig=1,+1,

1
20=23.07V

IS(max) = Iz(max) + IL

=—'I':\)Vi= DY =16.67 mA .~

: - 2307V <V, <36.87V
lginey = 60 MA +16.67 MA = 76.67 mA ~~ C_’/_D

V, . =(76.67MA).(220Q) +20V =36.87V,

i(max) —

= Tgtnan ' &5 VU2

r - .
Instructol%?@\ﬁ?sgl s%'aﬁlom Uploaded By: anonymous,
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ENEE236 — Analog Electronics

Design of Rs (Current limiting Resistor)

/ [ [V P [ (7
Given : \.,{E,’ IZ(miﬂ)’ IZ(maX) ' Vin(min) ' Vin(max)1 R L(min)? R L(max)
~——

Find range of acceptable Rs in the voltage regulator
) L=I—1, >

Worst Case : the smallest value of
(IS - IL)

must be always higher than > |
|

Z(min)

12w

RL=1.2k€2

Z(min)

S(min) IL(max) 2 IZ(min)

VS(min) _VZ -

> |
R . L(max)

Z(min)

Vemim — V.
(min) z
)+| < ————

I L
(max) — R
S

Z(min

Rs < VS(min)_VZ

| 2miny + VL gmax)

r .
-HUB.com Uploaded By: anonymous
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Design of Rs (Current limiting Resistor)

G/V@n ; VZ’ IZ(min)’ IZ(ma\x) ’ Vin(min) ’ \/in(max)1 R L(min)? R

L(max)

Find range of acceptable Rs in the voltage regulator

2) |Z < IZ(max) VS(max) _VZ -1 <1
- 5 'Lminp =z
Worst Case : the largest value of (I —1,) Rs min) e
must be alwayssmaller than 1., Vmay = Vz
| 2maxy + Lqminy =
Ismaxy = Veming < zmax &
V, -V
Rs > S(max) z
IZ(max) + IL(min)
Note That
V,
I|_(min) = R
L(max) _ _
V. VS(min) VZ > R > VS(max) VZ
_ z - s
IL(max) - RL(min) IZ(min) + IL(max) IZ(maLx) + IL(min)
ERFS-HUB.com
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Design of Rs (Current limiting Resistor)

Given:
V, =10 V,
Fominy = 5 MA, ey = 200 MA, V(ming = Vz Vs

>SR.> (max) — VZ
—_— — — S -
Vin(min) =15 V’ Vin(max) =20 V’ IZ(min) + IL(max) IZ(max) + IL(min)

R miny =900, Ry = ©

Find R.?

Solution 200Q>R,>500

let R =100 Q)
V, _10V o a

| et =
MM TR ey 50002
V, 10V

o0

L(max) = R 0

L(ran)

I .
Instructor: N;?';?sel_rl s%'acl;lom Uploaded By anonymouls8
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Variation of Vz wsing simpli

{fed model) 1;«) (““”

(2)

Reverse

(3)
Zener
1, Region
|
|

Vzr : Vzk =Vz(min)
|

. AV,

AL
If V 1,1, &, are known
VZ(max) = VZM = VZT +Al .1

=V, +(IZ( fx) — I2r).1;
VZ(min) = VZK = VZT -

= VZT (IZT - IZ(min)) Iy

|ZK=|z(min)

Izt

lzm= |z(max)

HSMMSENES-HUB.com
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Example

If V,; =15V atl,, =17mA
&r,, =140

I, =0.25mA

P, =1Watt

Find:

1)Minimum and Maximum Val
2)Valueof Rg

3) Valueof R iy

= Poomy VA _ o6 7

1) | =
) Z(max) VZ\/ 15
Vz VZM = V7T +AIz Iy

(max) =
= VZT + (IZ(max) - IZT) Iy

VZ(min) = VZK = VZT _AIZ Iy
= VZT - (IZT - IZ(min)) Iz

=15+ (66.7-17) MA (14Q) =15.7V

3) (2)

Zener Reverse
Region,| Region

s

I
} Vzk =Vz(min)

[zk =|z(min)

| R Iz

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

HSMMSENES-HUB.com

Instructor: Nasser [smail
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Example
VZ(min) = VZK = VZT - AIz I

= VZT - (IZT - IZ(min)) Iz
=15- (17 - 0.25) mA (14 Q) =14.76 V

2)Rs

Vs Vz Vs

>R > Ve

(min) — (max)

IZ(min) + IL(max) IZ(max) + IL(min)

Here V,, =V is fixed =
Vs =Voma _ 24-15.7
| + Ty 66.7 MA+

R >

VS - VZ(min) _ 24 —
IZ(min) + IL(max) 0.2
we choose Rg =124

.76
A+?27?7?

R, <

Rs??
— +
IS IL
24V Vz 2 S Vi
) iz RL
(3) ()
Zener Reverse
I, Region,! Region
— : ——
Vzm

Vzr : Vzk :Vz(min)
I

/ _______ |ZK=|z(min)

------------ Izt

____________ lzm= |z(max)

AVz

HSMMSENES-HUB.com
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Example

R Lminy = 1L max)

IL(max) = Is - IL(min)
=66.7 mA -0.25 mA = 66.45mA

Vomig 1476V,

" Rymm = = ~2220
| 66.45MA

L(max)

Vi
RL

Vzm

(3) (2)
Zener Reverse
1, Region,! Region
- — — 9

|ZK=|z(min)

Iz

lzm= |z(max)

rEZIQQFJS—H B.com
Instructor: Nasser [smail

Uploaded By: anonymous,
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Clipper circuits using Zeners Rs
a) When Vi(t) < :0.7 V, Zener /\j + *
works in region (1) as regular m@ ve ’ZS/ Vo
diode ON 0 74i ().R+V.()=0 ‘;‘f:&
iD(t) =-\/i(t)—_0'7 >0 Rs
\/I(t)<—07 VVYV +
2 V() ==kt Vin("\y iD(t) Vo
b) When Vz > Vi(t) > -0.7 V, Q© o7V
Zener works in region((2) as
reqular diode OFF - v @)=Vv.() Rs
O —MA—T—,
c) When Vi(t)> Vz, Zener works _ Vo
in region (3) as voltage regulator V'”@
SV (t) =V,

r - .
Instructol%?@\ﬂ?sgl s%'a(l;lom Uploaded By: anonymous,
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Clipper circuits using Zeners

c) When Vi(t)> Vz, Zener works 2

+

Vin@ ‘iz - 1

~ V(1) =V,

in region (3) as voltage regulator AAA _

'U/A

W=7
g vz ,Q\
0'7'-0.7 v ‘\/' ‘\\/ T

Vo

BEFS-HUB.com Uploaded By: anonymous,
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Clipper circuits using Zeners
Find and sketch Vo(t) ,\/\R/\, +
a) When Q.7V <Vi(t) < Vz2, 1
D1- regular diode ON «~ H by ,
D2- regular diode OFF (%) Vi) ’\) . :
Vz2 D2
V() =V, R :
o (1) =Vi(t) AAA —
GIQ® ' v
y 1 R
I —NVW——,
b) When Vi(t) > Vz2 _ A NG,
D1 — ON (region 1) V'(t)r\) | "
D2- Zener ON (region 3) s
V() =V,, +0.7 |
I .
Instructol%?'%ijggel}l SnB’IBFI;Pm Uploaded By anonymo%
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Clipper circuits using Zeners
A"
c) When -0.7V >Vi(t) > -Vz, '\/\R/\/ ,
D1- regular diode QEE -7 _ ‘@) ?
D2- regular diode ON ‘\7:\?-—"%' va N\ () 2
V() = Vi (t) / vioQ) ) N
f Vo = Ul;
Vi(t) ’\) —_ A

‘— aAA" @
d) When Vi(t) < -Vz1 _ @;; -
D2 — ON (region 1)~ Vi) r\) : ®
D1- Zener ON (reaion 3) " @=E

V() =-V,, 0.7 ¢ o
\ V32103 /\ m
§lmi 'W{'—)‘{
-(ll-‘.‘.\-\—b'q) this -+
B35 HUB com / S
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Voltage-Multiplier Circuits

Voltage multiplier circuits use a combination of diodes
and capacitors to step up the output voltage of rectifier
circuits. Three common voltage multipliers are the:

Voltage Doubler — X2
Voltage Tripler — * 2

Voltage Quadrupler — * 1

f _ .
Instructor: NaSSGI_I’IVS%.aFI;Pm Uploaded By anonymo%
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Voltage

IR
e w X
<" c
<
c s 3
53

e

<

3

This half-wave voltage doubler’s output can be calculated
using:
V

o

w=Ver =2V,

where V,, = peak secondary voltage of the transformer

I .
-HUB.com Uploaded By: anonymo
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voltage Doubler

Positive Half-Cycle D, conducts
D, is switched off

Capacitor C; chargesto V,,

Negative Half-Cycle D, is switched off
D, conducts

Capacitor C, chargesto V,,

Diode D,

Diode D,
/nonconduc!ing

/ conducting

Vout = VC2 = 2Vm "J“+
" 03
Diode D, Diode D,
conducting nonconducting
WANSENFS-HUB.com Uploaded By: anonymo
Instructor: Nasser [smalil P y: y L%Sg
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'(&g‘\' l;\ -d«-’- eezms
. ev 1
Voltage Tripler and Quadrupler ~=
|
I :
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